
Please, find information as it relates to my work in response to CAN FOR request for records. 

Page 2. Sec. 4 

(a) All drafts are provided 

(b) See Minisitry's Information Package 

(c) No field notes are available other than field cards already submitted 

(d) N/A 

Page 2. Sec. 5. 

(a) Walkthrough inspection (or visual assessment) was carried out in accordance with the FREP protocol for 

Soil Resource Stewardship Monitoring: Cut block level and Soil Conservation Surveys Guidebook. 

(b) We entered the northwest corner of the cutblock and visually inspected any survey transects that were in 

the vicinitly in no particular order. More info In the "recommendations.htm file" 

(c) N/A 

(d) Myself (see below) and Mike Boyde (certified soil surveyor). 

(e) See Dube's report 

(f) No statistically valid approach taken; just an ocular assessment 

Page 3. Sec. 6. 

(a) See FREP Protocol, FREP Report #31 and Journal of Applied Remote Sensing 7(1) paper. 

(b) Look up www.terrasaurus.ca for camera specs. 

(c) Records include all trail polygons delineated (based on FREP Protocol) on the aerial photo using 

OziExplorer Mapping Software (.plt files). Percentages were calculated using "the Area Calculation" 

function in OziExplorer. The pixel resolution is 15 cm size. 

(d) Other disturbance polygons and calculations conducted in the same manner in OziExplorer (.plt files). 

(e) See above 

(f) See above 

(g) Myself and Eiji Matsazuki (soil research assistant under my supervision) 

January 7, 2013 
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Page 4. Sec. 7. 

(a) See FREP Technical Note #5 

(b) 

i. see Ministry Info Package 

ii. Myself 

iii. Myself with Mike Boyde 

iv. Built-in GlobasSat GPS Module In GETAC EI00 Tablet PC 

v. <1 m on average 

vi. <1 m on average 

(c) No additional info 

(d) No additional info 

(e) Points were selected in ERSI ArcGIS (Technical Note #5) 

(f) See "Calculation sheet CAR464 only" Excel spreadsheet 

(g) Myself and Eiji Matsazuki under my supervision 

Page 5. Sec. 8. 

(a) Compaction was classified based on Soil Conservation Surveys Guidebook and additional info in Dube's 

report. 

(b) Same as above 

(c) As per soil survey using random sampling 

(d) Shovel and trowels 

(e) No additional info 

(f) No additional Info 

(g) No additional Info 

(h) Compaction was classified In the same manner consistently throughout CAR464 

(I) No additional records 

Page 6. Sec. 9. 

See peer-reviewed FREP Technical Note #5 

Page 6. Sec 10. 

See Soil Conservation Surveys Guidebook 

Page 6. Sec 11. 

No specific records. Soil Survey Using Random Sampling has become a standard practice throughout the Province 

for assessing soil limits. 

Sincerely, 

Stephane Dube, M.Sc. RPF 

Soil SCientist, BC Forest Service 

January 7, 2013 
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Background 

Afierd,iscussing with Mike Boyde ofFt. St. James C&E Field Unit, a soil conservation assessment 
onCA,l'ff@t'}>JpckNo. A33601 CP B66 CB CAR464 was carried out in 3 phases to ensure that logging 
practipe~i~§Jlrel)ved the productivity and hydrologic function of the soil as stated in F:orest Planning and 
Practices Regulation (FPPR, section 5). 

Phases of assessment consisted of: 

I. Walkthrough inspection including checking out soil disturbance survey results submitted by 
CANFOR; 

II. Formal soil conservation survey using random point sampling method, and; 
III. Evaluation of soil disturbance using high resolution aerial photography. 

As a result, within this logging block we found 3 instances of non-compliance with results and strategies 
described in CANFOR forest stewardship plan for soil conservation in accordance to BC forest practices 
legislation: . 
-p, '. -,-.,\ ?'''' ,-

: ":l~:\ji;Jer FPPR section 35 (3)(b), the amount of soil disturbance within Standard Unit (SU) A 
exceeded 10% of the area covered by SU A; 

2) Under FPPR 35 (3)(c), the amount of soil disturbance within Roadside Work Areas (RWA's) 
exceeded 25% of the area covered by the R W A's, and; 

3) Under FPPR 3 (I), for the purpose of section 46 (1) of the Forest and Range Practices Act 
excessive soil disturbance caused by cut-to-Iength logging practices directly and indirectly 
resulted in damage to the environment. 

Interpretation and discussion of our findings from this assessment are presented below, 

Results & Discussion 

Cut-To-Length (CTL) operations were utilized to harvest block CAR464, in which trees are de limbed and 
cut to length directly at the stump and then, a forwarder transpOlts the logs from the stumps to the road. 
Recognized as a gentle logging practice, CTL uses less area to move the wood than does whole-tree 
harvesting however CTL may result into more soil disturbance due to repeated travel on designated trails 
and log decking areas. 

Phase I - Walktrough inspection 

During a walkthrough inspection carried out in 2010, it became apparent that throughout block CAR464, 
there had beeu harmful changes to the environment. A review of soil disturbance survey results 
submitted by CANFOR for CAR468 revealed that (i) my counted disturbance greatly exceeds that 
measured by their surveyor (based on 360 survey points, Table 1), (ii) my results point towards 
disturbance levels over maximum limits set out in the site plan (Appendix 1), and (iii) the sUlvey 
methodology used Le, Big Block method with grid centres was not appropriate because it assumes that 
soil disturbance is relatively evenly distribnted throughout the block which was not the case here, In cut
to-length logging, soil disturbance is mostly confined to forwarding trails and RWA's. With grid centres, 
transects by chance can either run parallel to a trail or right down a residual strip. This will result into 
lower confidence limits and therefore, a false acceptation of in-compliance. 
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Table 1. Results of soil disturbance percentages from CANFOR report, walkthrough and random point 
sampling survey in the NAR and RWA's. 

CANFOR Walkthrough Random Point 
Survey 

Areas % % % 
NAR 2.9 11.0 28.4 
RWA 15.0 42.0 60.5 

The predominant disturbance type that was often missed was repeated machine traffic. It is found on 
repeatedly used skid trails and in traffic areas usually associated with RW A's. Repeated machine traffic 
(code "E") is called when the survey point and sampling window (lm Wide x 2m Long rectangle) show 
evidence of compaction indicated by increased soils density (coarse platy structure), puddling or 
compacted deposits of slash and organic debris. Compaction was assessed by comparing soil structure at 
survey point to soil conditions of adjacent undisturbed areas (Le., presenting similar soil conditions). The 
"natural soil condition" was checked frequently by digging to ascetiain compaction during our survey. 

We could not guarantee the exact location of survey points during our review was that of CANFOR. 
However discrepancies between their results and the results from our review were significant enough that 
in our opinion, compaction condition of the soil was not properly identified on this block. In one 
particular area, a transect line crossed a 6 m wide compacted skid trail but no points assessed at 1 m 
interval were classified as "E's". 

Similarly to NAR, Big Block method with grid centres was also inappropriate for surveying RW A's 
because it was not representative of the main disturbance pattern. Some transects ran parallel to soil 
disturbance almost avoiding it while others skipped the surveyed area (e.g., survey points falling outside 
RWA or on roads) so CANFOR did not collect enough points to get a precise estimate of the RWA soil 
disturbance. 

Phase II - Random Poillf Sampling Survey 

Out of 10 locations, 8 soil samples had texture with clay within the first 30 cm from ground level. Silty 
soil was found almost everywhere along the route (Figure 1) and therefore, was the predominant texture 
throughout the cutblock. The susceptibility of the site was determined Vety High for compaction mainly 
because of the abundance of clay and lack of coarse fragments. Therefore, we recognized this site having 
non-sensitive soils as stated under FPPR section 35 (1) and so, soil disturbance limit should not exceed 
10%. 

A formal survey for accurate measurements using random point sampling (Appendix B) did confirm the 
extent to which the cutblock area was in non-compliance with the allowable limits under FRPR section 35 
(3). With this procedure, soil disturbance was measured at GPS points or waypoints randomly located 
throughout the cutblock as shown on the GPS soil survey map (Figure 2). 

Within the NAR, based on 94 random sample points (n=94) the soil disturbance level was 38%, which 
exceeds soil limits of both 5% and 10%, respectively for sensitive and non-sensitive soils. Likewise, 
excessive disturbed soils were present within the RWA's. Disturbance measured was 88%, which is not 
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within an acceptable limit of25% for the area covered by RWA's (n=16). Repeated Machine Traffic was 
the most common disturbance type (E) throughout the cutblock and this should not be a surprise to 
anyone considering the fine-textured soils. 

Excessive soil disturbance (herein defined as un-rehabilitated temporary access structure, gouges, ruts and 
scalps and compacted areas uuder FPP R Part 1 - Interpretation section I) adversely altered ecosystem 
integrity by altering the way the soil functions on this site and therefore, the capacity of this site to grow 
forest has been diminished. Results from Phases I, II and III indicated that machine logging traffic lead to 
changes to: (i) structural properties of the soil as shown by significant amount of ruts and compaction on 
forwarding trails and within R W A's, (ii) natural drainage patterns that were not maintained as evidenced 
from ponded water along 4 channels (Figure ), and (iii) almost complete loss of forest floor within 
R W A's that results in loss of habitat for specialist species (e.g., worms, fungi, microbes etc.) important to 
soil biodiversity. 

and still to this day are not compatible with the original natural drainage patterns because of poor 
forwarding trail construction .. Thus, a person can reasonably expect that compaction will be a concern 
with careless logging. Repeated use of skid trails created too many ruts and disrupted natural drainage 
patterns near an in-block wetland (Figure 1, 0.8 Ita area of wide rutted trail). In these conditions, alternate 
routes for skidding are a must if you want to prevent soil damage. 

Phase 3. Soil disturbance digital mapping 

A geo-referenced high resolution aerial photo taken after logging was completed (summer 2010) reflected 
well my biggest concerns in terms of soil disturbances. Ruts/tracks, waterlogged soils and bare soils did 
clearly stand out . 

This site has very low load-bearing strength materials and of the area under SU I which is contrary to the 
site plan result of 10%. Clay soils hold a large amount of water throughout the year and after prolonged 
rainfalls, become quickly water logged. In forests, clay soils behave the same way they do in cultivated 
soils or in urban settings 

Conclusion 

C&E Ft. St. James Unit concerns that the soil disturbance limits may have been exceeded in block were 
justified. As confirmed by a formal soil conservation survey, extensive soil compaction occurred when 
heavy weight loads compressed the soil during operations within the NAR and RWA's. 

Please, do not hesitate to contact me for further discussion. 

Page 5 
FNR-2013-00368, Part 1



Sincerely, 

Stephane Dube, M.Sc. RPF 
Soil Scientist 
Be Forest Service 

Appendix A 
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Introduction 
The objective set by the BC Government for forest soil management is to "without 
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unduly reducing the supply of timber from British Columbia's forests, to conserve the 
productivity and the hydrologic function of soils" (Forest Planning and Practices 
Regulation). Soil disturbance levels are limited in the FRP A to the following levels: 
(a) if the standards unit is predominantly comprised of sensitive soils, 5% of the 
area covered by the standards unit, excluding any area covered by a roadside 
work area; 
(b) if the standards unit is not predominantly comprised of sensitive soils, 10% of 
the area covered by the standards unit, excluding any area covered by a roadside 
work area; 
( c) 25% of the area covered by a roadside work area (a roadside work area is 
defined as the area adjacent to a road where one or both of the following are 
carried out: 
(i) decking, processing or loading timber; 
(ii) piling or disposing of logging debris; 
Sensitive soils are soils that, because of their slope gradient, texture class, moisture 
regime, or organic matter content have the following risk of displacement,surface 
erosion or compaction: 
(a) for the Interior, a very high hazard; 
(b) for the Coast, a high or very high hazard. 
Because the MOF no longer verifiessoilh!\zard ratingsinprescriptions, a necessary first 
step in every survey is to determine the soil hazard rating. The rating determined by the 
surveyor is then used to detelmine whichs.oil disturbance categories count, and the 
disturbance limits for the area to be surveyed. 
Soil disturbance is defined as disturbance to the soil in the. net areatobe reforested in a 
cutblock because of: 
(a) temporary access structures, 
(b) gouges, lUts and scalps, or 
(c) compacted areas, . but doesrtot include the effecton the soil of rehabilitating an 
area in accordance with section 35(Section 35allgws for up to 5% of the 
standards unit to be in excessive disturbance as long as enough of this excess 
disturbance is rehabilitated so that the disturbance limit is no longer exceeded). 
Gouges, lUts,scalps and compacted at'easare not defined except in the 2001 Soil 
Conservation Surveys guidebook. Temporary access stlUcture is defined in regulation as 
an access stlUcture that is not a gr!\vel pit and does not meet the requirements of a 
permanent access stlUcture which are: 

Page 4 of 13 
(a) at the time of its constlUction, it is reasonably expected to provide access for 
timber harvesting and other activities that are not wholly contained in the 
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cutblock, or 
(b) it is constructed on or through, or contains, materials unsuitable for the 
establishment of a commercial crop of trees and is not an excavated or bladed 
trail, but does not include an area that contained an access structure before 
rehabilitation of the area under section 36. 
An agreement holder may cause soil disturbance that exceeds the limits specified in 
subsection (3) if the holder: 
(a) is removing infected stumps or salvaging windthrow and the additional 
disturbance is the minimum necessary, or 
(b) is constructing a temporary access structure and both of the following apply: 
(i) the limit set out in subsection (3) (a) or (b), as applicable,isnof exceeded by 
more than 5% of the area covered by the standards unit, exCluding the area 
covered by a roadside work area; . .. . '. ..' 
(ii) before the regeneration date, a sufficient amount(lfthe area'within the 
standards unit is rehabilitated such that the agreement. holder is in . 
compliance with the limits set out in subsection(3). 
Rehabilitation is discussed further in the rehabilitation section below. 
There are also limits placed on the amount of perman~nt access structure allowe~ in a 
block. An agreement holder must ensure that the area In.a cutblock that is occupied by 
pelmanent access structures built by th.e holder or used by the holder does not exceed 7% 
ofthe cutblock, unless ' 
(a) there is no other practicable option on that cutblock, having regard to 
(i) the size, topography and engineering constraints ofthe cutblock, 
(ii) in the case of a road;tiJ.e safety of road users, or ' 
(iii) the requirement in selectiot1 harvesting systems for excavated or bladed 
trails or other logging trails, or 
(b) additional permanent aCCeSS structures are necessary to provide access beyond the . . . -: .) 

cutblock. . 
If an agreement holder exceedsthe limit for permanent access structures described in 
subsection (1) for either of the reasons set out in th(olt subsection, the holder must ensure 
that the limitis exceeded as little as practicable. 
In order to assess whether or not these regulations are being addressed requires definition 
of terms and a method for measuring the levels of the various disturbances discussed 
above. This was done in the 2001 Soil Conservation Surveys Guidebook. This 
guidebook breaks blocks into two categories, small and large and provides two different 
methods of survey. The ]jig block method was prone to giving large confidence intervals 
because it utilized a Clustereclsampling design. The clustered sampling design was a 
trade-off developed to allow sampling many points in a large block in an efficient 
manner. The small block method was to have been the preferred method, but when the 
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option of stratifying blocks for compliance assessment was removed, the small block 
method was not applied directly to big blocks because it is excessively time consuming to 
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apply over a large area. 
Advancements in GPS and handheld computer technology mean that options are now 
available to surveyors that were not available when the last guidebook was written. 
Sampling theory tells us that completely random sampling is the most consistently 
successful approach for achieving a truly representative sample of a population with the 
least number of points sampled. That basic principal is confirmed, in a work recently 
completed by Thompson et ai, for the case involving sampling logging disturbance in 
cutblocks. The next best design is a completely square grid, which is labour intensive 
and requires the most of amount of walking to implement. The further the design gets 
from square, the easier it is to implement, but the higher the riskthere is of a nomepresentative 
sample if the population being sampled is not evenly distributed. Logging 
disturbance is typically very non-uniform in distribution and may be clustered or linear 
and so the orientation of non-square sampling grids in, rela.ti()nt() disturbance is always a 
concern. , ' , .. " 
Until recently, layout of completely random sampling networks overlarge areas, using 
commonly available field equipment, has been very labour intensive. However, using 
readily available GPS technology, it is now re1a#vely easy to take an unbia.sed-random 
sample from cutblocks. The method also has the advantage of very little layout time and 
less walking (especially backtracking) than would beriecessary for sampling on the 
squarer grid layouts. In addition, the completely random design gives lower variability 
than grid designs for sampling loggingtypedisturbance (Thompson et al??) and 
determination of confidence intervals is based on binomial distritJutions. If more power 
is needed for a padicular survey, it is a simple matter to add more random points and 
resurvey the area without having to worry abo).!t creating new grids or infilling grids. 
For measuring road~, landings, trails and other distinct featureswjthin a block, relatively 
cheap digital imagery can be used for highly accurate and inexpensive assessment of 
these features, though the older gq,mnd based appr0i:\ches used in the Soil Conservations 
Surveys Guidebook, can still be used. A high resolution digital image makes a very good 
base mapforthe random survey and wherevxrpossible, the use of these images is 
encouragxd:' . 
This guide book outlinesthe general procedure for estimating dispersed disturbance 
levels in cutblocks of all sizes using a random sampling approach. It also describes a 
method for measuring other disturbance features from digital air photos. 

Page 6 of 13 
Measuring Dispersed Disturbance Using a Random Approach 
There may be many ways to achieve a random survey- this manual outlines one that is 
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utilizes relatively commonly available technology. The broad steps are as follows: 
1. Based on the estimated disturbance levels the number of points that need to be 
sampled to achieve the desired confidence interval is estimated. For a typical 
survey of a block with 5% to 10% disturbance, 200 points gives a one sided 90% 
confidence interval of about 3 percentage points. This means that blocks will be 
called excessively disturbed if the measured disturbance exceeds 13% for a 10% 
disturbance limit block or 8% for a 5% limit block. In other words, with a sample 
size of200 points on 10% disturbance limit blocks, if the number of disturbed 
points equals or exceeds 26 counted points, then the one-sided 90% lower 
confidence limit of the measured disturbance in the block is higher than the 
maximum. If the number of disturbed points in a 200 point survey~ of a 5% 
disturbance limit block, equals or exceeds 16 points, thentheqrie-sided 90% 
lower confidence limit of the measured disturbance in the.QlocJcis higher than the 
maximum. It should not be necessary to survey morethan200points in a block 
(or stratum), but if a block (or stratum) is highlydistrirbed, it may be fellsible to 
survey fewer points. Appendix B shows how to. determine confidence intervals 
for surveys of other numbers of survey points{)r other levels of disturbance:Jhe 
higher the disturbance level, the fewer points are needed in the total survey to 
establish with confidence that the block is over the litriit. The size of the block 
has no bearing on the number of points, but unavoidably,.the larger the block, the 
more time it takes to survey. 
2. An appropriate number of random waypoints aregenerated,T4ere may be other 
ways to do this, but one method involvescreating a shape file of theNAR (survey 
stratum minus roads, landings or other features which arenotpart ()fthe NAR). 
A multipoint polygon is generated in Arcmap t1singaRandomPoint-in-Polygon 
Generation Program (VBA Macro) (Sawada, 2002). The multipoint polygon is 
converted to waypoints in O:dExplorer or other mapping software that has this 
function. 
3. The waypoints aridabase map are downloaded onto a GPS unit that is set up to 
beep when the surveyor passes within 1 metre of the waypoint. The surveyor 
navigates to the waypoint and the exact observation point is indicated by the 
precise moment at which the GPS beeps. The observation point is fixed exactly at 
that moment by some arbitrary locator of the observation point. For example the 
observation point could be deemed to be located directly below one corner of the 
GPS unit or at the endofthe surveyor's right toe, wherever those are at the 
moment the GPS beeps. The same locator should be used throughout a survey. 
4. The survey progresses by using the built in navigation aids in the GPS to move 
from waypoint to waypoint. The surveyor is free to select the most efficient route 
through the points. 
5. The data is entered directly into the GPS unit. 
6. All of the points generated for a particular survey must be surveyed, i.e. one 
cannot survey points in a portion of the block and then conclude that the surveyed 
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area is or is not in compliance. Since disturbance within a cutblock is usually 
distributed unevenly, the entire set of points must be surveyed before making 
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judgements about the level of disturbance. However, it is possible to initially do a 
complete survey with a smaller number of points and if that survey does not have 
sufficient power to give a clear result, a new set of random points can be 
generated for the same area and surveyed and the results combined with the 
previous survey to create a more powerful survey. 
7. When the survey is complete, the waypoint file is converted to a spreadsheet file, 
and the calculations are made on the spreadsheet. 
Many different configurations of hardware and software can be used to achieve a random 
survey and it is not possible to cover all those in this guidebook. Presented in Appendix 
A is a detailed protocol for a particular set of software and hard.w!O!re. Potential surveyors 
who wish to use other softwarelhardware combinations may find some useful tips in this 
guidance, but they are not required to use the equipment combination described. The 
fully random survey needs to meet the following criteria:. '. 
1. The observation points must be randomly generated With any point in the survey 
area having a chance to be surveyed. . .' '. 
2. When the actual observation point is located ill the field, it must be selected by 
following an unbiased and precise rule, such as di;'ectly under the GPS 'atthe 
exact moment the GPR beeps (or some other confining trigger),.The surveyor. 
must not adjust the observation point in any way, norhaveleeway to select the. ". 
sampling point from within a broader possible sampling area, e.g., it would be 
unacceptable to simply select the sampling point from anywhere in front of the 
surveyor at the point the GPS beeps. 
3. When the lower one-sided 90% confidenc~ limit for the measured disturbance 
level is greater than the disturbance limit, theblockiscounte4 as over. Whatever 
size of survey indicates the blockis over the lower 90% confidence limit, is 
acceptable. For surveys where thedi~turbance1imit is greater than the one-sided 
90% lower confidence lin;tit, in order .for the bloch\> be considered under the 
disturbance.limit- the lower one"sided 90% confiderice interval must be 3 
percentage units or less, (see Point 4 below). This is to address the situation 
where a surveyor might choose to survey fewer points because the disturbance is 
greatly in excess of the limit. Surveying fewer points means that the confidence 
interval could be larger if the surveyor overestimated the level of disturbance. 
This situation would make it more likely that the disturbance limit of a block will 
lie in the ambiguous zone of the confidence interval (between the lower 
confidence limit andthe measured level of disturbance). Therefore, for blocks 
with disturbance close to the limit, the surveyor must sample sufficient points to 
make the lower confidence interval ~ 3% points. In cases where the measured 
level of disturbance is ~ 3 %, the upper 90% confidence interval must be ~ 3% 
points. For disturbance levels greatly above or below the limits, a survey could 
have fewer than 200 points and still be valid as long as the disturbance limit still 
fell below the 90% confidence interval (i.e., the block is counted as over). For 
example, if the actual level of disturbance on a block with a 10% disturbance limit 
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was 30%, it would take fewer points to establish if the block was in compliance 
(see below). If the surveyor chooses to do a smaller survey based on an 
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assumption about the disturbance level that turns out to be incon'ect and as a 
result the outcome of the survey is ambiguous, the surveyor can simply generate 
another set ofrandom waypoints and add to the survey. 
There are normally financial constraints to doing large surveys and a 200 point 
survey with one-sided confidence interval of around 3 percentage points for 
disturbance levels in the range of the normal limits (5 to 10%) will give an 
acceptable level of precision. This means that before a block is called excessively 
disturbed, the measured disturbance levels will exceed 13% or 8% for the 10% 
and 5% limits respectively. If a licensee finds themselves in a situation where the 
lower confidence limit from the survey is slightly higher than thepisturbance 
limit, they can increase the survey size to any size they deemfitto get a more 
precise measure of disturbance. However, it should be reme.nibered that the most 
probably level of disturbance is near the mean level determined by the survey. 
When a block is marginally over the limit the most like!youtcomeis that more 
points will narrow the confidence interval around a point close to the original 
mean. . .. 
4. Each point in a stratum or block being surveyep must have the same ch~ilce of 
being sampled. This means that it is not acceptable to survey some arbitrarily.·· 
chosen subset of the points in a set of random waypoints (e.g. Y2the block) and. 
then stop because it appears the survey will be over orurider.However, it is 
acceptable to do a survey with fewer sample points based orian estimation of a 
level of disturbance within the block that suggests actual distUrbance levels might 
be considerably greater (>2 titnes) or less (<:9.5 times)than the limit. If a survey 
with a smaller number of points gives a 90%one-sided-lower confidence limit 
greater than the disturbance limit,then the block is over. If the disturbance limit 
is greater than the 90% one-sidedclmyer-confidence limit and the lower (or upper 
if the mean is small) confidence interval is:> 3% points, then the block is not over. 
5. While surveys must be conducted and reported based on entire standards units, 
cutblock, roadside w9rk area or area of inordinate disturbance as the particular 
regulat9ry framework dictates, it is still possible to stratify these survey areas for 
the purposes. of improving the efficiency of the survey, as long as every point in 
the area being surveyed, has a chance 6fbeing surveyed. The techniques for 
stratifying to improve the efficiency of a survey are described below. 
Guidelines for Stratification 
Under the Forest Practise Code .. there was a provision to allow enforcement of soil 
disturbance limits on areas as small as one hectare. Under FRP A, enforcement of soil 
disturbance limits is to take place on the NAR of the cutblock. The size ofthe area on 
which enforcement can take place is a separate issue from stratifying to improve the 
efficiency of a survey. A stratified random sample will still report the disturbance level 
for the entire legal unit that is surveyed, however, not every portion of that unit need be 
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sampled at the same intensity. The main reason for stratifying to survey is to improve the 
efficiency of the survey. If, for example, a large portion of the area to be surveyed has 
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very little disturbance «2%) and a small proportion of the area «20% ofthe area) has 
high disturbance (> IS%), then it is more efficient to sample the heavily compacted area 
more intensely and the less disturbed area less intensely. This saves considerably on the 
amount of walking that needs to be done and if one stratum is very lightly disturbed 
«2%), there may also be an increase in the power of the survey. If you cannot delineate 
strata with greatly different levels of disturbance, there is no advantage to stratifying. 
Strata need to be delineated before the survey begins and the most efficient way to do this 
is fi'om a high resolution image such as those used for the soils FREP process. Such 
images can be flown specifically for blocks and this possibility should be considered for 
blocks where legal action is highly likely. The images also allow precise estimates of 
area in roads, landings, roadside work area, trails or other featllres'in a block. Strata can 
also be delineated on a sketch map after an on-site inspection; . 
To stratify, first the amount of disturbance within each stratumjs estimated. For example 
a stratum could be 10 hectares in size and contain approximately25% disturbance so the 
amount of disturbance is 10 ha x 0.2S= 2.S ha. If another stratum is 50ha in size but 
contains only 1 % disturbance, then the amount of disturbance in this str~tu!ll is SO ha x 
0.01 = D.S ha. The proportions of disturbance in each stratum are estimates.only and do 
not have to be determined by measurements but no'stratum should ever have zero points. 
The practical lower limit for estimated ,disturbance in a stratum is probably arol!ri.d D.S%. 
To assign the number of survey points toel.lch stratum theformula is: 
Points Per Stratum= Area Disturbed Pel'StJ;atum x Total Survey Points 
Total Area Disturbed 
For our example, to find hoW many points to put in the 10. ha strafiun, the calculation is as 
follows: ... 

Points in 10 ha Stratum=2.S hax 200points=16Tpoints 
2.Sha + O.Sha 
This leaves 33 points in the big/low disturbance stratum. Surveying will go much more 
quickly because most of the points are inthesmall stratum and much closer together. In 
this case, because the disturbance in the large stratum is so low, there is actually a 
narrowing of the confidence interval- in other words this survey is more powerful than if 
the points were randomly and evenly distributed throughout the entire area surveyed. 
Roadside Work Areas, Inordinate Disttlrbance, Areas of Compacted Soil 
Compacted Areas, Soils ThatHave Sustained Damage 
Roadside work areas, inordinate disturbance and compacted areas are all special survey 
cases. Roadside work l.lreas have a higher disturbance limit - 2S% and so must be tallied 
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separately from the rest of the NAR. The higher disturbance limit in the roadside work 
area means that disturbance can be measured with the same confidence with a smaller 
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number of points. Therefore, we recommend using only 100 points in the R W A. 
Inordinate Disturbance, Areas of Compacted Soil, Soils That Have Sustained Damage 
and compacted areas are all types of disturbance that may require rehabilitation if they 
are identified by a block inspection, or during a survey. The provision for rehabilitating 
these areas are contained in the Forest Practises Code or FRP A and their supporting 
documents. 
Compacted Areas 
The Forest Planning and Practises Regulation (under FRPA) requires the rehabilitation of 
areas of compacted soil: 
5) The minister may require an agreement holder to rehabilitate an area of compacted 
soil if all of the following apply: . . 
(a)the area of compacted soil 
(i) was created by activities of the holder, 
(ii) is within the net area to be reforested, and 
(iii)is a minimum of 1 ha in size; . . 
What constitutes an area of compacted soil under this section ofFRPAisnot defined but 
any areas greater than I ha in size that have mor(;l than 25% disturbance, should be 
documented during the survey for consideration as compactedljl'eas. The potentjal 
compacted area should be delineated separately' . .. . 
The provisions for rehabilitating compacted areas and inordinate disturbance are 
contained in the Forest Practises Code. \ . 
47(7) A person who, within an area und~ra siteplan preparedulJ;der section 21.1 01' 

silviculture prescription, constructs 01' modifies a bladed or excavated trail 01' a 
corduroyed trail or creates a compacted area,.mustrehabilitate thearea in accordance 
with the regulations and standards .. 
In this case, the compacted area refers to an area >1 OOm2 and >5fn wide that is 100% 
compacted. For blocks under the CODE or transitiOJ.1 CODE, any areas 
Inordinate Disturbance 
45(3)A person inust not cany outaforest practice ifhe 01' she knows or should 
reasonably know that, due to 'weather conditions oi·.site factors, the carrying out of the 
forest practice may result, directly 01' indirectly, in 
(a) slumpingorsliding of land, 
(b) inordinate soil disturbance, or 
(c) other significant damage to the environment. 
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(4) A person who contravenes subsection (1) or (3) must 
(a) stop the forest practice in the area affected, 
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(b) prevent any filrther damage to the environment, 
(c) promptly notifY the district manager, and 
(d) take any remedial measures that the district manager requires 
The Timber Harvesting and Silviculture Practices Regulation defines inordinate 
disturbance as follows: 
53 (1 )For the purposes of section 45 (3) (b) of the Act, "inordinate soil disturbance" means soil 
disturbance that 
(a) results in the district manager requiring rehabilitation of soil under section 48 
(1) of the Act, or 
(b) exceeds the soil disturbance limit specified in section 31 of this regulation. 
The Forest Practices Code Act of British Columbia section 48(1) reads'l\s follows: 
48. (I) If the district manager determines that the area under an pperati()nal plan has sustained 
damage as a result of a forest practice, the district manager may, by,,:\,ritten 
notice, direct the person responsible for the damage to takemeasuresanq to 
pay costs that are necessary to rehabilitate the area to thesafisfaction ofthe 
district manager and the person must comply with the notice. ' ..... . 
The term "sustained damage" is not defined an)'\\'here but the surveyor shQuld provide 
data to help make the determination of damage. Any areas greater than lll!iin size that 
have more than 25% disturbance or any areas intheNAR that are unlikelytosu~tain tree 
growth, should be documented in the survey. . ..... , .•. ( . 
Steps for determining confidence intervals and number of points required. 
Checking soil hazard ratings . 
RWA, Inordinate Disturbance, Compacted areas 
Regulatory Framework. 
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Rehab stuff 
, (3) , An agreement holder may rehabilitate an area occupied by permanent access 
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structures in accordance with the results or strategies specified in the forest stewardship 
plan or by 
,(a), removing or redistributing woody materials that are exposed on the surface of the 
area and are concentrating subsurface moisture, as necessary to limit the concentration of 
subsurface moisture on the area, 
, (b), de-compacting compacted soils, and 
, ( c), returning displaced surface soils, retrievable side-cast and berm materials. 
, (4) , If an agreement holder rehabilitates an area under subsection (3) (a) and erosion of 
exposed soil from the area would cause sediment to enter a stream, wetland or lake, or a 
material adverse effect in relation to one or more of the subjects listed in section 149 (1) 
of the Act, the agreement holder, unless placing debris or revegetation would not 
materially reduce the likelihood of erosion, must 
, (a), place woody debris on the exposed soils, or 
, (b), revegetate the exposed mineral soils. 
, (5) , The minister may require an agreement holder to rehabilitate an area of compacted 
soil if all of thefollowing apply: .. . 
, (a), the area of compacted soil 
, (i), was created by activities of the holder, 
, (ii), is within the net area to be reforested, and 
, (iii), is a minimum of 1 ha in size; 
, (b), the holder has not exceeded the Jimitsdescribed in subsection (3); 
,(c), rehabilitation would, in the opinionofthe minister, 
, (i), materially improve the productivity' and the hydrologic function ofthe soil within 
the area, and . 
, (ii), not create an unacceptable risk of furtherdamage or harm to, or impairment of, 
forest resource values related to one or more ofthesubjects listed in section 149 (1) of 
the Act. 
,(6), An agreement holder who rehabilitates an area under subsection (4) or (5) must 
, (a), remove or redistribute woodymaterialsthat are exposed on the surface of the area 
and are concentrating subsurface·moisture, to the extent necessary to limit the 
concentration of subsurface moisturednthe area, 
, (b), de-compact compacted soils, and 
, (c), return displaced surface soils, retrievable side-cast and berm materials. 
, (7) , If an agreementholder rehabilitates an area under subsection (4) or (5) and erosion 
of exposed soil from the area would cause sediment to enter a stream, wetland or lake, or 
a material adverse effect in relation to one or more of the subjects listed in section 149 (1) 
of the Act, the agreement holder,unless placing debris or revegetation would not 
materially reduce the likelihood of erosion, must 
, (a), place woody debris on the exposed soils, or 
, (b), revegetate the exposed mineral soils. 
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Background 

After discussing with Mike Boyde ofFt. St. James C&E Field Unit, a soil conservation assessment 
on CAN FOR block No. A3360 I CP B66 CB CAR464 was carried out in 3 phases to ensure that logging 
practices conserved the productivity and hydrologic function ofthe soil as stated in Forest Planning and 
Practices Regulation (FP P R, section 5\ . "t-(p.I' ttl". 't 

eirE; (tf~'" 
Phases of assessment consisted of: <:i 

I. 

II. 
III. 

Walkthrough inspection in. 
CANFOR; 
Evaluation of soil disturbar. 
Formal soil conservation su 

ance survey results submitted by 

~otography, and; 
\g tllethod. . 

As a result, within this logging blocl ___ .. u J IllSrances o~noh':c6rnp!iance with results and strategies 
described in CANFOR forest stewardship plan for soil COl1servation in accordance to BC forest practices 
legislation: " 

, " " 

1) Under FPPR section 35 (3)(b), the amOljJJI of soil disturbance withinStandard Unit (SU) A 
exceeded 10% of the area covered by SUA;, '", " " 

2) Under FPPR 35 (3)(c), the amount of soil disturbance within Roadside Work Areas (RWA's) 
exceeded 25% of the area covered by the RWA's,anc:l; 

3) Under FPPR 3 (1), for the Ptlrposeofsection 46 (1) of the Forest and Range Practices Act 
excessive soil disturbance caused bycut-to-Iength logging practices directly and indirectly 
resulted in damage to the environment. ' 

Interpretation and discussion of our findings from this assessment are presel1ted below. 

Results & Discussion 

Cut-To-Length{CTL)operationswere utilized to harvest block CAR464 (Figure 1), in which trees are 
delimbed and cut to length ,'directly althe stump andthel,', a forwarder transports the logs fi'om the stumps 
to the ro;ld;Recognized as !\gentle logging practice, CTL uses less area to move the wood than does 
whole-tree halyesting howeverCTL may result into more soil disturbance due to repeated travel on 
designated trails a(1d log decking areas. 

Phase 1- Walktrough inspection 

During a walkthroughinsp,ctioncan:ied out in 2010, it became apparent that throughout block CAR464, 
there had been harmful changestosoil. A review of soil disturbance survey results submitted by 
CAN FOR for CAR468 revealed that (i) my counted disturbance greatly exceeds that measured by their 
surveyor (based on re-surveying 360 survey points by CANFOR, Table 1), (ii) my results point towards 
disturbance levels over maximum limits set out in the site plan (Appendix 1), and (iii) the survey 
methodology used i.e. Big Block method with grid centres was not appropriate because it assumes that 
soil disturbance is relatively evenly distributed throughout the block which was not the case here. In cut
to-length logging, soil disturbance is mostly confined to forwarding trails and RWA's. With grid centres, 
transects by chance can either run parallel to a trail or right down a residual strip. This will result into 
lower confidence limits and therefore, a false acceptation of in-compliance. 

I 
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Figure 1. Aerial Photography of block CAR464 (15 em pixel size). Inseti is negative display of .... 

Table 1. Results of soil disturbance percentages from CANFOR report, walkthrough and 
random point sampling survey in the NAR and RWA's. 

CANFOR Walkthrough Random Point 
Sampling Survey 

Areas % % % 
NAR 2.9 11.0 25.5 
RWA 15.0 42.0 60.5 

The predominant disturbance type that was often missed was repeated machine traffic. It is found on 
repeatedly used skid trails and in traffic areas usually associated with RW A's. Repeated machine traffic 
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(code "E") is called when the survey point and sampling window (1m Wide x 2m Long rectangle) show 
evidence of compaction indicated by increased soils density (Figure 2, coarse blocky/platy structure), 
puddling or compacted deposits of slash and organic debris. Compaction was assessed by comparing soil 
structure at survey point to soil conditions of adjacent undisturbed areas (Le., at similar soil water 
content). The "natural soil condition" was checked frequently by digging to ascertain compaction during 
our survey. 

Figure 2. Fluffy and loose soil turned into stone. like material aft'~r trallac~:ing at block CAR464 . 

We could not guarantee the exact location of survey poilltsduring OUr review was that of CANFOR. 
However discrepancies between their results and.the results from our l1lyi"w were large enough that in 
our opinion, compaction conditiol1ofthe soil vias not properly identifiedori this block. In one patticular 
area, a transect line crossed a 6 m wide compacted skid trail butnopoints assessed at 1 m interval were 
classified as "E's". 

Similarly to NAR, Big Block method with grid centres was also inappropriate for surveying RW A's 
because it was not representative of the main disturbance pattern. Some transects ran parallel to soil 
disturbance .almost avoiding it while others skipped the surveyed area (e.g., survey points falling outside 
RWA or()n~oads) so CANFOR, did not collect enough points to get a reliable estimate of the RWA soil 
disturbance. .. 

, 
Phase II. Soil dislur{:Jance digita11!lapping 

A geo-referenced highi'esolution aeri~l photo taken after logging was completed reflected well my 
biggest concerns in terms of soil distut·bances. Ruts/tracks, waterlogged soils and bare soils did clearly 
stand out in trails and along in-block roads (Figure I, insert). Where changes to soil was evident, together 
forwarding trails, RW A's and Permanent Access Structure (PAS) occupied mOl'e than 35% (or 12.7 hal of 
the total block area (Table 2). Stephane :To expand ... 

Table 2. The area proportion ofNAR and PAS to total cutblock area. NAR 
contains RWA's, forwarding trails and residual strips. 

Block Total cutblock NAR PAS 
No. area (ha) (%) (%) 

RWA Trails Residual 
strips 

464 36.0 9.4 23.0 64.8 2.8 
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Phase III - Random Point Sampling Survey 

Silt, as determined by the "Hand Test" and relatively few coarse fragments were found almost 
everywhere in the upper 30 cm of mineral soil along the walk. Although less cohesive than clay, silt-type 
soil has very little load bearing capacity and is highly susceptible to compaction when wet. Under FPPR 
section 35(1), soil disturbance levels should not exceed, respectively 10% in the NAR and 25% for 
R W A's in these conditions. 

A soil conservation survey based on random point sampling provided statistically valid measurements 
(more about the survey method in Appendix B) and did confirm the extent to which the block area was in 
non-compliance with the allowable limits under FRPR section this procedure, soil 
disturbance was measured at GPS points or waypoints randomly the block as 
shown on the GPS soil survey map (Figure 3). 

Figure 3. GPS soil survey map showing results .... 

Within the NAR, based on 109 random sample points (n=109) the soil disturbance level was 24.8% 
(Table I), which exceeds the soil limit of 10%. Likewise, excessive disturbed soils were present within 
the RWA's. Disturbance measured was 60.5%, which was not within an acceptable limit of25% for the 
area covered by RWA's (n=109). Repeated Machine Traffic was the most common disturbance type (E) 
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across the site and this should not be a surprise to anyone considering the presence of finer-textured soils 
and weather conditions at the time. (Mike, when was this block harvested? Be precise) 

Excessive soil disturbance (herein defined as un-rehabilitated temporalY access structure, gouges, ruts and 
scalps and compacted areas under FPPR Part 1- Interpretation section 1) adversely altered ecosystem 
integrity by altering the way the soil functions on this site and therefore, the capacity of this site to grow 
forest has been diminished. Results from Phases I, II and III indicated that machine logging traffic lead to 
changes to: (i) structural properties of the soil as shown by significant amount ofmts and compaction on 
forwarding trails and within R W A's, (ii) natural drainage patterns that~vere not maintained as evidenced 
from ponded water along 4 channels (Figures 4 & 5), and (iii) almostc()mplete loss offorest floor within 
R W A's that results in loss of habitat for specialist species (e.g., worms, fungi, microbes etc.) important to 
soil biodiversity. 

Figure 4. 
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Figure S. 

and still to this day are not compatible with the original natural drainage patterns because of poor 
forwarding trail construction .. Thus, a person can reasonably expect that compaction will be a concern 
with careless logging. Repeated use of skid trails created too many ruts and disrupted natUral drainage 
patterns near an in-block wetland (Figurel, 0.8 ha area of wide j'utted trail). In these conditions, alternate 
routes for skidding are a must if you wanttoprevent soil damage. 

This site has very low Ibad-bearing strength materials and of the area under SU 1 which is contrary to the 
site plan result of 10%. Clay soils hold a large amoljnt of water throughout the year and after prolonged 
rainfalls, become quickly water logged .. In forests, clay soils behave the same way they do in cultivated 
soils or in urban settings 

Conclusion 

C&E Ft. Sf. James Unit concerns.that the soil disturbance limits may have been exceeded in block were 
justified. As confirmed by a formal soil conservation survey, extensive soil compaction occurred when 
heavy weight loads compressed the soil during operations within the NAR and RWA's, 

Please, do not hesitate to contact me for flUther discussion. 

Sincerely, 

Stephane Dube, M,Sc, RPF 
Soil Scientist 
BC Forest Service 
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Introduction 
The objective set by the BC Government for forest soil management is to "without 
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unduly reducing the supply of timber from British Columbia's forests, to conserve the 
productivity and the hydrologic function of soils" (Forest Planning and Practices 
Regulation). Soil disturbance levels are limited in the FRP A to the following levels: 
(a) if the standards unit is predominantly comprised of sensitive soils, 5% of the 
area covered by the standards unit, excluding any area covered by a roadside 
work area; 
(b) if the standards unit is not predominantly comprised of sensitive soils, 10% of 
the area covered by the standards unit, excluding any area covered by a roadside 
work area; 
(c) 25% of the area covered by a roadside work area (a roadside "YQrk area is 
defined as the area adjacent to a road where one or both ofthefQlIowing are 
carried out: 
(i) decking, processing or loading timber; 
(ii) piling or disposing oflogging debris; 
Sensitive soils are soils that, because of their slope gradient, texture class, moisture 
regime, 01' organic matter content have the following risk of displacement, surface 
erosion 01' compaction: . 
(a) for the Interior, a very high hazard; 
(b) for the Coast, a high 01' very high h\lzard. • ... ,... . . .... 
Because the MOF no longer verifies soil hazard ratingsinpl'escriptions, a necessary first 
step in every survey is to determine the soil hazard rating. Therating determined by the 
surveyor is then used to determine which soil disturbance categQries count, and the 
disturbance limits for the area to be surveyed. ' .. '. '. 
Scil disturbance is defined as disturbance to the soil in the net area tcbe refcrested in a 
cutblock because .of: 
(a) temporary access stlUctures, 
(b) gouges, lUts and scalps, or 
( c) compacted areas, but dcesnot include thy effect .on the soil of rehabilitating an 
area in acccrdance with ~ection 35 (Secticn 35 allows for up to 5% of the 
standards unit to be in excessive disturbance aslcng as enough of this excess 
disturbance is rehabilitated so that the disturbance limit is nc longer exceeded). 
Gouges, ruts,scalps and ccmpacted areas are not defined except in the 2001 Soil 
Conselvation Surveys guidebook. Temporary access stlUcture is defined in regulation as 
an access structure that is not a gravel pit and does not meet the requirements of a 
permanent access structure which. are: 
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(a) at the time of its construction, it is reasonably expected to provide access for 
timber harvesting and other activities that are not wholly contained in the 
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cutblock, or 
(b) it is conshucted on or through, or contains, materials unsuitable for the 
establishment of a commercial crop of trees and is not an excavated or bladed 
trail, but does not include an area that contained an access structure before 
rehabilitation of the area under section 36. 
An agreement holder may cause soil disturbance that exceeds the limits specified in 
subsection (3) ifthe holder: 
(a) is removing infected stumps or salvaging windthrow and the additional 
disturbance is the minimum necessary, or 
(b) is constructing a temporary access structure and both oftheJollowing apply: 
(i) the limit set out in subsection (3) (a) or (b), as applicable,iSriof exceeded by 
more than 5% of the area covered by the standards unit, exc!4ding the area 
covered by a roadside work area; 
(ii) before the regeneration date, a sufficient amount of the area within the 
standards unit is rehabilitated such that the agreement holder is in .. 
compliance with the limits set out in subsection (3). 
Rehabilitation is discussed further in the rehabilitation section below. 
There are also limits placed on the amount of permanent aCCesS structure allowed in a 
block. An agreement holder must ensure that the area In acutblock that is occupied by 
permanent access structures built by the. holder or used by the holder does not exceed 7% 
of the cutblock, unless 
(a) there is no other practicable option onthat cutblock, having regard to 
(i) the size, topography and engineering constraints of the cutblock, 
(ii) in the case of a road; the safety of road users, or 
(iii) the requirement in selection harvesting systems for excavated or bladed 
trails or other logging trails, or 
(b) additional permanent access sttUctures are necessary to provide access beyond the 
cutblock. . 
If an agreement holder exceeds the limit forpermanel1t access structures described in 
subsection (1) for either oflhe reasons set out in thilt subsection, the holder must ensure 
that the limit is exceeded as little as practicable. 
In order to assess whether or not these regulations are being addressed requires definition 
of terms and a method for measuring the levels of the various disturbances discussed 
above. This was done in the 2001 Soil Conservation Surveys Guidebook. This 
guidebook breaks blocks into two categories, small and large and provides two different 
methods of survey. The big block method was prone to giving large confidence intervals 
because it utilized a clustered sampling design. The clustered sampling design was a 
trade-off developed to allow sampling many points in a large block in an efficient 
manner. The small block method was to have been the preferred method, but when the 
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option of stratifying blocks for compliance assessment was removed, the small block 
method was not applied directly to big blocks because it is excessively time consuming to 
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apply over a large area. 
Advancements in GPS and handheld computer technology mean that options are now 
available to surveyors that were not available when the last guidebook was written. 
Sampling theory tells us that completely random sampling is the most consistently 
successful approach for achieving a truly representative sample of a population with the 
least number of points sampled. That basic principal is confirmed, in a work recently 
completed by Thompson et ai, for the case involving sampling logging disturbance in 
cutblocks. The next best design is a completely square grid, which is labour intensive 
and requires the most of amount of walking to implement. The further the design gets 
from square, the easier it is to implement, but the higher the risk there is of a nonrepresentative 
sample if the population being sampled is not evenly distributed. Logging 
disturbance is typically very non-uniform in distribution aJid l1lay be clustered or linear 
and so the orientation of non-square sampling grids in relation fodisturbance is always a 
concern. 
Until recently, layout of completely random sampling networks overlarge areas, using 
commonly available field equipment, has been very labour intensive. However, using 
readily available GPS technology, it is now relatively easy to take an unbiase.d-random 
sample from cutblocks. The method also has theagvantage 9fvery little layout time and 
less walking (especially backtracking) than would be necessaryfor sampling onthe 
squarer grid layouts. In addition, the completely random design gives lower variability 
than grid designs for sampling logging type. disturbance (Thol1lPson et al??) and 
determination of confidence intervals is basedonbiIlomial distributions. If more power 
is needed for a paI1icuiar survey, it is a sil1lple matterto add moierandom points and 
resurvey the area withouthavingto WOlTY about creating new grids or infilling grids. 
For measuring roads,landings, trails and other distinct features within a block, relatively 
cheap digital imagerycan be used for highly accurate and inexpensive assessment of 
these features, though the older ground based approaches used in the Soil Conservations 
Surveys Guidebook, can still be used. A high resolution digital image makes a very good 
base map for the randomsurveyand wherever possible, the use of these images is 
encouraged. . .... . .. . 
This guide book outlines the general procedure for estimating dispersed disturbance 
levels in cutblocks of all sizes using a random sampling approach. It also describes a 
method for measuring other disturbance features from digital air photos. 
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Measuring Dispersed Disturbance Using a Random Approach 
There may be many ways to achieve a random survey- this manual outlines one that is 
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utilizes relatively commonly available technology. The broad steps are as follows: 
1. Based on the estimated disturbance levels the number of points that need to be 
sampled to achieve the desired confidence interval is estimated. For a typical 
survey of a block with 5% to 10% disturbance, 200 points gives a one sided 90% 
confidence interval of about 3 percentage points. This means that blocks will be 
called excessively disturbed if the measured disturbance exceeds 13% for a 10% 
disturbance limit block or 8% for a 5% limit block. In other words, with a sample 
size of200 points on 10% disturbance limit blocks, if the number of disturbed 
points equals or exceeds 26 counted points, then the one-sided 90% lower 
confidence limit of the measured disturbance in the block is hi~l1er than the 
maximum. If the number of disturbed points in a 200 point survey; of a 5% 
disturbance limit block, equals or exceeds 16 points, then the one-sided 90% 
lower confidence limit of the measured disturbance inthe blockishigher than the 
maximum. It should not be necessary to survey more. than 200 points in a block 
(or stratum), but if a block (or stratum) is highly disturbed, it may be feasible to 
survey fewer points. Appendix B shows how to determine confidence intervals 
for surveys of other numbers of survey points or'.other levels of disturbance; The 
higher the disturbance level, the fewer points are needed in thet9tal survey to 
establish with confidence that the block is over the limit. The size of the block> . 
has no bearing on the number of poillts,but unavoidably,th", larger the block, the 
more time it takes to survey. , 
2. An appropriate number of random waypointsare generated. There may be other 
ways to do this, but one me.thod involves creating a shape file of the NAR (survey 
stratum minus roads, landings or other features which are not part of the NAR). 
A multipoint polygon is generated in Arcmap using a RandomP9int-in-Polygon 
Generation Program (VBA Macro) (Sawada, 2002). The multipoint polygon is 
converted to waypoints in OziExplorer or other mapping software that has this 
function. 
3. The wayp9ints and a base map are downloaded onto a GPS unit that is set up to 
beep wheI) the surveyor passes within 1 metreofth.e waypoint. The surveyor 
navigates to .the waypointand the exact observation point is indicated by the 
precise moment at which theGPS beeps. The observation point is fixed exactly at 
that moment by some arbitrary locator of the observation point. For example the 
observation point could be deemed to be located directly below one corner of the 
GPS unit or at the end of the sUr\feyor's right toe, wherever those are at the 
moment the GPS beeps. The same locator should be used throughout a survey. 
4. The survey progresses by using the built in navigation aids in the GPS to move 
from waypoint to waypoint. The surveyor is free to select the most efficient route 
through the points. 
5. The data is entered directly into the GPS unit. 
6. All of the points generated for a particular survey must be surveyed, i.e. one 
cannot survey points in a portion of the block and then conclude that the surveyed 
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area is or is not in compliance. Since disturbance within a cutblock is usually 
distributed unevenly, the entire set of points must be surveyed before making 
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judgements about the level of disturbance. However, it is possible to initially do a 
complete survey with a smaller number of points and if that survey does not have 
sufficient power to give a clear result, a new set of random points can be 
generated for the same area and surveyed and the results combined with the 
previous survey to create a more powerful survey. 
7. When the survey is complete, the waypoint file is converted to a spreadsheet file, 
and the calculations are made on the spreadsheet. 
Many different configurations of hardware and software can be used to achieve a random 
survey and it is not possible to cover all those in this guidebook. Presented in Appendix 
A is a detailed protocol for a particular set of software and hardW'¥e. Potential surveyors 
who wish to use other softwarelhardware combinations may find some useful tips in this 
guidance, but they are not required to use the equipment c()mbination described. The 
fully random survey needs to meet the following criteria: 
1. The observation points must be randomly generated with any point in the survey 
area having a chance to be surveyed. .. . ... 
2. When the actual observation point is locatedinthe field, it must be selected by 
following an unbiased and precise rule, such as directly under the GPS at the. 
exact moment the GPR beeps (or some other confining trigger).:rhe surveyOr 
must not adjust the observation point inany way, nor have leeway to select the.·· 
sampling point from within a broader possible sampling area, e.g., it would be 
unacceptable to simply select the sampling point from anyWhere in front of the 
surveyor at the point the GPS beeps.. . 
3. When the lower one-sided 90% confidence limitforthe measured disturbance 
level is greater than the. disturb.an .. ce limit, theblock.isc()un.ted .. asover. Whatever , 
size of survey indicates the block is over the 10W'er90% confidence limit, is 
acceptable. For surveys where the disturbance limit is greater than the one-sided 
90% lower confidence limit,. in order .for the block t() be considered under the 
disturbance. limit-the lower one-sided 90%confidenc~ interval must be 3 
percentage units or less, (see Point.4 below). Thisistoaddress the situation 
where a surveyor might choose tOsilrvey fewer points because the disturbance is 
greatly in excess ofthe limit. Surveying fewer points means that the confidence 
interval could be larger if the surveyOr overestimated the level of disturbance. 
This situationwo1.lld make it mare likely that the disturbance limit of a block will 
lie in the ambiguous zone of theconfidence interval (between the lower 
confidence limit and the measured level of disturbance). Therefore, for blocks 
with disturbance close to the limit, the surveyor must sample sufficient points to 
make the lower confidence interval ~ 3% points. In cases where the measured 
level of disturbance is ~ 3 %,the upper 90% confidence interval must be ~ 3% 
points. For disturbance levels greatly above or below the limits, a survey could 
have fewer than 200 points and still be valid as long as the disturbance limit still 
fell below the 90% confidence interval (Le., the block is counted as over). For 
example, if the actual level of disturbance on a block with a 10% disturbance limit 
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was 30%, it would take fewer points to establish if the block was in compliance 
(see below). If the surveyor chooses to do a smaller survey based on an 
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assumption about the disturbance level that turns out to be incorrect and as a 
result the outcome of the survey is ambiguous, the surveyor can simply generate 
another set of random waypoints and add to the survey. 
There are normally financial constraints to doing large surveys and a 200 point 
survey with one-sided confidence interval of around 3 percentage points for 
disturbance levels in the range of the normal limits (5 to 10%) will give an 
acceptable level of precision. This means that before a block is called excessively 
disturbed, the measured disturbance levels will exceed 13% 01' 8% for the 10% 
and 5% limits respectively. If a licensee finds themselves in a situation where the 
lower confidence limit from the survey is slightly higher than theflisturbance 
limit, they can increase the survey size to any size they deell1 fit to' get a more 
precise measure of disturbance. However, it should be reJllemb,ered that the most 
probably level of disturbance is near the mean level detel'minedby the survey. 
When a block is marginally over the limit the mostlikelyoutcome'isthat more 
points will narrow the confidence interval around~point close to the original , 
mean. 
4. Each point in a stratum 01' block being surveyed must have the same chance of 
being sampled. This means that it is not acceptableto, survey some arbitrarily' , " 
chosen subset ofthe points in a set ohandom waypoints(e.g.%the block) and "" 
then stop because it appears the survey will be over or under. However, it is ' 
acceptable to do a survey with fewer sampie'points based on an estimation of a 
level of disturbance within the block thafsuggests actual disturbance levels might 
be considerably greater (>2 times) or less (<:O.S times) than the limit. If a survey 
with a smaller number of points gives a 90%one-sided~10wer confidence limit 
greater than the disturbance limit, then the block is over. If the disturbance limit 
is greater than the 90%one-sided-lower-confidence limit and the lower (or upper 
if the mean is small) confidence interval is ~ 3%po~nts, then the block is not over. 
S. While surveys must be conducted and reported based on entire standards units, 
cutblock,roadside work area 01' area of inordh1(lte, disturbance as the particular 
regulatory framework. dktates, it kstill possible to stratifY these survey areas for 
the purposes of improving the efficiency of the survey, as long as every point in 
the area being surveyed, has a chance of being surveyed. The techniques for 
stratifYing to improve the efficiency of a survey are described below. 
Guidelines for Stratification ' 
Under the Forest Practise Code thete was a provision to allow enforcement of soil 
disturbance limits on areas ,as small as one hectare. Under FRP A, enforcement of soil 
disturbance limits is to take place on the NAR of the cutblock. The size of the area on 
which enforcement can take place is a separate issue from stratifying to improve the 
efficiency of a survey. A stratified random sample will still report the disturbance level 
for the entire legal unit that is surveyed, however, not every portion of that unit need be 
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sampled at the same intensity. The main reason for stratifying to survey is to improve the 
efficiency of the survey. If, for example, a large portion of the area to be surveyed has 
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very little disturbance «2%) and a small proportion of the area «20% of the area) has 
high disturbance (> IS%), then it is more efficient to sample the heavily compacted area 
more intensely and the less disturbed area less intensely. This saves considerably on the 
amount of walking that needs to be done and if one stratum is very lightly disturbed 
«2%), there may also be an increase in the power of the survey. If you cannot delineate 
strata with greatly different levels of disturbance, there is no advantage to stratifying. 
Strata need to be delineated before the survey begins and the most efficient way to do this 
is from a high resolution image such as those used for the soils FREP process. Such 
images can be flown specifically for blocks and this possibility should be considered for 
blocks where legal action is highly likely. The images also allow precise estimates of 
area in roads, landings, roadside work area, trails or other features in a block. Strata can 
also be delineated on a sketch map after an on-site inspection. '. 
To stratifY, first the amount of disturbance within each stratum is estimated. For example 
a stratum could be 10 hectares in size and contain approximately 2S% disturbance so the 
amount of disturbance is 10 ha x 0.2S= 2.5 ha. If another stratum is50ha in size but 
contains only 1 % disturbance, then the amountofpisturbance in this stratum is SO ha x 
0.01= 0.5 ha. The proportions of disturbance in. each stratum are estimatesbnly and do 
not have to be determined by measurements but rio stratum should ever haveiexo points. 
The practical lower limit for estimated. disturbance inastJ;aiumis probably aroUnd,O.5%. 
To assign the number of survey poi'1tsto each stratum the formula is: 
Points Per Stratum= Area Disturbed P~rStnitum x TotalSl,lfVyy Points 
Total Area Disturbed . . 
For our example, to find how many points to putin thelD ha stratum, the calculation is as 
follows: 
Points in 10 ha Stratum ~2.5 hax200points =167 poirits 
2.5ha + O.Sha 
This leaves 33 points in thebigllow disturbance stratum. Surveying will go much more 
quickly because most of the points are in the small stratum and much closer together. In 
this case,bec,ause the disturbance in the largestratur'1is so low, there is actually a 
narrowing of the confidence interval- in other words this survey is more powerful than if 
the points were randomly and evenly distributed throughout the entire area surveyed. 
Roadside Work Areas, Inordinate Disturbance, Areas of Compacted Soil 
Compacted Areas, Soils ThatHave Sustained Damage 
Roadside work areas, inordinate disturbance and compacted areas are all special survey 
cases. Roadside work areas have a higher disturbance limit - 2S% and so must be tallied 
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separately from the rest of the NAR. The higher disturbance limit in the roadside work 
area means that disturbance can be measured with the same confidence with a smaller 
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number of points. Therefore, we recommend using only 100 points in the RW A. 
Inordinate Disturbance, Areas of Compacted Soil, Soils That Have Sustained Damage 
and compacted areas are all types of disturbance that may require rehabilitation if they 
are identified by a block inspection, or during a survey. The provision for rehabilitating 
these areas are contained in the Forest Practises Code or FRP A and their supporting 
documents. 
Compacted Areas 
The Forest Planning and Practises Regulation (under FRPA) requires the rehabilitation of 
areas of compacted soil: 
5) The minister may require an agreement holder to rehabilitate an area of compacted 
soil if all of the following apply: 
(a)the area of compacted soil 
(i) was created by activities of the holder, 
(ii) is within the net area to be reforested, and 
(iii)is a minimum of 1 ha in size; 
What constitutes an area of compacted soil undel'this section ofFRP Aisnot defined but 
any areas greater than Iha in size that have more than 25% disturbance,should be 
documented during the survey for consideration as compactedal:eas. The potential 
compacted area should be delineated separately . . .. 
The provisions for rehabilitating cOl11pacted areas and illhrdinate disturbance are 
contained in the Forest Practises Code. 
47(7) A person who, within an area under a siteplan prepared under section 21.1 or 
silviculture prescription,constructs or modifies a bladed or excavated trail or a 
corduroyed trail or createsa C()mpacted aNa,must Nhabllitate theprea in accordance 
with the regulations and standards. , 
In this case, the compacted area refeis to an area:> 100m2 and :>5in wide that is 100% 
compacted. For blocks under the CODE or transition CODE, any areas 
Inordinate. Disturbance 
45(3)Aperson mustnotcarry ou(qforestprac(ice ifhe or she knows or should 
reasonably know that,due to weather conditions,or site factors, the cal'lying out of the 
forest practice may result, directly or indirectly, in 
(a) slumping or sliding of land, 
(b) inordinate s()il disturbance, or 
(c) other significant damage to the.environment. 
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(4) A person who contravenes subsection (1) or (3) must 
(a) stop the forest practice in the area affected, 
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(b) prevent any further damage to the environment, 
(c) promptly notifY the district manager, and 
(d) take any remedial measures that the district manager requires 
The Timber Harvesting and Silviculture Practices Regulation defines inordinate 
disturbance as follows: 
53 (1 )For the purposes of section 45 (3) (b) of the Act, "inordinate soil disturbance" means soil 
disturbance that 
(a) results in the district manager requiring rehabilitation of soil under section 48 
(1) of the Act, or 
(b) exceeds the soil disturbance limit specified in section 31 of this regulation. 
The Forest Practices Code Act of British Columbia section 48(1) reads 'as follows: 
48. (1) If the district manager determines that the area under an operational plan has sustained 
damage as a result of a forest practice, the district manager may, lJy\Vritten 
notice, direct the person responsible for the damage to take meastlres~n4 to 
pay costs that are necessaty to rehabilitate the area to the satisfilCtion 6fthe. 
district manager and the person must comply with the noticb. . . 
The telm "sustained damage" is not defined an)'whei·e but the surveyorshQuld provide 
data to help make the determination of damagb. Any areas greater than Ihain size that 
have more than 25% disturbance or any areas in the NAR thelt are unlikely to sustain tree 
growth, should be documented in the sJ.lrvey. . .' . 
Steps for determining confidence intervals !lnd numberofppints required. 
Checking soil hazard ratings 
RWA, Inordinate Disturbance, Compacted areas 
Regulatory Framework. 
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Rehab stuff 
, (3) , An agreement holder may rehabilitate an area occupied by permanent access 
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structures in accordance with the results or strategies specified in the forest stewardship 
plan or by 
, (a), removing or redistributing woody materials that are exposed on the surface of the 
area and are concentrating subsurface moisture, as necessary to limit the concentration of 
subsurface moisture on the area, 
, (b), de-compacting compacted soils, and 
, (c), returning displaced surface soils, retrievable side-cast and berm materials. 
, (4) , If an agreement holder rehabilitates an area under subsection (3) (a) and erosion of 
exposed soil from the area would cause sediment to enter a stream, wetland or lake, or a 
material adverse effect in relation to one or more of the subjects listed in section 149 (I) 
of the Act, the agreement holder, unless placing debris or revegetation would not 
materially reduce the likelihood of erosion, must 
, (a), place woody debris on the exposed soils, or 
, (b), revegetate the exposed mineral soils. . .... 
, (5) , The minister may require an agreement holder to rehabilitate ariarea of compacted 
soil if all of the following apply: .. 
, (a), the area of compacted soil 
, (i), was created by activities of the holder, 
, (ii), is within the net area to be reforested, and 
, (iii), is a minimum of I ha in size; 
, (b), the holder has not exceeded the limits described in subsection (3); 
, (c), rehabilitation would, in the opinion of the minister, 
, (i), materially improve the productivity arid the hydrologic functiOI~ of the soil within 
the area, and .... .. .... . 
, (ii), not create an unacceptable risk of further dani&ge or harm to, 01' impairment of, 
forest resource values related to one or more of.the subjects listed in section 149 (1) of . . . 

the Act. . 
, (6), An agreement holder whorehabilitate~ an area. under subsection (4) or (5) must 
, (a), remove 01' redistribl,lte woody materials that are Sxposed on the surface of the area 
and are concentrating subsurface moisture, to the extent necessary to limit the 
concentration of subsurface moisture on the area, 
, (b), de-compact compacted soils, and 
, (c), return displaced surface soils, retrievable side-cast and berm materials. 
, (7), If an agreement holder rehabilitates an area under subsection (4) 01' (5) and erosion 
of exposed soil from the area wOllld cause sediment to enter a stream, wetland or lake, or 
a material adverse effectinrelation to one 01' more of the subjects listed in section 149 (1) 
of the Act, the agreementholder, unless placing debris or revegetation would not 
materially reduce the likelihood of erosion, must 
, (a), place woody debris on the exposed soils, 01' 

, (b), revegetate the exposed mineral soils. 
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Background 

After discussing with Mike Boyde of Ft. St. James C&E Field Unit, a soil conservation assessment 
on CANFOR block No. A33601 CP B66 CB CAR464 was carried out in 3 phases to ensure that logging 
practices conserved the productivity and hydrologic function of the soil as stated in Forest Planning and 
Practices Regulation (FPPR, section 5). 

Phases of assessment consisted of: 

I. Walkthrough inspection including checking out soil disturbance survey results submitted by 
CANFOR; , 

II. Evaluation of soil disturbance using high resolution aerial photography, and; 
III. Formal soil conservation survey using random point sal11plingmethod. 

As a result, within this logging block we found 3 instances,()fnon-coll1pliance with results and strategies 
described in CANFOR forest stewardship plan for soil conservation iti.accordance to BC forest practices 
legislation: . 

I) Under FPPR section 35 (3)(b), the artiount of soil disturbance withliiStandard Unit (SU) A 
exceeded 10% of the area covered by su.A;, '. . . ", 

2) Under FPP R 35 (3)( c), the amount of soil disturbance wlthin Roadside Wor~ Areas (R W A's) 
exceeded 25% of the area ~oYer~d by the R W A's,and; . 

3) Under FPPR 3 (1), for the purpOse of section 46 (l}ofthe Forest and Range Practices Act 
excessive soil disturbance clll1sedbycut-to-Iength logging practices directly and indirectly 
resulted in damage to the envil'(ml11ent.· 

Interpretation and discussion of our findings fromthis assessrtientare presented below. 

Results & Discussion 

Cut-To-Length(CTL)operatiotiswere utilized to harvestblock CAR464 (Figure I), in which trees are 
de limbed and cut to length directly aUhe stump and then, a forwarder transpOlis the logs from the stumps 
to the road; Recognized as a gentle logging practice, CTL uses less area to move the wood than does 
whole-tree harvesting however CTL may result into more soil disturbance due to repeated travel on 
designated trails and log deckirig ai'eas. 

Phase 1- Walktrough inspection 

During a walkthrough inspection calTted out in 20 I 0, it became apparent that throughout block CAR464, 
there had been harmful changes to soil. A review of soil disturbance survey results submitted by 
CANFOR for CAR468 revealed that (i) my counted disturbance greatly exceeds that measured by their 
surveyor (based on re-surveying 360 survey points by CANFOR, Table I), (ii) my results point towards 
disturbance levels over maximum limits set out in the site plan (Appendix 1), and (iii) the survey 
methodology used i.e. Big Block method with grid centres was not appropriate because it assumes that 
soil disturbance is relatively evenly distributed throughout the block which was not the case here. In cut
to-length logging, soil disturbance is mostly confined to forwarding trails and RWA's. With grid centres, 
transects by chance can either run parallel to a trail 01' right down a residual strip. This will result into 
lower confidence limits and therefore, a false acceptation of in-compliance. 
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Figure 1. Aerial Photography of block CAR464 in 2010 (1 year post logging, 15 em pixel size 
resolution). Insertshows the extent of ruts and ponded water in nOlthwest area. 

Table 1. Results of soil disturbance percentages from CANFOR report, walkthrough and 
random point sampling survey in the NAR and RW A's. 

CANFOR Walkthrough Random Point 
Sampling Survey 

Areas % % % 
NAR 2.9 11.0 25.5 
RWA 15.0 42.0 55.0 
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The predominant disturbance type that was often missed was repeated machine traffic. It is found on 
repeatedly used skid trails and in traffic areas usually associated with R W A's. Repeated machine traffic 
(code "E") is called when the survey point and sampling window (1m Wide x 2m Long rectangle) show 
evidence of compaction indicated by increased soils density (Figure 2, coarse blocky/platy stlUcture), 
puddling or compacted deposits of slash and organic debris. Compaction was assessed by comparing soil 
stlUcture at survey point to soil conditions of adjacent undisturbed areas (i.e., at similar soil water 
content). The "natural soil condition" was checked frequently by digging to ascertain compaction during 
our survey. 

Figure 2. Fluffy and loose soil (A) turned intcts!(lne,li)ce m",f"'1,'of1'M trafficking at block CAR464. 

We could not guarantee the exact location of surv'ey points during our review was that of CANFOR. 
However discrepancies between their results and the results from our review were large enough that in 
our opinion, compaction condition of the soil was not properly identified on this block. In one particular 
area, a transect line crossed a 6 jn wide compacted skid'trail but no points assessed at 1 m interval were 
classified as "E's','. 

SimilarlytoNAR, Big Blockmethodwith grid centres was also inappropriate for surveying RWA's 
because iHvas not representative of the main disturbance pattern. Some transects ran parallel to soil 
disturbance ahnost avoiding it while others skipped the surveyed area (e.g., survey points falling outside 
RWA or on roads) so CANFOR die! not collect enough points to get a reliable estimate of the RWA soil 
disturbance. ' 

Phase II. Soil disturbance digital mapping 

A geo-referenced high resolution aerial photo taken after logging reflected my biggest concerns in terms 
of soil disturbances. Ruts, puddles of water and scalped soils did clearly stand out in forwarding trails and 
along in-block roads (Figure 1). Although machine traffic was limited to tracks areas, the degree of soil 
disturbance appeared to be very high and appeared to be more than necessary. Where changes to soil was 
evident, combining in-block roads and off-road traffic represented more than 35% (01' 12.7 ha) of the total 
block area (Table 2). 
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Table 2. The area proportion ofNAR and PAS to total cutblock area. NAR 
contains R W A's, forwarding trails and residual strips. 

Block Total cutblock NAR PAS 
No. area (ba) (%) (%) 

RWA Trails Residual 
striEs 

464 36.0 9.4 23.0 64.8 2.8 

Operating machinery has also altered natural drainage patterns on this,~ite. Water ponded on soil surface 
where track ruts crossed 4 natural seeps and lead to waterlogging orp()ofly drained soils as illustrated on 
Figures 3. Still to this day, post-logging drainage patterns are notcol1lpatible with the original natural 
drainage patterns. We also mapped areas of inordinate disturbance Where excess disturbances (>30%) on 
small area are showing "destructive logging". Figure 3 highli!5hts'2daih~ged areas (up to 1.4 ha in size) 
almost completely cleared afforest floor, compacted andin\vhich wateF arflined nowhere due to ruts 
present everywhere and that run in every directions. ' 

Figure 3. Areas of inordinate disturbance and drainage diversion on block CAR464. 

Page 43 
FNR-2013-00368, Part 1



Phase III - Random Point Sampling Survey 

Silt, as determined by the "Hand Test" and a few coarse fragments were found almost everywhere in the 
upper 30 em of mineral soil along the walk. The site plan has Sandy Loam as dominant soil texture 
(Appendix A). Although less cohesive than clay, silt-type soil has very little load bearing capacity and is 
highly susceptible to compaction when wet. Under FPPR section 35(1), soil disturbance levels should not 
exceed, respectively 10% in the NAR and 25% for RWA's in these conditions. 

A soil conservation survey based on random point sampling provided statistically valid 
measurements (more about the survey method in Appendix B) and did confitm the extent to which the 
block area was in non-compliance with the allowable limits under FRPR section 35(3). With this 
procedure, soil disturbance was measured at GPS points or waypointsnindomly located throughout the 
block as shown on the GPS soil survey map (Figures 4 and 5). . 

Figure 4. GPS soil survey map sho\~ing· disturbance results at random locations (or waypoints) in NAR. Insert 
shows southwest end of the block. Waypoints are identified as non-counted disturbance (N), counted 
disturbance (E ~ repeated machine traffic and TD ~ deep wheel track/ruts) or point landing outside of 
NAR(OUT). 

Within the NAR, based on 109 random sample points (n=109) the soil disturbance level was 24.8% 
(Table 1), which exceeds the soil limit of 10%. Likewise, disturbed soils were present within the RW A's 
(Figure 5). Disturbance measured was 55%, which was not within an acceptable limit of25% for the area 
covered by R W A's (n= I 09). Repeated Machine Traffic was the most common disturbance type (E) across 
the site. Within forwarding trails, compaction explains 53% of all disturbances indicating that like clay, 
coarser soils with silt when wet will be highly sensitive to machine wheels or tracks. Outside track 
location i.e. residual strips of vegetation were left intact since there was no ground disturbance in them. 
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Figure 5. GPS soil survey map showing soil disturbance results at random locations (or waypoints) in NAR. Insert 
shows southwest end ofthe block. Waypoints are identified as non'co.unted disturbance (N), counted 
disturbance (E = repeated machine traffic, TO = deep wheel/track ruts, V = very wide scalps, G = deep 
gouges or W = wide gouges). 

Summary and Conclusion 

C&E Ft. St. James Unit concerns that the soil disturbance limits may have been exceeded in block were 
justified. As confirmed by a formal soil conservation survey, extensive soil compaction occurred when 
heavy weight loads compressed the soil during operations within the NAR and RWA's. Indeed, 
CANFOR has contravened the following 3 provisions under FPP: sections 3 (1),35 (3)(b), and 35 (3)(c). 

Excessive soil disturbance (herein defined as un-rehabilitated temporary access structure, gouges, ruts and 
scalps and compacted areas under FPP R Patt 1 - Intelpretation section I) has adversely altered ecosystem 
integrity by altering the way the soil functions on this site and therefore, the capacity of this site to grow 
forest has been diminished. Results from Assessment Phases I, II and III indicated that machine logging 
traffic lead to changes to: (i) structural propelties of the soil as shown by significant amount of ruts and 
compaction on forwarding trails and within RWA's, (il) natural drainage patterns that were not 
maintained as evidenced from ponded water along 4 channels, and (iii) almost complete loss offorest 
floor within some areas that results in loss of habitat for specialist species (e.g., worms, fungi, microbes 
etc.) impOltant to soil biodiversity. Preserving organic matter could also have helped reducing ground 
disturbance. 

Environmental benefits of CTL can be negated when logging occurs over soils that contains much silt and 
are wet. This site has low load-bearing strength materials when wet. Silty soils drain slowly and after 
prolonged rainfalls, become quickly water logged. In forests, finer-textured soils behave the same 
way they do in cultivated soils or in urban settings. Thus, a person can reasonably expect that compaction 
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will be a concern with careless logging. Proper scheduling with regards to available moisture in the soils, 
lowering ground pressure by equipment on trafficked trails and better use of slash mats prior to skidding 
(these need to be removed after logging is completed so it does not hinder growth) are impOltant for soil 
conservation with CTL. 

Please, do not hesitate to contact me for fmther discussion. 

Sincerely, 

Stephane DuM, M.Sc. RPF 
Soil Scientist 
BC Forest Service 
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Appendix A 
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Introduction 
The objective set by the BC Government for forest soil management is to "without 
unduly reducing the supply of timber from British Columbia's forests, to conserve the 
productivity and the hydrologic function of soils" (Forest Planning and Practices 
Regulation). Soil disturbance levels are limited in the FRP A to the following levels: 
(a) if the standards unit is predominantly comprised of sensitive soils, 5% of the 
area covered by the standards unit, excluding any area covered by a roadside 
work area; 
(b) if the standards unit is not predominantly comprised of sensitive soils, 10% of 
the area covered by the standards unit, excluding any area covered by a roadside 
work area; 
(c) 25% of the area covered by a roadside work area (a roadside work area is 
defined as the area adjacent to a road where one or bothofthefollowing are 
carried out: . 
(i) decking, processing or loading timber; 
(ii) piling or disposing oflogging debris; .... ' ." 
Sensitive soils are soils that, because of their slope gradient, texture class,moistme 
regime, or organic matter content have the following risk of displacement, surface 
erosion or compaction: . ' ' 
(a) for the Interior, a very high hazard; 
(b) for the Coast, a high or very high hazard, 
Because the MOF no longer verifies soil l1azard ratings in prescriptions, a necessary first 
step in every survey is to determine the soil hazard rating. The rating determined by the 
surveyor is then used to determine which soil disturbance categories count, and the 
disturbance limits for the area to be surveyed. . 
Soil disturbance is defined as disturbance to thesoilin the net area to be reforested in a 
cutblock because of: 
(a) temporaryaccessstructures, 
(b) gouges, ruts and scalps, or 
(c) compacted areas, but does not include the effect on the soil of rehabilitating an 
area in accordance with section 35 (Section 35 allows for up to 5% of the 
standards unit to be in excessive .disturbance as long as enough of this excess 
disturbance is rehabilitated so that the disturbance limit is no longer exceeded). 
Gouges, ruts, scalps ,and compacted areas are not defined except in the 200 I Soil 
Conservation Surveys guidebook. Temporary access structure is defined in regulation as 
an access structure that is not a gravel pit and does not meet the requirements of a 
permanent access structure which are: 
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(a) at the time of its construction, it is reasonably expected to provide access for 
timber harvesting and other activities that are not wholly contained in the 
cutblock, or 
(b) it is constructed on or through, or contains, materials unsuitable for the 
establishment of a commercial crop of trees and is not an excavated or bladed 
trail, but does not include an area that contained an access structure before 
rehabilitation of the area under section 36. 
An agreement holder may cause soil disturbance that exceeds the limits specified in 
subsection (3) if the holder: 
(a) is removing infected stumps or salvaging windthrow and thecadditional 
disturbance is the minimum necessary, or 
(b) is constructing a temporary access structure and both of the following apply: 
(i) the limit set out in subsection (3) (a) or (b), as applicable, is not exceeded by 
more than 5% of the area covered by the standards unit, excluding the area 
covered by a roadside work area; " " " 
(ii) before the regeneration date, a sufficient amount of the area within the 
standards unit is rehabilitated such that the agreement holder is in ' 
compliance with the limits set out in subsection (3). 
Rehabilitation is discussed further in.the rehabilitation section below. 
There are also limits placed on the amountpf permanentaccess structure allowed in a 
block. An agreement holder must ensul'ethatthe area in a cutblock that is occupied by 
permanent access structures built by the ,holder ,01' used by the hoLder does not exceed 7% 
of the cutblock, unless . . 
(a) there is no other practiGableoption on thatcutblock,having regard to 
(i) the size, topography and engineering constraints of the cutblock, 
(ii) in the case of a road, the safetyof road users,or 
(iii) the requirement in selection harvesting systems for excavated or bladed 
trails or other logging trails, or 
(b) additional permanent access structures are necessary to provide access beyond the 
cutblock. . 
If an agreement holder exceeds the limit for permanent access structures described in 
subsection (I) for either of the reasons set out in that subsection, the holder must ensure 
that the limit is exceeded as Iittleas practicable. 
In order to assess whether or nottfiese regulations are being addressed requires definition 
of terms and a method for measuring the levels of the various disturbances discussed 
above. This was done in the ?OOlSoil Conservation Surveys Guidebook. This 
guidebook breaks blocks into two categories, small and large and provides two different 
methods of survey. The big block method was prone to giving large confidence intervals 
because it utilized a clustered sampling design. The clustered sampling design was a 
trade-off developed to allow sampling many points in a large block in an efficient 
manner. The small block method was to have been the preferred method, but when the 
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option of stratifying blocks for compliance assessment was removed, the small block 
method was not applied directly to big blocks because it is excessively time consuming to 
apply over a large area. 
Advancements in GPS and handheld computer technology mean that options are now 
available to surveyors that were not available when the last guidebook was written. 
Sampling theory tells us that completely random sampling is the most consistently 
successful approach for achieving a truly representative sample of a population with the 
least number of points sampled. That basic principal is confirmed, in a work recently 
completed by Thompson et ai, for the case involving sampling logging disturbance in 
cutblocks. The next best design is a completely square grid, which, is labour intensive 
and requires the most of amount of walking to implement. The fiJrlher the design gets 
from square, the easier it is to implement, but the higher the ris!' there is of a nonrepresentative 
sample if the population being sampled is not evenly distrib\lted:Logging 
disturbance is typically very non-unifOlm in distribution and maylle,clustered or linear 
and so the orientation of non-square sampling grids in relation to di~tUrbance is always a 
concern. 
Until recently, layout of completely random sampling networks over large areas, using 
commonly available field equipment, has been veryJabour intensive. However,using 
readily available GPS technology, it is now relatively easy to take an unbiased-random 
sample from cutblocks. The method also has the advantage of very little layout time and 
less walking (especially backtracking)than would be necessary for sampling on the 
squarer grid layouts. In addition, the completely random design gives lower variability 
than grid designs for sampling logging type disturbance (Thompsonet al??) and 
determination of confidence intervals is based on binomial distributions. If more power 
is needed for a particular survey, itis a simple, matter to add more random points and 
resurvey the area with()ut having tOW01TY about creating new grids or infilling grids. 
For measuring roads, landings, trails and other distillct features within a block, relatively 
cheap digital imagery can be used for highly accurate and inexpensive assessment of 
these features,though the older ground based approaches used in the Soil Conservations 
Surveys Guidebook, can still be used. A high resolution digital image makes a very good 
base map for the random survey and wherever possible, the use of these images is 
encouraged. ' 
This guide book outlines the general procedure for estimating dispersed disturbance 
levels in cutblocks of all sizes using a random sampling approach. It also describes a 
method for measuring other disturbance features from digital air photos. 
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Measuring Dispersed Disturbance Using a Random Approach 
There may be many ways to achieve a random survey- this manual outlines one that is 
utilizes relatively commonly available technology, The broad steps are as follows: 
1, Based on the estimated disturbance levels the number of points that need to be 
sampled to achieve the desired confidence interval is estimated, For a typical 
survey of a block with 5% to 10% disturbance, 200 points gives a one sided 90% 
confidence interval of about 3 percentage points. This means that blocks will be 
called excessively disturbed if the measured disturbance exceeds 13% for a 10% 
disturbance limit block or 8% for a 5% limit block. In other words, with a sample 
size of200 points on 10% disturbance limit blocks, if the number of disturbed 
points equals or exceeds 26 counted points, then the one-sided 90% lower 
confidence limit of the measured disturbance in the blockishigher than the 
maximum. If the number of disturbed points in a 200 point suty'ey, of a 5% 
disturbance limit block, equals or exceeds 16 points, Jhim the one-sided 90% 
lower confidence limit of the measured disturbance in the block is high~r than the 
maximum. It should not be necessary to surveymqre than 200 points iirablock 
(or stratum), but if a block (or stratum) is highly disturbed, it may be feasibleJo 
survey fewer points. Appendix B shows how to determine confi<.lence intervals. 
for surveys of other numbers of survey points or otherlevels qf disturbance. The 
higher the disturbance level, the fewer points are needed in,the total survey to . 
establish with confidence that the block is over.the limit. The~ize of the block 
has no bearing on the number ofpoints,butunayoidably, the larg~r the block, the 
more time it takes to survey. 
2. An appropriate numberofran<'!om waypoihts are generate<.!, There may be other 
ways to do this, but onemethod involves creating a shape fileofthe NAR (survey 
stratum minus roads,landings or other features which are not part of the NAR). 
A multipoint polygon is generatedin'Arcmap using a Random Point-in-Polygon 
Generation Program (VBA Macro )(Sawada, 2002). The multipoint polygon is 
converted to waypoillts in OziExplorer or other mapping software that has this 
function. 
3. The waypoints and a base map are downloaded onto a GPS unit that is set up to 
beep when the ~urveyor passes within 1 metre of the waypoint. The surveyor 
navigates to the waypoint and the exact observation point is indicated by the 
precise moment at which the GPS beeps. The observation point is fixed exactly at 
that moment by some arbitrary locator of the observation point. For example the 
observation point could be deemed to be located directly below one corner of the 
GPS unit or at the end ofthe surVeyor's right toe, wherever those are at the 
moment the GPS beeps. The same locator should be used throughout a survey. 
4. The survey progresses by using the built in navigation aids in the GPS to move 
from waypoint to waypoint. The surveyor is free to select the most efficient route 
through the points. 
5. The data is entered directly into the GPS unit. 
6. All of the points generated for a pat1icular survey must be surveyed, i.e. one 
cannot survey points in a portion of the block and then conclude that the surveyed 
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area is or is not in compliance. Since disturbance within a cutblock is usually 
distributed unevenly, the entire set of points must be surveyed before making 
judgements about the level of disturbance. However, it is possible to initially do a 
complete survey with a smaller number of points and if that survey does not have 
sufficient power to give a clear result, a new set of random points can be 
generated for the same area and surveyed and the results combined with the 
previous survey to create a more powerful survey. 
7. When the survey is complete, the waypoint file is converted to a spreadsheet file, 
and the calculations are made on the spreadsheet. 
Many different configurations of hardware and software can be used to achieve a random 
survey and it is not possible to cover all those in this guidebook. Presented in Appendix 
A is a detailed protocol for a particular set of software and hardware. Potential surveyors 
who wish to use other softwarelhardware combinationsmayfilll:! ~ome useful tips in this 
guidance, but they are not required to use the equipment combinatlo~ described. The 
fully random survey needs to meet the following criteria: 
1. The observation points must be randomly generated with any point inthe survey 
area having a chance to be surveyed.. '. 
2. When the actual observation point is located inthe field, it must be seleCted by 
following an unbiased and precise rule, such as directly under the GPS at the 
exact moment the GPR beeps (or som.e6thter confining trigger). The surveyor 
must not adjust the observation pointin'!)ny .way, nor have leeway to select the 
sampling point from within a broader possible sam.pling area,e.g., it would be 
unacceptable to simply select the sampling point from anywhere infront of the 
surveyor at the point the GPS beeps. 
3. When the lower one-sided 90% confidence limit for themeasured disturbance 
level is greater than the disturbance limit, the block is counted as over. Whatever 
size of survey indicates the block is over the lower 90% confidence limit, is 
acceptable. For surveys wherethe disturbance limins greater than the one-sided 
90% lower .confidencelimit, in order for the .block to be considered under the 
disturbance limit-the lower one-sided 90% confidence interval must be 3 
percentage units or less, (see Point4.below). This is to address the situation 
where a surveyor might choose to survey fewer points because the disturbance is 
greatly in excess of the limit. SUl'Veying fewer points means that the confidence 
interval could be larger if the sUrveyor overestimated the level of disturbance. 
This situation would make it more likely that the disturbance limit of a block will 
lie in the ambiguous zone of the confidence interval (between the lower 
confidence limit and the measured level of disturbance). Therefore, for blocks 
with disturbance close to the limit, the surveyor must sample sufficient points to 
make the lower confidence interval::; 3% points. In cases where the measured 
level of disturbance is::; 3%, the upper 90% confidence interval must be::; 3% 
points. For disturbance levels greatly above or below the limits, a survey could 
have fewer than 200 points and still be valid as long as the disturbance limit still 
fell below the 90% confidence interval (i.e., the block is counted as over). For 
example, if the actual level of disturbance on a block with a 10% disturbance limit 
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was 30%, it would take fewer points to establish if the block was in compliance 
(see below). If the surveyor chooses to do a smaller survey based on an 
assumption about the disturbance level that turns out to be incorrect and as a 
result the outcome of the survey is ambiguous, the surveyor can simply generate 
another set of random waypoints and add to the survey. 
There are normally financial constraints to doing large Slli'Veys and a 200 point 
survey with one-sided confidence intel'Val of around 3 percentage points for 
disturbance levels in the range of the normal limits (5 to 10%) will give an 
acceptable level of precision. This means that before a block is called excessively 
disturbed, the measured disturbance levels will exceed 13% or 8% for the 10% 
and 5% limits respectively. If a licensee finds themselves in.asituation where the 
lower confidence limit from the survey is slightly higher tha,h t~e disturbance 
limit, they can increase the survey size to any size they de(:mJ'iftQ get a more 
precise measure of disturbance. However, it should be teinembercedthat the most 
probably level of disturbance is near the mean leveLdetermined by theslli'Vey. 
When a block is marginally over the limit the most likely outcome is that more 
points will narrow the confidence interval arounda point close to the original 
mean. 
4. Each point in a stratum or block being slli'Veyed must have the same chance of 
being sampled. This means that it is not acceptable to survey some arbitrarily 
chosen subset of the points in a set ofl'lll1domwaypoints (e.g . . Yz the block) and 
then stop because it appears the survey will be over or under. However, it is 
acceptable to do a survey with fewer sample points based on an estimation of a 
level of disturbance within the block that suggests actual clistul'bal1celevels might 
be considerably greater (>2 times)or less «O.Stiines) than the limit. If a survey 
with a smaller number of points gives a 90% one-sided-Iower confidence limit 
greater than the disturbance limit, then the block is over. If the disturbance limit 
is greater thanthe 90% one~sided-Iower-confidence limit and the lower (or upper 
if the mean is small) confidenceinterval is~3%points, then the block is not over. 
5. While surveys mustbe conducted and reported based on entire standards units, 
cutblock, roadside work area or area of inordinate disturbance as the particular 
regulatory framework dictates, it is still possible to stratifY these survey areas for 
the purposes of improving the efficiency of the survey, as long as every point in 
the area being surveyyd, has a ch\ll1ce of being surveyed. The techniques for 
stratifYing to improve the efficiency of a Slli'Vey are described below. 
Guidelines for Stratification 
Under the Forest Practise Code there was a provision to allow enforcement of soil 
disturbance limits on areas as small as one hectare. Under FRP A, enforcement of soil 
disturbance limits is to take place on the NAR of the cutblock. The size of the area on 
which enforcement can take place is a separate issue from stratifying to improve the 
efficiency of a slli'Vey. A stratified random sample will still report the disturbance level 
for the entire legal unit that is surveyed, however, not every portion of that unit need be 
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sampled at the same intensity. The main reason for stratifying to survey is to improve the 
efficiency of the survey. If, for example, a large portion of the area to be surveyed has 
very little disturbance «2%) and a small proportion of the area «20% of the area) has 
high disturbance (> IS%), then it is more efficient to sample the heavily compacted area 
more intensely and the less disturbed area less intensely. This saves considerably on the 
amount of walking that needs to be done and if one stratum is very lightly disturbed 
«2%), there may also be an increase in the power of the survey. If you cannot delineate 
strata with greatly different levels of disturbance, there is no advantage to stratifying. 
Strata need to be delineated before the survey begins and the most efficient way to do this 
is from a high resolution image such as those used for the soils FREP process. Such 
images can be flown specifically for blocks and this possibilitY should be considered for 
blocks where legal action is highly likely. The images also allow precise estimates of 
area in roads, landings, roadside work area, trails 01' other features in a block. Strata can 
also be delineated on a sketch map after an on-site inspection. ' 
To stratify, first the amount of disturbance within each stratum is estimated. For example 
a stratum could be 10 hectares in size and contain approximately 2S%disturbance so the 
amount of disturbance is 10 ha x 0.2S= 2.S ha. If another stratum is SO hainsize but 
contains only 1 % disturbance, then the amount of disturbance in this straturn is 50 ha x 
0.0 I = O.S ha. The proportions of disturbance in each stratjlmare estimates only and do 
not have to be determined by measurements but no stratul11,should ever have zero points. 
The practical lower limit for estimated disturbance in a stratum is probably around O.S%. 
To assign the number of survey points to each stratum the formula is: 
Points Per Stratum= Area Disturbed Per Stratum x Total. Survey I'oints 
Total Area Disturbed " " ' 
For our example, to find how many points to put in the 10 hastratum, the calculation is as 
follows: ' 
Points in 10 ha Stratum = 2.5 ha x 200points = 107 points 
2.Sha + O.Sha 
This leaves 33 points inthe big/low disturbance stratum. Surveying will go much more 
quickly because most of the points are in the small stratum and much closer together. In 
this case, because the disturbance inthe large stratum is so low, there is actually a 
narrowing obhe confidence interval- in other words this survey is more powerful than if 
the points were randomly and evenly distributed throughout the entire area surveyed. 
Roadside WorkA,re,as, Inordinate Disturbance, Areas of Compacted Soil 
Compacted Areas,Soiis ThatHa,ve Sustained Damage 
Roadside work areas, inordinate disturbance and compacted areas are all special survey 
cases. Roadside work areas have a higher disturbance Iimit- 2S% and so must be tallied 
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separately from the rest of the NAR. The higher disturbance limit in the roadside work 
area means that disturbance can be measured with the same confidence with a smaller 
number of points. Therefore, we recommend using only 100 points in the RWA. 
Inordinate Disturbance, Areas of Compacted Soil, Soils That Have Sustained Damage 
and compacted areas are all types of disturbance that may require rehabilitation if they 
are identified by a block inspection, or during a survey. The provision for rehabilitating 
these areas are contained in the Forest Practises Code or FRP A and their supporting 
documents. 
Compacted Areas 
The Forest Planning and Practises Regulation (under FRP A) requires the rehabilitation of 
areas of compacted soil: ... 
5) The minister may require an agreement holder to rehabilitate an area of compacted 
soil if all of the following apply: 
(a)the area of compacted soil 
(i) was created by activities of the holdel~ 
(ii) is within the net area to be reforested, and 
(iii)is a minimum of 1 ha in size; 
What constitutes an area of compacted soil under this. section of FRP A is not defined but 
any areas greater than Iha in size thathave more than25(Yodisturbance, should be 
documented during the survey for cQlJsideration as compacted areas. The potential 
compacted area should be delineated sepa:rately .. 
The provisions for rehabilitating compacted areas.and inordil1atedisturbance are 
contained in the Forest Practises Code. . 
47(7) A person who, within an area underasite planprepared undersection 21.1 or 
silviculture prescription, constructs or modifies a bla.ded or excavated trail or a 
cordUl'oyed trail or creates a compacted area,lnllst rehabilitate the area in accordance 
with the regulations and standards. 
In this case, the compactedarell refersto an area >100m2 and >5m wide that is 100% 
compacted, FQr blocks under the CODE or transition CODE, any areas 
Inordinate Disturbance· 
4S(3)A persgn must not CaJ'ly out aforest practice ifhe or she knows or should 
reasonably la10w that, due to .weather conditions or site factors, the cal'lying out of the 
forest practice may result, directly or indirectly, in 
(a) slumping or sliding of land, 
(b) inordinate soil disturbance, or 
(c) other significant damage tothe environment. 
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(4) A person who contravenes subsection (1) or (3) must 
(a) stop the forest practice in the area affected, 
(b) prevent any further damage to the environment, 
(c) promptly notifY the district manager, and 
(d) take any remedial measures that the district manager requires 
The Timber Harvesting and Silviculture Practices Regulation defines inordinate 
disturbance as follows: 
53 (I)For the purposes of section 45 (3) (b) of the Act, "inordinate soil distnrbance" means soil 
disturbance that 
(a) results in the district manager requiring rehabilitation of soil under.section 48 
(1) of the Act, or 
(b) exceeds the soil disturbance limit specified in section 31 ofthis r~gulation. 
The Forest Practices Code Act of British Columbia section 48(1) reads as follows: 
48. (I) [fthe district manager determines that the area undefanopetat!oI\al plan has sustained 
damage as a result of a forest practice, the district manager may, by written, 
notice, direct the person responsible for the damage ,totakemeasures andto 
pay costs that are necessary to rehabilitate the area to,the satisfaction of the 
district manager and the person must comply with the notice. 
The term "sustained damage" is not defined anywhere but the surveyor should provide 
data to help make the determination of damage. Anyareasgreater than Iha in size that 
have more than 25% disturbance or any areas in the NAR,that are unlikely to sustain tree 
growth, should be documented in the stiryey. " 
Steps for determining confidence intervals an(rn~ber of points required. 
Checking soil hazard ratings ' , 
R W A, Inordinate Disturbance, Compacted areas 
Regulatory Framework. 
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Rehab stuff 
, (3) , An agreement holder may rehabilitate an area occupied by permanent access 
structures in accordance with the results or strategies specified in the forest stewardship 
plan or by 
,(a), removing or redistributing woody materials that are exposed on the surface of the 
area and are concentrating subsurface moisture, as necessary to limit the concentration of 
subsurface moisture on the area, 
, (b), de-compacting compacted soils, and 
, (c), returning displaced surface soils, retrievable side-cast and berm materials. 
, (4) , If an agreement holder rehabilitates an area under subsection (3) (a) and erosion of 
exposed soil from the area would cause sediment to enter a strellpi'; wetland or lake, or a 
material adverse effect in relation to one or more of the sl,lbjectslisted in section 149 (1) 
of the Act, the agreement holder, unless placing debris ol'reveg'etation would not 
materially reduce the likelihood of erosion, must 
, (a), place woody debris on the exposed soils, or 
, (b), revegetate the exposed mineral soils. 
, (5) , The minister may require an agreement holder to rehabilitate an areaof compacted 
soil if all of the following apply:' . 
, (a), the area of compacted soil 
, (i), was created by activities of the holder, 
, (ii), is within the net area to be reforestt(d, and 
, (iii), is a minimum of 1 ha in size; . 
, (b), the holder has not exceeded the limitsqescrilJedin subsection (3); 
, (c), rehabilitation would, in the opinion ofthe minister, ..... . 
, (i), materially improve the productivity and the hydrologic function of the soil within 
the area, and 
, (ii), not create an unacceptable riskoffUliher dall1age or harm to, or impairment of, 
forest resource values related to one or more of the subjects listed in section 149 (1) of 
the Act. '. 

,(6), An agreement holder who rehabilitates an area under subsection (4) or (5) must 
, (a), remove or redistribute woody materials that are exposed on the surface of the area 
and are concentrating subsurface moisture, to the extent necessary to limit the 
concentration of subsurface moisture on the area, 
, (b), de-compact compacted soils,and 
, (c), return displaced surface soils, retrievable side-cast and berm materials. 
, (7) , If an agreement holder rehabilitates an area under subsection (4) or (5) and erosion 
of exposed soil from the area would cause sediment to enter a stream, wetland or lake, or 
a material adverse effect inrelation to one or more of the subjects listed in section 149 (1) 
of the Act, the agreement holder, unless placing debris or revegetation would not 
materially reduce the likelihood of erosion, must 
, (a), place woody debris on the exposed soils, or 
, (b), revegetate the exposed mineral soils. 
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Background 

After discussing with Mike Boyde ofFt. st. James C&E Field Unit, a soil conservation assessment 
on CANFOR block No. A33601 CP B66 CB CAR464 was carried out in 3 phases to ensure that logging 
practices conserved the productivity and hydrologic function of the soil as stated in Forest Planning and 
Practices Regulation (FPPR, section 5). 

Phases of assessment consisted of: 

1. Walkthrough inspection including checking out soil disturbance survey results submitted by 
CANFOR; 

II. Evaluation of soil disturbance using high resolution aerial photography, and; 
III. Formal soil conservation survey using random point sampliUg method . 

. .. 
As a result, within this logging block we found 3 instancesofno11-colnpliance with results and strategies 
described in CANFOR Forest Stewardship Plan for soil consel'vation inac.cordance to legislated BC 
forest practices requirements: 

J) Under Forest alld Range Practices Acr{FRPA) section 21 (l), theitltended results for soils 
within the Net Area to be Reforested and Roadside Work Areas (RWA's) set out in the FSP 
were not achieved. . ... . .....•... : .. 

2) Under FRPA section 46 (l), soil disturbance fi'omcuHo-length logging practices directly and 
indirectly resulted in damage to the.,nvironment.), soil disturbance as defined under section 
3 (l) 

Interpretation and discussion of our findings from this assessment are pre~ented below. 

Results & Discussion 

Cut-To-Length(CTL) operations were utilized to harvestblock CAR464 (Figure I), in which trees are 
delimbedandcut to length directly atthe stump and theil, a forwarder transports the logs from the stumps 
to the road. Recognized asagentle logging practicv, CTLuses less area to move the wood than does 
whole~tree harvesting however CTLml)Y result into more soil disturbance due to repeated travel on 
designated trails and log decking areas. 

Phase 1- Walkthrough inspection. 

During a walkthrough inspection carried out in 2010, it became apparent that throughout block CAR464, 
there had been harmful changes to Soil. A review of soil disturbance survey results submitted by 
CANFOR for CAR468 revealed that (i) my counted disturbance greatly exceeds that measured by their 
surveyor (Table I), (ii) my results point towards disturbance levels over maximum limits set out in the 
site plan (Appendix I), and (iii)the survey methodology used i.e. Big Block method with grid centres was 
not appropriate because it assumes that soil disturbance is relatively evenly distributed throughout the 
block which was not the case here. In cut-to-Iength logging, soil disturbance is mostly confined to 
forwarding trails and RWA's. With grid centres, transects by chance can either run parallel to a trail or 
right down a residual strip. This will result into lower confidence limits and therefore, a false acceptation 
of in-compliance. 
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Figure 1. Aerial Photography of block CAR4(j4 in 2010 (I year post logging, 15 cm pixel size resolution). Insert 
shows the extent of ruts and ponded water in nOlihwest area. 

Table 1. Results of soH d'isturbance percentages from CANFOR survey report, walkthrough and 
random point sampling survey for NAR and RWA's. 

CANFOR' Walkthrough Random Point 
Sampling Survey' 

Areas % % % 
NAR 3.9 11.0 19.4 
RWA 7.2 42.0 48.9 

a CANrOR and Random Point Survey results are Lower Confidence Limits 

The predominant disturbance type that was often missed was repeated machine traffic. It is found on 
repeatedly used skid trails and in traffic areas usually associated with R W A's. Repeated machine traffic 
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(code "E") is called when the survey point and sampling window (1m Wide x 2m Long rectangle) show 
evidence of compaction indicated by increased soils density (Figure 2, coarse blocky/platy structure), 
puddling or compacted deposits of slash and organic debris. Compaction was assessed by comparing soil 
structure at survey point to soil conditions of adjacent undisturbed areas (i.e., at similar soil water 
content). The "natural soil condition" was checked frequently by digging to ascertain compaction during 
our survey. 

Figure 2. Fluffy and loose soil (A) turned intost~ne like materiaI(B&C) after trafficking at blocKCA.R464. 

In table I, disturbance % from the walkthrough were rough estimatesofthe mean %, and simply 
calculated Il'OIll dividing the number of points with counted disturbance by the total number of points re
measured (a re-survey 0[360 points done by CAN FOR). We could not guarantee the exact location of 
survey points during our review was that of CANFOR. However discrepancies between their results and 
the results from our review were large enough thatin our opinion, compaction condition of the soil was 
not properly identified on this block. In onepm1icular area, a transect line crossed a 6 m wide compacted 
skid trail but no points assessed at .1m interval were classified as "E's". 

Similarly to NAR, Big Blockmethod with grid celltreswas also inappropriate for surveying RW A's 
because it was not representativ~ of the .main disturbance pattern. Some transects ran parallel to soil 
disturbance almost avoiding it while others skipped the surveyed area (e.g., survey points falling outside 
RWA or on roads) so CANFOR did.not collect enough points to get a reliable estimate of the RWA soil 
disturbance. 

Phase Il Soil disturbance digital mapping 

A geo-referenced high resolution aerial photo taken after logging reflected my biggest concerns in terms 
of damage to soils. Soil disturbances such as ruts, waterlogging and scalped soils did clearly stand out in 
forwarding trails and along in-block roads (Figure I). Although machine traffic was limited to tracks 
areas, overall the degree of soil disturbance appeared to be very high. Combining in-block roads and off
road traft1c disturbance represented more than 35% (or 12.7 ha) of the total block area (Table 2). In my 
opinion, this was the result of excessive or a more than necessary amouut of logging and was not planned 
with an eye to maintain site productivity but providing the lowest cost to extract timber. 
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Table 2. The area proportion ofNAR and PAS to total cutblock area. NAR 
contains RWA's, forwarding trails and residual strips. 

Block Total cutblock NAR PAS 
No. area (ha) (%) (%) 

RWA Trails Residual 
striEs 

464 36.0 9.4 23.5 64.8 2.8 

Operating machinery has also altered natural drainage patterns on this,site. Water ponded on soil surface 
where track ruts crossed 4 natural seeps and lead to waterlogging orpoDrly drained soils as illustrated on 
Figures 3. Three years post-logging, drainage pattel'lls were notcompatible with the original natural 
drainage patterns. We also mapped areas of inordinate disturbance .<ll:destructive logging where soil 
disturbances exceed 30% of the total are arc showing "destrllct~ve logging". Figure 3 highlights 2 
damaged areas (up to 1.4 ha in size) almost completelyc1e~red'offorestno~r, compacted and in which 
lVater drained nowhere due to ruts present everywhere'and that run in every directions. This initial 
damage assessment was validated on the grollnd. . . 

Figure 3. Areas of inordinate disturbance and drainage diversion on block CAR464. 
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Phase III - Random Point Sampling Survey 

Silt, as determined by the "Hand Test" and a few coarse fragments were found almost everywhere in the 
upper 30 cm of mineral soil along the walk. The site plan has Sandy Loam as dominant soil texture 
(Appendix A). Although less cohesive than clay, silt-type soil has very little load bearing capacity and is 
highly susceptible to compaction when wet. Under FPPR section 35(1), soil disturbance levels should not 
exceed, respectively 10% in the NAR and 25% for RWA's in these conditions. 

A soil conservation survey based on random point sampling provided statistically valid 
measurements (more about the survey method in Appendix B) and did confirm the extent to which the 
block area was in non-compliance with the allowable limits under CAWOR FSP. With this procedure, 
soil disturbance was measured at GPS points or waypoints randomltiocated throughout the block as 
shown on the GPS soil survey map (Figures 4 and 5). . 

Figure 4. GPS soil survey map showing soil disturbance results at random locations (or waypoints) in NAR. Insert 
shows southwest end of the block. Waypomts are identified as non-counted disturbance (N), counted 
disturbance (E = repeated machine traffic and TD = deep wheel track/ruts) or point landing outside of 
NAR(OUT). 

Within the NAR, based on 109 random sample points (n=109) the soil disturbance level was 19.4% 
(Table I), which exceeds the soil limit of 10%. Likewise, disturbed soils were present within the RWA's 
(Figure 5). Disturbance measured was 48.9%, which was not within an acceptable limit of25% for the 
area covered by RWA's (n=109). Repeated Machine Traffic was the most common disturbance type (E) 
across the site. Within forwarding trails, compaction explained 53% of all disturbances indicating that like 
clay, coarser soils with silt when wet will be highly sensitive to machine wheels or tracks. Outside track 
location i.e. residual strips of vegetation were left intact since there was no ground disturbance in them. 
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Figure 5. GPS soil survey map showing soil disturbance results at random locations (or waypoints) in RW A's. 
Insert shows southwest end ofthe block; Waypoints are identified as "on-counted disturbance (N), 
counted disturbance (E = repeated machine traffic, TD =,<:\eep wheel/tmck ruts, V = very wide scalps, G 
= deep gouges or W = wide gouges). 

Conclusion 

C&E Ft. St. James Unit concerns that the soil disturbance limits may have been exceeded in block were 
justified. As confirmed by a formal soil conservation survey, extensive soil compaction occurred when 
heavy weight loads compressed the soil during operations within the NAR and RWA's. Indeed, 
CANFOR has contravened the following 2 provisions under FRPA: sections 21 (I) and 46 (I). 

Excessive soil disturbance (hcrein defined as un-rehabilitated temporary access structure, gouges, ruts and 
scalps and compacted areas under FPPR Part I -Intcrpretation section I) has adversely altered ecosystem 
integrity by altering the way the soil functions on this site and therefore, the capacity of this site to grow 
forest has been diminished. Combined results from Assessment Phases I, 1I and III indicated that 
machine logging traffic lead to changes to: (i) structural properties of the soil as shown by significant 
amount of ruts and compaction on forwarding trails and within RW A's, (ii) natural drainage patterns that 
were not maintained as evidenced from ponded water along 4 channels, and (iii) almost complete loss of 
forest floor within some areas that results in loss of habitat for specialist species (e.g., worms, fungi, 
microbes etc.) important to soil biodiversity. Preserving organic matter could also have helped reducing 
ground disturbance. 

Environmental benefits of CTL can be negated when logging occurs over soils that contains much silt and 
arc wet. This site has low load-bearing strength materials when wet. Silty soils drain slowly and after 
prolonged rainfalls, become quickly water logged. In forests, finer-textured soils behave the same 
way they do in cultivated soils or in urban settings. Thus, a person can reasonably expect that compaction 
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will be a concel'll with careless logging. If someone hacl paid any attention to weather and moisture in the 
soil prior to logging, there is no doubt that this damage could have been avoided. 

Proper scheduling with regards to available moisture in the soils, lowering ground pressure by equipment 
on trafficked trails and better use of slash mats prior to skidding (these need to be removed after logging 
is completed so it does not hinder growth) are imp011ant for soil conservation with CTL. 

Please, do not hesitate to contact me for further discussion. 

Sincerely, 

Stephane DuM, M.Sc. RPF 
Soil Scientist 
BC Forest Service 
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Introduction 
The objective set by the BC Government for forest soil management is to "without 
unduly reducing the supply of timber from British Columbia's forests, to conserve the 
productivity and the hydrologic function of soils" (Forest Planning and Practices 
Regulation). Soil disturbance levels are limited in the FRP A to the following levels: 
(a) if the standards unit is predominantly comprised of sensitive soils, 5% of the 
area covered by the standards unit, excluding any area covered by a roadside 
work area; 
(b) if the standards unit is not predominantly comprised of sensitive soils, 10% of 
the area covered by the standards unit, excluding any area covered by a roadside 
work area; 
(c) 25% of the area covered by a roadside work area (a road~ide work area is 
defined as the area adjacent to a road where one or bothofthefollowing are 
carried out: . .. 

(i) decking, processing or loading timber; 
(ii) piling or disposing oflogging debris; . 
Sensitive soils are soils that, because of their slope gradient, texture class, Inojsture 
regime, or organic matter content have the following risk of displacement, surfa~e 
erosion or compaction: 
(a) for the Interior, a very high hazard; 
(b) for the Coast, a high or very high hazard .. 
Because the MOF no longer verifies soil hazal'd ratings in prescriptions, a necessary first 
step in every survey is to determine the soil hazard rating. The ratingdetermined by the 
surveyor is then used todetermine which soil disturbance categories count, and the 
disturbance limits forthearea to be surveyed. . 
Soil disturbance is defined as disturbance to the soil in the net area to be reforested in a 
cutblock because of: 
(a) temporary access sttuctures, 
(b) gouges, ruts and scalps, or 
(c) compacted areas, butdm)s not include the effec(.on the soil of rehabilitating an 
area in accordance with section 35 (Section 35 allows for up to 5% of the 
standards unitto be in excessiVe disturbance as long as enough of this excess 
disturbance is rehabilitated so that the disturbance limit is no longer exceeded). 
Gouges, ruts, scalps and compacted areas are not defined except in the 2001 Soil 
Conservation Surveys guidebook. Temporary access structure is defined in regulation as 
an access structure that is not a gravel pit and does not meet the requirements of a 
permanent access structure which are: 
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(a) at the time of its construction, it is reasonably expected to provide access for 
timber harvesting and other activities that are not wholly contained in the 
cutblock, or 
(b) it is constructed on or through, or contains, materials unsuitable for the 
establishment of a commercial crop of trees and is not an excavated or bladed 
trail, but does not include an area that contained an access structure before 
rehabilitation of the area under section 36. 
An agreement holder may cause soil disturbance that exceeds the limits specified in 
subsection (3) if the holder: 
(a) is removing infected stumps or salvaging windthrow and the .additional 
disturbance is the minimum necessary, or 
(b) is constructing a temporary access structure and both ofthefollowing apply: 
(i) the limit set out in subsection (3) (a) or (b), as applicable, is not exceeded by 
more than 5% of the area covered by the standards unit, excluding' the area 
covered by a roadside work area; 
(ii) before the regeneration date, a sufficient amoupt of the area within the. 
standards unit is rehabilitated such that the agteement holder is in 
compliance with the limits set out in subsection (3). 
Rehabilitation is discussed fmlher in the rehabilitation section.below. 
There are also limits placed on the ampuntof permanent access structure allowed in a 
block. An agreement holder must ensm'ethatthe area in acutb.1ock that is occupied by 
permanent access stmctures built by theholderorused by the holder does not exceed 7% 
of the cutblock, unless.. . . . ... ' 
(a) there is no other practicable option on thatcutblock,having regard to 
(i) the size, topography and engineering constraints of the cutbloqk, 
(ii) in the case of a road, the safety of road users, or 
(iii) the requirement in selection harvesting systems for excavated or bladed 
trails or other logging trails, or 
(b) additional permanent access structures are necessary to provide access beyond the 
cutblock. 
If an agreement holder exceeds the limit for permanent access stmctures described in 
subsection (I) fpr either of the reasons setout in that subsection, the holder must ensure 
that the limit isexceeded as little as practicable. 
In order to assess whether or not these regulations are being addressed requires definition 
of terms and a method for measuring the levels of the various disturbances discussed 
above. This was done in the 2001 Soil Conservation Surveys Guidebook. This 
guidebook breaks blockS into two categories, small and large and provides two different 
methods of survey. The big block method was prone to giving large confidence intervals 
because it utilized a clustered sampling design. The clustered sampling design was a 
trade-off developed to allow sampling many points in a large block in an efficient 
manner. The small block method was to have been the preferred method, but when the 
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option of stratifYing blocks for compliance assessment was removed, the small block 
method was not applied directly to big blocks because it is excessively time consuming to 
apply over a large area. 
Advancements in GPS and handheld computer technology mean that options are now 
available to surveyors that were not available when the last guidebook was written. 
Sampling theory tells us that completely random sampling is the most consistently 
successful approach for achieving a truly representative sample of a population with the 
least number of points sampled. That basic principal is confirmed, in a work recently 
completed by Thompson et ai, for the case involving sampling logging disturbance in 
cutblocks. The next best design is a completely square grid, wlUch is labour intensive 
and requires the most of amount of walking to implement. Thefurther the design gets 
from square, the easier it is to implement, but the higher the risk there is of a nonrepresentative 
sample if the population being sampled is not evenly distributed. Logging 
disturbance is typically very non-unifOlm in distribution and may be clustered or linear 
and so the orientation of non-square sampling grids inrelation to distllrbance is always a 
concern. 
Until recently, layout of completely random sampling networks over large areas, using 
commonly available field equipment, has been very labour intensive. However,.psing 
readily available GPS technology, it is.now relativelyeas,y to tak.e an unbiased-random 
sample from cutblocks. The method alsohasthe advantage(}f very little layout time and 
less walking (especially backtracking) than would be necessar'y for sampling on the 
squarer grid layouts. In addition, the completely random design gives lower variability 
than grid designs for sampling logging type disturbance (Thompsonet al??) and 
determination of confidence intervals is based on binomial distributions. If more power 
is needed for a particular survey, it is a simplematterto add more random points and 
resurvey the area without having to worry about creating new grids or infilling grids. 
For measuring roads, landings, trails and other distinct features within a block, relatively 
cheap digital imagery can be used for highly accurate and inexpensive assessment of 
these featllres, though the older ground based approaches used in the Soil Conservations 
Surveys Guidebook, can still be used. A high resolution digital image makes a very good 
base map for the random survey and wherever possible, the use of these images is 
encouraged; 
This guide bookoutlines the general procedure for estimating dispersed disturbance 
levels in cutblocks of all sizes using a random sampling approach. It also describes a 
method for measuring other disturbance features from digital air photos. 
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Measuring Dispersed Disturbance Using a Random Approach 
There may be many ways to achieve a random survey- this manual outlines one that is 
utilizes relatively commonly available technology, The broad steps are as follows: 
1. Based on the estimated disturbance levels the number of points that need to be 
sampled to achieve the desired confidence interval is estimated. For a typical 
survey of a block with 5% to 10% disturbance, 200 points gives a one sided 90% 
confidence interval of about 3 percentage points. This means that blocks will be 
called excessively disturbed if the measured disturbance exceeds 13% for a 10% 
disturbance limit block or 8% for a 5% limit block. In other words, with a sample 
size of200 points on 10% disturbance limit blocks, if the number of disturbed 
points equals 01' exceeds 26 counted points, then the one-sided 90% lower 
confidence limit of the measured disturbance in the block.is higher than the 
maximum. If the number of disturbed points in a 200 pointsUl'vey, of a 5% 
disturbance limit block, equals or exceeds 16 points,then the one-siqed 90% 
lower confidence limit of the measured disturbance in the block is higher than the 
maximum. It should not be necessary to survey more than 200 points in a block 
(01' stratum), but if a block (or stratum) is highly disturbed, it may be feasibleto 
survey fewer points. Appendix B shows how to determine confidence intervals" 
for surveys of other numbers of survey points 01' otherlevels of disturbance. The' 
higher the disturbance level, the fewer points are needed in the total survey to 
establish with confidence that the block is overthe limit. The size of the block 
has no bearing on the number of points, but unavoidably, the larger the block, the 
more time it takes to survey. ' 
2. An appropriate numberofrandom waypoints are generated, There may be other 
ways to do this, but one method involves creating a shape file ofthe NAR (survey 
stratum minus roads,landings 01' other features which are not part of the NAR). 
A multipoint polygon isgeherated in Arcmap using a Random Point-in-Polygon 
Generation Program (VBA Macro) (Sawada, 2002). The multipoint polygon is 
convelted to waypointsin OziExplorer or other mapping software that has this 
function. 
3. The waypoints and a basemap are downloaded onto a GPS unit that is set up to 
beep when the surveyor passes within 1 metre of the waypoint. The surveyor 
navigates to the waypoint and the exact observation point is indicated by the 
precise moment at which the GPS ]Jeeps. The observation point is fixed exactly at 
that moment by some arbitrary loc~tor of the observation point. For example the 
observation point could bedeeme,d to be located directly below one cornel' of the 
GPS unit or at the end of the surveyor's right toe, wherever those are at the 
moment the GPS beeps. The same locator should be used throughout a survey. 
4. The survey progresses by using the built in navigation aids in the GPS to move 
from waypoint to waypoint. The surveyor is free to select the most efficient route 
through the points. 
5. The data is entered directly into the GPS unit. 
6. All ofthe points generated for a particular survey must be surveyed, i.e. one 
cannot survey points in a portion of the block and then conclude that the surveyed 
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area is or is not in compliance. Since disturbance within a cutblock is usually 
distributed unevenly, the entire set of points must be surveyed before making 
judgements about the level of disturbance. However, it is possible to initially do a 
complete survey with a smaller number of points and if that survey does not have 
sufficient power to give a clear result, a new set of random points can be 
generated for the same area and surveyed and the results combined with the 
previous survey to create a more powerful survey. 
7. When the survey is complete, the waypoint file is converted to a spreadsheet file, 
and the calculations are made on the spreadsheet. 
Many different configurations of hardware and software can be used to achieve a random 
survey and it is not possible to cover all those in this guidebook.»resented in Appendix 
A is a detailed protocol for a particular set of software and hardware. Potential surveyors 
who wish to use other software/hardware combinations mayfindsome useful tips in this 
guidance, but they are not required to use the equipmeritcombination described. The 
fully random survey needs to meet the following criteria: . . 
I. The observation points must be randomly generated with any pointinthe survey 
area having a chance to be surveyed. .. 
2. When the actual observation point is located in the>field, it must be selected by 
following an unbiased and precise rule, such as directlyundephe GPS at the 
exact moment the GPR beeps (or soml'; other confining trigger). The surveyor 
must not adjust the observation poinfin any way, nor have leeway to select the 
sampling point from within a broader possible sampling area, e.g., it would be 
unacceptable to simply select the sampling point from anywherein front of the 
surveyor at the point the GPS beeps. .. 
3. When the lower one-sided 90% confidence limitfor the measured disturbance 
level is greater than the disturbance limit, the block is counted as over. Whatever 
size of survey indicates the block is over the lower 90% confidence limit, is 
acceptable. For surveys wherethedisturbance limit is greater than the one-sided 
90% lower confidence limit, in order for the block to be considered under the 
disturbance limit- the lower one-sided 90% confidence interval must be 3 
percentage units or less, (see Point 4 below). This is to address the situation 
where a survey!)r might choose.to surveyfewer points because the disturbance is 
greatly in excess of the limit. Suryeying fewer points means that the confidence 
interval could be larger if the surveyor overestimated the level of disturbance. 
This situation would make it more likely that the disturbance limit of a block will 
lie in the ambiguous zone of the ~onfidence interval (between the lower 
confidence limit and the measured level of disturbance). Therefore, for blocks 
with disturbance close to the limit, the surveyor must sample sufficient points to 
make the lower confidence interval S; 3% points. In cases where the measured 
level of disturbance is S; 3%, the upper 90% confidence interval must be S; 3% 
points. For disturbance levels greatly above or below the limits, a survey could 
have fewer than 200 points and still be valid as long as the disturbance limit still 
fell below the 90% confidence interval (i.e., the block is counted as over). For 
example, if the actual level of disturbance on a block with a 10% disturbance limit 
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was 30%, it would take fewer points to establish if the block was in compliance 
(see below). If the surveyor chooses to do a smaller survey based on an 
assumption about the disturbance level that turns out to be incon-ect and as a 
result the outcome of the survey is ambiguous, the surveyor can simply generate 
another set of random waypoints and add to the survey. 
There are normally financial constraints to doing large surveys and a 200 point 
survey with one-sided confidence interval of around 3 percentage points for 
disturbance levels in the range of the normal limits (5 to 10%) will give an 
acceptable level of precision. This means that before a block is called excessively 
disturbed, the measured disturbance levels will exceed 13% or .8% for the 10% 
and 5% limits respectively. If a licensee finds themselves inasituation where the 
lower confidence limit from the survey is slightly higher than t)le disturbance 
limit, they can increase the survey size to any size they deem fifto get a more 
precise measure of disturbance. However, it should be remembered·that the most 
probably level of disturbance is neal' the mean level determined bythe~urvey. 
When a block is marginally over the limit thenlostlikely outcome isthatmore 
points will nan-ow the confidence interval around apoint close to the original 
mean. .. . 
4. Each point in a stratum or block being surveyed must have the same chance of 
being sampled. This means that it isnotacceptable to survey some arbitrarily 
chosen subset ofthe points in a set of1'lmdom waypoints (e.g; y, the block) and 
then stop because it appears the survey will be over or under. However, it is 
acceptable to do a survey with fewer sample points based on an estimation of a 
level of disturbance within the block that suggests actual disturbance levels might 
be considerably greater (>2 times)or less «05 times) than thelimit. If a survey 
with a smaller number of points gives a 90% one-sided-lower confidence limit 
greater than the disturbance limit, then the block is over. If the disturbance limit 
is greater than the 90% one'sided-Iower-confidencelimit and the lower (or upper 
if the meanis small) confidence interval isS:; 3% points, then the block is not over. 
5. While surveys mustbeconductedand reported based on entire standards units, 
cutblock, TOadside work areaor area ofinordinate disturbance as the particular 
regulatory framework dictates, it is still possible to stratify these survey areas for 
the purposes of improving the efficiency of the survey, as long as every point in 
the area being surveyed, has a chance of being surveyed. The techniques for 
stratifying to improve the efficiency of a survey are described below. 
Guidelines for Stratification 
Under the Forest Practise Code there was a provision to allow enforcement of soil 
disturbance limits on areas as small as one hectare. Under FRP A, enforcement of soil 
disturbance limits is to take place on the NAR of the cutblock. The size of the area on 
which enforcement can take place is a separate issue from stratifying to impTOve the 
efficiency of a survey. A stratified random sample will still report the disturbance level 
for the entire legal unit that is surveyed, however, not every portion of that unit need be 
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sampled at the same intensity. The main reason for stratifying to survey is to improve the 
efficiency of the survey. If, for example, a large portion of the area to be surveyed has 
very little disturbance «2%) and a small proportion of the area «20% ofthe area) has 
high disturbance (> 15%), then it is more efficient to sample the heavily compacted area 
more intensely and the less disturbed area less intensely. This saves considerably on the 
amount of walking that needs to be done and if one stratum is very lightly disturbed 
«2%), there may also be an increase in the power of the survey. If you cannot delineate 
strata with greatly different levels of disturbance, there is no advantage to stratifying. 
Strata need to be delineated before the survey begins and the most efficient way to do this 
is from a high resolution image such as those used for the soils FREP process. Such 
images can be flown specifically for blocks and this possibilit)'sh<luld be considered for 
blocks where legal action is highly likely. The images also)lllow precise estimates of 
area in roads, landings, roadside work area, trails or oth~rfeatures, in a block. Strata can 
also be delineated on a sketch map after an on-site inspection. . ... 
To stratify, first the amount of disturbance within each stratum is estiinated. For example 
a stratum could be 10 hectares in size and contain approximately 25% disturbance so the 
amount of disturbance is 10 ha x 0.25= 2.5 ha. If another stratum is 50 hain size but 
contains only 1 % disturbance, then the amount of disturbance in this stratum is 50 ha x 
0.01= 0.5 ha. The proportions of disturbance in eachstratuni are estimates only.and do 
not have to be determined by measurements but no stratum should ever have zero points. 
The practical lower limit for estimated di,sturbance in a stratum is probably around 0.5%. 
To assign the number of survey points to each stratum the formula is: 
Points Per Stratum= AreaDisturbed PerStl'atum x Total Survey Points 
Total Area Disturbed 
For our example, to find how many points to put in the 10 hastratum, the calculation is as 
follows: 
Points in 10 ha Stratum = 2.5 ha x 200points = 167points 
2.5ha + 0.5ha 
This leaves.33 points in the big/low disturbance stratum. Surveying will go much more 
quickly because most of the points are in the smaIl.stratum and much closer together. In 
this case, because the disturbance in the large stratum is so low, there is actually a 
narrowing ofthe confidence interval- in other words this survey is more powerful than if 
the points were randomly and evenly distributed throughout the entire area surveyed. 
Roadside Work Areas, Inordinate Disturbance, Areas of Compacted Soil 
Compacted Areas, Soils ThatHave Sustained Damage 
Roadside work areas, inordinate disturbance and compacted areas are all special survey 
cases. Roadside work areas have a higher disturbance limit- 25% and so must be tallied 
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separately from the rest of the NAR. The higher disturbance limit in the roadside work 
area means that disturbance can be measured with the same confidence with a smaller 
number of points. Therefore, we recommend using only 100 points in the RWA. 
Inordinate Disturbance, Areas of Compacted Soil, Soils That Have Sustained Damage 
and compacted areas are all types of disturbance that may require rehabilitation if they 
are identified by a block inspection, or during a survey. The provision for rehabilitating 
these areas are contained in the Forest Practises Code or FRP A and their supporting 
documents. 
Compacted Areas 
The Forest Planning and Practises Regulation (under FRP A) requires the rehabilitation of 
areas of compacted soil: 
5) The minister may require an agreement holder to rehabilitate an area of compacted 
soil if all of the following apply: 
(a)the area of compacted soil 
(i) was created by activities of the holder, 
(ii) is within the net area to be reforested, and 
(iii)is a minimum of 1 ha in size; 
What constitutes an area of compacted soil underthis.section ofFRPA is not defined but 
any areas greater than Iha in size that have more than 25% disturbance, should be 
documented during the survey for consideration as compacted areas. The potential 
compacted area should be delineated separately . . ... 
The provisions for rehabilitating compacted areas. and inordinate disturbance are 
contained in the Forest Practises Code. 
47(7) A person who, witMn an area under asite plan prepared under section 21.1 or 
silviculture prescription, constructs or modifies a bladed 01' excavated trail 01' a 
corduroyed trail or creates a compacted area, must rehabilitate the area in accordance 
with the regulations and standards. 
In this case, the compacted area refers to an area> 100m2 and >5m wide that is 100% 
compacted. For blocks under theQODE or transition CODE, any areas 
Inordinate Disturbance 
45(3)Aperson must not carryout aforest practice ifhe 01' she knows or should 
reasonably know that, due to weatherconditions 01' site factors, the canying out of the 
forest practice may result, directly 01' indirectly, in 
(a) slumping or sliding of land, 
(b) inordinate soil disturbance,or 
(c) other significant damage to the environment. 
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(4) A person who contravenes subsection (1) or (3) must 
(a) stop the forest practice in the area affected, 
(b) prevent any further damage to the environment, 
(c) promptly notifo the district manager, and 
(d) take any remedial measures that the district manager requires 
The Timber Harvesting and Silviculture Practices Regulation defines inordinate 
disturbance as follows: 
53 (I)For the purposes of section 45 (3) (b) of the Act, "inordinate soil disturbance" means soil 
disturbance that 
(a) results in the district manager requiring rehabilitation of soil under section 48 
(1) of the Act, or . 
(b) exceeds the soil disturbance limit specified in section 31 of this regulation. 
The Forest Practices Code Act of British Columbia section 4.8(l)reads as follows: 
48. (1) If the district manager determines that the area under an operatiol1al plan has sustained 
damage as a result of a forest practice, the district manager may, by written 
notice, direct the person responsible for the damageto take measures and to 
pay costs that are necessaty to rehabilitate the area to tlie satisfaction of the 
district manager and the person must comply with the notice. 
The term "sustained damage" is not defined anywhere but the surveyor shouldpfovide 
data to help make the determination of damage. Any areas greater than lha in size that 
have more than 25% disturbance or any areas in the NA.Rthat are unlikely to sustain tree 
growth, should be documented in the survey.. . 
Steps for determining confidence intervals and number of points required. 
Checking soil hazard ratings 
RW A, Inordinate Disturbance, Compacted (lI'eas 
Regulatory Framework. 
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Rehab stuff 
, (3) , An agreement holder may rehabilitate an area occupied by permanent access 
structures in accordance with the results or strategies specified in the forest stewardship 
plan or by 
, (a), removing or redistributing woody materials that are exposed on the surface of the 
area and are concentrating subsurface moisture, as necessary to limit the concentration of 
subsurface moisture on the area, 
, (b), de-compacting compacted soils, and 
, (c), returning displaced surface soils, retrievable side-cast and berm materials. 
, (4) , If an agreement holder rehabilitates an area under subsection (3) (a) and erosion of 

- - exposed soil from the area would cause sediment to enter a stream, wetland or lake, or a 
material adverse effect in relation to one or more of the subjects listed in section 149 (1) 
of the Act, the agreement holder, unless placing debrisorrevegetation would not 
materially reduce the likelihood of erosion, must 
, (a), place woody debris on the exposed soils, or 
, (b), revegetate the exposed mineral soils. 
, (5) , The minister may require an agreement holder to rehabilitate an al'eaof compacted 
soil if all of the following apply: 
, (a), the area of compacted soil 
, (i), was created by activities of the holder, 
, (ii), is within the net area to be reforested, and 
, (iii), is a minimum of 1 ha in size; -
,(b), the holder has not exceeded the limits described in subsection (3); 
,(c), rehabilitation would, in the opinion of the minister, 
, (i), materially improvethe prod)lctivity and the hydroiogicfunction of the soil within 
the area, and 
, (ii), not create an unacceptable risk of further dalll<ige or harm to, or impairment of, 
forest resource values related to one or more of the subjects listed in section 149 (1) of 
the Act. 
,(6), An agreement holder who rehabilitates an area under subsection (4) or (5) must 
, (a), remove or redistribute woody materials that are exposed on the surface of the area 
and are concentrating subsurface moisture, to the extent necessary to limit the 
concentration of subsurface moisture on the area, 
, (b), de-compact compacted soils, and 
, (c), return displaced surface soils, retrievable side-cast and berm materials. 
,(7), If an agreement holder rehabilitates an area under subsection (4) or (5) and erosion 
of exposed soil from the area would cause sediment to enter a stream, wetland or lake, or 
a material adverse effect in relation to one or more of the subjects listed in section 149 (1) 
of the Act, the agreement holder, unless placing debris or revegetation would not 
materially reduce the likelihood of erosion, must 
, (a), place woody debris on the exposed soils, or 
, (b), revegetate the exposed mineral soils. 
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Background 

After discussing with Mike Boyde ofFt. St. James C&E Field Unit, a soil conservation assessment 
on CANFOR block No. A33601 CP B66 CB CAR464 was carried out in 3 phases to ensure that logging 
practices conserved the productivity and hydrologic function of the soil as stated in Forest Planning and 
Practices Regulation (FPPR, section 5). 

Phases of assessment consisted of: 

I. Walkthrough inspection including checking out soil disturbance survey results submitted by 
CANFOR; 

II. Evaluation of soil disturbance using high resolution aerial photography, and; 
III. Formal soil conservation survey using random point samplinginethod. 

As a result, within this logging block we found 3 instances .af11on-compliance with results and strategies 
described in CANFOR Forest Stewardship Plan (FSP) fors()ilconservation in accordance to legislated 
BC forest practices requirements: 

I) Under Forest and Range Practices Act (FlU' A) section 21 (1), the inte~ded results for soils 
within the Net Area to be Reforested and Roadside Work Areas (RWA's) set out in the FSP 
were not achieved. 

2) Under FRP A section 46 (I), soil disturbance frmn cUHo-length logging practices directly and 
indirectly resulted in damage to.iheenvironment. 

Interpretation and discussion of our findings from this assessment are presented below. 

Results & Discussion 

Cut-To-Length (CTL) operations wereutilized to harvest block CAR464 (Figures 1 and 2), in which trees 
are delimbed and cut to length directly at the stump and then, a forwarder transpmls the logs from the 
stumps t~ the road. Recognized aSB gentle logging practice, CTL uses less area to move the wood than 
does whole-tree harvesting however. CTL may result'into more soil disturbance due to repeated travel on 
designated trails and log deckin~ areas. 

Figure 1. Layout of typical forwarding trail bordered by 2 residual strips (left) and cut-to-Iength logs decked on 
roadside work area (right) from the Teardrop Area. 
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Phase I-Walkthrough inspection 

During a walkthrough inspection carried out in 20 I 0, it became apparent that throughout block CAR464, 
there had been harmful changes to soil. A review of soil disturbance survey results submitted by 
CANFOR for CAR464 revealed that (i) my counted disturbance greatly exceeds that measured by their 
surveyor (Table 1), (ii) my results point towards disturbance levels over maximum limits set out in the 
site plan (Appendix 1), and (iii) the survey methodology used i.e. Big Block method with grid centres was 
not appropriate because it assumes that soil disturbance is relatively evenly distributed throughout the 
block which was not the case here. In cut-to-length logging, soil disturbance is mostly confined to 
forwarding trails and RWA's. With grid centres, transects by chance can either run parallel to a trail or 
right down a residual strip. This will result into Lower Confidence Limits (LCL) and therefore, a false 
acceptation of in-compliance. 

A LCL defines a disturbance value that must be lower than a benchmark (herein, soil limit of 10%) to 
meet soil conservation objectives. If above this benchmark,theLCLindicates a non-compliance with the 
FSP (can also be called the "audit value".). 

Figure 2. Aerial Photography of block CAR464 in 2010 (1 year post logging, 15 em pixel size resolution). Insert 
shows the extent of ruts and ponded water in northwest area. 
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Table 1. Results of Mean and Lower Confidence Limit for soil disturbance from CANFOR 
survey report, walkthrough and random point sampling survey for NAR and RWA's. 

CANFOR 

Areas % 

NAR 5.5 (3.9) 
RWA 15.3 (7.2) 

a Walkthrough results are the mean % only 

Walkthrough' 

% 
15.0 
42.0 

Random Point 
Sampling Survey 

% 
24.8 (19.4) 
55.0 (48.9) 

The predominant disturbance type that was often missed was repeated machine traffic. It is found on 
repeatedly used skid trails and in traffic areas usually associatedwithRW A's. Repeated machine traffic 
(code "E") is called when the survey point and sampling window(lffiWide x 2m Long rectangle) show 
evidence of compaction indicated by increased soils density (Figure 3, cqarse blocky/platy structure), 
puddling or compacted deposits of slash and organic d()bris, Compaction,vas assessed by comparing soil 
structure at survey point to soil conditions of adjacent undisturbed areas (i.e;;aJ similar soil water 
content). The "natural soil condition" was checked frequently by digging to ascertain compaction during 
our survey. 

Figure 3. Fluffy and loose soil (A) turned into stonelike material (B&C) after trafficking at block CAR464. 

In table I, disturbance % from the walkthrough were rough estimates of the mean %, and simply 
calculated from dividing the number of points with counted disturbance by the total number of points re
measured (a re-survey of 394points originally done by CANFOR). We could not guarantee the exact 
location of survey points during our review was that of CANFOR. However discrepancies between their 
results and the results from our review were large enough that in our opinion, compaction condition of the 
soil was not properly identified on this block. In one particular area, a transect line crossed a 6 m wide 
compacted skid trail but no points assessed at I m interval were classified as "E's". 
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Similarly to NAR, Big Block method with grid centres was also inappropriate for surveying RWA's 
because it was not representative of the main disturbance pattern. Some transects ran parallel to soil 
disturbance almost avoiding it while others skipped the surveyed area (e.g., survey points falling outside 
RWA or on roads) so CANFOR did not collect enough points to get a reliable estimate of the RWA soil 
disturbance. 

Phase II Soil disturbance digital mapping 

A geo-referenced high resolution aerial photo taken after logging reflected my biggest concerns in terms 
of damage to soils (Figure 2). Soil disturbances such as ruts, waterlogging and scalped soils did clearly 
stand out in forwarding trails and along in-block roads. Although rnachine traffic was limited to tracks 
areas, overall the degree of soil disturbance appeared to be very high. Combining in-block roads and off
road traffic disturbance represented more than 35% (or 12,7ha) orthetotal block area (Table 2). In my 
opinion, this was the result of excessive or a more than pecessary amount of logging and was not planned 
with an eye to maintain site productivity but providing the lowest cost to extra,~t timber. 

Table 2. The area proportion ofNAR and PAS to total cutblock area. NAR 
contains RWA's, forwarding trails and residual strips. 

Block Total cui block NAR' PAS 
No. area (ha) (%) (%) 

RWA Trails Residual 
stri2s 

464 36.0 9.4 23.5 64.8 2.8 

Operating machinery has also altered natural drainage patterns on this site. Water ponded on soil surface 
where track rut~ crossed 4 naturaiseeps, and lead to waterl?gging or poorly drained soils as illustrated on 
Figures 4,Three years post-logging, drainage patterns were not compatible with the original natural 
drainagepattei'lJS. We also mapped areas of inordinate disturbance where soil disturbances exceed 30% of 
the total area and looked some\vhat like the moon. Figui'e 4 highlights 2 damaged areas (up to 1.4 ha in 
size) almost completely cleared of forest floor, compacted and in which water drained nowhere due to 
ruts present everywhere and that run in every directions. This initial damage assessment was validated on 
the ground. ' 
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Figure 4. Areas of inordinate disturbance and drainage diversion on block CAR464. 

Phase III -Random Point Sampling Survey 

Silty Loam (SiL) lind Loam (L) soils, as determined by the "Hand Test" and a few coarse fragments were 
found almost everywhere in the upper 30 cm of mineral soil along the walk. When squeezed in your fist, 
moist Sil and L will form a ball. The site plan has Sandy Loam as dominant soil texture (Appendix A), 
which in my opinion underestimated the amount of fines. Although less cohesive than clay, silt-type soil 
has very little load bearing capacity and is highly susceptible to compaction when wet. Under FPPR 
section 35(1), soil disturbance levels should not exceed, respectively 10% in the NAR and 25% for 
RWA's in these conditions. 

A soil conservation survey based on random point sampling provided statistically valid 
measurements (more about the survey method in Appendix B) and did confirm the extent to which the 
block area was in non-compliance with the allowable limits under CANFOR FSP. With this procedure, 
soil disturbance was measured at GPS points or waypoints randomly located throughout the block as 
shown on the GPS soil survey map (Figures 5 and 6). 
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Figure 5. GPS soil survey map showing soil disturbance results at random locations (or waypoints) in NAR. Insert 
shows southwest end ofthe blockWaypoints are identified as non-counted disturbance (N), counted 
disturbance(E"" repeated machine traffic and Til = deep wheel track/ruts) or point landing outside of 
NAR(OUT). 

Within the NAR, based on 109 random sample points (n=109) the survey results showed a LCL of 19.4% 
as soil disturbance level (Table 1), which exceeds the soil limit of 10%. Likewise, disturbed soils were 
present within the RWA's (Figure 5). Disturbance measured was 48.9% (LCL), which was not within an 
acceptable limit of25% for the area covered by RWA's (n=109). Repeated Machine Traffic was the most 
common disturbance type (E) across the site. Within forwarding trails, compaction explained 53% of all 
disturbances indicating that like clay, coarser soils with silt when wet will be highly sensitive to machine 
wheels or tracks (Figure 6). Outside track location i.e. residual strips of vegetation were left intact since 
there was no ground disturbance in them. 
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Figure 5. GPS soil survey map showing soil disturbance results at randomlo.cations (or waypoints) in RW A's. 
Insert shows southwest end of the bloek.Waypoints are identified as non-counted disturbance (N), 
counted disturbance (E~ repeated machine traffic, TD ~ deep wheel!(]'ack ruts, V ~ very wide scalps, G 
~ deep gouges orW ~ \vide gouges). 

Figure 6. Un-rehabilitated corduroy trails and ruts in forwarding trails interspaced with residual trips on a 
similar block from the Teardrop Area. 
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Conclusion 

C&E FI. SI. James Unit concerns that the soil disturbance limits may have been exceeded in block were 
justified. As confirmed by a formal soil conservation survey, extensive soil compaction occurred when 
heavy weight loads compressed the soil during operations within the NAR and RW A's. Indeed, 
CANFOR has contravened the following 2 provisions under FRPA: sections 21 (1) and 46 (1). 

Excessive soil disturbance (herein defined as un-rehabilitated temporary access stl11cture, gouges, ruts and 
scalps and compacted areas under FPPR Part 1 -Interpretation section I) has adversely altered ecosystem 
integrity by altering the way the soil functions on this site and therefore, the capacity of this site to grow 
forest has been diminished. Combined results fi'om Assessment Phascs I, II and III indicated that 
machine logging traffic lead to changes to: (i) structural propertiesofthe soil as shown by significant 
amount of ruts and compaction on forwarding trails and within RW A's, (ii) natural drainage patterns that 
were not maintained as evidenced from ponded water along 4chutlnels, and (iii) almost complete loss of 
forest floor within some areas that results in loss of habitat for specialist species (c.g., worms, fungi, 
microbes etc.) important to soil biodiversity. Preserving organic matter could also have helped reducing 
ground disturbance. '. 

Environmental benefits of CTL can be negated whelllogging occurs over soils that .contains much silt and 
are wet. This site has low load-bearing strength materials ''1hen wekSiity soils drain slowly and after 
prolonged rain talis, become quickly watet·logged. In forests, finel',tcxtured soils behave .. the same 
way they do in cultivated soils or in urban settings. Thus, a person ,can reasonably expect that compaction 
will be a concern with careless 10gging:lfs~llneoJle had paid ally'attention to weather and moishlre in the 
soil prior to logging, there is no doubt thatthis damage could have been avoided. 

Proper scheduling with regards to available moisture in t1resoils, lowering ground pressure by equipment 
on trafficked trails and better use of slash mats prior to slddding(these need to be removed after logging 
is completed so it does not hinder growth) are impOltantfor soil conservation with CTL. 

Please, do not hesitate to contact me for further discussion. 

Sincerely, .' 

Stephane DuM, M.Sc. RPF 
Soil Scientist 
BC Forest Service 
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Introduction 
The objective set by the BC Government for forest soil management is to "without 
unduly reducing the supply of timber from British Columbia's forests, to conserve the 
productivity and the hydrologic function of soils" (Forest Planning and Practices 
Regulation). Soil disturbance levels are limited in the FRP A to the following levels: 
(a) if the standards unit is predominantly comprised of sensitive soils, 5% of the 
area covered by the standards unit, excluding any area covered by a roadside 
work area; 
(b) if the standards unit is not predominantly comprised of sensitive soils, 10% of 
the area covered by the standards unit, excluding any area covere\i by a roadside 
work area; 
(c) 25% of the area covered by a roadside work area (a roadside work area is 
defined as the area adjacent to a road where one or both olthe following are 
carried out: 
(i) decking, processing or loading timber; 
(ii) piling or disposing of logging debris; 
Sensitive soils are soils that, because of their slope gradient, texture class, moisture 
regime, or organic matter content have the following risk of displacement, surface 
erosion or compaction: . 
(a) for the Interior, a very high hazard; 
(b) for the Coast, a high or very high hazard. 
Because the MOF no longer verifies soilhllwrdratings in prescriptions, a necessary first 
step in every survey is to de.termine the soil\lazard rating. The rating determined by the 
surveyor is then used to determine which soil disturbance categories count, and the 
disturbance limits for the area to be surveyed. 
Soil disturbance is defined as disturbance to the soil in the net area to be reforested in a 
cutblock because of: 
(a) temporary access structures, 
(b) gouges, ruts and scalps, or 
(c) compacted areas, but.does not include the effect on the soil of rehabilitating an 
area in accordance with section 35 (Section 35 allows for up to 5% of the 
standards unit to be in excessive disturbance as long as enough of this excess 
disturbance is rehabilitated so that the disturbance limit is no longer exceeded). 
Gouges, ruts, scalps and compacted areas are not defined except in the 200 I Soil 
Conselvation Surveys guidebook. Temporary access structure is defined in regulation as 
an access structure that is not a gravel pit and does not meet the requirements of a 
permanent access structure which are: 
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(a) at the time of its construction, it is reasonably expected to provide access for 
timber harvesting and other activities that are not wholly contained in the 
cutblock, or 
(b) it is constructed on or through, or contains, materials unsuitable for the 
establishment of a commercial crop of trees and is not an excavated or bladed 
trail, but does not include an area that contained an access structure before 
rehabilitation of the area under section 36. 
An agreement holder may cause soil disturbance that exceeds the limits specified in 
subsection (3) if the holder: 
(a) is removing infected stumps or salvaging windthrow and thl:) !ldditional 
disturbance is the minimum necessary, or .... 
(b) is constructing a temporary access structure and bothofthet'ollowing apply: 
(i) the limit set out in subsection (3) (a) or (b), as applicable, is not exceeded by 
more than 5% of the area covered by the standards unit, excludil1gthe area 
covered by a roadside work area; 
(ii) before the regeneration date, a sufficient aJPpuntofthe area within.the. 
standards unit is rehabilitated such that the agreement holder is in 
compliance with the limits set out in subsection (3), 
Rehabilitation is discussed fmiher in.the rehabilitation section below. 
There are also limits placed on the amount of permanent access structure allowed in a 
block. An agreement holder must ensure thatthe area in a cutblock that is occupied by 
permanent access structures built by theliolder or used by the. holder does not exceed 7% 
of the cutblock, unless ..... .. . 
(a) there is no other practicable option on thatcutblock,having regard to 
(i) the size, topography and engineering constraints of the cutblock, 
(ii) in the case of a road, the safety of road users, 01' 

(iii) the requirement in seh~ction harvesting systems for excavated or bladed 
trails or other logging trails, or 
(b) additional permanent access structures arenecessaJ'y to provide access beyond the 
cutblock. 
If an agreement holder exceeds the limit for permanent access structures described in 
subsection (1) for either ofthe reasons set out in that subsection, the holder must ensure 
that the limit is exceeded as little as practicable. 
In order to assess whether or notthese regulations are being addressed requires definition 
of terms and a method for measuring the levels of the various disturbances discussed 
above. This was done in the 2001. Soil Conservation Surveys Guidebook. This 
guidebook breaks blocks into two categories, small and large and provides two different 
methods of survey. The big block method was prone to giving large confidence intervals 
because it utilized a clustered sampling design. The clustered sampling design was a 
trade-off developed to allow sampling many points in a large block in an efficient 
mauner. The small block method was to have been the preferred method, but when the 
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option of stratifYing blocks for compliance assessment was removed, the small block 
method was not applied directly to big blocks because it is excessively time consuming to 
apply over a large area. 
Advancements in GPS and handheld computer technology mean that options are now 
available to surveyors that were not available when the last guidebook was written. 
Sampling theory tells us that completely random sampling is the most consistently 
successful approach for achieving a truly representative sample of a population with the 
least number of points sampled. That basic principal is confirmed, in a work recently 
completed by Thompson et ai, for the case involving sampling logging disturbance in 
cutblocks. The next best design is a completely square grid, which is labour intensive 
and requires the most of amount of walking to implement. The further the design gets 
from square, the easier it is to implement, but the higher the risk there is of a nomepresentative 
sample if the population being sampled is not evenly distributed; Logging 
disturbance is typically very non-uniform in distribution and maybe clustered or linear 
and so the orientation of non-square sampling grids in relation to disturbance is always a 
concern. 
Until recently, layout of completely random sampling networks over large areas, using 
commonly available field equipment, has been very labour intensive. However, using 
readily available GPS technology, it is now relatively easy to t~ke an unbiased-random 
sample from cutblocks. The method also has the advantageof very little layout time and 
less walking (especially backtracking) than would be necessary for sampling on the 
squarer grid layouts. In addition, the completely random design gives lower variability 
than grid designs for sampling logging type disturbance (Thompson et al ??) and 
determination of confidence intervals is based on binomial distributions. If more power 
is needed for a particular survey, it is a simple matter to add more random points and 
resurvey the area without. having to wony about creating new grids or infilling grids. 
For measuring roads, landings, trails and other distinct features within a block, relatively 
cheap digital imagery can be used for highly accurate .and inexpensive assessment of 
these features, though the olderground based approaches used in the Soil Conservations 
Surveys Quidebook, can still be used.A high resolution digital image makes a very good 
base map for the random survey and\vherever possible, the use of these images is 
encouraged. 
This guide book outlines the general procedure for estimating dispersed disturbance 
levels in cutblocks of all sizes using a random sampling approach. It also describes a 
method for measuring other disturbance features from digital air photos. 
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Measuring Dispersed Disturbance Using a Random Approach 
There may be many ways to achieve a random survey- this manual outlines one that is 
utilizes relatively commonly available technology. The broad steps are as follows: 
1. Based on the estimated disturbance levels the number of points that need to be 
sampled to achieve the desired confidence interval is estimated. For a typical 
survey of a block with 5% to 10% disturbance, 200 points gives a one sided 90% 
confidence interval of about 3 percentage points. This means that blocks will be 
called excessively disturbed if the measured disturbance exceeds 13% for a 10% 
disturbance limit block or 8% for a 5% limit block. In other words, with a sample 
size of200 points on 10% disturbance limit blocks, if the number of disturbed 
points equals 01' exceeds 26 counted points, then the one-sided 90% lower 
confidence limit of the measured disturbance in the block is higher than the 
maximum. If the number of disturbed points in a 200 poillt survey, of a 5% 
disturbance limit block, equals 01' exceeds 16 point~,then the one-sided 90% 
lower confidence limit of the measured disturbance in the block is higher than the 
maximum. It should not be necessary to survey more than 200 points ina l>lock 
(or stratum), but if a block (01' stratum) is highly disturbed, it may be feasibleto 
survey fewer points. Appendix B shows how to determine confidence intervals .. 
for surveys of other numbers of survey points 01' other levels of disturbance. The 
higher the disturbance level, the fewer points are needed in the total survey to 
establish with confidence that the blockis over the limit. The size of the block 
has no bearing on the number of points, but unavoidably, the larger the block, the 
more time it takes to survey. . 
2. An appropriate number of random waypoints are generated. There may be other 
ways to do this, but one method involves creating !lshape file of the NAR (survey 
stratum minus roads, landings 01' other features which are not part of the NAR). 
A multipoint polygon isgeneratedin Arcmap using a Random Point-in-Polygon 
Generation Program (VBAMacro) {Sawada, 2002). The multipoint polygon is 
convelted.to waypoints in OziExplorer or other mapping software that has this 
function. 
3. The waypoints and a base map arc downloaded onto a GPS unit that is set up to 
beep when the surveyor passes within 1 metre of the waypoint. The surveyor 
navigates to the waypoint and the exact observation point is indicated by the 
precise moment at which the GPS beeps. The observation point is fixed exactly at 
that moment by some arbitrary locator of the observation point. For example the 
observation point could be. deemed to be located directly below one cornel' of the 
GPS unit 01' at the end of the. surveyor's right toe, wherever those are at the 
moment the GPS beeps. The same locator should be used throughout a survey. 
4. The survey progresses by using the built in navigation aids in the GPS to move 
from waypoint to waypoint. The surveyor is free to select the most efficient route 
through the points. 
5. The data is entered directly into the GPS unit. 
6. All of the points generated for a particular survey must be surveyed, i.e. one 
cannot survey points in a portion of the block and then conclude that the surveyed 
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area is or is not in compliance. Since disturbance within a cutblock is usually 
distributed unevenly, the entire set of points must be surveyed before making 
judgements about the level of disturbance. However, it is possible to initially do a 
complete survey with a smaller number of points and ifthat survey does not have 
sufficient power to give a clear result, a new set of random points can be 
generated for the same area and surveyed and the results combined with the 
previous survey to create a more powerful survey. 
7. When the survey is complete, the waypoint file is converted to a spreadsheet file, 
and the calculations are made on the spreadsheet. 
Many different configurations of hardware and software can be used to achieve a random 
survey and it is not possible to cover all those in this guideboqk.H·esented in Appendix 
A is a detailed protocol for a particular set of software and hardware. Potential surveyors 
who wish to use other softwarelhardware combinations may findwme useful tips in this 
guidance, but they are not required to use the equipmentcombinatiop described. The 
fully random survey needs to meet the following criteria: 
1. The observation points must be randomly generated with any point in the survey 
area having a chance to be surveyed. 
2. When the actual observation point is located inthe.field, it mllst be selected by 
following an unbiased and precise rule, such as directly under the GPS at the 
exact moment the GPR beeps (or some other confining trigger). The surveyor 
must not adjust the observation point in anyway, nor have leeway to select the 
sampling point from within a broader possible sampling area,e.g., it would be 
unacceptable to simply select the samplingpoint from anywhereinfront of the 
surveyor at the point the GPS beeps. ' 
3. When the lower onecsided 90%confidencelimit for the measured disturbance 
level is greater than the disturbance limit, the block is counted as over. Whatever 
size of survey indicates the block is oyer the lower 90% confidence limit, is 
acceptable. For. surveys where the disturbance limit is greater than the one-sided 
90% lower confidence limit, inqrder for the block tobe considered under the 
disturbance limit- the lower one-sided 90% confidence interval must be 3 
percentag~ units or less, (see Point 4 below). This is to address the situation 
where a surveyor might choose to survey fewer points because the disturbance is 
greatly in excess of the limit. Surveying fewer points means that the confidence 
interval could be larger if the surveyor overestimated the level of disturbance. 
This situation would make it more likely that the disturbance limit of a block will 
lie in the ambiguous zone of the confidence interval (between the lower 
confidence limit and the measured level of disturbance). Therefore, for blocks 
with disturbance close to the limit, the surveyor must sample sufficient points to 
make the lower confidence interval::; 3% points. In cases where the measured 
level of disturbance is::; 3 %, the upper 90% confidence interval must be::; 3% 
points. For disturbance levels greatly above or below the limits, a survey could 
have fewer than 200 points and still be valid as long as the disturbance limit still 
fell below the 90% confidence interval (i.e., the block is counted as over). For 
example, if the actual level of disturbance on a block with a 10% disturbance limit 
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was 30%, it would take fewer points to establish if the block was in compliance 
(see below). If the surveyor chooses to do a smaller survey based on an 
assumption about the disturbance level that turns out to be incorrect and as a 
result the outcome of the survey is ambiguous, the surveyor can simply generate 
another set of random waypoints and add to the survey. 
There are normally financial constraints to doing large surveys and a 200 point 
survey with one-sided confidence interval of around 3 percentage points for 
disturbance levels in the range of the normal limits (5 to 10%) will give an 
acceptable level of precision. This means that before a block is called excessively 
disturbed, the measured disturbance levels will exceed 13% or 8% for the 10% 
and 5% limits respectively. If a licensee finds themselves in .asituation where the 
lower confidence limit from the survey is slightly higher than the disturbance 
limit, they can increase the survey size to any size they deemfif to get a more 
precise measure of disturbance. However, it should be remembered that the most 
probably level of disturbance is near the mean level determined by the survey. 
When a block is marginally over the limit the most likely outcome is th.at more 
points will narrow the confidence interval arouhda point close to the original 
mean. 
4. Each point in a stratum or block being surveyed musthave the same chance of 
being sampled. This means that it isnotacceptable to survey some arbitrarily 
chosen subset of the points in a set ofral1dom waypoints (e.g; Y, the block) and 
then stop because it appears the survey will be overor under. However, it is 
acceptable to do a survey ",ith fewer sample points based on an estimation of a 
level of disturbance within the block that suggests actual disturbancelevels might 
be considerably greater (>2 times) or less «0.5times)thanthe limit. Ifa survey 
with a smaller number of points gives a 90% one-sided-Iower confidence limit 
greater than the disturbance limit, then the block is over. Ifthe disturbance limit 
is greater than the. 90% one-sHied-lower-confidence limit and the lower (or upper 
if the mean is small) confidence interval is ~3% points, then the block is not over. 
5. While surveys must be conducted and reported based on entire standards units, 
cutblock, roadside work area or areaof inordinate disturbance as the particular 
regulatory framework dictates, it is still possible to stratify these survey areas for 
the purposes of improving the efficiency of the survey, as long as every point in 
the area being surveyed, has a chance of being surveyed. The techniques for 
stratifying to improve the efficiency of a survey are described below. 
Guidelines for Stratification 
Under the Forest Practise Code there was a provision to allow enforcement of soil 
disturbance limits on areas as small as one hectare. Under FRP A, enforcement of soil 
disturbance limits is to take place on the NAR of the cutblock. The size of the area on 
which enforcement can take place is a separate issue from stratifying to improve the 
efficiency of a survey. A stratified random sample will still report the disturbance level 
for the entire legal unit that is surveyed, however, not every portion of that unit need be 
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sampled at the same intensity. The main reason for stratifying to survey is to improve the 
efficiency of the survey. If, for example, a large portion of the area to be surveyed has 
very little disturbance «2%) and a small proportion of the area «20% of the area) has 
high disturbance (> IS%), then it is more efficient to sample the heavily compacted area 
more intensely and the less disturbed area less intensely. This saves considerably on the 
amount of walking that needs to be done and if one stratum is very lightly disturbed 
«2%), there may also be an increase in the power of the survey. If you cannot delineate 
strata with greatly different levels of disturbance, there is no advantage to stratifying. 
Strata need to be delineated before the survey begins and the most efficient way to do this 
is from a high resolution image such as those used for the soilsF~P process. Such 
images can be flown specifically for blocks and this possibility shOuld be considered for 
blocks where legal action is highly likely. The images also allow precise estimates of 
area in roads, landings, roadside work area, trails or other featUres in a block. Strata can 
also be delineated on a sketch map after an on-site inspection. .. 
To stratifY, first the amount of disturbance within each stratum is estimated. For example 
a stratum could be 10 hectares in size and contain approximately 2S%disturbance so the 
amount of disturbance is 10 ha x 0.2S= 2.5 ha. If another stratum is SO ha in size but 
contains only I % disturbance, then the amonnt of disturbance in this stratum is SO ha x 
0.01= O.S ha. The proportions of disturbance in each stratum are 'estimates onlyan(i do 
not have to be determined by meastirement~ but no stratum should ever have zero points. 
The practical lower limit for estimateddisturbance in a stratUm is probably around O.S%. 
To assign the number of survey points to each stratum the formula is: 
Points Per Stratum= Area Disturbed Per Stratum xT6tai Survey Points 
Total Area Disturbed . 
For our example, to find how many points to put inthelO ha stratum, the calculation is as 
follows: 
Points in 10 ha Stratum =2.S ha x 200points = 167 points 
2.Sha + O.Sha 
This leaves.33 points in the big/low disturbance stratum. Surveying will go much more 
quickly because most of the points are in the small stratum and much closer together. In 
this case, because the disturbance in the large stratum is so low, there is actually a 
narrowing ofthe confidence interval- in other words this survey is more powerful than if 
the points were randomly and evenly distributed throughout the entire area surveyed. 
Roadside Work Areas, Inordinate Disturbance, Areas of Compacted Soil 
Compacted Areas, Soils That Have Sustained Damage 
Roadside work areas, inordinate disturbance and compacted areas are all special survey 
cases. Roadside work areas have a higher disturbance limit- 2S% and so must be tallied 
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separately from the rest of the NAR. The higher disturbance limit in the roadside work 
area means that disturbance can be measured with the same confidence with a smaller 
number of points. Therefore, we recommend using only 100 points in the RWA. 
Inordinate Disturbance, Areas of Compacted Soil, Soils That Have Sustained Damage 
and compacted areas are all types of disturbance that may require rehabilitation if they 
are identified by a block inspection, or during a survey. The provision for rehabilitating 
these areas are contained in the Forest Practises Code or FRP A and their supporting 
documents. 
Compacted Areas 
The Forest Planning and Practises Regulation (under FRP A) requires the rehabilitation of 
areas of compacted soil: . " 
5) The minister may require an agreement holder to rehabilitate an area of compacted 
soil if all of the following apply: . 
(a)the area of compacted soil 
(0 was created by activities of the holder, 
(iO is within the net area to be reforested, and 
(iii)is a minimum of 1 ha in size; 
What constitutes an area of compacted soil under this. section·ofFRP A is not defined but 
any areas greater than Iha in size that have more than25rodisturbance, should be 
documented during the survey for considenltion as compacted areas. The potential 
compacted area should be delineated separately 
The provisions for rehabilitating compa<;ted areas and inordinate disturbance are 
contained in the Forest Practises Code. . 
47(7) A person who, within an area under a site plan prepared under section 21.1 or 
silviculture prescription, constructs or modifies a bladed a]' excavated trail or a 
corduroyed trail or creates a compaCted area, must rehabilitate the area in accordance 
with the regulations and standards. 
In this case, the compacted area refers to .an area> 100m2 and >5m wide that is 100% 
compacted. For blocks under the CODE or transition CODE, any areas 
Inordinate Disturbance 
45(3)A pe/:son must not carry out aforest practice ifhe or she knows or should 
reasonably knOll' that, due to weather conditions or site factors, the carrying out of the 
forest practice may result, directly or indirectly, in 
(a) slumping or sliding of land, 
(b) inordinate soildisturbance,or· 
(c) other significant damage to the environment. 
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(4) A person who contravenes subsection (1) or (3) must 
(a) stop the forest practice in the area affected, 
(b) prevent any filrther damage to the environment, 
(c) promptly notifY the district manager, and 
(d) take any remedial measures that the district manager requires 
The Timber Harvesting and Silviculture Practices Regulation defines inordinate 
disturbance as follows: 
53 (I )For the purposes of section 45 (3) (b) of the Act, "inordinate soil disturbance" means soil 
disturbance that 
(a) results in the district manager requiring rehabilitation of soil under section 48 
(I) of the Act, or . 
(b) exceeds the soil disturbance limit specified in section 31 ofthisregulation. 
The Forest Practices Code Act of British Columbia section 48(1) reads as follows: 
48. (I) Ifthe district manager determines that the area under an operational plan has sustained 
damage as a result of a forest practice, the district manager. may, by written 
notice, direct the person responsible for the damage totakemeasures and to .. 
pay costs that are neceSSalY to rehabilitate the area to the satisfaction of the 
district manager and the person must comply with tbenotice. 
The term "sustained damage" is not defined anyWherebut the surveyor should provide 
data to help make the determination of pamage. Any area~great~r than Iha in size that 
have more than 25% disturbance oranyarelIs in the NARthat are unlikely to sustain tree 
growth, should be documented in the survey. 
Steps for determining confidence intervals and number of pointsrequired. 
Checking soil hazard ratings 
RWA, Inordinate Disturbance, Compacted areas 
Regulatory Framework. . 
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Rehab stuff 
, (3) , An agreement holder may rehabilitate an area occupied by permanent access 
structures in accordance with the results or strategies specified in the forest stewardship 
plan or by 
, (a), removing or redistributing woody materials that are exposed on the surface of the 
area and are concentrating subsurface moisture, as necessary to limit the concentration of 
subsurface moisture on the area, 
, (b), de-compacting compacted soils, and 
, (c), returning displaced surface soils, retrievable side-cast and berm materials. 
, (4) , If an agreement holder rehabilitates an area under subsection (3) (a) and erosion of 
exposed soil from the area would cause sediment to enter a stream; wetland or lake, or a 
material adverse effect in relation to one or more of the subjects listed in section 149 (1) 
of the Act, the agreement holder, unless placing debris or revegetl!tion would not 
materially reduce the likelihood of erosion, must ... 
, (a), place woody debris on the exposed soils, or ,/ 
, (b), revegetate the exposed mineral soils. . 
, (5) , The minister may require an agreement holder to rehabilitate an area of compacted 
soil if all of the following apply: 
, (a), the area of compacted soil 
, (i), was created by activities of the holder, 
, (ii), is within the net area to be reforested,and 
, (iii), is a minimum of 1 ha in size; 
,(b), the holder has not exceeded the limits.describedinsubsection (3); 
, (c), rehabilitation would,in the opinion of the minister, . 
, (i), materially improve the productivity and the hydrologicfiJnction of the soil within 
the area, and . .. , 
, (ii), not create an unacceptable risk bf further danH'lge or harm to, or impairment of, 
forest resource values related tooneor more of the subj ects listed in section 149 (1) of 
the Act. 
, (6) , An agreement holder who rehaqilitates an. area under subsection (4) or (5) must 
,(a), remove or redistribute woody materials that are exposed on the surface of the area 
and are concentrating subsurface moisture, to the extent necessary to limit the 
concentration of subsurface moisture on the area, 
, (b), de-compact compacted soils, and 
, (c), return displaced surface soils,! retrievable side-cast and berm materials. 
, (7) , If an agreement holder rehabilitates an area under subsection (4) or (5) and erosion 
of exposed soil from the area would cause sediment to enter a stream, wetland or lake, or 
a material adverse effect in relation to one or more of the subjects listed in section 149 (I) 
of the Act, the agreement holder, unless placing debris or revegetation would not 
materially reduce the likelihood of erosion, must 
, (a), place woody debris on the exposed soils, or 
, (b), revegetate the exposed mineral soils. 
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Background 

After discussing with Mike Boyde ofFt. st. James C&E Field Unit, a soil conservation assessment 
on CANFOR block No. A33601 CP B66 CB CAR464 was carried out in 3 phases to ensure that logging 
practices conserved the productivity and hydrologic function of the soil as stated in Forest Planning and 
Practices Regulation (FP P R, section 5). 

Phases of assessment consisted of: 

I. Walkthrough inspection including checking out soil disturbance survey results submitted by 
CANFOR; 

II. Evaluation of soil disturbance using high resolution aerial photography, and; 
III. Formal soil conservation survey using random point sampling method. 

As a result, within this logging block we found 2 instances of non-compliance with results and strategies 
described in CANFOR Forest Stewardship Plan (FSP, Appendix A - Objectives for soils) for soil 
conservation in accordance to legislated BC forest practices requirements: 

I) Under Forest and Range Practices Act (FRPA) section 21 (I), the intended results for soils 
within the Net Area to be Reforested and Roadside Work Areas (RW A's) set out in the FSP 
were not achieved; 

And CANFOR contravenes, 

1 

2) Under FRP A section 46 (1), soil disturbance from cut-to-length logging practices directly and 
indirectly resulted in damage to the environment. 

Interpretation and discussion of our findings from this assessment are presented below. 

Results & Discussion 

Cut-To-Length (CTL) operations were utilized to harvest block CAR464 (Figures 1 and 2), in which trees 
are de limbed and cut to length directly at the stump and then, a forwarder transports the logs from the 
stumps to the road. Recognized as a gentle logging practice, CTL uses less area to move the wood than 
does whole-tree harvesting however CTL may result into more soil disturbance due to repeated travel on 
designated trails and log decking areas. 

Figure 1. Layout oflypical fonvarding trail bordered by 2 residual strips (left) and cut-to-length logs decked on 
roadside work area (right) from the Mossvale Operating Area. 
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Phase 1 - Walkthrough inspection 

During a walkthrough inspection carried out in 2010, it became apparent that throughout block CAR464, 
there had been harmful changes to soil. A review of soil disturbance survey results submitted by 
CANFOR for CAR464 revealed that (i) my counted disturbance greatly exceeds that measured by their 
surveyor (Table 1), (ii) my results point towards disturbance levels over maximum limits set out in the 
site plan (Appendix B), and (iii) the survey methodology used by CANFOR i.e. Big Block method with 
grid centres was not appropriate because it assumes that soil disturbance is relatively evenly distributed 
throughout the block which was not the case here. In cut-to-Iength logging, soil disturbance is mostly 
confined to forwarding trails and RWA's. With grid centres, transects by chance can either run parallel to 
a trail or right down a residual strip. This will result into a Lower Confidence Limits (LCL) and therefore, 
a false acceptation of in-compliance. 

A LCL defines a disturbance value that must be lower than a benchmark (herein, soil limit of 10%) to 
meet soil conservation objectives. If above this benchmark, the LCL indicates a non-compliance with the 
FSP (can also be called the "audit value".). 

Figure 2. Aerial Photography ofbloek CAR464 in 20 I 0 (1 year post logging, 15 em pixel size resolution). Insert 
shows the extent of ruts and ponded water in northwest area. 
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Table 1. Results of Mean and Lower Confidence Limit for soil disturbance from CANFOR 
survey report, walkthrough and random point sampling survey for NAR and RWA's. 

CAN FOR 

Areas 0/0 
NAR 5.5 (3.9) 
RWA 15.3 (7.2) 

a Walkthrough results are the mean % only 

Walkthrough' 

% 
15.0 
42.0 

Random Point 
Sampling Survey 

% 
24.8 (19.4) 
55.0 (48.9) 

The predominant disturbance type that was often missed was repeated machine traffic. It is found on 
repeatedly used skid trails and in traffic areas usually associated with R W A's. Repeated machine traffic 
(code "E") is called when the survey point and sampling window (1m Wide x 2m Long rectangle) show 
evidence of compaction indicated by increased soils density (Figure 3, coarse blocky/platy structure), 
puddling or compacted deposits of slash and organic debris. Compaction was assessed by comparing soil 
structure at survey point to soil conditions of adjacent undisturbed areas (i.e., at similar soil water 
content). The "natural soil condition" was checked frequently by digging to asceliain compaction during 
our survey. 

Figure 3. Fluffy and loose soil (A) turned into stone like material (B&C) after trafficking at block CAR464. 

3 

In table 1, disturbance % from the walkthrough were rough estimates of the mean % and simply 
calculated from dividing the number of points with counted disturbance by the total number of points re
measured (a re-survey of394 points originally done by CANFOR). We could not guarantee the exact 
location of survey points during our review was that of CANFOR. However discrepancies between their 
results and the results from our review were large enough that in our opinion, compaction condition of the 
soil was not properly identified on this block. In one particular area, a transect line crossed a 6 m wide 
compacted skid trail but no points assessed at 1 m interval were classified as "E's". 
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Similarly to NAR, Big Block method with grid centres was also inappropriate for surveying RWA's 
because it was not representative of the main disturbance pattern. Some transects ran parallel to soil 
disturbance almost avoiding it while others skipped the surveyed area (e.g., survey points falling outside 
RWA 01' on roads) so CANFOR did not collect enough points to get a reliable estimate of the RWA soil 
disturbance. 

Phase II. Soil disturbance digital mapping 

4 

A geo-referenced high resolution aerial photo taken after logging reflected my biggest concerns in tenns 
of damage to soils (Figure 2). Soil disturbances such as ruts, waterlogging and scalped soils did clearly 
stand out in forwarding trails and along in-block roads. Although machine traffic was limited to tracks 
areas, overall the degree of soil disturbance appeared to be very high. Combining in-block roads and off
road traffic disturbance represented more than 35% (or 12.7 ha) of the total block area (Table 2). In my 
opinion, this was the result of excessive 01' a more than necessary amount of logging and was not planned 
with an eye to maintain site productivity but providing the lowest cost to extract timber. 

Table 2. The area proportion ofNAR and PAS to total cutblock area. NAR 
contains RWA's, forwarding trails and residual strips. 

Block Total cutblock NAR PAS 
No. area (Ita) (%) (%) 

RWA Trails Residual 
striEs 

464 36.0 9.4 23.5 64.8 2.8 

Operating machinery has also altered natural drainage patterns on this site and therefore, adversely 
influenced how water is supplied to plant growth. Water ponded on soil surface where track ruts crossed 4 
natural seeps and lead to waterlogging 01' poorly drained soils as illustrated on Figures 4. Three years 
post-logging, drainage patterns were not compatible with the original natural drainage patterns. We also 
mapped areas of inordinate disturbance where soil disturbances exceeded 30% ofthe total area and 
looked almost deprived of live. Figure 4 highlights 2 damaged areas (up to 1.4 ha in size) almost 
completely cleared of forest floor, compacted and in which water drained nowhere due to ruts present 
everywhere and that run in every directions. This initial damage assessment was validated on the ground. 
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Figure 4. Areas of inordinate disturbance and drainage diversion on block CAR464. 

Phase ill - Random Point Sampling SUlWY 

Silty Loam (SiL) and Loam (L) soils, as determined by the "Hand Test" and a few coarse fragments were 
found almost everywhere in the upper 30 cm of mineral soil along the walk. When squeezed in your fist, 
moist SiL and L will form a ball. However, CANFOR for CAR464 site plan has Sandy Loam as dominant 
soil texture (Appendix B), which in my opinion underestimated the amount of fines as well as the hazard 
rating for soil compaction (High instead of Moderate). That said, the soil conservation assessment was 
based on sites where compaction hazard was moderate. Although less cohesive than clay, silt-type soil 
has very little load bearing capacity and is highly susceptible to compaction when wet. Under the FSP 
consistent with FPPR section 35(1), soil disturbance levels should not exceed, respectively 10% in the 
NAR and 25% for RW A's in these conditions. 

A soil conservation survey based on random point sampling provided statistically valid 
measurements (more about the survey method in Appendix C) and did confirm the extent to which the 
block area was in non-compliance with the allowable limits under CANFOR FSP. With this procedure, 
soil disturbance was measured at GPS points or waypoints randomly located throughout the block as 
shown on the GPS soil survey map (Figures 5 and 6). 
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Figure 5. GPS soil survey map showing soil disturbance results at random locations (or waypoints) in NAR. Insert 
shows southwest end ofthe block. Waypoints are identified as non-counted disturbance (0i), counted 
disturbance (E ~ repeated machine traffic and TD ~ deep wheel track/ruts) or point landing outside of 
NAR(OUT). 

Within the NAR, based on 109 random sample points (n=109) the survey results showed a LCL of 19.4% 
as soil disturbance level (Table I), which exceeds the soil limit of 10%. Likewise, disturbed soils were 
present within the R W A's (Figure 6). Disturbance measured was 48.9% (LCL), which was not within an 
acceptable limit of25% for the area covered by RWA's (n=109). Repeated Machine Traffic was the most 
common disturbance type (E) across the site. Within forwarding trails, compaction explained 53% of all 
disturbances. This indicates that like clay, coarser soils with silt when wet are highly sensitive to machine 
wheels or tracks (Figure 7). Outside track location i.e. residual strips of vegetation were left intact since 
there was no ground disturbance in them. 
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Figure 6. GPS soil survey map showing soil disturbance results at random locations (or waypoints) in RWA's, 
Insert shows southwest end of the block, Waypoints are identified as non-counted disturbance (N), 
counted disturbance (E ~ repeated machine traffic, TD ~ deep wheeVtrack ruts, V ~ very wide scalps, G 
~ deep gouges or W ~ wide gouges), 

Figure 7, Un-rehabilitated corduroy trails and ruts in forwarding trails interspaced with residual strips 
on a similar block from the Mossvale Operating Area, 
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Conclusion 

C&E Ft. St. James Unit concerns that the soil disturbance limits may have been exceeded in block were 
justified. As confirmed by a formal soil conservation survey (Phase III), extensive soil compaction 
occurred when heavy weight loads compressed the soil during operations within the NAR and RWA's. 
Indeed, CANFOR has contravened section 5 under the FSP. 

8 

Excessive soil disturbance (herein defined as un-rehabilitated temporary access structure, gouges, ruts and 
scalps and compacted areas under FP P R Patt I - Interpretation section I) has also adversely altered 
ecosystem integrity by altering the way the soil functions on this site and therefore, the capacity of this 
site to grow forest has been diminished. Combined results from Assessment Phases I, II and III indicated 
that machine logging traffic lead to changes to: (i) structural propetties of the soil as shown by significant 
amount of ruts and compaction on forwarding trails and within RWA's, (ii) natural drainage patterns that 
were not maintained as evidenced from ponded water along 4 channels, and (iii) almost complete loss of 
forest floor within some areas that results in loss of habitat for specialist species (e.g., worms, fungi, 
microbes etc.) impottant to soil biodiversity. Preserving organic matter could also have helped reducing 
ground disturbance. 

Environmental benefits of CTL can be negated when logging occurs over soils that contains much silt and 
are wet. This site has low load-bearing strength materials when wet. Silty soils drain slowly and after 
prolonged rainfalls, become quickly water logged. In forests, finer-textured soils behave the same 
way they do in cultivated soils or in urban settings. Thus, a person can reasonably expect that compaction 
will be a concern with careless logging. If someone had paid any attention to weather and moisture in the 
soil prior to logging, there is no doubt that this damage could have been avoided. 

Propel' scheduling with regards to available moisture in the soils, lowering ground pressure by equipment 
on trafficked trails and better use of slash mats prior to skidding (these need to be removed after logging 
is completed so it does not hinder growth) are important for soil conservation with CTL. 

Please, do not hesitate to contact me for fmther discussion. 

Sincerely, 

Stephane Dube, M.Sc. RPF 
Soil Scientist 
BC Forest Service 
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Appendix A 
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Excerpt/rom CANFOR FSP 

5.5 Objectives Set by Government for Soils 

5.5.1 For the objective for soils that is set out in Section 5 of the FPPR, the holder adopts, as a 

result/strategy, Section 35 and 36 and consistent with 12(2) of the FPPR as those sections 
were on the date of this FSP was submitted for approval. 

10 
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Appendix C 

Province of British Columbia 

Randorn Method for 
Soil Conservation Surveys 

Draft version - July 2011 

Mike Curran, PhD, PAg, Forest Science and Silviculture Team Leader 
(and Research Soil Scientist)Kootenay-Boundary Region, BC Forest 

Service, (Ministry of Natural Resource Operations) Nelson, BC 
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Introduction 
The objective set by the BC Government for forest soil management is to "without 
unduly reducing the supply of timber from British Columbia's forests, to conserve the 
productivity and the hydrologic function of soils" (Forest Planning and Practices 
Regulation). Soil disturbauce levels are limited in the FRP A to the following levels: 
(a) if the standards unit is predominantly comprised of sensitive soils, 5% of the 
area covered by the standards unit, excluding any area covered by a roadside 
work area; 
(b) if the standards unit is not predominantly comprised of sensitive soils, 10% of 
the area covered by the standards unit, excluding any area covered by a roadside 
work area; 
(c) 25% of the area covered by a roadside work area (a roadside work area is 
defined as the area adjacent to a road where one or both of the following are 
calTied out: 
(i) decking, processing or loading timber; 
(ii) piling or disposing oflogging debris; 
Sensitive soils are soils that, because of their slope gradient, texture class, moisture 
regime, or organic matter content have the following risk of displacement, surface 
erosion or compaction: 
(a) for the Interior, a very high hazard; 
(b) for the Coast, a high or very high hazard. 
Because the MOF no longer verifies soil hazard ratings in prescriptions, a necessary first 
step in every survey is to determine the soil hazard rating. The rating determined by the 
surveyor is then used to determine which soil disturbance categories count, and the 
disturbance limits for the area to be surveyed. 
Soil disturbance is defined as disturbance to the soil in the net area to be reforested in a 
cutblock because of: 
(a) temporary access sttuctures, 
(b) gouges, ruts and scalps, or 
(c) compacted areas, but does not include the effect on the soil of rehabilitating an 
area in accordance with section 35 (Section 35 allows for up to 5% of the 
standards unit to be in excessive disturbance as long as enough of this excess 
disturbance is rehabilitated so that the disturbance limit is no longer exceeded). 
Gouges, ruts, scalps and compacted areas are not defined except in the 2001 Soil 
Conservation Surveys guidebook. Temporary access structure is defined in regulation as 
an access structure that is not a gravel pit and does not meet the requirements of a 
permanent access structure which are: 
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(a) at the time of its construction, it is reasonably expected to provide access for 
timber harvesting and other activities that are not wholly contained in the 
cutblock, or 
(b) it is constructed on or through, or contains, materials unsuitable for the 
establishment of a commercial crop of trees and is not an excavated or bladed 
trail, but does not include an area that contained an access structure before 
rehabilitation of the area under section 36. 
An agreement holder may cause soil disturbance that exceeds the limits specified in 
subsection (3) if the holder: 
(a) is removing infected stumps or salvaging windthrow and the additional 
disturbance is the minimum necessary, or 
(b) is constructing a temporary access structure and both of the following apply: 
(i) the limit set out in subsection (3) (a) or (b), as applicable, is not exceeded by 
more than 5% of the area covered by the standards unit, excluding the area 
covered by a roadside work area; 
(ii) before the regeneration date, a sufficient amount of the area within the 
standards unit is rehabilitated such that the agreement holder is in 
compliance with the limits set out in subsection (3). 
Rehabilitation is discussed further in the rehabilitation section below. 
There are also limits placed on the amount of permanent access structure allowed in a 
block. An agreement holder must ensure that the area in a cutblock that is occupied by 
permanent access structures built by the holder or used by the holder does not exceed 7% 
of the cutblock, unless 
(a) there is no other practicable option on that cutblock, having regard to 
(i) the size, topography and engineering constraints of the cutblock, 
(ii) in the case of a road, the safety of road users, or 
(iii) the requirement in selection harvesting systems for excavated or bladed 
trails or other logging trails, or 
(b) additional permanent access structures are necessary to provide access beyond the 
cutblock. 
If an agreement holder exceeds the limit for permanent access structures described in 
subsection (1) for either of the reasons set out in that subsection, the holder must ensure 
that the limit is exceeded as little as practicable. 
In order to assess whether or not these regulations are being addressed requires definition 
of terms and a method for measuring the levels of the various disturbances discussed 
above. This was done in the 2001 Soil Conservation Surveys Guidebook. This 
guidebook breaks blocks into two categories, small and large and provides two different 
methods of survey. The big block method was prone to giving large confidence intervals 
because it utilized a clustered sampling design. The clustered sampling design was a 
trade-off developed to allow sampling many points in a large block in an efficient 
manner. The small block method was to have been the preferred method, but when the 
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option of stratifying blocks for compliance assessment was removed, the small block 
method was not applied directly to big blocks because it is excessively time consuming to 
apply over a large area. 
Advancements in GPS and handheld computer technology mean that options are now 
available to surveyors that were not available when the last guidebook was written. 
Sampling theory tells us that completely random sampling is the most consistently 
successful approach for achieving a truly representative sample of a population with the 
least number of points sampled. That basic principal is confirmed, in a work recently 
completed by Thompson et aI, for the case involving sampling logging disturbance in 
cutblocks. The next best design is a completely square grid, which is labour intensive 
and requires the most of amount of walking to implement. The further the design gets 
from square, the easier it is to implement, but the higher the risk there is of a nomepresentative 
sample if the population being sampled is not evenly distributed. Logging 
disturbance is typically very non-uniform in distribution and may be clustered or linear 
and so the orientation of non-square sampling grids in relation to disturbance is always a 
concern. 
Until recently, layout of completely random sampling networks over large areas, using 
commonly available field equipment, has been very labour intensive. However, using 
readily available GPS technology, it is now relatively easy to take an unbiased-random 
sample from cutblocks. The method also has the advantage of very little layout time and 
less walking (especially backtracking) than would be necessary for sampling on the 
squarer grid layouts. In addition, the completely random design gives lower variability 
than grid designs for sampling logging type disturbance (Thompson et al??) and 
determination of confidence intervals is based on binomial distributions. If more power 
is needed for a particular survey, it is a simple matter to add more random points and 
resurvey the area without having to worry about creating new grids or infilling grids. 
For measuring roads, landings, trails and other distinct features within a block, relatively 
cheap digital imagery can be used for highly accurate and inexpensive assessment of 
these features, though the older ground based approaches used in the Soil Conservations 
Surveys Guidebook, can still be used. A high resolution digital image makes a very good 
base map for the random survey and wherever possible, the use of these images is 
encouraged. 
This guide book outlines the general procedure for estimating dispersed disturbance 
levels in cutblocks of all sizes using a random sampling approach. It also describes a 
method for measuring other disturbance features fi'om digital air photos. 
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Measuring Dispersed Disturbance Using a Random Approach 
There may be many ways to achieve a random survey- this manual outlines one that is 
utilizes relatively commonly available technology, The broad steps are as follows: 
I. Based on the estimated disturbance levels the number of points that need to be 
sampled to achieve the desired confidence interval is estimated. For a typical 
survey of a block with 5% to 10% disturbance, 200 points gives a one sided 90% 
confidence interval of about 3 percentage points. This means that blocks will be 
called excessively disturbed if the measured disturbance exceeds 13% for a 10% 
disturbance limit block or 8% for a 5% limit block. In other words, with a sample 
size of 200 points on 10% disturbance limit blocks, if the number of disturbed 
points equals or exceeds 26 counted points, then the one-sided 90% lower 
confidence limit of the measured disturbance in the block is higher than the 
maximum. If the number of disturbed points in a 200 point survey, of a 5% 
disturbance limit block, equals or exceeds 16 points, then the one-sided 90% 
lower confidence limit of the measured disturbance in the block is higher than the 
maximum. It should not be necessary to survey more than 200 points in a block 
(or stratum), but if a block (or stratum) is highly disturbed, it may be feasible to 
survey fewer points. Appendix B shows how to determine confidence intervals 
for surveys of other numbers of survey points or other levels of disturbance. The 
higher the disturbance level, the fewer points are needed in the total survey to 
establish with confidence that the block is over the limit. The size of the block 
has no bearing on the number of points, but unavoidably, the larger the block, the 
more time it takes to survey. 
2. An appropriate number of random waypoints are generated. There may be other 
ways to do this, but one method involves creating a shape file of the NAR (survey 
stratum minus roads, landings or other features which are not part of the NAR). 
A multipoint polygon is generated in Arcmap using a Random Point-in-Polygon 
Generation Program (VBA Macro) (Sawada, 2002). The multipoint polygon is 
converted to waypoints in OziExplorer or other mapping software that has this 
function. 
3. The waypoints and a base map are downloaded onto a GPS unit that is set up to 
beep when the surveyor passes within I metre of the waypoint. The surveyor 
navigates to the waypoint and the exact observation point is indicated by the 
precise moment at which the GPS beeps. The observation point is fixed exactly at 
that moment by some arbitrmy locator of the observation point. For example the 
observation point could be deemed to be located directly below one corner of the 
GPS unit or at the end of the surveyor's right toe, wherever those are at the 
moment the GPS beeps. The same locator should be used throughout a survey. 
4. The survey progresses by using the built in navigation aids in the GPS to move 
from waypoint to waypoint. The surveyor is free to select the most efficient route 
through the points. 
5. The data is entered directly into the GPS unit. 
6. All of the points generated for a particular survey must be surveyed, i.e. one 
cannot survey points in a p0l1ion ofthe block and then conclude that the surveyed 
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area is or is not in compliance. Since disturbance within a cutblock is usually 
distributed unevenly, the entire set of points must be surveyed before making 
judgements about the level of disturbance. However, it is possible to initially do a 
complete survey with a smaller number of points and if that survey does not have 
sufficient power to give a clear result, a new set of random points can be 
generated for the same area and surveyed and the results combined with the 
previous survey to create a more powerful survey. 
7. When the survey is complete, the waypoint file is converted to a spreadsheet file, 
and the calculations are made on the spreadsheet. 
Many different configurations of hardware and software can be used to achieve a random 
survey and it is not possible to cover all those in this guidebook. Presented in Appendix 
A is a detailed protocol for a particular set of software and hardware. Potential surveyors 
who wish to use other softwareihardware combinations may find some useful tips in this 
guidance, but they are not required to use the equipment combination described. The 
fully random survey needs to meet the following criteria: 
1. The observation points must be randomly generated with any point in the survey 
area having a chance to be surveyed. 
2. When the actual observation point is located in the field, it must be selected by 
following an unbiased and precise tule, such as directly under the OPS at the 
exact moment the OPR beeps (or some other confining trigger). The surveyor 
must not adjust the observation point in any way, nor have leeway to select the 
sampling point from within a broader possible sampling area, e.g., it would be 
unacceptable to simply select the sampling point from anywhere in front of the 
surveyor at the point the OPS beeps. 
3. When the lower one-sided 90% confidence limit for the measured disturbance 
level is greater than the disturbance limit, the block is counted as over. Whatever 
size of survey indicates the block is over the lower 90% confidence limit, is 
acceptable. For surveys where the disturbance limit is greater than the one-sided 
90% lower confidence limit, in order for the block to be considered under the 
disturbance limit- the lower one-sided 90% confidence interval must be 3 
percentage units or less, (see Point 4 below). This is to address the situation 
where a surveyor might choose to survey fewer points because the disturbance is 
greatly in excess of the limit. Surveying fewer points means that the confidence 
interval could be larger if the surveyor overestimated the level of disturbance. 
This situation would make it more likely that the disturbance limit of a block will 
lie in the ambiguous zone of the confidence interval (between the lower 
confidence limit and the measured level of disturbance). Therefore, for blocks 
with disturbance close to the limit, the surveyor must sample sufficient points to 
make the lower confidence interval ~ 3% points. In cases where the measured 
level of disturbance is ~ 3%, the upper 90% confidence interval must be ~ 3% 
points. For disturbance levels greatly above 01' below the limits, a survey could 
have fewer than 200 points and still be valid as long as the disturbance limit still 
fell below the 90% confidence interval (i.e., the block is counted as over). For 
example, if the actual level of disturbance on a block with a 10% disturbance limit 
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was 30%, it would take fewer points to establish ifthe block was in compliance 
(see below). If the surveyor chooses to do a smaller survey based on an 
assumption about the disturbance level that turns out to be incorrect and as a 
result the outcome of the survey is ambiguous, the surveyor can simply generate 
another set of random waypoints and add to the survey. 
There are normally financial constraints to doing large surveys and a 200 point 
survey with one-sided confidence interval of around 3 percentage points for 
disturbance levels in the range of the normal limits (5 to 10%) will give an 
acceptable level of precision. This means that before a block is called excessively 
disturbed, the measured disturbance levels will exceed 13% or 8% for the 10% 
and 5% limits respectively. If a licensee finds themselves in a situation where the 
lower confidence limit from the survey is slightly higher than the disturbance 
limit, they can increase the survey size to any size they deem fit to get a more 
precise measure of disturbance. However, it should be remembered that the most 
probably level of disturbance is near the mean level determined by the survey. 
When a block is marginally over the limit the most likely outcome is that more 
points will narrow the confidence interval around a point close to the original 
mean. 
4. Each point in a stratum or block being surveyed must have the same chance of 
being sampled. This means that it is not acceptable to survey some arbitrarily 
chosen subset of the points in a set of random waypoints (e.g. Yz the block) and 
then stop because it appears the survey will be over or under. However, it is 
acceptable to do a survey with fewer sample points based on an estimation of a 
level of disturbance within the block that suggests actual disturbance levels might 
be considerably greater (>2 times) or less «0.5 times) than the limit. Ifa survey 
with a smaller number of points gives a 90% one-sided-Iower confidence limit 
greater than the disturbance limit, then the block is over. If the disturbance limit 
is greater than the 90% one-sided-Iower-confidence limit and the lower (or upper 
if the mean is small) confidence interval is::; 3% points, then the block is not over. 
5. While surveys must be conducted and reported based on entire standards units, 
cutblock, roadside work area or area of inordinate disturbance as the particular 
regulatory framework dictates, it is still possible to stratifY these survey areas for 
the purposes of improving the efficiency of the survey, as long as every point in 
the area being surveyed, has a chance of being surveyed. The techniques for 
stratifying to improve the efficiency of a survey are described below. 
Guidelines for Stratification 
Under the Forest Practise Code there was a provision to allow enforcement of soil 
disturbance limits on areas as small as one hectare. Under FRP A, enforcement of soil 
disturbance limits is to take place on the NAR of the cutblock. The size of the area on 
which enforcement can take place is a separate issue from stratifying to improve the 
efficiency of a survey. A stratified random sample will still report the disturbance level 
for the entire legal unit that is surveyed, however, not every portion of that unit need be 
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sampled at the same intensity. The main reason for stratifying to survey is to improve the 
efficiency of the survey. If, for example, a large portion of the area to be surveyed has 
very little disturbance «2%) and a small proportion ofthe area «20% of the area) has 
high disturbance (> 15%), then it is more efficient to sample the heavily compacted area 
more intensely and the less disturbed area less intensely. This saves considerably on the 
amount of walking that needs to be done and if one stratum is very lightly disturbed 
«2%), there may also be an increase in the power of the survey. If you cannot delineate 
strata with greatly different levels of disturbance, there is no advantage to stratifying. 
Strata need to be delineated before the survey begins and the most efficient way to do this 
is from a high resolution image such as those used for the soils FREP process. Such 
images can be flown specifically for blocks and this possibility should be considered for 
blocks where legal action is highly likely. The images also allow precise estimates of 
area in roads, landings, roadside work area, trails or other features in a block. Strata can 
also be delineated on a sketch map after an on-site inspection. 
To stratifY, first the amount of disturbance within each stratum is estimated. For example 
a stratum could be 10 hectares in size and contain approximately 25% disturbance so the 
amount of disturbance is 10 ha x 0.25= 2.5 ha. If another stratum is 50 ha in size but 
contains only 1 % disturbance, then the amount of disturbance in this stratum is 50 ha x 
0.01 = 0.5 ha. The proportions of disturbance in each stratum are estimates only and do 
not have to be determined by measurements but no stratum should ever have zero points. 
The practical lower limit for estimated disturbance in a stratum is probably around 0.5%. 
To assign the number of survey points to each stratum the fOlmula is: 
Points Per Stratum= Area Disturbed Per Stratum x Total Survey Points 
Total Area Disturbed 
For our example, to find how many points to put in the 10 ha stratum, the calculation is as 
follows: 
Points in 10 ha Stratum = 2.5 ha x 200points = 167 points 
2.5ha + 0.5ha 
This leaves 33 points in the big/low disturbance stratum. Surveying will go much more 
quickly because most of the points are in the small stratum and much closer together. In 
this case, because the disturbance in the large stratum is so low, there is actually a 
narrowing of the confidence interval- in other words this survey is more powerful than if 
the points were randomly and evenly distributed throughout the entire area surveyed. 
Roadside Work Areas, Inordinate Disturbance, Areas of Compacted Soil 
Compacted Areas, Soils That Have Sustained Damage 
Roadside work areas, inordinate disturbance and compacted areas are all special survey 
cases. Roadside work areas have a higher disturbance limit- 25% and so must be tallied 
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separately from the rest of the NAR. The higher disturbance limit in the roadside work 
area means that disturbance can be measured with the same confidence with a smaller 
number of points. Therefore, we recommend using only 100 points in the R W A. 
Inordinate Disturbance, Areas of Compacted Soil, Soils That Have Sustained Damage 
and compacted areas are all types of disturbance that may require rehabilitation if they 
are identified by a block inspection, or during a survey. The provision for rehabilitating 
these areas are contained in the Forest Practises Code or FRP A and their supporting 
documents. 
Compacted Areas 
The Forest Planning and Practises Regulation (under FRP A) requires the rehabilitation of 
areas of compacted soil: 
5) The minister may require an agreement holder to rehabilitate an area of compacted 
soil if all of the following apply: 
(a) the area of compacted soil 
(i) was created by activities of the holder, 
(ii) is within the net area to be reforested, and 
(iii)is a minimum of 1 ha in size; 
What constitutes an area of compacted soil under this section of FRP A is not defined but 
any areas greater than I ha in size that have more than 25% disturbance, should be 
documented during the survey for consideration as compacted areas. The potential 
compacted area should be delineated separately 
The provisions for rehabilitating compacted areas and inordinate disturbance are 
contained in the Forest Practises Code. 
47(7) A person who, within an area under a site plan prepared under section 21.101' 

silviculture prescription, constructs or modifies a bladed or excavated trail or a 
corduroyed trail or creates a compacted area, must rehabilitate the area in accordance 
with the regulations and standards. 
In this case, the compacted area refers to an area> 100m2 and >5m wide that is 100% 
compacted. For blocks under the CODE or transition CODE, any areas 
Inordinate Disturbance 
45(3)A person must not cal'ly out aforest practice ifhe or she knows or should 
reasonably know that, due to weather conditions 01' site factors, the cal'lying out of the 
forest practice may result, directly or indirectly, in 
(a) slumping 01' sliding of land, 
(b) inordinate soil disturbance, or 
(c) other significant damage to the environment. 
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(4) A person who contravenes subsection (1) or (3) must 
(a) stop the forest practice in the area affected, 
(b) prevent any jilrther damage to the environment, 
(c) promptly notifY the district manager, and 
(d) take any remedial measures that the district manager requires 
The Timber Harvesting and Silviculture Practices Regulation defines inordinate 
disturbance as follows: 
53 (1 )For the purposes of section 45 (3) (b) of the Act, "inordinate soil disturbance" means soil 
disturbance that 
(a) results in the district manager requiring rehabilitation of soil under section 48 
(1) of the Act, or 
(b) exceeds the soil disturbance limit specified in section 31 of this regulation. 
The Forest Practices Code Act of British Columbia section 48(1) reads as follows: 
48. (1) If the district manager determines that the area under an operational plan has sustained 
damage as a result of a forest practice, the district manager may, by written 
notice, direct the person responsible for the damage to take measures and to 
pay costs that are necessaty to rehabilitate the area to the satisfaction of the 
district manager and the person must comply with the notice. 
The term "sustained damage" is not defined anywhere but the surveyor should provide 
data to help make the determination of damage. Any areas greater than lha in size that 
have more than 25% disturbance or any areas in the NAR that are unlikely to sustain tree 
growth, should be documented in the survey. 
Steps for determining confidence intervals and number of points required. 
Checking soil hazard ratings 
RWA, Inordinate Disturbance, Compacted areas 
Regulatory Framework. 
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Rehab stuff 
, (3) , An agreement holder may rehabilitate an area occupied by permanent access 
stmctures in accordance with the results or strategies specified in the forest stewardship 
plan or by 
, (a), removing or redistributing woody materials that are exposed on the surface of the 
area and are concentrating subsurface moisture, as necessary to limit the concentration of 
subsurface moisture on the area, 
, (b), de-compacting compacted soils, and 
, (c), returning displaced surface soils, retrievable side-cast and berm materials. 
, (4) , If an agreement holder rehabilitates an area under subsection (3) (a) and erosion of 
exposed soil from the area would cause sediment to enter a stream, wetland or lake, or a 
material adverse effect in relation to one or more of the subjects listed in section 149 (1) 
of the Act, the agreement holder, unless placing debris or revegetation would not 
materially reduce the likelihood of erosion, must 
, (a), place woody debris on the exposed soils, or 
, (b), revegetate the exposed mineral soils. 
, (5) , The minister may require an agreement holder to rehabilitate an area of compacted 
soil if all ofthe following apply: 
, (a), the area of compacted soil 
, (i), was created by activities of the holder, 
, (ii), is within the net area to be reforested, and 
, (iii), is a minimum of 1 ha in size; 
, (b), the holder has not exceeded the limits described in subsection (3); 
, (c), rehabilitation would, in the opinion of the minister, 
, (i), materially improve the productivity and the hydrologic function of the soil within 
the area, and 
, (ii), not create an unacceptable risk of further damage or harm to, or impairment of, 
forest resource values related to one or more of the subjects listed in section 149 (1) of 
the Act. 
,(6), An agreement holder who rehabilitates an area under subsection (4) or (5) must 
, (a), remove or redistribute woody materials that are exposed on the surface of the area 
and are concentrating subsurface moisture, to the extent necessary to limit the 
concentration of subsurface moisture on the area, 
, (b), de-compact compacted soils, and 
, (c), return displaced surface soils, retrievable side-cast and berm materials. 
, (7) , If an agreement holder rehabilitates an area under subsection (4) or (5) and erosion 
of exposed soil from the area would cause sediment to enter a stream, wetland or lake, or 
a material adverse effect in relation to one or more of the subjects listed in section 149 (1) 
of the Act, the agreement holder, unless placing debris or revegetation would not 
materially reduce the likelihood of erosion, must 
, (a), place woody debris on the exposed soils, or 
, (b), revegetate the exposed mineral soils. 
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Abstract, There is a concem that the accelerated timber harvest in the mountain pine beetle 
epidemic area of British Columbia (BC) could compromise long-term forest productivity if 
soils are unduly disturbed. Consequently, the Ministry of Forests, Lands and Natural 
Resources Operations (MFLNRO) developed a protocol using ground- and image-based meth
ods to assess the status of the forest soil resource in part of the BC Forest and Range Evaluation 
Program (PREP). Although this protocol uses high-resolution aerial imagery, the MFLNRO is 
also collecting beetle imagery at a smaller scale for detecting and monitoring. For this evaluation, 
we use a combination of ground- and imagery-based assessments as developed for PREP within 
the BC Interior Plateau. We determined that low-resolution data are useful and are sufficient for 
detecting and measuring the extent of roads and landings. Areas occupied by landslides, erosion, 
drainage diversion, inordinate disturbance, or roadside work areas can be captured on remote
sensed images with spatial resolution greater than 2.5 m. However, based on this review and 
previous work, aerial photographs in 10-cm pixel size are best suited to reveal less evident har
vesting-related soil disturbance. © The Authors. Published by SPIE under a Creative Commons 
Attribution 3.0 Unported License. Distribution or reproduction of this work ill whole or ill part requires 
filii attribution of the original publication, including its DOl. [DOl: 10.1 1 17llJRS. 7.073541 J 

Keywords: aerial photography; monitoring; digital imagery; soil disturbance; mountain pine 
beetle. 
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1 Introduction 

The cumulative area of British Columbia (BC) that was affected to some degree by the mountain 
pine beetle (MPB) is estimated at IS.1 millions ha, and the Ministry of Forests, Lands and 
Natural Resources Operations (MFLNRO) predicts that 57% of the provincial lodgepole 
pine (Pinus contorta) inventory could be killed by 2021-these trees make-up over half the 
BC Interior's annual harvest.' To lessen the impacts of the forest health crisis, the BC MPB 
Action Plan included a provision to recover the greatest value from dead timber before it 
bums or decays, while conserving the long-term forest values identified in land-use plans.' 

The resulting accelerated timber harvest in the MPB epidemic area could compromise 
long-term forest productivity as wet soil conditions have expanded.' With less interception 
and evapotranspiration, dead and dying lodgepole pine stands experience changes in water 
balance resulting in more soil moisture, a quicker hydrological response to precipitation events, 
and a greater frequency of increased water.4 Where soils "water up," there is a higher risk of 
compaction and rutting during salvage operations.' 

To evaluate if CUlTent forest practices conserve and protect soils in BC at the local scale, a 
monitoring process was put in place that measures soil-based indicators developed to assess 
the effectiveness of forest and range legislation in achieving stewardship objectives.",7 
Indicators provide a protocol to assess changes in soil conditions in line with international stan
dards and criteda for sustainable forest management set out by the Montreal Process.S- 11 Indicators 
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are assessed through soil disturbance observable on the ground as proxy for longer-term effects, 
and therefore, provide a qualitative assessment of soil productivity and hydrologic function within 
the last two years afier harvestulg at the cutblock level." Measuring indicators are done mostly 
using high-resolution air photography in IO-cm pixel size to provide a rapid evaluation of soil 
attributes_ A ground-based survey can complement the air photo review when site conditions 
are not favorable, i.e., cel1ain disturbances are not visible on brush-rich grounds from scarifying 
the mineral soil to remove surface organic materials. 

High-resolution air photography provides crisp-quality image for the assessment of soil dis
turbance at the local scale, but must be acquired specifically for a project. Their utility has been 
shown for measuring small-scale disturbance in forestry.!2,13 However, they are not readily avail
able as satellite imagery. Additionally" high-resolution air photography is costly considering 
quality satellite imagery are becoming increasingly available (i.e., IKONOS), and some are 
being provided for free or at reasonable cost over the Internet. I4-!6 Within the context of the 
infOImation needed, the immediate goal of the cunent project was to investigate whether 
there are sources of data other than highly pixelated aerial photography (e.g., <10 cm resolution) 
that can be used to identify and map soil disturbance indicators following salvage harvesting 
using the imagery analysis method developed for Forest and Range Evaluation Program (FREP). 

In this research, we examined available remote-sensed images of different spatial resolution 
with respect to (1) level of recognition and (2) accuracy assessment of indicators of soil con
servation in association with harvesting activities within MPB areas. 

2 Methodology 

2.1 Data 

The FREP Soil Resource Stewardship Monitoring method is organized into five key indicators, 
which provide an objective and representative evaluation of productive and hydrologic function 
of soils at cutblock level under Be's Forest and Range Practices Act.' This is primarily an 
image-based survey method that focuses on indicators that rely on features that can be easily 
distinguished in remote-sensed images, i.e., are visible from overhead. Table I highlights those 
indicators for describing the status of soils on recently logged cutblock. 

Indicators were assessed across a range of digital image formats ranging from satellite 
imagery to low-altitude aerial photography with pixel size between 10 cm and 30 m (also 
refened to by spatial resolution of 30 X 30 m' frame, Table 2). The lower the spatial resolution 
frame (or the higher the resolntion of the data), the smaller is the visible feature that can be 
captured. For example, coarse woody debris lying on the ground is visible in a IO-cm pixel 
size, whereas within a larger pixel of 30 X 30 m' a large feature can be detected. A total of 
95 images were analyzed across 23 random cutblocks. Each cutblock came with at least two 
image data types to a maximum of five. 

bnages were in TIFF format, which is an uncompressed format commonly used for image
manipulation, and geo-referenced to allow for direct measurement of distances, areas, and 

Table 1 Cutblock-Ievel indicators of soil conselVation included in the image-based method of Soil 
Resource Stewardship Monitoring. 

Indicators of soil conservation 

• Lost productivity due to access construction 

• In·block area affected or potentially affected by landslides, drainage diversion, or erosion 

• Soil disturbance hazards, dispersed disturbance, Inordinate disturbance, and roadside work areas 

• Green tree retention 

• Dead wood 
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Table 2 Images accessed for monitoring Indicators of soil conselVation across selected forest 

districts. 

Image format (pixel size) Mackenzie Prince George Vanderhoof Rocky Mountain 

Landsat 5 TM (30 m)' 14 16 8 4 

SPOT 5 (15 m)b 0 0 4 0 

SPOT 5 (5 m) 0 8 4 0 

SPOT 5 (2.5 m) 0 8 0 0 

BC orthophoto (1 m)' 2 0 4 0 

Aertal photo (0.5 m)' 0 0 4 0 

Aertal photo (0.1 m)' 7 8 0 4 

Total number of images 23 40 24 8 

Total number of blocks 7 8 4 4 

'Landsat 5 Thematic Mapper (TM) satellite color Image (2004 and 2005), National Oceanic and Atmospheric 
Administration, USA. 

bSPOT 5 (Satellite Pour l'Observation de la Terre) black and white Image, spatial resolution of 15 x 15 m', 
5x5 m', and 2.5x2.5 m', SPOT Image Corporation, USA. 

eBC orthophoto Is a geometrically corrected aerial photograph provided by the Be government In color or black 
and white. 

dLow elevation true color aerial photography taken with vertical camera system provided by TOB, http://www. 
tdb.bc.ca. 

eLow elevation true color aerial photography taken with vertical camera system by J. Heath, Terrasaurus 
Aerial Photography. http://w¥/w.terrasaurus.cal. 

Fig, 1 Map of northern, central, and eastern British Columbia (BC), Canada. Locations of study 
sites are shown with a symbol "K." 
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position. Images are available to the general public, and can be ordered using the Base Map 
Online Store except for those of high resolution, Le., less than I-m pixel sizeY High-resolution 
aerial photographs acquired locally for this study used a fixed-wing aircraft, and will be acces
sible to the general public once the data is audited for quality assurance. 

Image analysis aimed to identify and map indicators of soil disturbance was performed by an 
end-user with limited knowledge in soils, but was assisted by an experienced photo-interpreter. 
Some remote-sensed data were field verified for quality assurance. Accuracy of measurement 
was examined only for access stlUctures (key indicator 1, Table 1) from various image formats 
based on comparisons with the highest-resolution image available for each block (equal or 
very close to the true value on the ground). Means and standard deviations of access structure 
estimates were computed in Microsoft Excel (2007) using the AVERAGE and the STDEV 
functions, respectively. 

Images were loaded into OziExplorer GPS Mapping software, and processed to evaluate 
cutblock-level indicators (fable I).'" The software was selected for its low cost and user friend
liness for maps containing geo-referenced information and real-tracking ability with a GPS 
receiver for work in the field. Using OziExplorer, we can determine the size of features and 
areas, and prepare a map showing the location of soil disturbance types (e.g., landings). 

2.2 Study Area 

The study area is mostly located in the central part of the interior plateau, which lies in the rain 
shadow of the BC Coast Mountains. Between 800 and 1400 m above sea level, the landform is 
rolled with few high peaks, and parent materials are mostly consolidated and of glacial origin. 
Precipitation can be as little as 250 mm annually in the valleys, but can reach 750 mm or more on 
western slopes. Soils are frozen in the winter, but in the summer soils Uwater-up" due to 
increased delivery of precipitation to the ground as the MPB affected trees die.'9 Additional 
salvaged areas were added to the sample population just to the east of the Interior Plateau 
in the southem Rocky Mountains, where digital imagery was also available and site disturbance 
field data existed to confirm the photo interpretation. During the summer months, in each cut
block, clearcut harvests were implemented, and trees were feIled mechanicaIly and yarded to the 
roadside areas for processing. Ground survey results presented in this study are based on the BC 
Soil Conservation Survey Guidebook.'o The study focused in forest districts, where the MPB 
outbreak was important within the Vanderhoof, Mackenzie, Rocky Mountain, Prince George, 
100 Mile House, Central Cariboo, and Chilcotin Forest Districts (Fig. 1). 

Table 3 Identifiable features from different remote-sensed image format in relation to soil 
indicators. 

Areas of landslides, lJ1()rdlnate 
Access drainage diversion, disturbance and Green tree 

Image format structure or significant erosion roadside work areas retention Dead wood 

Landsat 5 TM (30 m) Visible- Not visible Not visible Visible' Not visible 

SPOT 5 (15 m) Visible Not visible Not visible Visible Not visible 

SPOT 5 (5 m) Visible Not visible Not visible Visible Not visible 

SPOT 5 (2.5 m) Visible Visible Visible Visible Not visible 

Be orthophoto (1 m) Visible Visible Visible Visible Not visible 

Aerial photo (0.5 m) Visible Visible Visible Visible Not visible 

Aerial photo (0.1 m) Visible Visible Visible Visible Visible 

aApplles to roads only. Landings become clear at 5-m pixel size unless significantly greater than 0.2 ha in size. 
bAppUes to green tree retentton In patches. Single-tree retention Is best observed at 50 cm and at a smaller 
pixel size. 
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3 Results 

3_1 Identifiable Features 

In central Be, we were able to find randomly 23 sites that had been salvage harvested and where 
digital imagelY was acquired within 1 year of harvest. The amount of information available in 
each remote-sensed image is a function of its lowest object detail. The spatial resolution of some 
images limits the number of indicators that can be evaluated (fable 3). Access structures, par
ticularly roads, and green tree retention in patches are evident on all remote-sensed images, but 
easier to discern on aerial photographs (Fig. 2). On Landsat 5 Thematic Mapper (TM) color 
images (30 m), roads are generally represented by dark pink pixels, whereas tree retention stands 
out in green. Exposed soils in landings and roads yield a brighter spot than the surrounding areas 
on black and white SPOT 5 (Satellite Pour l'Observation de la Terre) images. Surface wetness 
from drainage diversion displays as a darker color due to poor reflection response and, unfortu
nately, often blends in with natural ingress and brush making interpretation difficult. 

(aJ 

(b) 

(c) 

Fig. 2 Examples of access structure and green tree retention on Mackenzie cutblock #239: 
(a) Landsat 5 Thematic Mapper (TM) (30 m), (b) Be orthophoto (1 m), and (c) aerial photo (0.1 m). 
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(b) (e) 

Fig. 3 Lynx Lake eutblock in Prince George Forest District showing smaller areas of soil disturb· 
ance such as altered drainage and roadside work areas: (a) Landsat 5 TM (30 m), (b) SPOT 5 
(2.5 m), and (c) aerial photo (0.1 m). 

Small areas «0.2 hal where soil has been disturbed, such as landings and inordinate dis
turbance areas, often appeared fuzzy and blended in with other ground features on low·resolution 
images with a pixel size greater than 2.5 m (Table 3). In compmison, wheel ruts and skid trails are 
clearly visible on higher·quality images less than 1-m pixel (Fig. 3). They were mostly found 
near or within roadside work areas and often contributed to impeded natural drainage patterns. 
High-resolution data greater than 1-m pixel size allow discernment of single-tree retention. All 
other indicators of soil conservation, except for dead wood, escape notice on satellite images 
until pixel size equaled 2.5 m. Higher quality images facilitate detection of other disturbances 
such as areas of altered drainage and roadside work areas (Fig. 3). A spatial resolution of 
10 X 10 cm2 is best suited for assessing the amount of dead wood (Fig. 4). 

3.2 Accuracy of Measurements 

The accuracy of remote-sensed images for measuring roads and landings varies with the image 
fannat. Here, accuracy of measurements refer to how close the measured value is to the hue or 
accepted value, not to be confused with positional accuracy which is an assessment of the close
ness of the object's location in relation to its true position on the Em·th's sUlface. Estimation of 
the amount of roads varied with standard deviation between 6% and 40% (Table 4). On a block
by-block basis, the lm'gest vatiation was found in Landsat TM images as a result of the large field 
of view (30 X 30 m2) and poor differentiation of color tones (e.g., logging road width is less than 
30 m). It has the lowest data resolution of remote-sensed data used in our study. However, on 
an average, satellite images performed nearly as well as any other remote-sensed images for 
measuring roads (percent difference from actual values as low as 6%, Table 4), although 
their detection is not as easy as with high-resolution images (Fig. 2). 

The area occupied by landings identified from the different image formats was between 3% 
and 26% lower than the area identified from the reference high-resolution photo (Table 4). 
However, there is a large source of variation (standard deviation up to 44%, Table 4) associated 
with the estimates for the same reasons as roads. Overall, moderate-resolution data between 1 
and 5-m pixel size are sufficient for estimating areas occupied by landings (Table 4) when no 
higher-resolution images are available. 

Journal of Applied Remote Sensing 073541·6 Vol. 7, 2013 Page 134 
FNR-2013-00368, Part 1



Dubs and Berch: Monitoring soil disturbance on salvaged areas within the mountain pine beetle ... 

(a) 

(b) 

Fig.4 Coarse woody debris across a gully on Mackenzie block #239: (a) BC orthophoto (1 m) and 
(b) aerial photo (0.1 m). 

Table 4 Variability in estimating loss of productivity due to access structure using five remote
sensed image formats when compared with a reference photo (STD = standard deviation). 

Roads Landings 
Image format 

Average difference (%) STD (%J Average difference (%) STD (%J 

Landsat 5 TM (30m) -3' 40 -26 44 

SPOT 5 (15 m) -1 6 No landings No landings 

SPOT 5 (5 m) 6' 25 -3 44 

SPOT 5 (2.5 m) 2 26 -7 39 

Be orthophoto (1 m) -5 15 -10 28 

8A negative value means that estimates underestimate reference photo value. 
bA positive value means that estimates overestimate reference photo value. 

4 Discussion 

Aerial photos «50 cm pixel size or approximately 1: 16,000) show the more obvious types of 
soil disturbance quite clearly, whereas the more subtle kinds of disturbances, I.e., when forest 
floor layers are still present, make it difficult to interpret compaction. Knowing the textural com
position of the soil is important to assess compaction. However, soil texture cannot be extracted 
from an image (I.e., without a remote spectral signature). Rutting and other machine traffic were 
then used as proxy indicators of compaction. 

Ground surveys for soil disturbance were conducted on 5 of the 23 sampled cutblocks to 
validate our results. The method using aerial photos succeeded to identify blocks that had sig
nificant amounts of soil disturbance (e.g., ruts and gouges) ranging from 8.1 % to 49.1 % of the 
net area to be reforested. Except for Landsat TM, satellite imagelY, although less pixelated, was 
adequate to pick up roads and patches of tree retention. We were confident that both satellite 
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imagery of IS m resolution or less and high-resolution aerial photography were able to show 
actually what was there on the ground. 

To get the most from remote-sensed images used for detecting soil disturbance, one needs to 
understand that spatial resolution limits the amount ofinformation (i.e., the level of details that can 
be detected from a selected image format) (Fig. 5). Satellite imagery trades off quality against 
ground coverage in one swath (e.g., Landsat TM 18S-km width versus small area coverage 
low elevation aerial photography), although pixel size as well as positional accuracy-not exam
ined here-are rapidly increasing with advanced sensor technology. As a result, smaller size fea
tures, such as landings, were sometimes identified incorrectly as a result offuzzy boundaries in the 
satellite image, something not observed on aerial photographs. These "hits and misses" can impact 

(a) 

(b) 

Fig.5 (a) Landsat 5 TM image (30 m) provides limited information. Even permanent access struc
tures are very difficult to identify. (b) The same block mapped at 10-cm pixel resolution from an 
aerial photo. 
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the estimates, but not significantly in the case of access structure considering that landings receive 
a smaller weight compared with roads in the computation of access structure due to their small size. 

Overall, satellite images provided acceptable results for tracking productivity losses on 
access structures (Fig. 3). Although the amount of green tree retention patches were not assessed 
between image formats, our work suggests its accuracy would be similar to that of access struc
tures. This review indicates that aerial photographs are more suited to map indicators other than 
loss of productivity due to access structures (e.g., areas affected by landslides, drainage diver
sion, or erosion), because there is less difficulty ill distinguishing soil features from slash, brush, 
and natural regeneration or microreliefY High-resolution satellite imagery like SPOT 5 with 
pixel size ranging from 2.5 to 5 m could be useful, with an understanding that some information 
can be missed. However, newer satellite sensors such as GeoEye-1 (0.41 m) and IKONOS 
(0.82 m) may detect finer detailed features, and therefore, potentially be useful for estimating 
indicators that require a higher level of discrimination." 

Good visibility of soil features in satellite images also depends on other factors. Local variation 
in terrain slope will influence how objects are reflected and captured by the sensors. In smaller 
blocks, various elements such as tree edge, landings, roads, or topography are present in one pixel 
and as a result, influence signal return producing a complex response making interpretation dif
ficult (Fig. 6). With spatial resolution data less than or equal to 5 x 5 m2, roads running along 
cutblock boundades are sometime difficult to map because they are obscured by the tree crowns. 
The appearance of the ground on satellite images also depends on weather conditions as satellites 

(a) 

(b) 

Fig. 6 (a) A Landsat 5 TM (30 m) image of Granbrook block showing how block size affects the 
amount of identifiable features, in comparison wilh (b) high-resolution aerial photo (0.1 m). 
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follow predetennined orbital passes and work on a fixed schedule. Figure 7 illustrates that detec
tion can be difficult on a cloudy or hazy day. In contrast, aerial photograph can be taken whenever 
the sky is clear but ground coverage is limited, and the cost of acquiring them is generally higher 
than that for satellite photos. Whether or not one image format is more appropriate than another 
one should be decided by the user's needs because infonnation that can be derived from each 
image format is limited by its spatial resolution. 

5 Management Implications 

The extreme level of soil disturbance found in at least one block suggests that there may be a very 
good reason to be concemed about the level of soil disturbance associated with salvage harvest 
operations. This level of soil disturbance would never be considered acceptable for nOlmal tim
ber harvesting, and it is important to determine what harvest operations were used on this cut
block and if it is indicative of increased soil disturbance caused by the changes in hydrologic 
function of the site. We were able to identify and measure soil disturbance using both satellite 
imagery and low-level aerial photography. Therefore, digital imagery can be used to assess the 
overall state of soil management in relation to salvage harvesting. 

Information needs should guide the choice of an appropriate data source for monitoring soil 
conservation following salvage operations within MPB-affected areas. Moderate resolution satel
lite imagery between 15 and 30 m (e.g., Landsat 5 TM) would be likely sufficient for detecting and 

(a) 

(b) 

Flg,7 Weather conditions affected feature identification: (a) A cloud on a Landsat 5 TM image and 
its associated shadow, and (b) a cloud patch (outlined in red) on a SPOT 5 (2.5 m), 
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measuring the extent of roads and landings. Finerimages provide higher accuracy measurements if 
necessary. Areas occupied by landslides, erosion, drainage diversion, inordinate disturbance, or 
roadside work areas can be captured on remote-sensed images with spatial resolution greater 
than 2.5 m, such as SPOT 5, and 1-m pixel size image, such as BC government orthophotos. 

Based on this research and previous work, aerial photographs are best suited to describe and 
accurately assess the less-evident harvesting-related soil disturbance. Higher-resolution data 
deliver the best information for end-users, but costs and availability will also need to be con
sidered before making a final decision. 

The infOlmation presented in this study was obtained from manual digital images interpre
tation, which is a process that has its limitations." As digital imagery evolves to provide finer 
details, techniques such as classification (either pixel- 01' object-based) or digital elevation 
model (e.g., ConMap) can complement manual interpretation to achieve accuracy gain in 
soil mapping.23 Our method will contribute information to the Montreal Process-Member 
Countries in evaluating the protective and productive functions of forests in relation to soil 
and water resources (Criterion 2-maintenance of productive capacity of forest ecosystems 
and Criterion 4--conservation and maintenance of soil and water resources).l! 
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Hello Mike. An assessment and review of soil disturbance survey results submitted by CANFOR for CP B97 CB 
CAR468 & CP B66 CB CAR464 revealed that (I) my counted disturbance greatly exceeds that measured by S.M. 
Forrest (the surveyor), (2) our results point towards disturbance levels over maximum limits, and (3) the survey 
methodology used Le. Big Block method with grid centres (for areas larger than 10 hal was not appropriate because 
it assumes that soil disturbance is relatively evenly distributed throughout the block which was not the case here. In 
cut-to-Iength logging, soil disturbance is confined to skid trails and Roadside Work Area (RWA). With grid centres, 
transects by chance can either run parallel to a trail or right down a residual strip. This likely results into lower 
confidence limits and therefore, a false acceptation orin-compliance. 

We checked those points surveyed by S.M. Forrest (approx. 360 points per block). 

Soil disturbance CAR464 CAR468 
limits RWA SUA RWA SUA SUB 
RWA~25% (154 pts) (240 pts) (52 pts) (240 pts) (60 pts) 
SU A~ 10% 
SUB~5% 

CANFOR 11% 2.9% 31% 13% 0% 

MOFR 42% 15% 21% 20% 30% 

The predominant disturbance type that was often missed was repeated machine traffic. It is found on repeatedly used 
skid trails and in traffic areas usually associated with RWADs. Repeated machine traffic (code OEO) is called when 
the survey point and sampling window (1m W x 2m L rectangle) show evidence of compaction indicated by 
increased soils density (coarse platy structure), puddling or compacted deposits of slash and organic debris. 
Compaction was best assessed when comparing soil structure at survey point to soil conditions of adjacent 
undisturbed areas. The Onatural soil conditionO was checked frequently by digging to ascertain compaction during 
our survey. 

We could not guarantee the exact location of observation during our review was that of S.M. Forrest. However 
discrepancies between S.M. ForrestO results and the results from the review were significant enough that in our 
opinion, compaction condition ofthe soil was not properly identified on the 2 blocks. In one particular area, a 
transect crossed a 6 m wide compacted skid trail but no points assessed at I m interval were classified as OEOsO. 

Grid centres were less than effective for surveying R WADs because it was not representative ofR W A disturbance 
levels based on ocular assessment. Some transects ran parallel to main disturbance pattern almost avoiding it while 
others skipped the strata (e.g., survey points falling outside RWA or on roads) so not enough points were collected 
to get a precise estimate of the soil disturbance. 

We also noted one large area affected by altered natural drainage patterns (roughly I ha in size) due to deep rutting 
in each block. 

Based on our main findings, I recommend that I re-measure soil disturbance within the 2 blocks using the new 
random method. Like Bill Chapman, soil scientist said: OThe method has been reviewed by a statistician, has been 
field tested by several experts and is being incorporated into the soil disturbance surveys guidance document which 
the MOFR research is currently preparingO. The sampling method is tmly random, use less number of survey points 
and most importantly, does provide a statically valid survey. 

Please, let me know if you need to discuss. I plan to go out next week and start re-surveying. 

Thanks. 

Stephane 
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A Field Guide for Surveying Soil 
Distl1r~~I!<:t!~si!1g~alldom S(\~p!!!lg . 
Prepared by Bill Chapman, PhD'; Steve Thompson, BSc2; Peter Ott, MSc'; 
Mike Curran, Ph01; Shannon Berch, Ph03 

Introduction 

This field guide outlines a random sampling procedure for estimating levels of 
dispersed soil disturbance in Standards Units (SUs) of all sizes. This method can be 
used to assess the effectiveness of soil conservation practices under the Forest and 
Range Evaluation Program (FREP), or for Compliance and Enforcement Investigations 
and other circumstances where measures of soil disturbance are needed. This sampling 
procedure is intended for use with the following companion documents. 
• FREP Soil Conservation Field Cards 
• OziExplorer Training and Help Manual 
• Protocol for Soil Resource Stewardship Monitoring: Cutblock Level 

These documents are located under the "Soils" resource value at: httll://www.for.gov. 
be. ca Ihfp/frell/i ndicato rs/tab le. htm 

The sampling procedures described in this technical note are applicable to dispersed 
disturbance in the Net Area to be Reforested (NAR) and in Roadside Work Areas (RWA). 
The terms "SU," "NAR," and "RWA" all have legal definitions in British Columbia 
forestry. It is assumed the reader is familiar with current legislation and the 
description of counted soil disturbance (B.C. Ministry of Forests 2001). Soil 
disturbance that results from "Temporary Access Structures" may be counted as 
a category of disturbance within a random dispersed disturbance survey, or it 
may be surveyed separately using any of the standard methods for measuring 
road area, which are available from many other sources. 

Although transect-based survey methods exist (e.g., B.C. Ministry of Forests 
2001), a random sample gives the best estimate of disturbance for a given 
sample size and it is straightforward to calculate a statistical test to 
verify results. The random method also requires very little layout time 
and is easily scaled to different-sized areas and complex shapes. 
Some of the advantages of random sampling are discussed in 
Bergerud (2004). 

B.C. Ministry of Forests, Lands and Natural Resource Operations 
2 Frontline Forest Research, Nelson, B.C. 
, B.C. Ministry of Environment, Environmental Sustainability and 

Strategic Policy Division 
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Many different configurations of hardware and software can be used to locate points for a random survey. The 
survey procedure outlined here uses commonly available technology. Regardless of the equipment used, a random 
survey must meet the following criteria to be acceptable. 
1. The observation points must be randomly generated with any point in the survey area having a chance of 

being sampled. 
2. When the observation point is located in the field, the exact survey point must be selected by following a 

precise rule that eliminates the opportunity for surveyor bias to influence selection. 
3. All points generated for a particular survey area must be evaluated. It is expected that random survey points 

and soil disturbance will be distributed unevenly throughout the survey area. Therefore, the entire set of 
points must be surveyed and evaluated before making judgements about the overall level of disturbance. 
Initially, a complete survey with a smaller number of points is possible. If this survey is subsequently found 
to have insufficient power to give a clear result, an additional set of random points can be generated for the 
same area and surveyed. These results can then be combined with the previous survey to generate a more 
precise estimate. 

The goal of effectiveness evaluations is to determine whether practices are effective at achieving objectives, 
whereas a compliance-type survey assesses whether the level of prescribed disturbance has been exceeded. 

The estimate of disturbance from a sample is subject to sampling error, and therefore a one-sided t-test is used to 
give a measure of the power of the sampling procedure. For investigations into excess soil disturbance resulting 
from forestry operations in British Columbia, a statistically significant, one-sided t-test at the 90% confidence 
level is typically considered as a sufficient indicator that the soil disturbance limit has been exceeded. 

Survey Procedure 

1. Preliminary Assessment and Mapping - The recommended procedure is to review high-resolution digital 
imagery (i.e., 10 cm per pixel, or less) to assess the amount and distribution of disturbance, delineate the 
RWA and temporary access structures, and identify areas with potential environmental damage. For detailed 
instructions, see the OziExplorer Training and Help Manual (http://www.for.gov.bc.ca/ftp/hfp/external/!publish/ 
frep/i ndica tors/Ozi Explo re r -T rai ni ng-a nd-He lp- Ma n ual- May-2009. pd f). 

Delineate (stratify) areas with different concentrations of disturbance on the aerial photo. Stratification 
can improve the efficiency of a random survey and is recommended for large SUs with highly clustered 
disturbance (see "Guidelines for Stratification" below). 

As an alternative to aerial photo assessment, conduct a field reconnaissance of the survey area to assess 
the distribution and severity of soil disturbance. The RWA can be defined from a ground survey, but 
this is very time consuming. 

The survey area can include one or all SUs in a cutblock. The RWA is always treated as a 
separate SU and, depending on the level of disturbance, mayor may not be surveyed. If a 
cutblock contains multiple SUs, it will not be necessary to survey all of them, as the unit of 
assessment (effectiveness or compliance) is the SU or the RWA. 

If "Damage to the Environment" under the Forest and Range Practices Act is suspected, 
then a survey may also be undertaken on smaller areas within an SUo If a survey is 
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Figure 1: Example of stratification from a high-resolution aerial photo. In this case, the SU was divided into 
two strata (blue and yellow boundaries). The yellow stratum is not contiguous. The red lines show the location 
of RWAs mapped from the photo. In this example, the RWA has also been divided into two strata, corresponding 

to the different shades of red (which sometimes appears pinkish where it is adjacent to a blue line). The strata 
were selected because of visibly differing levels of soil disturbance, although the differences are not discernible at 

the scale shown. This image (-10 cm per pixel) can be greatly magnified without pixilation. I. 

used to gather evidence for a "Damage to the Environment" action, then the area to be surveyed is defined 
by the expert giving evidence on the likelihood of environmental damage. 

Map the survey area boundaries using the SU boundaries defined in the site plan, except for RWA 
boundaries, which are best determined from aerial photos. 

• Exclude roads, landings, or other features that are not part of the NAR. 
• Identify and map temporary access structures, such as roads and turnouts (if these are to be measured 

separately). 

Figure 1 shows an example of boundaries mapped from a high-resolution aerial photo. 

Create a digital map of the survey area using suitable GIS software (e.g., OziExp[orer, ArcMap'", or Global 
Mapper'"). Note the map datum so that a GPS can be set to match the map. 
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2. Determine Sample Size - Review survey objectives and determine sample size. The number of points 
to be sampled is determined by the expected level of disturbance and the desired confidence interval. 
With higher disturbance levels, fewer points are needed in the field survey to establish that the cutblock 
is over the prescribed disturbance limit. 

For a typical compliance and enforcement survey of dispersed disturbance, 200 sample points are 
recommended in an SU with 5-15% disturbance. This gives a critical value that is approximately 3% 
less than the estimated mean using a one-sided t-test at the 90% Confidence Level (Table 1). 

Typically, SUs will be considered in non-compliance if the measured disturbance exceeds 13% for a 
10% disturbance limit block, or 8% for a 5% limit block. 

For effectiveness evaluations, in which samples usually consist of many cutblocks, a 100-point 
survey is considered a good trade-off between sampling power and use of resources. For surveys 

Table 1: Critical value for a one-sided Hest at the 90% confidence level 

Number of Survey Points 
Percent 

40 50 60 70 80 90 100 110 120 150 200 250 Disturbance 

5 7.8 7.7 7.6 7.3 7.0 6.8 
6 9.3 9.1 8.9 8.8 8.5 8.2 7.9 
7 10.7 10.5 10.3 10.2 10.0 9.7 9.3 9.1 
8 12.2 11.9 11.7 11.5 11.4 11.2 10.9 10.5 10.2 
9 13.8 13.5 +-~~ 12.9 12.7 12.5 12.4 12.0 11.6 11.3 

10 
".~, 

15.6 15.1 14.7 14.4 14.1 13.9 13.7 13.5 13.2 12.7 12.4 
11 16.8 16.3 15.9 15.5 15.3 15.1 14.9 14.7 14.3 13.9 13.5 
12 18.0 17.5 17.1 16.7 16.4 16.2 16.0 15.8 15.4 15.0 14.6 
13 20.0 19.2 18.7 18.2 17.9 17.6 17.4 17.2 17.0 16.5 16.1 15.7 
14 21.2 20.4 19.9 19.4 19.0 18.7 18.5 18.3 18.1 17.7 17.2 16.8 
15 22.5 21.6 21.0 20.6 20.2 19.9 19.6 19.4 19.2 18.8 18.3 17.9 
16 23.7 22.8 22.2 21.7 21.3 21.0 20.8 20.5 20.3 19.9 19.3 19.0 

f-- ..... 17 24.8 24.0 23.3 22.9 22.5 22.1 21.9 21.6 21.4 21.0 20.4 20.1 
18 26.0 25.1 24.5 24.0 23.6 23.3 23.0 22.7 22.5 22.1 21.5 21.1 
19 27.2 26.3 25.6 25.1 24.7 24.4 24.1 23.8 23.6 23.1 22.6 22.2 
20 28.3 27.4 26.7 26.2 25.8 25.5 25.2 24.9 24.7 24.2 23.6 23.3 
21 29.5 28.6 27.9 27.3 26.9 26.6 26.3 26.0 25.8 25.3 24.7 24.3 
22 30.6 29.7 29.0 28.5 28.0 27.7 27.4 27.1 26.9 26.4 25.8 25.4 
23 31.8 30.8 30.1 29.6 29.1 28.8 28.5 28.2 28.0 27.4 26.8 26.4 
24 32.9 31.9 31.2 30.7 30.2 29.8 29.5 29.3 29.0 28.5 27.9 27.5 
25 34.0 33.0 32.3 31.7 31.3 30.9 30.6 30.3 30.1 29.6 28.9 28.5 
26 35.2 34.1 33.4 32.8 32.4 32.0 31.7 31.4 31.2 30.6 30.0 29.6 
27 36.3 35.2 34.5 33.9 33.5 33.1 32.8 32.5 32.2 31.7 31.0 30.6 
28 37.4 36.3 35.6 35.0 34.5 34.1 33.8 33.5 33.3 32.7 32.1 31.7 
29 38.5 37.4 36.7 36.1 35.6 35.2 34.9 34.6 34.4 33.8 33.1 32.7 
30 39.6 38.5 37.7 37.1 36.7 36.3 35.9 35.7 35.4 34.8 34.2 33.7 
35 45.0 43.9 43.0 42.4 41.9 41.5 41.2 40.9 40.6 40.0 39.3 38.9 
40 50.2 49.1 48.3 47.6 47.1 46.7 46.4 46.1 45.8 45.2 44.5 44.0 
45 55.4 54.2 53.4 52.7 52.2 51.8 51.5 51.1 50.9 50.2 49.5 49.1 
50 60.4 59.3 58.4 57.8 57.3 56.8 56.5 56.2 55.9 55.3 54.6 54.1 
55 65.4 64.2 63.4 62.7 62.2 61.8 61.5 61.1 60.9 60.2 59.5 59.1 
60 70.2 69.1 68.3 67.6 67.1 66.7 66.4 66.1 65.8 65.2 64.5 64.0 --
65 75.0 73.9 73.0 72.4 71.9 71.5 71.2 70.9 70.6 70.0 69.3 68.9 
70 79.6 78.5 77.7 77.1 76.7 76.3 75.9 75.7 75.4 74.8 74.2 73.7 
75 84.0 83.0 82.3 81.7 81.3 80.9 80.6 80.3 80.1 79.6 78.9 78.5 
80 88.3 87.4 86.7 86.2 85.8 85.5 85.2 84.9 84.7 84.2 83.6 83.3 

• Blank values are shown where use of this table Is not recommended 

Page 147 
FNR-2013-00368, Part 1



associated with effectiveness evaluations, however, a cutblock is 
considered over the limit if the mean is over the limit, as the true 

disturbance in the block is likely closer to the mean than the confidence limit. 

Because of mapping or GPS errors, some points will inevitably fallon permanent 
landings, roads, or other non-surveyed areas (e.g., a large pile of slash). Therefore, 

it is often more efficient to generate 10% more points (e.g., 110 points for a 100-point 
survey); then, if some points are dropped during the survey, an adequate sample can still 

be obtained without having to generate another set of survey points. 
3. Generate Random Waypoints and Download to GPS - This step can be done with suitable GIS 
software and with the digital map generated during Step 1 (above). 

For example, a point shapefile can be generated in ArcMap, using a Visual Basic for Applications 
macro developed by Sawada.4 The shapefile is then converted to waypoints in OziExpiorer (or other 

mapping software that has this function). The waypoints are then downloaded to a suitable GPS unit. 
Production of a paper or digital map is recommended to assist in tracking field survey progress. 

Field 
4. Determine the Hazard Rating for the SU - Under the Forest and Range Practices Act, the Crown does 

not verify any soil hazard ratings5 that may be given in the site plan; therefore, soil hazard ratings must 
be independently determined by the surveyor. This hazard rating is then used to determine which soil 
disturbance categories count and the disturbance limits for the area to be surveyed. This may be done 
either before or after the survey is completed, as long as all disturbance types are described at each survey 
point. 

5. Verify that the GPS and Map Correspond - If the GPS and map are in different map datums, or if the map 
has been georeferenced incorrectly, then a significant shift between the GPS readings and the map is possible, 
causing some survey points to be located outside of the sampled SUo Map correspondence can be checked 
by determining the GPS location of three or more points that are clearly and precisely located on the aerial 
photograph. 

6. Traverse Recording - Before surveying, switch on the tracking function in the GPS so the traverse route will 
be recorded. 

7. Locate Survey Points in the Field - For field location of survey points, the recommended procedure is to use 
built-in GPS features to navigate from waypoint to waypoint. Wherever feasible, approach the next waypoint 
from the general direction of the previous waypoint. In the final 10 m before a point, the surveyor should 
focus on the GPS unit and walk in a straight line at an even pace. If adjacent points are less than 10 m apart, 
ensure the approach to each point begins at least 10 m away. Do not use a haul road as the starting point 
when locating points in an RWA survey. 

8. Navigation to a point is complete when the GPS indicates it is 1 m from the waypoint. This is determined 
by observing the changing distance to the waypoint on the GPS, or by programming the GPS to beep at 
aim distance from the point. At precisely the moment when the 1 m distance is indicated, the exact 
survey point is identified by an arbitrary locator that is determined in advance and is consistently used 
throughout the survey. 

Sawada, M. Random point generator, a VBA macro available from ESRI ArcScripts at: http://arcscripts.esri.com/details.asp?dbid~12098 
(Accessed March 2013). 

!; Soil hazard ratings, which are a necessary prerequisite to conducting a soil disturbance survey, are described in the Hazard Assessment Keys for 
Evaluating Site Sensitivity to Soil Degrading Processes Guidebook (B.C. Minisby of Forests 1999). 
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Examples of locators are the point directly below one corner of the GPS unit, or the end of a heavy or 
weighted piece of flagging that hangs from the strap of the GPS. The surveyor marks the point immediately 
and must not adjust its location in any way. Because of the GPS's built-in variability, the reading may 
change while the surveyor is standing there; however, this is will not matter as the surveyor uses the initial 
indication of the point. 

The surveyor navigates to a location 1 m from the point because it is simply too time consuming to locate 
the point with any more precision (and most GPS units would not be able to do this anyway). If relocation 
of a point is attempted with the GPS, it is unlikely that the exact point would be found, but this is not 
important as the original point will have been located in an unbiased manner. 

9. Field Marking and Data Recording -
For compliance surveys, the exact survey point should be semi-permanently marked. This is not necessary for 
effectiveness evaluation surveys unless they are subject to audit. Survey results can be entered directly into a 
GPS unit or an electronic data entry device, or recorded on notepaper. 

10.Calculations - When the survey is complete, compare the estimated mean to the prescribed soil disturbance 
limit using a one-sided t-test at the 90% confidence level. The formulae to calculate the critical value for this 
test are shown below. 
If the critical value is greater than the prescribed soil disturbance limit, then the survey area is typically 
considered to be over the disturbance limit. 

counted disturbance points 
p= 

n 
Mean = 100 x P 

. P x (1 - p) 
Variance = (n _ 1) 

Critical Test Value = Mean - 100 x teo.1.n-1) x "Variance 

Where: n = total number of survey points; and t(O.I. n-l) = Student's t statistic for a one-sided test at the 
90% confidence level. 

Note: If you are using Excel to calculate the t value, the function "TIN V" assumes a two-tailed probability. 
To specify the correct value for TINV in a one-sided test, set a = 0.2 (i.e., TINV[O.2. n-l])' 

Calculations for Multiple Strata (Stratified Random Sample) 

If there is more than one stratum in the survey area, calculate the overall mean disturbance using a 
weighted mean and the lower confidence limit using a weighted standard error (SE). Weighted standard 
error is calculated stepwise by calculating the variance in each stratum, using the formula above and 
then combining the numbers on an area weighted basis: 

"'\'s ( Area2 ) Weighted SE = L 2' X Variance! 
t=l AreaTotal 

Where: Area j = area of stratum "i"; Areatotal = total area of all strata; S = number of 
strata; and 
Variance j = variance of Stratumj, calculated as above. 
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An example calculation of the weighted mean and SE in a 100-ha SU with two unequal-sized strata of 25 
and 75 ha is shown below. A total of 114 points were surveyed in the smaller stratum, with 23 counted 

disturbance points (20.2%). Eighty-six points were surveyed in the larger stratum with 4 counted 
disturbance points (4.7%). 

( 
25 ha ) ( 75 ha ) 

Weighted Mean = 100 ha x 20.2% + 100 ha x 4.7% 

= 5.05% + 3.53% = 8.58% 

. mX l-m 
[

23 ( 23)] 
Vanancel = 100 x (114 -1) = 0.1425 

. [s\ x (1 
- s\)] 

Vanance2 = 100 x (86 -1) = 0.0522 

[
25 2 75

2 1 Weighted SE = 100' x 0.1425 + 100' x 0.0522 = 2.73% 

Guidelines for Stratification 

Stratification may improve the efficiency of a survey, particularly if an aerial photo or other type 
of preliminary review shows large variability in the distribution of disturbance within an SU. In 
such cases, every portion of a surveyed area may not require sampling at the same intensity. The 
potential benefits of stratification are greatest with very large SUs. 

Strata must be mutually exclusive, collectively account for the total area of the SU, and 
delineated before the field survey begins. This is most efficiently done using a high-resolution aerial 

photo (i.e., 10 cm per pixel or less). Figure 1 shows an example of stratification from an aerial photo 
review. 

If more than one stratum is assessed in the survey area, final results are calculated with area-weighted 
means and variances. Using weighted means and variances compensates for the unequal allocation 

of survey points to strata so that a stratified random sample still gives a valid estimate of the overall 
disturbance level for the entire area surveyed. 

Individual strata can consist of dispersed areas; for example, a number of mappable, non-contiguous, small
sized wetter areas within a larger survey area can be surveyed as one stratum. 

For very large SUs, stratification may also be used to implement a multi-step effectiveness or compliance 
survey. This is done by identifying a stratum (via a preliminary assessment) within the SU that has above
average disturbance. Following the stratum sample size guidelines below, a survey is done on this smaller 
area. The results are then used to determine whether additional surveying is warranted in the other strata. 
For example, if the survey results clearly show the most disturbed stratum is low or in compliance, then it 
may not be worth surveying the remaining strata, which are presumed to have less disturbance. To improve 
interpretation, it may be desirable to include extra sample points in this first step. 

This procedure can only be used if a surveyor can provide convincing evidence that a more disturbed area has 
been stratified out. High-resolution photography is useful to support such a position. 
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Calculating Stratum Sample Size 

SampLe size is a function of the number of points in the totaL survey area, the estimated 
disturbance, and the area of the stratum. 

Estimate the amount of disturbance in each stratum (via preLiminary assessment), and 
then caLcuLate the sampLe size by weighting the number of points for each stratum using 

the formuLa beLow. In aLL cases, a minimum of 15% of the totaL sampLe shouLd be used in each 
stratum (e.g., 30 points in a 200-point totaL sampLe). The surveyor can increase the number 

of points in a stratum of interest as this will not affect the finaL weighted average caLcuLation of 
disturbance. 

Where: Areal = area of stratum "i"; S = number of strata; and Pi = estimated proportion of disturbed points. 

Consider the exampLe of a 100 ha survey area with two strata. One stratum is 25 ha with disturbance 
estimated at 20%. A second stratum is 75 ha with disturbance estimated at 5%. For a 200-point survey, 
sampLe sizes in each stratum wouLd be estimated as: 

25 x )0.20(1 0.20) 
~= x~ 

25 x )0.20 x (1 0.20) + 75 x "/0.05(1 0.05) 

25 x 0.4 
25 x 0.4 + 75 x 0.218 x 200 = 76 

75 x )0.05 x (1 0.05) 75 x 0.218 
n7S = 0.05) x 200 = 25 x 0.4 + 75 x 0.218 x 200 = 124 25 x ";0.20 x (1 0.20) + 75 x ";0.05 x (1 
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Soil disturbance CAR464 CAR468 
limits RWA SUA RWA SUA SUB 
RWA~25% (154 pts) (240 pts) (52 pis) (240 pts) (60 pts) 
SUA~lO% 

SUB~5% 

CAN FOR 11% 2.9% 31% 13% 0% 

MOFR 42% 15% 21% 20% 30% 
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Preface 

This guidebook has been prepared to help forest resource managers plan, 
prescribe, and implement sound forest practices that comply with the Forest 
Practices Code. 

Guidebooks are one of the four components of the Forest Practices Code. The 
others are the Forest Practices Code of British Columbia Act, the regulations, 
and the standards. The Forest Practices Code of British Columbia Act is the 
legislative umbrella authorizing the Code's other components. It enables the 
Code, establishes mandatory requirements for planning and forest practices, sets 
enforcement and penalty provisions, and specifies administrative anangements. 
The regulations layout the forest practices that apply province-wide. Standards 
may be established by the chief forester, where required, to expand on a 
regulation. Both regulations and standards, where required and established under 
the Code, must be followed. 

Forest Practices Code guidebooks have been developed to support the 
regulations, but are not part of the legislation. The recommendations in the 
guidebooks are not mandatory requirements, but once a recommended practice is 
included in a plan, prescription, or contract, it becomes legally enforceable. 
Guidebooks are not intended to provide a legal interpretation of the Act 01' 

regulations. In general, they describe procedlli'es, practices, and results that are 
consistent with the legislated requirements of the Code. 

The information provided in each guidebook is to help users exercise their 
professional judgement in developing site-specific management strategies and 
prescriptions to accommodate resource management objectives. Some guidebook 
recommendations provide a range of options or outcomes considered acceptable 
under varying circumstances. 

Where ranges are not specified, flexibility in the application of guidebook 
recommendations may be required to adequately achieve land use and reSOlli'ce 
management objectives specified in higher-level plans. A recommended practice may 
also be modified when an alternative could provide better results for forest resource 
stewardship. The examples provided in many guidebooks are not intended to be 
definitive and should not be interpreted as the only acceptable options. 

iii 
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1 Introduction 

Soil conservation is a key component in the Forest Practices Code of British 
Columbia Act. This guidebook describes procedures for measuring disturbance to 
soil caused by forest practices. 

The first part of this guidebook provides an overview of post-harvest and post
treatment inspection procedures. The section discusses how soil conservation 
requirements have changed, and describes generally how disturbance on access 
structures and in the net area to be reforested (NAR) should be measured. 

The second part of the guidebook provides the current requirements and 
definitions that apply to soil conservation surveys. 

The third part of the guidebook describes how soil conservation surveys should 
be calTied out. It details the requirements for visual inspections, road traverse 
surveys, landing surveys, and transect surveys for small and large areas. Also 
described are how survey points established during transect surveys are 
classified. 

Appendix 1 provides the requirements and definitions that apply to prescriptions 
that were approved under the Forest Practices Code (Code) before June 15, 1998. 
Appendix 2 outlines the sequence used for classifying survey points, Appendix 3 
presents a random number table, Appendix 4 shows a table of grid spacings for 
the transect survey method for large areas, Appendix 5 describes field marking 
conventions, Appendix 6 contains the forms to be used in conducting soil 
conservation surveys, and Appendix 7 presents the recommended limits of soil 
disturbance for coastal and interior sites. 
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2 Overview of post-harvest and post-treatment 
soil inspection procedures 

Important aspects of soil conservation are the inspections calTied out to check 
that detrimental impacts to forest soils are being minimized. This section of the 
guidebook outlines survey procedures appropriate for given situations. 

Soil conservation surveys examine: 

• the proportion ofthe prescription area occupied by access structures, 

• the amount of soil disturbance within the net area to be reforested (NAR), and 

• the amount offorest floor displacement within the NAR.' 

Pre-harvest silviculture prescriptions, silviculture prescriptions and stand 
management prescriptions set maximum limits for some or all, three of these 
factors. The limits depend on the standards in effect when the particular 
prescription was approved. Compliance surveys can be conducted for each 
factor. 

2.1 Different soil conservation requirements over time 

A number of significant changes to soil conservation requirements have been 
introduced over the years. Before any soil conservation survey is undertaken, the 
first step is to determine what soil conservation requirements were specified and 
what definitions apply. Each soil conservation survey must be based on the 
standards specified in the prescription and must use the definitions in place 
when the prescription was approved. 

In the time prior to full Forest Practices Code compliance, there are three periods 
during which different soil conservation requirements and different definitions 
applied to prescriptions. (Requirements and definitions for these periods can be 
found in the first edition of the Soil Conservation Surveys Guidebook [1997]). 

Since the Code was introduced, there have continued to be some changes, 
including the elimination of requirements to specifY limits for forest floor 
displacement and forest floor reduction, and modification of how limits for 
temporary access structures are specified. A further description of these changes 
is provided in Appendix 1. 

I Although specifying limits for forest floor displacement is no longer required for silviculture prescriptions approved under 
current legislation. It is a requirement on Code prescriptions approved before June 15, 1998. 
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In addition, soil conservation requirements for areas under woodlot licences have 
also undergone some changes and can be different from those of other tenures. 
These are discussed in a later section in this guidebook entitled "Woodlot licence 
area requirements." 

Unless otherwise specified, the following sections of this guidebook provide 
the soil conservation requirements and definitions of the regulations and Act 
in effect at the time ofthis guidebook's pUblication. 

Under the cutTent requirements, silviculture prescriptions must specify: 

• the maximum percentage of the total area under the prescription that may be 
occupied by permanent access stlUctures; 

• the maximum percentage of the NAR that may be occupied by soil 
disturbance; and 

• the extent to which the maximum percentage of soil disturbance in the NAR 
can be temporarily exceeded to constlUct temporary access stlUctures. 

2.2 Requirement for soil conservation surveys 

Soil conservation compliance reports are required in all areas where the 
government must establish a free-growing stand (in keeping with the Silviculture 
Practices Regulation). The district manager must complete a report that states the 
extent to which an area under a silviculture prescription is in compliance with the 
allowable limits prescribed for the area that may be occupied by permanent 
access stlUctures and the amount of soil disturbance. 

An assessment should be in the form of a visual inspection to confilm that the 
maximum limits in the prescription have not been exceeded. No formal survey 
measurements need to be done, unless it is apparent that the limits may have 
been exceeded. 

For major licensees, soil conservation surveys are not mandatory. However, if 
visual inspections indicate that their operations may be in non-compliance, the 
district manager, in accordance with the Silviculture Practices Regulation, can 
direct the licensees to conduct surveys. The purpose ofthese surveys is to inspect 
a) the nature and extent of the total area under the silviculture prescription 
occupied by permanent access stlUctures, and b) soil disturbance in the NAR, 
including temporalY access structures. 
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2.3 Measuring the area occupied by permanent access structures 

Silviculture prescriptions must specifY the maximum percentage of the total area 
under the plan that can be occupied by permanent access structures (e.g. 
permanent haul roads, landings, gravel pits, bOlTOW pits, and pelmanent logging 
trails). The types and definitions of access structures that count towards the 
maximum percentage in the prescription have changed over time, but the field 
measurement procedures are very similar. 

Assessment of access structures begins with visual inspection. Where problems 
appear, a more detailed road and landing survey procedure is used to determine 
the percentage of the area occupied by permanent access structures. 

2.4 Measuring soil disturbance 

4 

Maximum soil disturbance limits are specified in a prescription by standards 
unit. For each standards unit, the prescription should state the assessed hazards 
for soil compaction, soil displacement, and soil erosion, and indicate the 
likelihood of landslides (if detailed terrain stability mapping has been done). The 
assessed hazards should be used to determine: 

• the maximum amount of soil disturbance allowed within a standards unit; and 

• which types of soil disturbance to count in each standards unit (see the 
summary table in Appendix 7). 

When a person is checking for compliance, it is important to know both of these 
factors. Separate strata must be used when surveying standards units that have 
different maximum limits or different categories of soil disturbance that count. 

Where the method of timber harvesting is cable or aerial, it is not necessary to 
specifY the soil hazards, only the likelihood oflandslides (if warranted). Where 
soil hazards have not been assessed, compacted areas and all categories of 
dispersed disturbance must be counted as soil disturbance (i.e., those 
categories normally counted only on more sensitive sites). 

Measuring soil disturbance begins with a visual inspection. Where disturbance 
appears to exceed the limits set out in the silviculture prescription, a transect 
survey may be required to determine the percentage ofthe area occupied by soil 
disturbance. 

Transect surveys classifY survey points along transect lines. Survey points are 
classified based on the soil conditions observed at and around each point. 

In some cases, surveys may be conducted on strata that are smaller than the 
standards unit. The procedures and criteria for site stratification are discussed in 
the section "Survey methods for soil disturbance - Site stratification." 
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3 Definitions and requirements 

3.1 Access structures 

Access structures located within a cutblock are identified as either permanent or 
temporary in a silviculture prescription. 

Permanent access structures include main haul roads, spur roads, landings, 
gravel pits, bon'ow pits, quarries, and permanent logging trails that are built 
within the total area under the prescription. To be classified as permanent in a 
prescription, they must satisfy one of the following conditions: a) they must be in 
use for a long enough period such that, even if they were to be rehabilitated, a 
commercial crop of trees could not be established on the area occupied by these 
structures by the time a commercial crop is established on an adjacent area of the 
cutblock; or b) they must be constructed through soil or rock or ballasted with 
material that would make them unsuitable for rehabilitation. Such structures are 
not part of the net area to be reforested (NAR) and do not count towards soil 
disturbance. 

Temporary access structures include roads, landings, pits or quarries, excavated 
or bladed trails, main skid trails, backspar trails, corduroyed trails, and similar 
structures within the NAR that are identified as being temporary in a silviculture 
prescription. Such structures count towards soil disturbance unless they have 
been rehabilitated. (See "Soil disturbance requiring rehabilitation," below.) 

3.2 Soil disturbance 

Soil disturbance is a general term referring to the following types of disturbance 
that occur on the NAR: 

• unrehabilitated temporary access structures, including excavated or bladed 
trails of a temporary nature, 

• corduroyed trails, 

• compacted areas, and 

• dispersed disturbance. 

Dispersed disturbance is itself a general term referring to dispersed trails, 
gouges, and scalps. Dispersed trails include wheel and track ruts (normally 
created during the operation of ground-based equipment on wet soils of limited 
load-bearing strength) and compaction from repeated machine traffic. Gouges are 
subdivided into deep gouges, wide gouges, and long gouges. Scalps are divided 
into wide scalps and very wide scalps. 

5 
Page 164 
FNR-2013-00368, Part 1



Soil Conservation Surveys Guidebook 

Some types of disturbance, such as wide scalps and repeated machine traffic, 
count as soil disturbance only on more sensitive sites. 

When soil disturbance is being assessed, it is necessary first to determine which 
types of soil disturbance will count on the standards unit and which measurement 
criteria will be appropriate for each disturbance type. 

3.3 Soil disturbance requiring rehabilitation 

Temporary access structures (including excavated or bladed trails of a temporary 
nature), compacted areas, and corduroyed trails require rehabilitation, unless 
exempted by the district manager. If they are not rehabilitated in accordance with 
the requirements of the regulations, they count as soil disturbance. (Once 
satisfactorily rehabilitated, they no longer count as soil disturbance.) Survey 
symbols for bladed trails and similar structures are shown in Table 1. 

Soil conservation surveys can be done before these structures are rehabilitated, 
with the objective of determining the percentage of the NAR occupied by 
temporary access. Normally, however, soil conservation surveys are conducted 
after rehabilitation is complete. 

Table 1. Soil disturbance categories requiring rehabilitation' 

Symbolb Category Example 

R Excavated/bladed trails Contour-built skid roads that have not been rehabilitated 

Y Corduroyed trails Skid trails or backspar trails that have been ballasted with logs 

A Compacted areas Junctions of skid trails and excessively compacted roadside work 
areas 

a These categories require rehabilitation unless exempted by the district manager. 

b These one-leiter symbols are used to record a category of disturbance when conducting a survey. 

3.3.1 Excavated or bladed trails (R) 

t!nfll,"oumble fill slope mRterllll Fln'Ollruhle Olllil()pe filJ\ferial 
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Excavated or bladed trails are constructed trails that have: 

• a mineral soil cutbank height greater than 30 cm, and 

• an excavated width greater than 1.5 m. 

The classification of soil disturbance on excavated and bladed trails depends on 
whether fill slopes are considered a favourable or unfavourable medium for 
growing trees. (If this is not stated in the silviculture prescription, the section on 
fill slope soil material in the Soil Conservation Guidebook should be consulted.) 

• If fill slopes are unfavourable: Classify survey points as soil disturbance (R) if 
they fall on the trail between the place where the sidecast is consistently 
greater than 20 cm deep and the top of the cut. Do not count as part of the 
sidecast any accumulations of slash that are clean woody debris (i.e., those 
that contain less than 30% mineral soil). 

• If fill slopes are favourable: Classify survey points as soil disturbance (R) if 
they fall on the trail between the top of the cut to the outside edge of the 
compacted running surface. If the running surface is not compacted (e.g., on a 
winter trail), then include only survey points that fall within the excavated 
width. 

If excavated or bladed trails have been satisfactorily rehabilitated, the exposed 
mineral soil surface associated with the trail does not count as soil disturbance. 
The exception is if the trail is under a woodlot site plan (as discussed in the 
section "Woodlot licence area requirements.") 

Unrehabilitated excavated or bladed trails that are not identified as 
permanent logging trails in a silviculture prescription must be counted as 
soil disturbance on all sites. 

Corduroyed trails (Y) 
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3.3.3 

8 

Corduroyed trails are constructed using logs and woody debris placed side by 
side to form a surface greater than 2 m in length and capable of suppOliing 
equipment traffic. Tree tops and limbs placed in front of harvesting equipment to 
distribute machine load and reduce soil compaction should not be considered as 
corduroyed trails, unless the debris prevents the establishment of regeneration at 
close to the approved target stocking standards. If satisfactorily rehabilitated, a 
corduroyed trail does not count as soil disturbance. 

Un rehabilitated corduroyed trails must be counted as soil disturbance on all 
sites. 

Compacted areas (A) 

Compacted areas are areas on which there is evidence of compaction at the 
survey point and on 100% of a pOliion that is both greater than 100 m'in area 
and greater than 5 m wide. 

Assessing compaction 
Any of these conditions is considered to be compacted soil: compacted mineral 
soil, puddled mineral soil, and compacted deposits of slash and organic debris. 

Mineral soil compaction is assessed relative to the conditions of adjacent 
undisturbed soil. Anyone of the following defines a compacted condition: 

• Coarse platy structure. 

The soil breaks apart in consolidated plates that are typically 1 cm or greater in 
thickness. This structure is not evident in the adjacent undisturbed soil. 

• Loss of the normal structure evident in the undisturbed soil. 

• A noticeable change in density. If the disturbed and undisturbed soils have the 
same moisture content, their difference in density may be recognized by: 

a difference in resistance when a shovel is used to penetrate the soils, or 

a difference in resistance when blocks of soil 2.5 cm thick are crushed 
between the thumb and index finger. 
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• Compacted deposits offorest floor, fine slash, and woody debris, overlaying 
and partially imbedded in, or crushed into, the mineral soil that cannot be 
readily excavated with a shovel (e.g., deposits of compacted and cribbed-in 
slash on winter skid trails that are deeper than 20 em). Compaction of mineral 
soil occurs when accumulations of slash and woody debris are compacted and 
pressed into the mineral soil by repeated heavy machine traffic. Often the 
overlying accumulations are difficult to dig through or separate with a shovel; 
however, it may be necessary to sample the underlying mineral soil for 
evidence of compaction (in accordance with the three previous points), if there 
is any doubt about impacts to the soil. 

Un rehabilitated compacted areas are counted as soil disturbance on all sites 
except those with low compaction hazard. Where the compaction hazard 
has not been assessed, compacted areas are always counted as soil 
disturbance. 

3.4 Dispersed disturbance 

Table 2. 

Symbol" 

T 

E 

G 

L 

W 

v 

S 

x 

The dispersed disturbance categories and symbols are shown in Table 2. 

Note that while all the descriptions provided in this section are contained in the 
Operational Planning Regulation, the regulation does not identify the specific 
categories by the reference names used here (e.g., the term "repeated machine 
traffic" is not specified in the regulation, but the description of this category does 
fall under the definition of a dispersed trail). 

Dispersed disturbance categories 

Category 

Wheel or track ruts 

Repeated machine traffic 

Oeepgouges 

Long gouges 

Wide gouges 

Very wide scalps 

Wide scalps 

Not counted 
(undisturbed, etc.) 

Not surveyed 

Example 

Machine traffic on wet soils 

Skid trails 

Mound excavations 

Excessive ripper-plow trenches, poor mounding 

Poor screefing, mounding, or stumping; intermittent trail 
blading 

Scalping during piling, scalping on skid trails, areas where the forest 
fioor has been completely burned off 

Aggressive patch scarification scalping during piling, or on skid trails 

Survey points not meeting the criteria of categories above, or that 
fall on large logs, boulders, or slash piles where the ground surface 
cannot be seen and reliable assessment cannot be made 

Points that fall outside the NAR (e.g., on a permanent landing) 

" These one-letter symbols should be used in field surveys to record soil disturbance. 
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3.4.1 

10 

Dispersed trail: wheel or track ruts (T) 

Wheel 01' track ruts are impressions or mts in the soil caused by heavy 
equipment traffic. They are at least 30 cm wide and 2 m long. Two different 
depth criteria (5 cm and 15 cm) apply, depending on the compaction hazard of 
the standards unit being assessed. On sites with a high or very high compaction 
hazard, or where the compaction hazard has not been assessed, both depth 
criteria apply. On sites with a moderate or low compaction hazard, only the 15 
cm depth criterion applies. This category does not require the survey point to be 
assessed for evidence of compaction. 

Ruts 15 em deep 

Ruts must have a minimum depth of 15 cm at the deepest point in the 
perpendicular cross-section, over the entire length of 2 m. Depth is measured 
from the surface of the undisturbed forest floor to either the forest floor surface 
in the bottom of the mt or the mineral soil surface in the bottom of the rut if a 
forest floor is not present. 

• For areas of organic soil within cutblocks, measure 15 cm from the 
undisturbed organic soil surface to the surface in the bottom ofthe mt 
(Figure 1). 

30cm 

Wheel or track ruts 15 cm deep are counted as soil disturbance on all sites. 
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Ruts 5 em deep 

On sites with high or very high compaction hazard, both IS-em-deep lUts and 
lUts at least S em deep into mineral soil should be counted, Depth is measured 
from the surface of the undisturbed mineral soil to the mineral soil surface in the 
bottom of the lUt, ignoring any forest floor that may be in the lUt. 

=> Measure at the deepest point in the perpendicular cross-section over the 
entire length of 2 m (Figure I), 

30cm 

:<:15 em from 
6011 surface or 

em Into 
minerai soil 

Wheel or track ruts 5 cm deep are counted as soil distUl'bance on sites with 
high or very high soil compaction hazard or where compaction hazard has 
not been assessed, 

11 
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Side view 

(1) 
Survey 
I)oint 

Top view 

~15 em (rolll the tOil 
of the forest floor to 

the dccpc~i Imint 
(3) 

Surwy 
point 

5 ern Into 
mineral soU at the 

deepest l)olnt 
Forest 
Door 

-- -------- p-~~ 

(2) 
Suney 
point 

~15 em from the tOll 
of the forest floor to 

the deCllest point 
(4) 

Suryey 
point 

5 em into 
minerai soil at the Forest 

deepest point floor 

Scm 

Figure 1. Depth assessment of wheel or track ruts. 

Top view: 

Side view: 

12 

The depth assessment for wheel or track ruts uses the deepest point in the 
perpendicular cross-section of the rut, not the depth exactly at the survey 
point, as is the case for most other disturbances. 

(1) On all sites, ruts can be assessed using the depth of 15 cm from the 
surface of the undisturbed forest floor to the top of the forest floor in 
the rut. 

(2) Where forest floor is not present in the rut, measure at least 15 cm from 
the top of the undisturbed forest floor to the mineral soil surface in the rut. 

(3) For sites with very high or high soil compaction hazard or where the 
compaction hazard has not been assessed, measure at least 5 cm from the 
surface of the undisturbed mineral soil to the mineral soil surface in the 
bottom of the rut. The mineral soil itself must be depressed 5 cm. 

(4) When assessing 5-cm-deep ruts into mineral soil, gently brush aside any 
forest floor if it is present in the bottom of the rut, and measure to the 
mineral soil surface in the bottom of the rut. 
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Dispersed trail: repeated machine traffic (E) 

The category repeated machine traffic describes disturbance resulting from 
repeated heavy machine traffic. Such disturbance is typically found on repeatedly 
used skid trails, which are obvious linear features. It may also occur on heavy 
traffic areas associated with roadside work areas and around piles constructed by 
windrowing or piling slash. This disturbance rarely occurs on moderate 
compaction hazard soils logged under dry conditions, where random skidding 
operations have limited the use of trails to one or two passes. 

The following criteria define repeated machine traffic: 

• The survey point shows evidence of compaction (see "Assessing compaction," 
above), indicated by: 

altered soil structure or increased density relative to the surrounding 
soil, 

puddling,and 

compacted deposits of forest floor, fine slash, and woody debris 
overlaying and partially imbedded in, or crushed into, the mineral soil 
(compacted such that they cannot be readily excavated with a shovel). 

• There is evidence of compaction across 100% of a 1 x 2 m rectangle. (If 
digging in the 1 x 2 m rectangle shows less than 100% compaction, the 
disturbance should not be called repeated machine traffic.) 

Repeated machine traffic must be counted as soil disturbance on all sites 
except those with low compaction hazard. Where the compaction hazard 
has not been assessed, repeated machine traffic must be counted as soil 
disturbance. 

13 
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3.4.3 

3.4.4 

14 

Deep gouges (G) 

> 30 em into minerai soli 
or to bedrock 

Deep gouges are excavations into mineral soil that are deeper than 30 cm or to 
bedrock at the survey point. 

=} Measure from the undisturbed mineral soil surface to the mineral soil 
surface in the gouge. 

Deep gouges must be counted as soil disturbance on all sites. 

Wide gouges (W) 

Wide gouges are excavations into mineral soil that are a) deeper than 5 cm at the 
survey point and b) deeper than 5 cm or to bedrock, on at least 80% of an area 
1.8 x 1.8 m. 

=} Measure the depth of the gouge from the undisturbed mineral soil surface to 
the mineral soil surface in the gouge. 

Wide gouges must be counted as soil disturbance on all sites. 
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5cmlnto 
minoral soil 

Long gouges are excavations into mineral soil that are a) deeper than 5 cm at the 
survey point and b) deeper than 5 cm or to bedrock on 100% of an area 1 x 3 m. 

~ Measure the depth of the gouge from the undisturbed mineral soil surface to 
the mineral soil surface in the gouge. 

Long gouges must be counted as soil disturbance on all sites. 

3.4.6 Very wide scalps (V) 

Very wide scalps are areas where the forest floor has been removed at the survey 
point and from over 80% of an area 3 x 3 m. 

15 
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Forest floor is considered removed when the underlying mineral soil is exposed 
as a result of scalping, gouging, or burning, and the exposed mineral soil is 
covered by: 

• fine woody slash, undecomposed needles, or dislodged rotten wood, or 

• dislodged forest floor that is less than half the depth ofthe adjacent 
undisturbed forest floor. 

Forest floor is not considered to be removed when it is: 

• intact forest floor of any depth, typically showing roots growing into the 
mineral soil; 

• mixed forest floor and mineral soilresuiting from prescribed site preparation 
mixing treatments (mixed forest floor is a non-compact layer at least 5 cm 
thick at the surface, at least half composed afforest floor material); or 

• exposed mineral soil covered by dislodged forest floor that is at least half the 
depth of the adjacent undisturbed forest floor (dislodged forest floor must be 
similar to the adjacent undisturbed forest floor to be acceptable). 

Very wide scalps must be counted as soil disturbance on all sites. 

Wide scalps (5) 

1-<------ 1.8 m -----+j 

Wide scalps are areas where the forest floor has been removed at the survey point 
and from over 80% of an area 1.8 x 1.8 m. 

The same definition of forest floor removal applies here as is described above for 
very wide scalps. 
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Wide scalps must be counted as soil disturbance on sites with: 

• very high soil displacement hazard, 

• very high compaction hazard, 

• very high soil erosion hazard, 

• moderate or high likelihood oflandslides, or 

• where the hazards for soil compaction, soil displacement, or soil erosion have 
not been assessed. 

Rehabilitation disturbance 

Rehabilitation disturbance occurs when a temporary access structure or other 
type of soil disturbance is satisfactorily rehabilitated. 

=* Record points that land on rehabilitation disturbance as not counted or 
undisturbed ("-"). 

The acceptability of rehabilitation should not be assessed using the soil 
conservation surveys described in this manual, but should be evaluated based on 
completion of the treatments as required in the Timber Harvesting Practices 
Regulation or described in a soil rehabilitation plan. (Note that rehabilitation 
disturbance can be dealt with differently under woodlot licence areas, as 
described in the section on "Woodlot licence area requirements.") 

Prescribed fire impacts 

Large areas where prescribed fire has completely consumed the forest floor 
should be treated like scalps. Prescribed fire impacts must be counted as soil 
disturbance if they meet the specifications described for very wide scalps or wide 
scalps. 

3.4.10 Woodlot licence area requirements 

Requirements and definitions related to soil conservation on areas under woodlot 
licences are provided in the Woodlot Licence Forest Management Regulation, 
which came into effect on November 30, 1998. Before this date, the 
requirements for woodlot licensees were the same as for major tenure holders. 
The following discusses some of the requirements of the new regulation. 

The district manager can direct the woodlot licensee to conduct a survey to 
determine both the total area of the cutblock occupied by permanent access 
structures and the nature and extent of soil disturbance in the NAR. 

17 
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For woodlot licence areas, a permanent access structure is any in-block road, 
landing, pit, or quarry not identified as requiring rehabilitation in an operational 
plan. Excavated or bladed trails, other logging trails, or similar structures may 
also be permanent access structures if identified as such in an operational plan. 
The maximum proportion of the total area within a cutblock that may be 
occupied by permanent access structures is the amount specified in an 
operational plan, or 7% ifthere is no amount specified. 

Those structures not identified as permanent access structures and not 
rehabilitated contribute to the total area occupied by soil disturbance. The 
maximum prop011ion of any standards unit within the NAR that may be occupied 
by soil disturbance is the amount specified in the forest development plan or site 
plan, if an assessment of soil hazards has been calTied out. If an operational plan 
for the area does not specifY the maximum proportion of the NAR that may be 
occupied by soil disturbance, then the limit is 5%. 

For areas covered by site plans, the maximum limit for soil disturbance must 
accommodate the area that will be occupied by all non-permanent access 
structures. (Note that the term "temporary access structure" is not used, nor 
defined in the Woodlot Licence Forest Management Regulation.) Even after 
these structures are rehabilitated, they may still be counted as soil disturbance if 
they meet any of the criteria for dispersed disturbance. For example, the surface 
of a rehabilitated temporary road that does not have any forest floor remaining 
could be categorized as a scalp and therefore count as soil disturbance. (This 
would not count on an area covered by a prescription held by a major licensee or 
a timber sale licensee.) 

For areas covered by silviculture prescriptions approved before the Woodlot 
Licence Forest Management Regulation came into effect, access structures 
identified as requiring rehabilitation do not count as soil disturbance if they are 
satisfactorily rehabilitated. 

For an area under a stand management prescription that calls for mechanized 
ground-based stand tending treatments using heavy machinelY, the maximum 
propoliion of the area to be treated that may be occupied by soil disturbance is 
the amount specified in the prescription--{)r 5% if no amount is specified. 
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4 Survey methods 

4.1 Information needed from the approved plan 

=} The purpose of a soil conservation survey is to determine whether the 
standards in the approved plan (silviculture prescription, stand management 
prescription, or site plan) have been adhered to. Check the approved plan to 
determine the following2: 

• the date the plan was approved and, in some cases, when it was 
submitted for approval. 

Note that if the prescription was submitted before June 15, 1998 but 
approved after this date, it must adhere to the rules in place prior to 
the June 15, 1998 legislation and regulation amendments; 

• which access structures are permanent, and the approved maximum 
allowable limits for these structures; 

Although not a requirement, worksheets used for calculating road 
occupancy from road layout and design standards may sometimes 
accompany the prescription. These worksheets can be useful for 
comparing proposed and constructed dimensions; 

• which access structures are temporary, by how much maximum soil 
disturbance limits can be temporarily exceeded to construct temporary 
access structures, and, if required, the maximum allowable limits for 
temporaJY access structures; 

• which excavated or bladed trails and other temporary access structures 
have to be rehabilitated, the maximum time to complete rehabilitation 
following the completion of harvesting, and, if required, the methodsfor 
rehabilitation; 

• whether fill slopes are considered favourable or unfavourable growing 
media (this information is optional for prescriptions, but is useful to 
know when measuring haul roads and unrehabilitated excavated or 
bladed trails); 

• whether fill slopes adjacent to permanent roads will not be reforested to 
improve visibility or to facilitate snow removal; 

• what maximum allowable level of soil disturbance has been approved 
for each standards unit; 

• what maximum allowable level offorestfloor displacement has been 
approvedfor each standards unit (if required); 

2 Note that the information in italics is no longer a requirement for prescriptions submitted and approved on or after June 15, 1998. 
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o whether roadside work areas may be surveyed separately from adjacent 
portions of a cutblock; 

o the minimum area to which maximum soil disturbance limits should be 
applied (see section on "Survey methods for soil disturbance-Site 
stratification"); and 

o the hazards assessed for soil compaction, soil erosion, soil displacement, 
and, if required, forest floor displacement and mass wasting (Interior 
sites), as well as the likelihood of landslides if a terrain assessment has 
been carried out (this information is used to determine which soil 
disturbance categories to count in each standards unit). 

Information from the silviculture prescription, stand management prescription, or 
site plan can be recorded on a Soil Disturbance Summary form (FS 889 in 
Appendix 6) for reference when assessing soil impacts. 

4.2 Visual inspection 

20 

A visual inspection is the first level of assessment and can be as simple as a 
walk-through of the area. It is recommended that the method of inspection and 
any findings are documented. The back of the Soil Disturbance Summary form 
(FS 889 in Appendix 6) can be used to make notes and map any areas requiring a 
further ground check (e.g., such areas as unauthorized temporary access 
sttuctures or heavily disturbed roadside work areas). 

During the visual inspection: 

o VerifY the location of permanent and temporary access structures, and check 
whether road widths and landing sizes appear to be excessive or not. 

o Look at temporary access sttuctures to determine whether the required 
rehabilitation has been completed. 

o ClassifY several points within each of the disturbance types present in the 
NAR (this may involve digging with a shovel to assess compaction and 
measuring the dimensions of the disturbance). 

o Compare the observed disturbance types with the soil disturbance categories 
that will count on that block. 

o Determine whether the disturbance types (see Appendix 7) and levels 
observed are allowed under the approved plan. 

o IdentifY areas that appear to have excessive disturbance. 

o Decide whether a transect survey is warranted. 

- If after an initial visual assessment it appears that disturbance levels may be 
high, a quick informal survey using a "pacing" method can be useful in 
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getting a rough estimate of disturbance levels. This "ballpark" estimate may 
help when deciding whether or not a formal survey is wan-anted . 

• Determine whether a survey should be done for an entire standards unit or a 
stratified portion of a standards unit (see section on "Survey methods for soil 
disturbance-Site stratification"). 

21 
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5 Survey methods for access structures 

A road traverse surveyor landing survey should be conducted if road widths or 
landing sizes appear larger than normally required for similar operations and if 
they are not consistent with road layout and design standards. If structures not 
identified in an approved plan already exist, they should be treated as an 
operational plan violation. 

5.1 Road traverse survey 

Application 

Layout 

22 

=> Use the following method for measuring the length and width of haul roads 
and permanent skid trails (i.e., excavated, bladed, or unbladed structures 
that will be kept free of trees to facilitate repeated stand entries). 

Figure 2 shows layout details of the road traverse survey. 

=> Hip-chain the length and measure the width at fixed intervals (see "Width 
measurement interval," below). 

=> Make the first width measurement at one half of the width measurement 
interval distance from the point of commencement (PO C). 

=> Measure the length and width in horizontal distance. 

=> Do not measure the road width on landings. 

=> At junctions or switchbacks, move the width measurement location in 5-m 
increments in the direction oftravel, until you are back on the regular 
portion of the road. The distance to the next width measurement will be 
your normal width measurement interval, less the distance you offset. 

=> Conduct a separate survey for each different type of structure (such as 
permanent skid trails or haul roads) that differ in width by more than 3 m 
(e.g., a narrow spur road and a wide haul road). See Figure 3. 
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Do not 
measure 
landings 

Dist. A + Dist. B = interval 

Figure 2. Layout for road traverse survey. Measure the width at approximately 10 locations. 

5.1.1 Width measurement interval 

The target number of width measurements is 10. Figure 3 shows a typical 
cutblock, with 10 width measurements for a main haul road and 10 for a 
spur road. 

=> Determine the width measurement interval by estimating the total length of 
road, excluding landings, and dividing by 10. 

Figure 3. 

11 
10 

9 8 

Main haul 
road 

measure 
landings 

Spur 
rond 

Separate surveys for roads with different widths. Do separate surveys, with 
approximately 10 width measurements, for roads that differ by more than 3 m in 
average width. 
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5.1.2 

Figure 4. 
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Width measurement 

On sloping ground, the width measured depends on whether the fill slopes are 
considered favourable or unfavourable for growing trees (see Figure 4) and 
whether the fill slope will be kept free of trees. Surveyors should review the 
prescription to determine whether this infOlmation has been provided. In most 
cases information on fill slope material is not specified, and it it will be up to 
surveyors to assess whether material is favourable or unfavourable, in the field. 
Surveyors should consult with silviculture staff before making this assessment, 
especially if they are not familiar with local conditions. Detailed descriptions of 
unfavourable growing media are provided in the Soil Conservation Guidebook, 
and further information may be contained in local or regional guidelines. 

{Jnravoumble fill slopc lIlaterial Fayoutablc fill slope mRterial 

T"I'fI("" 

~, 

Measuring road widths on sloping ground. Include unfavourable fills greater than 
20 em deep as part of the access structure. For favourable fills, measure only the 
excavated pOliion and the compacted running surface. 

=> If fill slopes are unfavourable for tree growth, measure the width to the top 
of the cut from a point where the sidecast is consistently greater than 20 cm 
deep. Do not count as sidecast any accumulations of slash that are clean 
woody debris (i.e., containing less than 30% mineral soil). Ignore isolated 
patches of sidecast deeper than 20 cm that are not a contiguous part of the 
road fill. Road fill with buried stumps or slash is always considered 
unfavourable. 

=> If fill slopes are favourable for tree growth, measure the width of the road or 
trail from the top of the cut to the outside edge of the running surface. Do 
not include the uncompacted berm and fill slope. 

Road edges that will be kept free of trees (to provide adequate visibility, ensure 
safety standards or facilitate snow removal) should be included as part of the 
road area. 

=> On level ground, measure the width in horizontal distance (see Figure 5), 
including: 
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the running surface plus any ditches to the outside edge of each ditch 
line; 

berms that are made of unfavourable soil material that are greater than 
20 cm deep; and 

the area to be kept free of trees for visibility, snow removal, etc. 

Ditch 

13crlll 
<20cm 

L=-

tIoriwntli1 width 

>20cm 

Horizontal widlh 

~-unfa\'ournble 
soil JUillerial 

Ditch 

Bt.'nn 

Measuring road widths on level ground. Measure to the outside of the ditches (if 
present). Otherwise, include berms of unfavourable fill if they are greater than 20 cm 
deep. 

Calculations 

=> Record the measurements on the Traverse Survey Field Card CFS 880; see 
Appendix 6), and then use the Traverse Survey Calculation Card CFS 881; 
see Appendix 6) to do the calculations: 

1. Complete separate calculations for each type of structure, such as spur 
roads, main roads, and permanent skid trails. Record the measurements 
for each type of structure on the front 01' back of the FS 880 card. 

2. For each type of structure, calculate the total length in horizontal 
distance. 

3. For each type of haul road, measure the length of road that passes 
through landings and record this under comments on the FS 880 card. 

4. For each type of structure, calculate the mean and standard deviation 
for width from the data on the FS 880 card. 

5. For each type of structure, enter on the FS 881 card the number of 
width measurements, its length' and mean width, and the standard 

3 Use the total length if, when you are calculating the landing area, you exclude the area of the roads that cross through it. 
Otherwise, subtract the length of road on landings from the total length, but include the areas of road that pass through landings in 
the landing area measurement, 
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deviation of width. If you need an estimate of landing area minus its 
road area, enter the road length on landings in a separate column so 
that the area of roads on landings can be calculated. 

6. Follow the calculation procedure on the bottom of the FS 881 card to 
determine the area disturbed and its lower confidence limit. When 
calculating the percentage of area occupied by roads and other 
permanent access structures, use the total (gross) cutblock area after 
harvesting has been completed, taking into account any deletions or 
additions. 

7. Use the percentage area error calculated on the FS 881 card (and on the 
Landing Area Calculation Card FS 886, described below) to calculate 
the lower confidence limit for the proportion of the cutblock occupied 
by permanent access structures. Follow the calculation procedures on 
the bottom of the Soil Disturbance Summary Card (FS 889, see 
Appendix 6). 

5.2 Landing survey 

26 

Application 

Layout 

=> Use the following procedures and methods for determining the area of 
landings, pits, quall'ies, and turnouts. 

=> Avoid surveying landings before disposal of the debris pile. Ifa survey 
must be conducted before routine debris disposal, and the edge of the 
constructed landing cannot be readily determined, measure to the outer edge 
of the debris pile. 

=> Piles that have been burned, with ash remaining, must be assessed 
according to the soil conditions under the ash pile. If the pile was burned on 
the landing running surface or unfavourable sidecast, count it as part of the 
landing. Otherwise, count the burned portion as part of the NAR. 

=> Measure landing areas depending on whether fill slopes are considered 
favourable or unfavourable for tree growth (the same as for haul roads): 

• If fill slopes are unfavourable, measure to the top of the cut from the 
point where the sidecast is consistently greater than 20 cm deep. 

• If fill slopes are favourable, measure from the top of the cut to the 
outside edge of the landing surface. 
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=> On level ground, include the compacted running surface, berms of 
unfavourable soil deeper than 20 cm, and associated ditches. 

=> Measure landings using a hip chain traverse of the perimeter (the preferred 
method) or the representative length and width measurements, as described 
below. 

Hip chain traverse 

Complete a hip chain traverse to obtain a 
closure error of 10% or less. For most 
landings, four to eight stations will provide 
sufficient accuracy. 

If landings are measured using a closed 
traverse, record the net landing areas 
directly on the FS 886 form. 

Representative length and width measurements 

=> Hip chain representative width and length measurements. Estimate one
quarter and three-quarters of the total distance on the centreline of each 
dimension (see Figure 6), and record the information on the Landing Area 
Calculation Card (FS 886; see Appendix 6). 

=> Follow the calculation procedures on the Landing Area Calculation Card 
(FS 886). To calculate landing area without the area of roads that cross 
landings, follow these steps: 

1. Determine the length of roads on landings from the road traverse. 

2. Determine the area of roads on landings: 

area of roads on landings = length of roads on landings x average road 
width from the FS 881 card 

3. Subtract the area of roads on landings from the total landing area 
before calculating the lower confidence limit for landings. 

4. Use the percentage area errors from the FS 886 card for landings and 
the FS 881 card for roads to calculate the lower confidence limit for the 
proportion of the cutblock occupied by permanent access structures. 
Follow the calculation procedures on the bottom of the FS 889 
summary card. 
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Figure 6. 
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To be in compliance, the lower confidence limit for the proportion of the 
cutblock occupied by all permanent access structures must be less than the 
maximum allowable limit specified in the prescription. 
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Idealized layouts for landing surveys. It can be (a) a rectangular landing, (b) an 
elliptical landing, or (c) a complex landing shape. Measurements are taken at points 
that approximate one-quarter and three-quarters of the length and width of each 
landing. 
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6 Survey methods for soil disturbance 

Soil disturbance within the NAR includes such harvesting and site preparation 
disturbances as unrehabilitated excavated or bladed trails, compacted areas, 
corduroyed trails, dispersed trails (from repeated machine traffic and wheel or 
track ruts), and gouges and scalps as defined in the Operational Planning 
Regulation. 

The average levels of soil disturbance in the survey area are determined by 
transect surveys. Transect surveys must be completed as soon as possible after 
the disturbance was created to avoid confusion caused by the re-establishment of 
minor vegetation. 

Before doing a transect survey, the surveyor should walk the area to become 
familiar with the various soil disturbances, to confirm the planned orientation of 
the transects, and to compare disturbance assessments with co-workers. 

Transect surveys are also used for assessing compliance with forest floor 
displacement limits, where such limits are required. 

6.1 Site stratification 

The objective of stratifying the NAR is to focus a survey on relatively 
homogeneous areas of soil disturbance that appear to exceed the limits in the 
prescription or site plan. The intent is not to focus a survey on areas where 
concentrated disturbance is anticipated (e.g., where trails converge at landings). 

Stratification of a standards unit can only be done for either of the following two 
situations: a) the prescription clearly specifies that the soil disturbance limit 
applies to a certain size area within the standards unit (e.g., stratification down to 
one hectare would be appropriate if the prescription specified that the maximum 
soil disturbance limit of 10% applied to any given hectare of SU "B"),4 or b) a 
survey is required on a roadside work area (described below), in which case it is 
necessary to have a separate stratum from the adjacent NAR, to assess 
compliance with the maximum soil disturbance limit of25% that is set in 
regulation. 

Where stratification of a standards unit is not permitted, surveying should be 
catl'ied out only on the whole standards unit if it appears that the average level of 
soil disturbance over the entire unit exceeds the limit. 

4 The previous edition of the guidebook stated that any standards unit could be stratified down to a minimum of 1 ha and assessed 
for compliance with maximum soil disturbance limits. 
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6.1.1 

6.1.2 

Criteria for stratified areas 

For areas where stratification is permitted the following criteria should be 
followed: 

=? The minimum strata size cannot be less than the area to which the limit 
applies as specified in the prescription, and should not be less than 1 ha (the 
minimum recommended area for surveying). 

=? Use the same disturbance categories as you would use in surveying the 
entire standards unit. 

=? Ensure that soil disturbance within each stratum is relatively uniform. 

=? Do not create strata only to encompass small areas where there is an 
unavoidable concentration of soil disturbance, such as areas immediately 
adjacent to landings where numerous trails may be converging, and areas 
surrounding major trail junctions, or surrounding individual skid trails. 
Note, however, that these areas can be included as patt of a larger stratum. 

Surveying roadside work areas 

Roadside work areas are those sites located adjacent to haul roads and used 
during roadside harvesting operations for decking, loading, processing, and 
debris disposal. These areas can be subject to concentrated and high levels of soil 
disturbance. The maximum soil disturbance limit for roadside work areas is 25%, 
as required in the Timber Harvesting Practices Regulation.5 Prescriptions may 
identify these areas as separate standards units from adjacent pOltions of the 
NAR, which will normally have much lower maximum limits for soil 
disturbance. If these roadside work areas are not identified as separate standards 
units, they should be considered as a separate stratum for survey purposes. 

6.2 Classifying soil disturbance 

=? Measure soil disturbance in the NAR with transect surveys, classifying 
survey points at fixed distances along transect lines. Classify survey points 
according to the soil conditions observed at the point and in the area around 
the point. 

=? Always use the flow chatt in Appendix 2 to ensure that soil disturbance is 
counted appropriately. 

5 Before June 15, 1998, roadside work areas had to be in compliance with maximum soil disturbance limits specified for the 
standards unit of which they were a part. As of June 15, 1998, roadside work area need only comply with the 25% limit established 
in the Timber Harvesting Practices Regulation, despite any limit that may be specified in a prescription. 
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Assessing the survey point 

At each survey point along a transect line, determine whether soil disturbance 
exists in accordance with definitions that apply to the prescription for the area. 
The point observations in these surveys do not involve a fixed plot size. 

To classify a survey point, first determine the type of disturbance directly below 
the point. For example, if the point falls on a small patch of undisturbed forest 
floor in the middle of a heavily disturbed area, classify the point as undisturbed 
(field symbol "-"). 

Assessing the area around the survey point 

Most types of disturbance involve size criteria, where the extent of disturbance 
around the point must also be assessed. For example, a wide gouge (field symbol 
"W") must be gouged greater than 5 cm into mineral soil (or to bedrock) on at 
least 80% of a 1.8 x 1.8 m square. 

The extent and type of disturbance in the area around the point is a secondary 
attribute that is also required to classify the point. For example, if the point is 
gouged deeper than 5 cm, but the area around the point is only scalped less than 
5 cm deep, then the point could not be classified as a wide gouge (W). It may be 
classified as a wide scalp (field symbol "S"), which mayor may not count 
depending on the assessed soil hazards. 

=> Think of the area around the point as a sampling window. The sampling 
window: 

• must include the survey point, but need not be centred around it (Figure 
7); 

• can be oriented in any direction; 

• must be oriented to maximize the amount of disturbed area included 
within the window (Figure 7); 

• must be of the size and shape of the disturbance being assessed; and 

• can overlap with the sampling windows of adjacent points (Figure 8). 
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Figure 7. 

Figure 8. 
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Sampling window orientation. Orient the sampling window to include the maximum 
amount of disturbed area. The survey window need not be centred around the survey 
point. 

Sampling windows can overlap. 

For soil disturbance to be classified within some gouging and scalping 
categories, a percentage (usually 80%) of an area must be disturbed to a certain 
level or depth. The percentage is set lower than 100% to account for the natural 
variation that occurs with some disturbances (e.g., small patches of forest floor 
that remain in a scalp). 

Window dimensions are specified as a percentage of a square or rectangle. In 
practice, this means that the dimensions of the disturbance can be smaller if the 
area is 100% disturbed. 

Figure 9 shows typical patterns of disturbance and the equivalent dimensions of 
smaller squares for two common window sizes (1.8 x 1.8 m for a wide scalp or 
wide gouge and 3.0 x 3.0 m for a vety wide scalp). 
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Equivalent sampling window sizes, Typical configurations for disturbance occupying 
80% ofa 1.8 x 1.8 m sampling window are shown in (a), (b), (c), and (d). 
Examples of disturbance occupying 80% of a 3.0 x 3.0 m sampling window 
are shown in (e) and (f). 
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7 Transect method for areas 10 hectares and smaller 

For small areas typically 10 ha or less, the surveyor must establish a series of 
parallel transects within the survey area, with survey points assessed at defined 
intervals along each transect. Transects should be laid out to cover the area 
evenly with approximately 500 points. Two steps are then involved: 

• A preliminaty survey, using one-half the planned number of transects, must be 
completed and preliminaty calculations made. 

• If the preliminary survey results warrant it, the remaining transects must be 
sampled. 

7.1 Preparation 

34 

~ Follow the steps below: 

1. Walk through the survey at'ea to determine the main orientation of soil 
disturbance, if any. See Figure 10. 

2. Decide on a transect orientation that will cross the major disturbance at 
right angles. If the disturbance has no major orientation, locate 
transects in a convenient direction. 

3. Record the transect bearing on the Transect Survey Field Card (FS 
885; see example in Appendix 6). 

4. Using Table 3, determine the transect and point spacing for the size of 
the survey area. Transect and point spacings are shown for areas up to 
20 ha in size. It may be cost-effective to use this method for areas up to 
20 ha if they have gentle terrain and a limited slash loading. 

5. Determine the starting distance for the first transect from the point of 
commencement (POC) by picking a random number from Appendix 3. 

To select a random number, first choose a row from 1 to 40 and a 
colunm from 1 to 12. The number in the table at the intersection of the 
chosen row and colunm is the one to use as a random percentage. (If a 
number larger than 100 is selected, use the last two digits.) Multiply 
the selected random percentage by the transect spacing from Table 3 to 
determine the distance from the POC to the first transect. 
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Transect and point spacings for small area surveys. Survey points established at these 
spacings will achieve a sample size of 500. 

Transect Point spacing 
Area (ha) spacing (m) within transects (m) 

1.0 5 4 
1.5 6 5 
2.0 8 5 

2.5 10 5 
3.0 12 5 
4.0 16 5 

5.0 20 5 
6.0 24 5 
7.0 28 5 

8.0 32 5 
9.0 36 5 

10.0 40 5 

11.0 44 5 
12.0 48 5 
13.0 43 6 

14.0 46 6 
15.0 50 6 
16.0 45 7 

17.0 48 7 

18.0 51 7 
19.0 54 7 

20.0 57 7 

7.2 Field survey layout 

=} Follow the steps below: 

1. Establish and label the point of commencement (POC) (see Appendix 
5 for marking conventions). 

2. Layout a baseline perpendicular to the transect orientation and flag the 
location of each transect. Try to locate the baseline in the middle of the 
area you are surveying so that you have a reference point to help you 
accurately locate transects. 

3. For the first transect, proceed along the baseline using the distance 
calculated in step 5 of the "Preparation" section. Figure 10 shows a 
typical layout for this small area method. 

4. Sketch a map of the survey strata on the back of the Soil Disturbance 
Summary Card (FS 889; see Appendix 6). This will help you keep 
track of your progress and record the survey coverage. 
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Figure 10. 
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Typical transect survey layout for small areas «10 ha). The layout shows the transect 
lines crossing the skidding disturbance. The solid transects are measured first; the 
dotted transects are added if necessary. 

5. Chain along the transects in slope distance. Transects must be chained 
to ensure that sample points are located without bias. Various methods 
may be used as long as the points are determined objectively. 

The recommended method is for two people to chain 1 OO-m segments 
and then make point observations while walking towards each other. A 
hip chain is not acceptable here, as it is difficult to locate sample points 
objectively when walking over or around obstacles. 

On uneven telTain, keep the chain near the ground (within 1 m) by 
hooking it under slash or running shorter distances. Leave flagging to 
mark the start and end of each transect segment (e.g., each 100-m 
section) you survey (see Appendix 5 for field marking conventions). 
Do not move the chain until those measurements are complete. 

7.3 Observations along the transect 
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=> Tie or stake the chain taut and classify the soil disturbance directly below 
evelY survey point on the chain, using the spacing determined from Table 3. 
Record results on the Transect Survey Field Card (FS 885) using the 
symbols from Tables 1 and 2. 

=> Measure to the edge ofthe survey area. Do not sample the zero point and do 
not count points that fall outside the survey area (e.g., permanent access 
structures, mapped non-productive areas). 
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7.4 Locating subsequent transects 

=> At the end of a transect, move over the equivalent of two times the transect 
spacing. If you wish, mark the additional locations of the transect end points 
that could be completed in a full survey. Start the next transect. 

7.5 Field calculation procedure 

=> Use the Small Area Transect Survey Calculation Card (FS 897) to 
summarize the results from your preliminary survey. A completed example 
of this form is shown in Appendix 6. 

1. Add up the number of points classified as counted soil disturbance and 
the total number of surveyed points. Enter these values in the 
"Preliminary Survey" column ofform FS 897. 

2. Calculate the preliminalY percentages for counted disturbance by 
dividing the total for each by the total number of surveyed points. 

3. For counted disturbance, obtain the confidence interval (CI) from the 
table on the back of the calculation card. 

"Sample size" on the card means the total number of survey points. 
The column head "%" means the percentage counted disturbance from 
step 2. 

4. Calculate the upper and lower confidence limits for the preliminary 
counted disturbance. To do this, add and subtract the confidence 
interval to the percentage disturbed and to the percentage displaced. 

5. Using the upper and lower confidence limits as shown in Table 4, 
determine whether further surveying is necessary. 

Case 3 

Prescription -----i--+-
limit • Menn % (proporHon) 

I Confidclll.;c limits 

Case 2 ! 
Case 4 
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Table 4. Decision rules for comparing survey results to prescription limits 

Preliminary 
Case percentage Confidence limit (Cll Decision 

Above lower Cl is above the prescription maximum Stop surveying 

2 Below Upper Cl is below the prescription maximum Stop surveying 

3 Above Lower Cl is below the prescription maximum Survey remaining transects 

4 Below Upper CL is above the prescription maximum Survey remaining transects 

7.6 Finalizing the survey 

38 

=} Follow the steps below: 

I. If necessary, survey the remaining transects. 

2. Subtotal the counted disturbance and then total number of points for 
the additional transects and record these numbers in the appropriate 
column. 

3. Add these subtotals to the previous subtotals for the preliminary survey 
above to determine the final survey totals. Enter these survey totals on 
the FS 897 form in the top "Final Survey" box. 

4. Calculate the final percentages for disturbance, as done in step 2 ofthe 
preliminary survey. 

5. For counted disturbance, obtain the confidence interval (Cl) from the 
table on the back of the calculation card. 

6. Calculate the final upper and lower confidence limits for counted soil 
disturbance. 

7. Calculate the non-compliance percentages for disturbance by 
subtracting lower confidence limits from the limits stated in the 
silviculture prescription. 

8. If the final percentage disturbed and the lower confidence limit (cases 
3 and 4) are still on opposite sides of the prescription limit, consider 
the area to be in compliance. 
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8 Transect method for areas larger than 10 hectares 

Figure 1l. 

For large areas, typically greater than 10 ha, the surveyor must systematically 
locate a number of grid centres within the area to be surveyed. To do this, points 
must be assessed at I-m intervals along two 30-m transects radiating out from 
each grid centre. The number of grid centres depends on the size of the area to be 
surveyed. For areas up to 50 ha, a minimum of 30 grid centres is required. For 
areas larger than 50 ha, one grid centre for each additional 5 ha must be added. 
(These are recommended as the minimum number of grid centres.) Refer to 
Figure 11 for layout. 

For a more precise estimate of the soil disturbance, it may be necessary to 
increase the number of grid centres. It is possible to calculate confidence limits 
for this survey, but they are wider than those obtained using the small area 
method. Whenever possible, the small area method should be used. In the case 
of large standards units, all patties (Le., Forest Service district staff and license 
holders for the area in question) may wish to consider agreeing on a 
representative area that could then be surveyed more efficiently using the small 
area method. 

v 

I I Transect survey 

_ Traverse survey 

Transect survey layout for large areas (> 1 0 ha). Establish regularly spaced grid 
centres on cardinal bearings from a random start. As also shown here, survey points 
are not established in areas of non-commercial cover greater than 4 ha or permanent 
access structures. Permanent access structures should be surveyed using the road 
traverse and landing survey methods. 
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8.1 Grid centres and grid layout 

I. The first grid centre is located along a random bearing from the POC 
(selected from the table in Appendix 3). Ifthe random bearing leads outside 
the survey area, add increments of 90° to the bearing until it leads into it. 
(See Appendix 4 for grid spacings to cover areas of various sizes.) Locate 
the first grid centre at one-half the grid spacing distance from the POCo 

2. Flag each grid centre. Number the grid centres with unique numbers for 
each surveyor (e.g., I, 2, 3... and 101, 102, 103 ... ). 

3. Use cardinal bearings (nOlth, south, east, or west) to locate the remaining 
grid centres. Chain between grid centres in slope distance. Fill the entire 
survey area. This may require more or less than the target number of grid 
centres. The Transect Survey Field Card (FS 885) provides a space for 
recording the 45° offset spacing that allows diagonal shortcuts between grid 
centres on adjacent lines. 

8.2 Transects and points 

40 

1. Fill in the random POC bearing on the Transect Survey Field Card (FS 
885). 

2. At each grid centre, choose a random bearing (from the table in Appendix 
3) for the first transect, and add 90° for the second transect. If a grid centre 
falls outside the NAR, do not sample any transect points at that grid centre. 

3. Mark the start and end of each transect exactly at the O-m and 30-m marks 
with blue flags. If large changes in elevation occur, anchor the transect tape. 
Do not move the survey chain once it is set in place. 

4. Record soil disturbance at the point directly below each metre mark. Fill in 
data on the Transect Survey Field Card, using the symbols from Tables I 
and 2. 

As shown in Figure 12, do not sample pOltions of transects that are outside the 
NAR. Do not survey points on permanent access structures, outside the cutblock 
boundary or survey area, or within non-commercial cover greater than 4 ha. Do 
not sample points that land outside the NAR (e.g., if 12 m of a transect falls on a 
haul road, measure only the remaining 18 of the transect's 30 points; do not 
measure any of the points on the road). Mark each non-surveyed point with an X 
on the Transect Survey Field Card. 
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Landing 

Cutblock boundary 

measure I 

Omit points outside the net area to be reforested (NAR). Do not measure transect 
points outside the cutblock or on permanent access structures. 

8.3 Calculations 

1. Transfer the data for each grid centre from the FS 885 form to the Transect 
Survey Tally Card (FS 896). This optional form helps verifY grid centre 
totals before the calculations are done. 

2. Calculate statistics using either a spreadsheet or the Transect Survey 
Calculation Card (FS 895). The Ministry strongly recommends that a 
spreadsheet be used. (For more information on spreadsheet programs, 
contact the Forest Practices Branch in Victoria.) 

3. Copy the lower confidence limit data from the bottom ofform FS 895 to the 
Soil Disturbance Summary Card (FS 889) if the calculations were 
completed without the spreadsheet. 

4. See Figure 13 for a flow chart of the tally and calculation procedure. 

To be in compliance, the lower confidence limit for the proportion of counted 
disturbance must be less than the maximum allowable soil disturbance limit. 
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Transect Survey 
Field Card 

FS 885 

Transect Survey 
Tully Curd 

FS 896 

Spreadsheet Transect Survey 
calculation Calculation Card 

method FS 895 
recommended 

Spre~ldsheet 
Summary 

Card summmy FS 889 

Figure 13. Flow chart for forms recording large area transect surveys. 
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9 Site summary 

9.1 Mapping 

The site and survey data on the front of the Soil Disturbance Summary Card (FS 
889; see Appendix 6) should be filled out if calculations are performed manually; 
however, it is not necessary if the survey results are calculated using the 
spreadsheet method. 

A site map should accompany any spreadsheet summary or card summary. The 
back of the FS 889 summalY card can be used for mapping or else a separate 
map could be prepared. 

The requirements for site mapping follow. 

=} Use maps ofa suitable scale (e.g., 1:5000 or 1:10000). 

=} Indicate the map scale and north alTOw. 

=} Mark the transects and point spacing or the grid bearing and grid spacing. 

=} Number the transects or the grid centres, landings, and haul roads in the 
same way they were numbered on the field forms. 

=} Clearly mark the boundaries of treatment units or standards units 
(if relevant). 
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Appendix 1. Requirements and definitions for prescriptions approved under the 

Forest Practices Code 1995 Operational Planning Regulation (B.C. 
Reg. 174/95) (December 16, 1995-June 14,1998) 

The requirements and definitions of the 1995 regulation are the same as in the 
current 1998 Operational Planning Regulation, with the exceptions listed below. 

1. Requirements for prescriptions approved under this regulation specified: 

• the maximum percentage of the NAR that could be occupied by 
temporary access structures and the action, if any, that would be taken to 
rehabilitate temporary access; and 

• the maximum percentage of the NAR that could be occupied by forest 
floor displacement. 

2. Soil disturbance included continuous scalps as a categOlY of counted soil 
disturbance. 

The following provides a detailed description of continuous scalps and forest 
floor displacement. 

Continuous scalp (C) 

44 

Continuous scalps were counted as a categOlY of soil disturbance on areas under 
Forest Practices Code prescriptions approved or submitted for approval before 
June 15, 1998. 
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They are areas where the forest floor has been removed at the survey point and 
continuously for a length greater than 5 m. There is no width criterion for this 
category. 

Continuous scalps are counted as soil disturbance on sites with: 

• high or very high mass wasting hazard; 

• high or very high surface erosion hazard; 

• very high soil displacement hazard; and 

• moderate or high likelihood of landslides, or where the hazards for soil 
displacement or surface soil erosion have not been assessed. 

Forest floor displacement 

Forest floor displacement, tallied by transect surveys (along with categories of 
soil disturbance), is symbolized on field survey forms with a circle drawn around 
the appropriate disturbance symbol. 

Total forest floor displacement includes: 

• any disturbance where forest floor has been removed; 

• the exposed mineral soil surfaces of rehabilitated temporary access structures 
where forest floor is no longer present; and 

• all areas where the forest floor has been completely consumed by prescribed 
burning. 

Total forest floor displacement does not include: 

• any disturbance where forest floor is not removed; 

• intact or dislodged forest floor covered by deposits of mineral soil; 

• any counted disturbance categOlY covered with organic matter that does not 
qualifY as forest floor removal (e.g., a rut where the forest floor is still intact); 

• surfaces of rehabilitated temporary access structures where the forest floor has 
been restored in accordance with an approved rehabilitation plan (e.g., by 
application of a surface mulch); 

• exposed mineral soil on mounds and berms created by mounding, disc
trenching, plowing, or other mechanical site preparation treatments, where the 
original forest floor is largely intact under the mound or berm; and 

• exposed mineral soil resulting from mixing-type mechanical site preparation 
treatments, such as rototilling or bedding plow treatments. 

Note: Do not count compacted areas, repeated machine traffic, or rut disturbance 
as forest floor displacement unless forest floor is removed at the survey point. 
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Appendix 2. Flow chart for correct assessment of soil disturbance survey points 

under the Forest Practices Code 

L 

y 

No 

R ~~~~~~~~~~W:;'lJ~>J ~ 

T 

No 

S~idtr.dl 
R~IX"JtN l\1;]("hifh:' ({;10k 

IOIYJ (" I x ;} m 
(I11dM,Il,VH 

.... vmp¥t!un h.WH1.I 

WIk'"lftr.\I;kl\l! 
O,}!O witk uoo 2- III I"nil (lOll: 
All sit"",: 2:15l'!U frumtll<! top 

t>l' I~ li:lIl:,L flow 
VlIllnd II romp.Klioo h,u.:uUs; 
~5 em fl\lm the miller.!) ~(lil 

\' 

s 

c 

Forc,j floor 
dj .. pl .... ,'llWtl! a ) 

Equlrilknl dhnemloml 

1.8 K 1.8 fqUllrtJ 

fi(l<;}<lfl:Sxl,lIm" l(\(l';tfifUilxl.6lm 
:: 1(10% (IflAtx I,SIll 

20%ML8x Urn '" 0.8)(0,811) 

,1.0 x J.O III SqUtlUR 
80%of3.0x;lOm:: lOlY,f·of'}.68x2,(}8m 

'" IOO~l(lr2,4(}x3.0m 

20%t.fJ.Ox:tOm",- 1.3.{-..; 1.34111 

a These categories are not counted on areas covered under prescriptions approved in accordance with the 1998 
Operational Planning Regulation. 

Note: This flow chart does not address rehabilitated areas. Where planned rehabilitation has been 
successful, exposed mineral soil surfaces should be recorded as forest floor displacement, if 
required, and not as soil disturbance. 
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Appendix 3. Table of random numbers 

Row Column number 
number ~---------------------------------------------------------------

1 

2 

3 
4 

5 
6 
7 

8 
9 
10 
11 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

20 
331 
250 
259 
143 
234 
360 
86 

120 
6 

37 
357 
326 
336 
240 
289 
140 
125 
351 
80 

198 
80 
66 
19 

281 
126 
355 
321 
201 
308 
195 

22 
48 

175 
133 
188 
133 
351 
80 

299 

2 

288 
171 
142 
226 
103 
261 

61 
103 
191 
105 

2 
180 
227 
322 
213 
327 
32 
81 
21 
91 

255 
225 
54 

185 
321 

61 
267 
327 
341 
233 
42 

115 
190 
225 

17 
43 

103 
360 
354 
311 

3 4 

215 98 
204 131 
85 145 

225 215 
64 332 

211 152 
177 310 
313 117 
52 93 

155 77 
259 115 
52 190 
40 93 

174 335 
217 8 
291 216 
297 319 
128 59 
132 172 
98 280 
26 201 

321 260 
140 179 
137 346 
20 16 

317 336 
117 253 
358 78 
29 14 

229 344 
88 337 

136 100 
121 352 
341 307 
293 356 
324 343 
334 241 
102 5 
191 267 
165 41 

5 

44 
185 
348 
219 
199 
181 
265 
254 
297 
191 

3 
311 
217 

94 
184 
112 
342 
121 
148 

41 
330 
161 
179 
163 

5 
188 
186 
320 
341 
215 
122 
110 
200 
283 
45 

104 
207 
85 

197 
211 

6 

202 
39 
55 

306 
215 
198 
150 
284 
209 
147 

24 
20 

100 
358 

72 
106 
15 

236 
91 

146 
134 
330 

46 
224 
48 

184 
72 

261 
63 

341 
97 
73 

249 
280 
151 
302 

12 
226 
169 
64 

7 

323 
183 
327 
267 
159 
59 
23 
17 

290 
356 
105 
48 

336 
303 
219 
147 
30 

307 
93 

219 
100 
260 
311 

13 
70 
23 

1 
187 
253 
318 
84 

219 
135 
359 
49 

168 
208 
246 
172 
281 

8 

226 
338 
137 
181 
145 
179 

8 
347 
251 
245 
115 
348 
262 
337 
136 
181 
53 

264 
334 
271 

19 
333 
87 
72 
91 
31 

221 
325 
249 
334 
215 
290 
55 

348 
69 
92 

168 
16 

348 
91 

9 

162 
209 
289 
29 
84 
99 
83 

296 
155 
262 
130 
12 

272 
253 
211 
33 
54 

328 
74 

248 
41 

195 
340 
208 
122 
174 
345 
100 
226 
144 
298 
133 
336 
143 
334 

97 
16 

155 
271 
95 

10 

262 
352 
135 
328 
87 
29 

122 
196 
210 
36 

246 
322 
83 

253 
64 

311 
55 

120 
126 
246 
50 

145 
341 

48 
305 
280 
86 
91 

170 
326 
168 
70 
17 

230 
340 
43 

153 
323 
231 
186 

11 12 

248 276 
285 333 
146 282 
247 280 
135 250 
106 342 
303 112 
153 251 
47 357 

268 32 
256 61 
223 355 
179 48 
42 163 

154 217 
7 111 

10 139 
247 127 
223 62 
185 179 
192 349 
42 169 

287 98 
124 288 
240 75 
115 88 
89 355 

179 184 
311 127 

70 148 
300 312 

23 55 
263 269 
102 283 
151 251 
321 268 
121 268 
113 260 
40 164 

283 299 

Select a row from 1 to 40 and a column from 1 to 12. Use the number at the Intersection of the selected row and column. 
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Appendix 4. Grid spacing for large area method 

Area No.of Spacing 

(ha) GCs' (m) 

11 30 61 

12 30 63 

13 30 66 

14 30 68 

15 30 71 

16 30 73 

17 30 75 

18 30 77 

19 30 80 

20 30 82 

21 30 84 

22 30 86 

23 30 88 

24 30 89 

25 30 91 

26 30 93 

27 30 95 

28 30 97 

29 30 98 

30 30 100 

31 30 102 

32 30 103 

• GCs = grid centres 

48 

F or survey areas greater than 10 ha this table indicates the required number of 
grid centres and the spacing between them. Two perpendicular 30-m transects 
are established per grid centre. 

Area No. of Spacing Area No. of Spacing Area No. of Spacing Area No. of Spacing 

(ha) GCs' (m) (ha) GCs' (m) (ha) GCs' (m) (ha) GCs' (m) 

33 30 105 55 31 133 76 36 145 97 40 156 

34 30 106 56 32 132 77 36 146 98 40 157 

35 30 108 57 32 133 78 36 147 99 40 157 

36 30 110 58 32 135 79 36 148 100 40 158 

37 30 111 59 32 136 80 36 149 101 41 157 

38 30 113 60 32 137 81 37 148 102 41 158 

39 30 114 61 33 136 82 37 149 103 41 158 

40 30 115 62 33 137 83 37 150 104 41 159 

41 30 117 63 33 138 84 37 151 105 41 160 

42 30 118 64 33 139 85 37 152 106 42 159 

43 30 120 65 33 140 86 38 150 107 42 160 

44 30 121 66 34 139 87 38 151 108 42 160 

45 30 122 67 34 140 88 38 152 109 42 161 

46 30 124 68 34 141 89 38 153 110 42 162 

47 30 125 69 34 142 90 38 154 111 43 161 

48 30 126 70 34 143 91 39 153 112 43 161 

49 30 128 71 35 142 92 39 154 113 43 162 

50 30 129 72 35 143 93 39 154 114 43 163 

51 31 128 73 35 144 94 39 155 115 43 164 

52 31 130 74 35 145 95 39 156 116 44 162 

53 31 131 75 35 146 96 40 155 117 44 163 

54 31 132 
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Appendix 5. Field marking conventions 

Transect surveys for areas 10 ha and smaller 

Point of commencement (POC) 

• Use two blue ribbons and two pink-striped ribbons, 

• Label the first blue ribbon with "SDS" (for "soil disturbance survey"), the ID 
number on the survey form, the date, and the surveyor's initials (e,g" SOS 
FFR-l 94/04127 S,T,), 

• Label the second blue ribbon with the distance and bearing to the baseline (or 
first transect, if not using a baseline) (e,g" 42 m@ 104° to BIL 0+000), 

Baseline (optional) 

Transects 

Choose a convenient colour and mark the location of each transect. 

• Mark the beginning and end of the transect with one pink -striped ribbon and 
one blue ribbon at each location, 

• Label the ribbon with "SDS," followed by start of transect (SOT) or end of 
transect (EOT), the transect number, and the bearing (e,g" SDS SOT T-3 @ 
134"), 

• Flag at 1 OO-m intervals with pink-striped ribbon, labelling each ribbon with 
"SDS," the transect number, the distance, and the bearing" (e,g" SDS T-3 
0+100 m @ 134°), 

Transect surveys for areas larger than 10 ha 

POC 

• Use two blue ribbons and two pink-striped ribbons, 

• Label the first blue ribbon "SDS" (for "soil disturbance survey"), the ID 
number on survey form, the date, and the surveyor's initials (e,g" SDS FFR-l 
94/04/27 S,T,), 

• Label the second blue ribbon with the distance and bearing to the first grid 
centre (e,g" 42 m @ 104° to GC-l), 
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Grid centres 

Transects 

• Use one blue ribbon and one pink-and-black-striped ribbon. 

• Label the blue ribbon with "GC -," followed by the grid centre number, and a 
random bearing (e.g., GC-IOI, 143°). 

• Mark the ground with blue flagging at the start and end of each transect, 
exactly at the O-m and 30-m marks (or the appropriate endpoint if the transect 
goes outside of the NAR). 

Road traverses 

poe 
• Use a new POC for each type of road surveyed (e.g., a haul road, a spur road, 

and a permanent skid trail would require three separate POCs). 

• Use two blue ribbons and two pink-striped ribbons. 

• Label the first blue ribbon with the word "Road -," followed by the road 
number, the ID number on survey form, the date, and the surveyor's initials 
(e.g., Road-I, FFR-I, 94/04/27, S.T.). 

• Label the second blue ribbon with the distance to the first width cross-section, 
followed by "to R -," the road number, "x -," and the cross-section number 
(e.g., 18 m to R-I, x-I). 

• Leave a blue ribbon on the cutbank at each width-measuring station. 

Landing surveys 

50 

• Mark the stali and end of each landing length and width measurement with a 
blue ribbon and a pink-striped ribbon. 

• Mark the location of each transect on a sketch map of the landing in the 
field notes. 

• If traversing the landing: 

mark the starting point of the traverse with a blue ribbon and a pink-striped 
ribbon; 

label the blue ribbon with an "L -," followed by the landing number and 
"POC Traverse" (e.g., "L-I POC Traverse"); and 

mark each station of the traverse by painting the ground with a blue cross 
or by leaving a blue ribbon. 
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Appendix 6. Soil conservation survey field, calculation, and summary forms 

Number Name PurposelComments 

FS 880 HSP 96/9 Traverse Survey Field Card For collecting measurement data 
(double-sided) on roads, permanent logging trails, and pre-

Code fire guards and backspar trails. 

FS 885 HSP 96/8 Transect Survey Field Card For collecting soil disturbance data 
(double-sided) in the NAR. Used for small and large area 

transect surveys. 

FS 886 HSP 96/8 Landing Area Calculation For collecting representative width 
Card (single-sided) and length measurements, and calculating 

areas, for landings. 

FS 889 HSP 96110 Soil Disturbance Summaty 1 Summary sheet for all soil 
Field Map (double-sided) disturbance survey calculations, including 

permanent roads and landings-for both 
small and large areas. 
Back side used for sketching map of survey 
strata. 

FS 895 HSP 96/10 Transect Survey Calculation For calculating statistical 
Card, including Calculation infOtmation from FS 896 tally card. 
Procedure (double-sided) Confidence limits entered into FS 889 

form. 
Note: there is also an MOF spreadsheet 
program to do calculations-available fi'olll 
the Forest Practices Branch. 

FS 896 HSP 96/10 Transect Survey Tally Card For transferring data from FS 885 
(single-sided) field cards. Used to tally large area transect 

survey totals. 

FS 897 HSP 96/9 Small Area Survey Summaty card for small area 
Calculation Card 1 Table of survey of soil disturbance in the 
90% Confidence Interval NAR (Le., summary ofFS 885 
Half-Widths (double-sided) data). 

Note: Forms can be downloaded or ordered through the forms index on Ministry of Forests 
website at: http://www.for.gov.bc.ca/isb/forms 
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FS 880 HSP 96/9 - Soil disturbance survey -
Traverse survey field card 

52 

dt.. BRITISH m 
~ COLUMBIA W' 
SURVEYOR 

A. Nybody 
ROAD TYPE 

MAIN 

" .. SO' Gradl~1lf fIl' 

0+015 15 15 

0+045 30 30 

0+075 30 30 

0+105 30 30 

0+135 30 30 

0+165 30 30 

0+195 30 30 

0+225 30 30 

0+255 30 30 

0+285 30 30 

0+291 6 6 

SOIL DISTURBANCE 
SURVEY 

TRAVERSE SURVEY 
FIELD CARD 

DATE Y M D IDENTIFICATION NO. 

96 1°61 27 FFR NE10 
LENGTH HORIZONTAL WIDTH 

Estimated Length 300 m Interval 30 m 

S Width 2 G/adlerll HWidth 2 CO)llllJl~nf1: 

18.2 

22,3 

19.4 

23.9 

20.1 

21.1 

19.3 

18.1 

20,0 

lB.7 

-

1 COiWertSlope Distance (SO) to Horizontal Distance (HD), using slope tables. Do not record slopas forgradien\s <15%. 
2 Convert Slope Width (8 Width) to Horizontal Width (H Width) using slope tables. 

FS 680 HSP 96/9 
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FS 881 HSP 96/8 - Soil disturbance survey -
Tranverse survey calculation card 

'tlb BRITISH tffl. 
~ COlUMBIA W 

SOIL. DISTURBANCE 
SURVEY 

TRAVERSE SURVEY 
CALCULATION CARO 

(\.\TE Y M 0 lPfNTlRCA1!OO NO 

A Nyl""I), nG! OO! 13 FFIHIElO 

CAlCULAnON PROCEDURE 

1. Comp~IQ separato summnrkls for: a) main tlnd spllf roads, and 
b} IJregvMds QM ba~$par treilS" (ror areM 8PPIQ\'(KI pri<>( \0 luU complIance wilt"! Ihe 

Foresi Practl<;es Coda), 

2. CalclJlale IhI'J aVtlra{;i) and standard davlatl¢fl (STD) of \00 widthS measured. 

. t x STOWi<j'h 
3. Ca1clJlate tho (cad Wldth((lnfltklnco intorval (ctWd'h): Cl wodl" '" . ,,:._ -', whale 'l"ls 'rom 1M I TlI.b~ ,I Number of Widths 

4. Multiply length On motros) by ovcrago vMIII (In metros) iIDd dIv/dc by 10,000 10 calculato tho food area In hoctaros. Entor 
1M sum (If 100 (¢ad <lre~$ In Ilia column I;l.befled 'Tol<ll'. 

6. C(llctJlale Area Erlors (AE) In 1\0I;1!1rQ9 for ()ach to/Po Qf load: AE"" Road Area x \i{;;'O +--=~~-~f;;~r~~'2~ 
A~If\g.., Width 

woore Tolal Road Area = 100 lolal aroa dislUrbed by all haul roads, Of all fil'eguards and baCkspar trails, as appropriatlJ. 

6, Calculatelhe squares 011/)13 Awa Error& (AE} and entet the sum of Ihese squaresln 1M coiumn labelled 'Tolal', 

7. Calculato thu porccntago area disturbed: Area %.. _ Area {ha) x 100. 
OCA or NAn (ha) 

Use Gross Cutblock Area (GeA) lor permanenl roads, and Net Alea to be Rofore!>loo (NAR) for fireguarda ar.d backspar lralls. 

e, Calculale the Area Elror In h~lare$: Area Error (M) = ~som oi-AEi 

9. Calculato the Area Error in percent i\ma Error (%)" _~(~_~._~~~~~J~J_ x 100. 
OCA or NAn (ha) 

1(1, Calculate the to\'\'ef 00% conitd(;!nca limit k>r area % (lCl9{l): Area %. Area Elror"" 

FS881 HSP9&13 

I TABLE 
90%, OM-~ldod 

-(t- ~-f· -T -- - j"-- ,-

5 ........ 1A76 
6 ... " ... 1.440 
7 "".,," 1.415 
8 .n."." 1.397 
9 ,,,.,, ... 1.383 

10 .. ,._." i.37t! 
11 ."._", 1.363 
12 ......... 1.356 
1(1.. ....... 1.350 
14 ......... 1.345 
15 ......... 1.:341 
16 "" ... " 1.337 
17"",,,,, 1.333 
18 h ....... 1.330 
19,_ .... , .. 1~ 
20 ........ , 1,325 
21 .. ,,_ ... 1,323 
22 .... _ ... 1.321 
23 ......... 1.319 
24 .... ~ ... 1.316 
25 •. «." .. 1.316 
26 ... "" .. 1,315 
27 " .... ," 1.314 
28 ....... " i.313 
29 ", .. " .. 1 ,311 
30 ....... " 1,:UO 

>30 ....... " 1.310 

\\tI(:re '1'1' i'3lh~ outiiW 
01 road \','id!hs 0( 9fid 
(Alolres (not tmmoects). 
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FS 885 HSP 96/8 - Soil disturbance survey -
Transect survey field card - example for large block method 

54 

.\I!. CBRlTISH m 
~ OLUMBv\ W 
SURVEYOR 

A. Nybody 
__ ~!!O~_-;-_ 
Ro\V I COLUMN 

15 : 6 

POC BEARING AND 
DISTANCE 

72' 34 m 

SOIL DISTURBANCE 
SURVEY 

TRANSECT SURVEY 
FIELD CARD 

DATE Y M 10 iDENTIFICATION NO. 

961 07 291 FFR-NE16 
GRlO !TRANSECT 

SPACiNG 

68 

4SQ OFFSET 
SPAClNG 

m (spacing x 1.41) 95,9 m 

POlNT 
SPACING 

1.0 m 

~ 101 102 103 104 _105 106 
SEARlNG 56 14( 100 1901186 276 92 182 286 16 186 176 

1 x l- - - I (-) - - - - - - ill 
2 Ie L- - - - - A A - - -
3----- -----\eJ 
4 - - - - I A - - - - IA lS) 
5 - ItEl - - I(G} - (CO) t{V) - I(s} x 
6 Ils) I I.E) I.::J I (S) - - lID - IVY) - - -
7 I lID lID B ® - - lID - - - - -
6 -! ll:\ - - - - - - - - IR R 
9 _____ Q_Q". Q_Q 

10 - - - (=l - - - - - R - -
11 - Il:-J - Q x - Q - - f - -
12 - - - -: 1(-) x - - - T - -

13 - - - ill 1(-) - - x l:-1 - -
14 I\:::) - - CD - G - -\;:j - -
15 fa - - - - - --
16 - - x - - - - - - -
17 ~ - x - - G - -9 - G 
16 ~ - - .- - - - - 1l:-1 - - -
19 - II.::J - .- - - - G - - - -
20 - - l=) .::: IF} - - - - - - -
21 G - - - - - - G Ie I GIG) 
22 X I (,§) - - - (Q - - - - I e E) 
23 - I~ - - J (!J - - - - - E 

24 - - - -IT:- -l:}x - x I.E) 
25 ___ -9l),-{S}E - - - --
26 F) - -, l:} ..- (S) E l=) - - - -
279-- -----x ---
26 - - - - - - Ie -
29 --- ------ ---

30 - 110 - - - CJ - - - e 
FS 885 HSP 96/8 
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FS 886 HSP 96/8 - Soil disturbance survey -
Landing area calculation card 

.. lh BRITISH m 
~COLUMBIA W 

SOIL DISTURBANCE 
SURVEY 

LANDING AREA 
CALCULA liON CARD· 

SURVEYOR 

A. Nybody 
DATE Y M 0 I IDENTIFICATION NO. 

96 106 121 FFR-NE12 

LANDING SUMMARYTABLE* 

lANDING NUMBER 1 2 3 
lENGTH 1 (m) 55,5 33.2 69,1 
LENGTH 2 (m) 49.7 33,0 52.4 
AVG. LENGTH (m) 52,6 33,1 60,8 

WIDTH 1 (m) 33,1 5,9 43.4 

WJDTH 2(m) 28,9 11.0 38,6 

AVG. WIDTH (m) 31.0 8,45 41.0 

AREA~,) 0,163 0,028 0,249 

GCA~,) 

AREA (%) 

AREA ERROR (%) 

LOWER AREA LlMJT(%) 

CALCULATION PROCEDURE: 
1. Calculate the average of the two length measurements for each landing. 
2, Calculate the average of the two width measurements for each landing. 

TOTAl. 

0,440 

12,5 

3,52 

0,25 

3,27 

3, Calculate the area of each landing in hectares by multiplying the average length by 
average width and dividing by 10,000, 

4. Sum the area of all landings and enter this value in the column labelled ''Total.'' 
5, Divide the total landing area in hectares by the gross cutblock area (GCA) and 

multiply by 100 to calculate the percent area, 
6, Calculate the area error by multiplying the area (%) by ,0707 

(e,g" 3,30% x ,0707 = ,23%), 
7. Calculate the lower area limit by subtracting the area error % from the area % 

(e,g" 3,3% - .23% = 3,07%), 

·Use for landings, borrow pits, truck pull~outs, etc. 

FS 886 HSP 96/8 
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FS 889 HSP 96/10 (front) - Soil disturbance survey -
Soil disturbance summary 
(example from large block data on the FS 885 form) 

56 

'I.\b CBRlTISH .m 
~ OLUMBIA W 

SOIL DISTURBANCE SUMMARY 

SURVEYOR 

A. Nybody 

A99423 
REGION 

GOA NAR 

DISTURBANCE 
CATEGORIES 

DISTRICT 

SOIL 
HAZARD 
RATINGS 

COMPACTED AREAS 
WIDE SCAlPS 

COMPAC- DISPLACE· 
nON /.lENT 

H H H M 
D REPEATED MACHINE TRAFFIC 
U 5cmDEEPWHEELITRACKRlfTS 

H 

SP LOViER I 
ALLOWABLE 90% CL 

10.0% 10.1% 0.1% 

FOREST FLOOR REDUCTION: 

DISPLACE· 
MENT 

PERMM'ENT 
ACCESS 

AVERAGE DEPTH OF FOREST FLOOR REMAINING AFTER 
BURNING: 

25.0% 24.5% 0.0% 

SPUMIT 

em 

CALCULATION PROCEDURE FOR LOWER CONFIDENCE LIMIT (LCL) FOR 
LANDINGS AND PERMANENT ACCESS STRUCTURES: 

1. Enter the Percentage Area Errors (AE) from the calculation cards corresponding 
to each disturbance type, 

2. Calculate the pooled Confidence Interval: 
CI = r.A~E~~7oo'----~+-A~E~o~~-''-~+~A~E~~7o~''-------

Permanent Access Landings Roads Permanent Trails 

3. Calculate the Lower Confidence Limit as: 

LClpermanenlAccess = Total Permanent Access - ClpennanenlAccess 

similarly for Counted Disturbance and Forest Floor Displacement. 

COMMENTS 

FS 889 HSP 96/10 
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FS 889 HSP 96/10 (back) - Soil disturbance summary - Field map 

'I.\b CBRlTlSH .m 
~ OLUMBIA W 

SOIL DISTURBANCE 
SUMMARY 

FIELD MAP 

~N 
~-~...,+.,.-,- 10, , 'Skl<idlnc' 

"-" --"7 "--"_:_'. • "~'"l 
----------- -------- 6 . . '.' . .. ...... . 

. .:. . . . 6, 

~~-~~~~-~-~...,-T-~...,-T-, 4 

~----~:----------------~5 
'-~-~~-~~~~-~-~~-~-~~-~-' 2 

••••••• Baeellne . . . . . , , . . 
- - - Additional tranaaota 

FS 889 HSP 96{10 
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FS 895 HSP 96/10 (front) - Soil disturbance survey -
Transect survey calculation card 
(example from large block data on the FS 885 form) 

• BRITISH Q) SOIL DISTURBANCE 

'" COLUMBIA SURVEY 

SURVEYOR DATE Y M D IDENTIFICATION NO. 

A. Nybody 96 06 19 FFR NE16 

A B C D E F G H 

oruo COUNTED DISPLACE SKIDROAD TOTAl COUNTED DISPlACE SKIOROADS TOTAl.. 
CfNllIE PRODUCT PRODUCT PRODUCT POINTS DISTURBANCE 'OIJARED SQUAAEO POiNTS 

(H)X{lj (H)X (J) (H)X(K} SQUARED SQUARED '""""",0 

101 6,. 1218 3364 121 441 66 

102 232 670 3364 16 226 " 
103 580 1160 3364 100 400 58 

104 413 626 3461 49 196 59 

105 232 63B 3364 16 121 56 

106 696 1102 3364 144 361 56 

1. Total 2791 5814 20301 446 1744 349 

2. MeM 58.17 
3. Proportion . . ' .' .... 

4. Proportlon2 . . . .' . ' ................ 
6. Mean % .. 
6. SE% 

7. lCL% .... 

TRANSECT SURVEY 
CALCULATION CARD 

J J K 

COUNTED TOTAL SKlDROADS 
DlSTURBANcr OISPLACE 

11 21 

4 15 

10 20 

7 14 0 

4 11 

12 19 

"" 100 
.. .•...... ........... . ... 

0.1375 0.2865 

0.0189 0.0821 

13.75 28.65 

2.474 2.795 0 

10.1 24,5 

• Calculate these numbers only if Skldroad Di$turbance Is >6% and you are on a site with a High Displacement or Erosion Hazard, where the 
prescription was approved under the 1994 Silviculture Practices Regulation. 

FS 895 HSP 96/10 
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FS 895 HSP 96/10 (back) - Soil disturbance survey -
Calculation procedure for large area method 

CALCULATION PROCEDURE (retain four decimals in intermediate caloulatlons): 

1. Total each column In Row 1. 

2. Calculate the mean number of surveyed points par grid centre in Celi H2. 

3. USl;> thl;> celi references in brackets to calculate the proportion of the total points surveYI;>d with Counted 
Disturbance, Tolal Displacement and Skldroads.' 

Proporllon Counted [11] Proportion Tolal [Jl) 
Disturbance ~ [H1) Displacement = lH1J 

Proportion [Kl) 
Skidroads = [I-:Hf 

where the text In square brackets specifies the cell references on the form (e.g., [Hl] = Total of Points Surveyed) . 

• For Forest Practices Code surveys, calculate Counted Disturbance and Total Displacement. 

For areas with prescriptions approved under thl;> 1994 Silviculture Practices Regulations, if you are on a site with 
a High Soli Displacement or High Surface Erosion Hazard, also calculate Skldroads. 

4. Calculate thl;> square of the proportions (Proportion2). 

5. For Counted Disturbance, Total Displacement and Skldroads, calculate: Mean % = 100% x Proportion (from 
Step 3). 

6. Calculate the Standard Error (SE %) for Counted Disturbance, Total Displacement and Skidroads, using the cell 
references shown in the formulas below (the text in square brackets indicates the cell references on the form 
(e.g., [H2) = Mean of Points): 

r---~-----·'------~------·--·-·"---·--

SECountod % '" 100% x V l~11- (2 x!!~.x [Al1)_~gt~~JD1]L 
n x (n - 1) X [H2J2 

SE Skidroads % 
'" 100% x\/[~I) -~~(~3j~-[C1J)~-([I<~fi[Q}J) 

n x (n - 1) x [H2j2 

where n = number of grid centres. 

7. Calculate the Lower Confidence Limit (LCL %): LCL% = Mean % - t x SE 

where 't' is the value from the Hable shown on the Traverse Survey Calculation Card (FS 881). 
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FS 896 HSP 96/10 - Soil disturbance survey -
Transect survey tally card 
(example from large block data on the FS 885 form) 

60 

~ Ptovlnc'O Qf Ministry !fit 
~ British Columbia of Forests W 

'""'<"'" 
A Ny-body 

SOIL DISTURBANCE 
SURVEY 

COU/fTEOSOILOISTIJRBANCE 

TRANSECT SURVEY 
TAllY CARD 

GRID mTAl TOTAL SKIO,,! RUTS XL UNU

1 

\'I/O[ PHP! \OM~ V, V~O[ C()RD, W!Of'ICONI1U. WI[)( NOT I\'OT TOTAL 
WITR[ DIS· COOtIT[ ROADS i {I) COMP. GOUGE GOUGE I GOUG[ SCALP 1RAIl SCALP SCALP ARfA rou,m[ SURVO SlJR· 

PlACE. (")' I (Ei' ~I~ ({)). ~l M (YI (5) (el (AI • 0< E) (') vmo 

-.... I -. . .. I·· I 

I Skid Roads PJ'H~oda-ExcavaledJB!aded Roads 11\ CQOO. 
2 Extanslvu UrillOrm compactlon pro-Code-Repeated l>.1.atf\ino Traffic in COOe. 
fSQ'%H$P(15111 

----

. .... . ... 

..... 

---
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FS 897 HSP 96/9 (front) -
Small area survey calculation card 
(data have not been provided for these calculations) 

,(lit, CBRlTISH ,m, 
~ OLUMBIA W 

SOIL DISTURBANCE SURVEY 
SMALL AREA SURVEY CALCULATION CARD 

SURVEYOR I DATE Y M D IDENTIFICATION NO, 

A. Nybody 961 07 129 FFR-NE15 

TOTAL POINTS PRHlMJllARY + AOOmONAL = "NAl 
SUR'{E'f lWI$Effi SURVfY 

Counted ((j 28 33 61 
"'«od {OJ 51 56 107 
I·-In 255 255 510 

(OUN.TfD PRfUMlHARY "NAl 
DlSlURBAN(f SURVri SURVEY 

P611i':",n J,%) c x10 Yo 11.0% 12.0% 
CI 2.7% 2.0% SP llMlT rnJJ,1t" 
Proportion (%) - CI 8.3% 10.0% 9.0% 1.0% 
Proportion {%} + Cl 13.7% 

WRIST FLOOR PREUMIlW:Y fiNAL 
DlSPLA({/HNT \UR'/fY SURVEY 

P~~~on ~%} D x 100% 20.0% 21.0% 
CI 3.4% 2.4% SPUMlT rnJJ,1t" 1 

ProportiOn (%). CI 16.6% 18.6% 30.0% - 1 
Proportion (%) + C1 23.4% 

COMMfNTS 
Soil disturbance would have been higher if rehabilitation of 

excavated trails had not been completed. 

FS 897 HSP 96/9 
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FS 897 HSP 96/9 (back) -
Small area transect survey calculation card 

ONE-SIDED 90% CONFIDENCE INTERVAL HALF-WIDTHS (%) 
FOR THE BINOMIAL DISTRIBUTION 

SAMPLE SIZE 

% 100 150 200 250 300 350 400 450 500 550 600 650 700 

1 1.8 1.4 1.2 hO 0.9 0.8 0.8 0.7 0.7 0.6 0.6 0.6 0.6 
2 2.3 1.8 1.5 1.3 1.2 1.1 1.0 1.0 0.9 0.9 0.8 0.8 0.8 
3 2.7 2.1 1.8 1.6 1.4 1.3 1.2 1.1 1.1 1.0 1.0 0.9 0.9 
4 3.0 2.4 2.0 1.8 1.6 1.5 1.4 1.3 1.2 1.2 1.1 1 .1 1.0 
5 3.3 2.6 2.2 2;0 1.8 1.6 1.5 1.4 1.4 1.3 1.2 1.2 1.1 
6 3.6 2.8 2.4 2,1 1.9 1.8 1.6 1.5 1.5 1.4 1.3 1.3 1.2 
7 3.8 3.0 2.6 2.3 2.1 1.9 1.8 1.7 1.6 1.5 1.4 1.4 1.3 
8 4.0 3.2 2.7 2.4 2.2 2.0 1.9 1.8 1.7 1.6 1.5 1.4 1.4 
9 4.2 3.3 2.8 2.5 2.3 2.1 2.0 1.8 1.7 1.7 1.6 1.5 1.5 

10 4.4 3.5 3.0 2;6 2.4 2.2 2.0 1.9 1.8 1.7 1.7 1.6 1.5 
11 4.5 3.6 3.1 @ 2.5 2.3 2.1 2.0 1.9 1.8 1.7 1.7 1.6 
12 4.7 3.7 3.2 28 2.6 2.4 2.2 2.1 2.0 1.9 1.8 1.7 1.6 
13 4.8 3.9 3.3 29 2.7 2.4 2.3 2.1 2.0 1.9 1.8 1.8 1.7 
14 5.0 4.0 3.4 30 2.7 2.5 2.4 2.2 2.1 2.0 1.9 1.8 1.8 
15 5.1 4.1 3.5 3 1 2.8 2.6 2.4 2.3 2.1 2.0 2.0 1.9 1.8 
16 5.2 4.2 3.6 32 2.9 2.7 2.5 2.3 2.2 2.1 2.0 1.9 1.8 
17 5.3 4.3 3.7 < J 3.0 2.7 2.5 2.4 2.3 2.1 2.1 2.0 1.9 
18 5.4 4.4 3.7 33 3.0 2.8 2.6 2.4 2.3 2.2 2.1 2.0 1.9 
19 5.6 4.5 3.8 3:4 3.1 2.8 2.6 2.5 2.4 2.2 2.1 2.1 2.0 
20 5.7 4.5 3.9 @ 3.1 2.9 2.7 2.5 2.4 2.3 2.2 2.1 2.0 
21 5.7 4.6 4.0 3.5 3.2 2.9 2.7 2.6 2.4 2.3 2.2 2.1 2.0 
22 5.8 4.7 4.0 3.6 3.2 3.0 2.8 2.6 2.5 2.4 2.3 2.2 2.1 
23 5.9 4.8 4.1 3.6 3.3 3.0 2.8 2.7 2.5 2.4 2.3 2.2 2.1 
24 6.0 4.8 4.1 3.7 3.3 3.1 2.9 2.7 2.6 2.4 2.3 2.2 2.1 
25 6.1 4.9 4.2 3.7 3.4 3.1 2.9 2.7 2.6 2.5 2.4 2.3 2.2 
26 6.1 4.9 4.2 3.8 3.4 3.2 2.9 2.8 2.6 2.5 2.4 2.3 2.2 
27 6.2 5.0 4.3 3.8 3.5 3.2 3.0 2.8 2.6 2.5 2.4 2.3 2.2 
28 6.3 5.0 4.3 3.8 3.5 3.2 3.0 2.8 2.7 2.5 2.4 2.3 2.2 
29 6.3 5.1 4.4 3.9 3.5 3.3 3.0 2.9 2.7 2.6 2.5 2.4 2.3 
30 6.4 5.1 4.4 3.9 3.6 3.3 3.1 2.9 2.7 2.6 2.5 2.4 2.3 
31 6.5 5.2 4.5 4.0 3.6 3.3 3.1 2.9 2.8 2.6 2.5 2.4 2.3 
32 6.5 5.2 4.5 4.0 3.6 3.3 3.1 2.9 2.8 2.6 2.5 2.4 2.3 
33 6.6 5.3 4.5 4.0 3.7 3.4 3.1 3.0 2.8 2.7 2.5 2.4 2.4 
34 6.6 5.3 4.6 4.0 3.7 3.4 3.2 3.0 2.8 2.7 2.6 2.5 2.4 
35 6.6 5.3 4.6 4.1 3.7 3.4 3.2 3.0 2.9 2.7 2.6 2.5 2.4 
36 6.7 5.4 4.6 4.1 3.7 3.4 3.2 3.0 2.8 2.7 2.6 2.5 2.4 
37 6.7 5.4 4.6 4.1 3.7 3.5 3.2 3.0 2.9 2.7 2.6 2.5 2.4 
38 6.8 5.4 4.7 4.1 3.8 3.5 3.2 3.0 2.9 2.7 2.6 2.5 2.4 
39 6.8 5.5 4.7 4.2 3.8 3.5 3.3 3.1 2.9 2.8 2.6 2.5 2.4 
40 6.8 5.5 4.7 4.2 3.8 3.5 3.3 3.1 2.9 2.8 2.6 2.5 2.4 
45 6.9 5.6 4.8 4.2 3.9 3.6 3.3 3.1 3.0 2.8 2.7 2.6 2.5 
50 6.9 5.6 4.8 4.3 3.9 3.6 3.3 3.1 3.0 2.8 2.7 2.6 2.5 
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Appendix 7. 

Soil disturbance 
hazarda 

Assessment of 
soil hazards 
not required 

Likelihood of 
landslides 

Soil erosion 

Soil displacement 

Soil compaction 

Soil erosion 

Soil erosion 

Soil displacement 

Soil compaction 

Soil compaction 

Soil compaction 

Likelihood of landslides 

Counted soil disturbance categories and recommended 

limits according to hazard ratings 

Soil sensitivity 
rating 

M,H 

VH 

VH 

VH 

H 

M,L 

H,M,L 

H 

M 

L 

L 

Categories counted in 
allowable soil disturbanceb 

Always + S 
+ E + T5 + A 

Always + S 

Always + S 

Always + S 

Always + S+ E + T5 + A 

Always 

Always 

Always 

Always + E + T5 + A 

Always + E +A 

Always 

Always 

Allowable soil 
disturbance (% NAR) 

Coast and Interior 

5 

5 

5 

5 

5 

Coast Interior 

5 10 

5 10 

5 10 

5 10 

5 10 

5 10 

5 10 

a Assessing the hazards for soil compaction, soil displacement, and soil erosion need not be done if the harvesting 
method is cable or aerial. 

b Under the "Categories counted" column, the term "Always" includes soil disturbance that is always counted, namely 
excavated or bladed trails, corduroyed trails, 15-cm-deep ruts, deep gouges, long gouges, wide gouges, very wide 
scalps. The meaning of the other symbols are: "S": wide scalps; "T5": 5-cm-deep ruts; "E": repeated machine traffic; 
and "A": compacted areas. 

Combine the categories measured for different hazard ratings if that will result in more categories being counted or a 
lower allowable disturbance limit. For example, on a site with a Very High compaction hazard and a High surface 
erosion hazard, the categories counted are "Always + S + E + A + T5," the soil disturbance limit would be 5%. 
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Calculator for a One Sided 90% Confidence Interval 

Cutblock 10: CAR459 
Enter the number of survey points and the number of counted points below 

Number of Survey Points: 
Counted Points: 

Mean Counted: 
LCL Counted: 
CIWidth: 

Cutblock ID: 

#REFI 

#REF! 

#REFI 

#REFI 

#REFI 

#REFI 

CAR464 
Enter the number of survey points and the number of counted points below 

Number of Survey Points: 
Counted Points: 

Mean Counted: 
LCL Counted: 
CI Width: 

Cutblock 10: 

106 
26 

24.5% 
19.1% 
5.4% 

CAR466 
Enter the number of survey points and the number of counted points below 

Number of Survey Points: 
Counted Points: 

Mean Counted: 
LCL Counted: 
CIWidth: 

Cutblock 10: 

#REF! 

#REF! 

#REF! 

#REFI 

#REFI 

#REFI 

CAR468 
Enter the number of survey points and the number of counted points below 

Number of Survey Points: 
Counted Points: 

Mean Counted: 
LCL Counted: 
CIWldth: 

Cutblock 10: 

#REFI 

#REF! 

#REF! 

#REF! 

#REF! 

#REF! 

CAR491 
Enter the number of survey points and the number of counted points below 
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Number of Survey Points: 
Counted Points: 

Mean Counted: 
LCL Counted: 
CIWidth: 

Cutblock 10: 

#REFI 

#REFI 

#REF! 

#REFI 

#REFI 

#REFI 

CARS17 

Enter the number of survey points and the number of counted points below 

Number of Survey Points: 
Counted Points: 

Mean Counted: 
LCL Counted: 
CIWidth: 

Cutblock 10: 

#REFI 

#REFI 

#REFI 

#REFI 

#REFI 

#REFI 

CARS26 

Enter the number of survey points and the number of counted points below 

Number of Survey Points: 
Counted Points: 

Mean Counted: 
LCL Counted: 
CIWidth: 

Cutblock 10: 

#REFI 

#REFI 

#REFI 

#REFI 

#REFI 

#REFI 

CARS27 

Enter the number of survey points and the number of counted points below 

Number of Survey Points: 
Counted Points: 

Mean Counted: 
LCL Counted: 
CIWidth: 

Cutblock 10: 

#REFI 

#REFI 

#REFI 

#REFI 

#REFI 

#REFI 

CARS28 

Enter the number of survey points and the number of counted points below 

Number of Survey Points: 
Counted Points: 

Mean Counted: 
LCL Counted: 
CIWidth: 

#REFI 

#REFI 

#REFI 

#REFI 

#REF! 

#REFI 
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Cut block 10: CAR459 
Enter the number of survey points and the number of counted points below 

Number of Survey Points: #REFI 
Counted Points: #REFI 

#REFI 
Mean Counted: #REFI 
LCL Counted: #REFI 
CIWidth: #REFI 

Cutblock 10: CAR468 
Enter the number of survey points and the number of counted points below 

Number of Survey Points: 
Counted Points: 

#REFI 
Mean Counted: 
LCL Counted: 

CIWidth: 

#REFI 
#REF! 

#REFI 

#REFI 
#REFI 
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Cutblock 10: CAR459 

Enter the number of survey points and the number of counted points below 

Number of Survey Points: 
Counted Points: 

#REFI 

Mean Counted: 
LCL Counted: 
CIWidth: 

Cutblock 10: 

#REFI 

#REFI 

#REFI 

#REFI 

#REFI 

CAR464 

Enter the number of survey points and the number of counted points below 

Number of Survey Points: 
Counted Points: 

Mean Counted: 
LCL Counted: 
CIWidth: 

Cutblock 10: 

109 
60 

55.0% 

48.9% 

6.2% 

CAR466 

Enter the number of survey points and the number of counted points below 

Number of Survey Points: 
Counted Points: 

#REFI 

Mean Counted: 
LCL Counted: 
CIWidth: 

Cutblock ID: 

#REFI 

#REFI 

#REFI 

#REFI 

#REFI 

CAR468 

Enter the number of survey points and the number of counted points below 

Number of Survey Points: 
Counted Points: 

#REF! 

Mean Counted: 
LCL Counted: 
CI Width: 

Cutblock 10: 

#REFI 

#REFI 

#REFI 

#REFI 

#REFI 

CAR527 

Enter the number of survey points and the number of counted points below 
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Number of Survey Points: 

Counted Points: 

#REFI 

Mean Counted: 

LCL Counted: 

CI Width: 

#REFI 

#REFI 

#REFI 

#REFI 

#REFI 
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Table 2a. Mean percetange of counted disturbance and 90% lower confidence limit for SUA based on field survey. 

I SUA I 
Cut block Total Mean counted Distbd. Not disturbed 90% CI width LCL Counted Olst. 

ID % % % (%) % 

CAR464 #REFI #REF! #REF! ### #REF! #REF! #REFI #REFI 

Grand Total 100.0% (106) 24.5% (26) 75.5% (SO) 5.4% 19.1% 

0 #REF! #REF! #REFI ### #REF! #REFI #REF! #REF! 

0 #REF! #REF! #REFI ### #REF! #REFI #REF! #REF! 

0 #REF! #REF! #REF! ### #REF! #REF! #REFI #REFI 

0 #REFI #REF! #REF! ### #REFI #REFI #REF! #REF! 

0 #REFI #REF! #REF! ### #REFI #REFI #REF! #REFI 

0 #REF! #REFI #REFI ### #REFI #REFI #REFI #REFI 
0 #REF! #REFI #REFI ### #REFI #REFI #REF! #REF! 

Note: the number of surveyed points are included in the parentheses. 

Table 2b. Mean percetange of counted disturbance and 90% lower confidence limit for RWA based on field survey. 

I RWA I 
Cut block Total Mean counted Distbd. Not disturbed 90%CI width LCL Counted Olst. 
10 % % % (%) % 
CAR464 #REF! #REF! #REF! ### #REFI #REF! #REF! #REF! 
Grand Total 100.0% (109) 55.0% (60) 45.0% (49) 6.2% 4S.9% 

0 #REFI #REF! #REF! ### #REF! #REF! #REF! #REF! 
0 #REF! #REF! #REF! ### #REF! #REF! #REF! #REFI 
0 #REFI #REF! #REF! ### #REFI #REFI #REF! #REFI 

Note: the number of surveyed points are included in the parentheses. 

Table 2c. Mean percetange of counted disturbance and 90% lower confidence limit for SUB based on field survey. 

I SUB I 
Cut block 
ID 

Grand Total 
o 

Total 
% 

#REF! 
#REF! 

Mean counted Distbd. 
% 

#REF! #REF! 
#REF! #REF! 

### 
### 

Not disturbed 
% 

#REF! 
#REF! 

Note: the number of surveyed points are included in the parentheses. 
32 

90% CI width 
(%) 

#REFI #REFI 
#REF! #REFI 

LCL Counted Oist. 
% 

#REF! 
#REF! 
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Block 

CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 

CountDis 

Name C&E 

1 U 

2 E 

3 L 

4 E 

5 U 

6U 

7G 
8 E 

9 U 

10 G 

11 U 

12 TO 

13E 
14 W 
15 E 

16 U 

17 U 
18 OUT 

19 TO 

20 E 

21 E 

22 E 
23 G 

24 U 

25 E 

26 E 
27 U 

28 E 

29 U 

30 E 

31 U 

32 E 

33 E 

34 E 

35 E 

36 U 

37 E 

lOUT. 

2 E 

3 U 

4 OUT 

5 U 

6 E 

7 U 

8U 

9 U 

10 OUT 

11E 
12 E 
" c 

CountDis 

FREP 

U 

E 
L 

E 
U 

U 

G 

E 

TS 
G 
U 

TO 

E 
W 

E 
U 

TS 
OUT 

TO 

E 
E 
E 

G 

U 

E 

E 
TS 
E 

U 

E 
U 
E 

E 
E 

E 

TS 
E 
OUT 

E 

U 

OUT 

TS 
E 

U 

U 

U 

OUT 

E 

E 
c 

Descriptiol Stratum 

RWAl RWA 
RWAl RWA 
RWAl 
RWAl 
RWAl 
RWAl 
RWAl 
RWAl 
RWAl 
RWAl 
RWAl 
RWAl 
RWAl 
RWAl 
RWAl 
RWAl 
RWAl 
RWAl 
RWAl 
RWAl 
RWAl 
RWAl 
RWAl 
RWAl 
RWAl 
RWAl 
RWAl 
RWAl 
RWAl 
RWAl 
RWAl 
RWAl 
RWAl 
RWAl 
RWAl 
RWAl 
RWAl 
RWA2 
RWA2 
RWA2 
RWA2 
RWA2 
RWA2 
RWA2 
RWA2 
RWA2 
RWA2 
RWA2 
RWA2 
DU/A'l 

RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
O\A/A 

Summary C&E 

Not counted 

Counted Disturbance 

Counted Disturbance 

Counted Disturbance 

Not counted 

Not counted 

Counted Disturbance 

Counted Disturbance 

Not counted 

Counted Disturbance 

Not counted 

Counted Disturbance 

Counted Disturbance 

Counted Disturbance 

Counted Disturbance 

Not counted 

Not counted 

Not counted 

Counted Disturbance 

Counted Disturbance 

Counted Disturbance 

Counted Disturbance 

Counted Disturbance 

Not counted 

Counted Disturbance 

Counted Disturbance 

Not counted 

Counted Disturbance 

Not counted 

Counted Disturbance 

Not counted 

Counted Disturbance 

Counted Disturbance 

Counted Disturbance 

Counted Disturbance 

Not counted 

Counted Disturbance 

Not counted 

Counted Disturbance 

Not counted 

Not counted 

Not counted 

Counted Disturbance 

Not counted 

Not counted 

Not counted 

Not counted 

Counted Disturbance 

Counted Disturbance 
r .......... i- ... ..J n: .. i-, .................. ... 
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Block 

CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 

CountDis 

Name C&E 

16 U 

17 E 

18 E 

19 U 

20 U 

21 E 

22 E 
23 E 
24 E 
25 U 

26 U 

27 E 

28 E 
29 E 
30 E 

31 E 

32 U 

33 E 

34 U 

35 E 

36 U 
37 U 

38 U 

39 U 

lOUT 

2V 
3 U 
4V 
5 U 

6 U 

7 E 
8 U 

9 U 

10 U 
11 E 

12 U 

13U 

14 U 
15 E 
16 U 

17 TD 

18 E 

19 V 

20 U 
21 OUT 

22 E 

23 E 

24 E 
25 OUT 

CountDis 

FREP 
U 

E 

E 
U 

U 

E 
E 
E 
E 
U 

U 

E 
E 

E 
E 

E 

U 

E 
U 

E 
U 

U 

U 

U 

NR 
V 
U 
V 
U 

U 

E 

U 

U 

U 
E 

U 
U 

U 

E 
U 
TD 

E 
V 

TS 
NR 
E 

E 

E 

OUT 

" 

Descriptiol Stratum 

RWA2 RWA 
RWA2 RWA 
RWA2 RWA 
RWA2 RWA 
RWA2 
RWA2 
RWA2 
RWA2 
RWA2 
RWA2 
RWA2 
RWA2 
RWA2 
RWA2 
RWA2 
RWA2 
RWA2 
RWA2 
RWA2 
RWA2 
RWA2 
RWA2 
RWA2 
RWA2 
RWA3 
RWA3 
RWA3 
RWA3 
RWA3 
RWA3 
RWA3 
RWA3 
RWA3 
RWA3 
RWA3 
RWA3 
RWA3 
RWA3 
RWA3 
RWA3 
RWA3 
RWA3 
RWA3 
RWA3 
RWA3 
RWA3 
RWA3 
RWA3 
RWA3 
.... , alA .... 

RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
.... 1.'''' 

Summary C&E 

Not counted 

Counted Disturbance 

Counted Disturbance 

Not counted 

Not counted 

Counted Disturbance 

Counted Disturbance 

Counted Disturbance 

Counted Disturbance 

Not counted 

Not counted 

Counted Disturbance 

Counted Disturbance 

Counted Disturbance 

Counted Disturbance 

Counted Disturbance 

Not counted 

Counted Disturbance 

Not counted 

Counted Disturbance 

Not counted 

Not counted 

Not counted 

Not counted 

Not counted 

Counted Disturbance 

Not counted 

Counted Disturbance 

Not counted 

Not counted 

Counted Disturbance 

Not counted 

Not counted 

Not counted 

Counted Disturbance 

Not counted 

Not counted 

Not counted 

Counted Disturbance 

Not counted 

Counted Disturbance 

Counted Disturbance 

Counted Disturbance 

Not counted 

Not counted 

Counted Disturbance 

Counted Disturbance 

Counted Disturbance 

Not counted 
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Block 

CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 
CAR464 

CountDis 

Name C&E 

29 E 

30 U 

31 OUT 
32 U 

1 E 

2 U 

3 OUT 
4 U 

50UT 
6 E 

7U 

8 OUT 
9U 

10 U 

11 U 

12 E 

1 U 

2 E 

3 U 

4 U 

5U 
6 U 

7 U 
8 U 
9U 

10 TO 

llU 
12 U 

13E 
14 E 
15 OUT 
16 E 

17 U 
18 U 
19 U 
20 U 

21 U 

22 U 

23 E 
24 U 

25 U 

26 U 

27 U 

28 OUT 
29 U 

30 U 

31 U 
32 U 

33 OUT 
..... ,. I, 

CountDis 

FREP 

E 

U 

NR 

U 

E 

U 

NR 
U 

NR 
E 

U 

.NR 
U 

U 
U 

E 

U 

E 
U 
U 
U 

U 

TS 
U 

U 
TO 

U 

U 

E 

E 

OUT 
E 

U 

U 
U 

TS 
U 

U 

E 
U 
U 

U 

U 

OUT 
TS 
U 

U 

U 

OUT 

Descriptiol Stratum 

RWA3 RWA 
RWA3 RWA 
RWA3 
RWA3 
RWA4 
RWA4 
RWA4 
RWA4 
RWA4 
RWA4 
RWA4 
RWA4 
RWA4 
RWA4 
RWA4 
RWA4 
SUA 
SUA 
SUA 
SUA 
SUA 
SUA 
SUA 
SUA 
SUA 
SUA 
SUA 
SUA 
SUA 
SUA 
SUA 
SUA 
SUA 
SUA 
SUA 
SUA 
SUA 
SUA 
SUA 
SUA 
SUA 
SUA 
SUA 
SUA 
SUA 
SUA 
SUA 
SUA 
SUA 
1"'1'" 

RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
RWA 
SUA 
SUA 
SUA 
SUA 
SUA 
SUA 
SUA 
SUA 
SUA 
SUA 
SUA 
SUA 
SUA 
SUA 
SUA 
SUA 
SUA 
SUA 
SUA 
SUA 
SUA 
SUA 
SUA 
SUA 
SUA 
SUA 
SUA 
SUA 
SUA 
SUA 
SUA 
SUA 
SUA 

Summary C&E 

Counted Disturbance 

Not counted 

Not counted 

Not counted 

Counted Disturbance 

Not counted 

Not counted 

Not counted 

Not counted 

Counted Disturbance 

Not counted 

Not counted 

Not counted 

Not counted 

Not counted 

Counted Disturbance 

Not counted 

Counted Disturbance 

Not counted 

Not counted 

Not counted 

Not counted 

Not counted 

Not counted 

Not counted 

Counted Disturbance 

Not counted 

Not counted 

Counted Disturbance 

Counted Disturbance 

Not counted 

Counted Disturbance 

Not counted 

Not counted 

Not counted 

Not counted 

Not counted 

Not counted 

Counted Disturbance 

Not counted 

Not counted 

Not counted 

Not counted 

Not counted 

Not counted 

Not counted 

Not counted 

Not counted 

Not counted 
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Block 

CAR464 

CAR464 

CAR464 

CAR464 

CAR464 

CAR464 

CAR464 

CAR464 
CAR464 

CAR464 

CAR464 

CAR464 

CAR464 

CAR464 

CAR464 

CAR464 

CAR464 

CAR464 

CAR464 

CAR464 

CAR464 

CAR464 

CAR464 

CAR464 

CAR464 

CAR464 

CAR464 

CAR464 

CAR464 

CAR464 

CAR464 

CAR464 

CAR464 

CAR464 

CAR464 

CAR464 

CAR464 

CAR464 

CAR464 

CAR464 

CAR464 
CAR464 

CAR464 

CAR464 

CAR464 

CAR464 

CAR464 

CAR464 

CAR464 

CountDis 

Name C&E 

37 U 

38 U 

39 E 

40 U 

41 U 

42 E 

43 

44 U 

45 U 

46 U 

47 E 

48 U 

49 E 

50 U 

51 U 

52 U 

53 U 

54·0UT 

55 E 
56 E 

57 U 
58 OUT . 

59 U 

60 U 

61 U 

62 E 

63 E 

64 U 
65 E 
66 U 

67 U 

68 U 

69 U 

71U 
nu 
73U 

74 U 

75 U 

76 U 

77TD 

78 U 

79 U 

80 U 

81 U 

82 TD 

83 U 

84 U 

85 U 
nr II 

CountDis 

FREP 

U 

U 

E 
U 

U 

E 
N/A 
U 

U 

U 

E 

U 

E 
U 

U 

U 

U 

U 

E 
E 

U 
E 
U 

U 

U 

E 
E 
U 

E 

U 

U 

U 

U 

N/A 
U 
U 

U 
U 

U 

U 

TD 

U 

U 
U 

U 

TD 
U 

U 

U 

Descriptiol Stratum 

SUA SUA 

SUA 

SUA 

SUA 

SUA 

SUA 
SUA 

SUA 

SUA 

SUA 

SUA 

SUA 

SUA 

SUA 

SUA 

SUA 

SUA 

SUA 

SUA 

SUA 

SUA 

SUA 

SUA 

SUA 

SUA 

SUA 

SUA 

SUA 

SUA 

SUA 

SUA 

SUA 

SUA 

SUA 

SUA 

SUA 

SUA 

SUA 

SUA 

SUA 
SUA 

SUA 

SUA 

SUA 

SUA 

SUA 

SUA 

SUA 
SUA 

SUA 

SUA 

SUA 

SUA 

SUA 

SUA 

SUA 

SUA 

SUA 

SUA 

SUA 

SUA 

SUA 

SUA 

SUA 

SUA 
SUA 

SUA 

SUA 

SUA 

SUA 

SUA 

SUA 

SUA 

SUA 

SUA 

SUA 

SUA 

SUA 

SUA 

SUA 

SUA 

SUA 

SUA 

SUA 

SUA 

SUA 

SUA 
SUA 

SUA 

SUA 

SUA 

SUA 

SUA 
SUA 

SUA 

SUA 

SUA 

Summary C&E 

Not counted 

Not counted 

Counted Disturbance 

Not counted 

Not counted 

Counted Disturbance 

Not counted 

Not counted 
Not counted 

Not counted 

Counted Disturbance 

Not counted 

Counted Disturbance 

Not counted 

Not counted 
Not counted 

Not counted 

Not counted 

Counted Disturbance 

Counted Disturbance 

Not counted 

Not counted 

Not counted 

Not counted 

Not counted 

Counted Disturbance 
Counted Disturbance 

Not counted 

Counted Disturbance 

Not counted 

Not counted 

Not counted 

Not counted 

Not counted 

Not counted 

Not counted 

Not counted 

Not counted 

Not counted 

Not counted 

Counted Disturbance 

Not counted 
Not counted 

Not counted 

Not counted 

Counted Disturbance 

Not counted 

Not counted 

Not counted 
.. ,_ ... -_ ... _"'---' 
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CountDis CountDis 

Block Name C&E FREP Descriptiol Stratum Summary C&E 

CAR464 89 U U SUA SUA Not counted 

CAR464 90 U U SUA SUA Not counted 

CAR464 91 U U SUA SUA Not counted 

CAR464 92 TD TD SUA SUA Counted Disturbance 

CAR464 93 U U SUA SUA Not counted 

CAR464 94 E E SUA SUA Counted Disturbance 

CAR464 95 E E SUA SUA Counted Disturbance 

CAR464 96 U U SUA SUA Not counted 

CAR464 97 U U SUA SUA Not counted 

CAR464 98 U U SUA SUA Not counted 

CAR464 99 U U SUA SUA Not counted 

CAR464 100 U U SUA SUA Not counted 

CAR464 101 E E SUA SUA Counted Disturbance 

CAR464 102 E E SUA SUA Counted Disturbance 

CAR464 103 U U SUA SUA Not counted 

CAR464 104 U U SUA SUA Not counted 

CAR464 105 U U SUA SUA Not counted 

CAR464 106 E E SUA SUA Counted Disturbance 

CAR464 107 U U SUA SUA Not counted 

CAR464 108 U U SUA SUA Not counted 

CAR464 109 E E SUA SUA Counted Disturbance 

CAR464 110U U SUA SUA Not counted 

CAR464 111U U SUA SUA Not counted 

CAR464 112 E E SUA SUA Counted Disturbance 

CAR464 113U U SUA SUA Not counted 

CAR464 114 U U SUA SUA Not counted 
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NOTE Surveyor Position 

Stephane lOU 469904 6019859 

Stephane lOU 469939 6019869 

Stephane lOU 469937 6019863 

Stephane lOU 469895 6019826 

Stephane lOU 469804 6019820 

Stephane lOU 469993 6019867 
Stephane lOU 469997 6019901 
Stephane lOU 470006 6019901 

Stephane lOU 469983 6019905 

Stephane lOU 469897 6019839 
Stephane lOU 470040 6019888 
Stephane lOU 469983 6019905 
Stephane lOU 470001 6019907 
Stephane lOU 470012 6019887 
Stephane lOU 469970 6019867 
Stephane lOU 469923 6019887 
Stephane lOU 470022 6019896 

Road Stephane 
Stephane lOU 469966 6019873 
Stephane lOU 469789 6019802 
Stephane lOU 469857 6019841 
Stephane lOU 470008 6019884 

Stephane lOU 469942 6019860 
Stephane lOU 469876 6019847 
Stephane lOU 469882 6019829 
Stephane lOU 469916 6019846 
Stephane lOU 470029 6019889 
Stephane lOU 469876 6019819 

Stephane lOU 469936 6019850 

Stephane lOU 469884 6019820 
Stephane lOU 469799 6019803 

Stephane lOU 469848 6019813 

Stephane lOU 469983 6019876 

Stephane lOU 470005 6019885 

Stephane lOU 469838 6019828 
Stephane lOU 470051 6019890 
Stephane lOU 470013 6019900 
Stephane 
Stephane lOU 469948 6019817 
Stephane lOU 469940 6019804 
Stephane 
Stephane lOU 469955 6019818 
Stephane lOU 469976 6019807 
Stephane lOU 469876 6019778 
Stephane lOU 469807 6019762 
Stephane lOU 469846 6019779 
Stephane 
Stephane lOU 469949 6019821 
Stephane lOU 470052 6019885 
('+ ....... 1-. ......... '1nll /lcnn").., CfHnO'l, 

Page 234 
FNR-2013-00368, Part 1



NOTE Surveyor Position 

Stephane lOU 469942 6019789 
Stephane lOU 469806 6019767 
Stephane lOU 469903 6019811 

Stephane lOU 469830 6019769 

Stephane lOU 469881 6019782 

Stephane lOU 469992 6019855 

Stephane lOU 469943 6019827 

Stephane lOU 469791 6019772 

Stephane lOU 469892 6019786 

Stephane lOU 469940 6019788 
Stephane lOU 469927 6019780 
Stephane lOU 469841 6019777 
Stephane lOU 469794 6019775 
Stephane lOU 469905 6019789 
Stephane lOU 470001 6019857 

Stephane lOU 469967 6019811 

Stephane lOU 469912 6019800 
Stephane lOU 469855 6019776 

Stephane lOU 469879 6019787 
Stephane lOU 469875 6019795 
Stephane lOU 469876 6019794 
Stephane lOU 469817 6019778 

Stephane lOU 470047 6019876 
Stephane lOU 470033 6019860 

Not in roadside Stephane 
Stephane lOU 469704 6019802 
Stephane lOU 469569 6019890 
Stephane lOU 469670 6019832 
Stephane lOU 469756 6019738 
Stephane lOU 469722 6019785 
Stephane lOU 469682 6019802 
Stephane lOU 469573 6019897 
Stephane lOU 469724 6019763 
Stephane lOU 469583 6019886 
Stephane lOU 469709 6019797 

Stephane lOU 469709 6019781 
Stephane lOU 469790 6019710 
Stephane lOU 469637 6019839 
Stephane lOU 469810 6019679 
Stephane lOU 469543 6019911 
Stephane lOU 469651 6019824 
Stephane lOU 469773 6019712 
Stephane lOU 469691 6019813 
Stephane lOU 469792 6019678 
Stephane 
Stephane lOU 469697 6019793 
Stephane lOU 469654 6019843 
Stephane lOU 469718 6019785 

Gully Stephane 
"'.L_.~'~_. __ ........ I A ....... n..,..., rn .. nrr .. 
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NOTE Surveyor Position 

Stephane lOU 469723 6019755 

Stephane lOU 469533 6019915 

Not in roadside Stephane 
Stephane lOU 469802 6019692 

Stephane lOU 470234 6019431 

Stephane lOU 470163 6019392 

Stephane 

Stephane lOU 470445 6019488 

Stephane 
Stephane lOU 470229 6019429 
Stephane lOU 470415 6019486 
Stephane 
Stephane lOU 470380 6019472 
Stephane lOU 470400 6019484 
Stephane lOU 470244 6019428 
Stephane lOU 470158 6019388 
Stephane lOU 469819 6019317 
Stephane lOU 470064 6019633 
Stephane lOU 469822 6019335 
Stephane lOU 469633 6019672 
Stephane lOU 470046 6019750 
Stephane lOU 470439 6019493 

Stephane lOU 470003 6019329 
Stephane lOU 470193 6019558 
Stephane lOU 470201 6019587 
Stephane lOU 470123 6019765 
Stephane lOU 470094 6019786 
Stephane lOU 470014 6019633 
Stephane lOU 470128 6019671 
Stephane lOU 469923 6019887 
Stephane lOU 470103 6019375 
Stephane lOU 470016 6019327 
Stephane lOU 470286 6019677 
Stephane lOU 470127 6019779 
Stephane lOU 469811 6019753 
Stephane lOU 469985 6019671 
Stephane lOU 469981 6019578 
Stephane lOU 469581 6019752 
Stephane lOU 470049 6019654 
Stephane lOU 470218 6019630 
Stephane lOU 469732 6019898 
Stephane lOU 469990 6019956 
Stephane lOU 470029 6019768 
Stephane lOU 470096 6019852 
Stephane lOU 470353 6019567 
Stephane lOU 469984 6019465 
Stephane lOU 469986 6019934 
Stephane lOU 469822 6019769 
Stephane lOU 469867 6020047 
,. ... _._1_-.- _ ~nl' A~nn~~ rn~nnnn 
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Stephane lOU 469720 6019961 

Stephane lOU 470105 6019594 

Stephane lOU 469938 6019316 

Stephane lOU 469780 6019978 

Stephane lOU 469878 6019494 

Stephane lOU 469769 6019909 

not detected in the original survey field card Stephane 
Stephane lOU 470378 6019522 

Stephane lOU 469878 6019404 

Stephane lOU 469616 6019895 
Stephane lOU 470219 6019482 

Stephane lOU 469914 6019987 
Stephane lOU 470089 6019767 
Stephane lOU 469521 6019842 

Stephane lOU 469836 6019120 
Stephane lOU 470045 6019440 
Stephane lOU 469958 6019783 

Roadside Stephane lOU 469806 6019815 
Stephane lOU 469913 6019689 
Stephane lOU 469917 6019875 
Stephane lOU 469667 6019656 

Roadside Stephane lOU 469955 6019808 

Stephane lOU 470060 6019810 

Stephane lOU 469831 6019580 
Stephane lOU 469636 6019928 
Stephane lOU 469996 6019260 
Stephane lOU 469746 6019713 
Stephane lOU 470402 6019541 
Stephane lOU 470181 6019451 
Stephane lOU 469751 6019861 
Stephane lOU 470094 6019483 
Stephane lOU 470283 6019540 
Stephane lOU 470082 6019751 

not detected in the original survey field card Stephane 
Stephane lOU 470079 6019741 
Stephane lOU 469958 6019951 
Stephane lOU 470009 6019371 
Stephane lOU 469855 6019968 
Stephane lOU 470294 6019675 
Stephane lOU 470107 6019814 
Stephane lOU 469944 6019322 
Stephane lOU 469884 6019736 
Stephane lOU 470159 6019611 
Stephane lOU 470283 6019690 
Stephane lOU 469883 6019396 
Stephane lOU 469878 6019706 
Stephane lOU 469816 6019648 
Stephane lOU 469523 6019900 
Stephane lOU 470357 6019523 
r ... ~._I __ • __ ... "".1 "rl"\"""'''' rn ...... ....,"'., 
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Stephane lOU 469797 6020009 

Stephane lOU 469864 6020003 

Stephane lOU 469668 6019849 
Stephane lOU 469565 6019759 
Stephane lOU 470026 6019343 
Stephane lOU 469883 6019934 
Stephane lOU 469979 6019955 
Stephane lOU 470141 6019600 
Stephane lOU 469983 6019549 
Stephane lOU 469925 6019715 
Stephane lOU 470116 6019447 
Stephane lOU 470175 6019555 
Stephane lOU 470054 6019377 
Stephane lOU 469508 6019896 

Stephane lOU 469798 6019374 

Stephane lOU 469640 6019885 
Stephane lOU 469848 6019893 
Stephane lOU 470017 6019841 
Stephane lOU 469967 6019801 
Stephane lOU 469932 6020012 
Stephane lOU 469871 6019503 

Stephane lOU 469950 6019797 

Stephane lOU 469906 6019712 
Stephane lOU 469849 6019982 
Stephane lOU 469986 6019725 
Stephane lOU 469824 6019361 
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• This table combined all the availab 
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information from Stephane and Steve as of March 29th, 2012. • I separated surveyed soil disturbance for compliance ("Coun! 
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C&En) and FREP (nCountDis FREpn). 
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weather
date

display
name

data
status status

temp
valid temperature

rh
valid

relative
humidity

wdir
valid

wind
direction

wspeed
valid

wind
speed

precip
valid precipitation gc ffmc dmc dc isi bui fwi

danger
rating

19980910 MCLEOD LAK 1 actual TRUE 11.1 TRUE 75 TRUE 186 TRUE 9.6 TRUE 4.5 52.50632 19.26679 481.6715 0.3541 35.03053 0.4645131 2
19980911 MCLEOD LAK 1 actual TRUE 14.9 TRUE 47 TRUE 251 TRUE 22.3 TRUE 3.3 66.43981 15.53085 476.5308 1.712726 28.7215 3.418416 2
19980912 MCLEOD LAK 1 actual TRUE 13.1 TRUE 56 TRUE 189 TRUE 11.7 TRUE 0 78.21941 16.6331 480.5928 1.730716 30.6171 3.63698 2
19980913 MCLEOD LAK 1 actual TRUE 13.5 TRUE 43 TRUE 248 TRUE 10.9 TRUE 3 69.58775 13.84813 476.8202 1.069307 25.82144 1.53822 2
19980914 MCLEOD LAK 1 actual TRUE 15.9 TRUE 38 TRUE 232 TRUE 11.9 TRUE 0 83.54515 15.7216 481.3862 3.15626 29.06973 6.507842 2
19980915 MCLEOD LAK 1 actual TRUE 8.7 TRUE 65 TRUE 0 TRUE 12.6 TRUE 0 83.59238 16.34099 484.6562 3.289891 30.14131 6.917262 2
19980916 MCLEOD LAK 1 actual TRUE 14.7 TRUE 39 TRUE 31 TRUE 7.8 TRUE 0 87.04768 18.06252 489.0062 4.160645 33.07116 9.008211 3
19980917 MCLEOD LAK 1 actual TRUE 15.2 TRUE 43 TRUE 14 TRUE 16.2 TRUE 0 87.71011 19.72826 493.4462 6.983222 35.87115 14.35318 3
19980918 MCLEOD LAK 1 actual TRUE 8.8 TRUE 75 TRUE 1 TRUE 10.5 TRUE 0 84.38738 20.17772 496.7342 3.290273 36.63507 7.801748 2
19980919 MCLEOD LAK 1 actual TRUE 5.9 TRUE 100 TRUE 3 TRUE 5.4 TRUE 3.9 36.50549 13.84137 486.3151 2.23E‐02 25.84384 0.0238918 2
19980920 MCLEOD LAK 1 actual TRUE 6.7 TRUE 100 TRUE 211 TRUE 12 TRUE 0.3 36.53718 13.84137 489.2251 3.14E‐02 25.85406 3.36E‐02 2
19980921 MCLEOD LAK 1 actual TRUE 16.4 TRUE 56 TRUE 190 TRUE 8.8 TRUE 0.3 65.29788 15.2029 493.8811 0.8314068 28.23309 0.9426203 2
19980922 MCLEOD LAK 1 actual TRUE 16.4 TRUE 45 TRUE 37 TRUE 11.8 TRUE 0 81.05416 16.90404 498.5371 2.311697 31.16617 5.030014 2
19980923 MCLEOD LAK 1 actual TRUE 9.5 TRUE 76 TRUE 225 TRUE 12.5 TRUE 0 81.14478 17.3664 501.9511 2.41956 31.96776 5.357386 2
19980924 MCLEOD LAK 1 actual TRUE 8.8 TRUE 96 TRUE 191 TRUE 6.8 TRUE 2.6 49.47819 13.78928 505.2391 0.2167053 25.81703 0.2315655 2
19980925 MCLEOD LAK 1 actual TRUE 9.9 TRUE 61 TRUE 19 TRUE 13.9 TRUE 2.5 56.65185 11.54475 508.7251 0.6482164 21.84987 0.6215791 2
19980926 MCLEOD LAK 1 actual TRUE 14.4 TRUE 55 TRUE 187 TRUE 11.9 TRUE 0 74.95329 12.77827 513.0211 1.39161 24.05842 2.235694 2
19980927 MCLEOD LAK 1 actual TRUE 14.2 TRUE 52 TRUE 284 TRUE 19 TRUE 0 82.91845 14.08032 517.2811 4.162628 26.36641 7.893583 2
19980928 MCLEOD LAK 1 actual TRUE 13.7 TRUE 40 TRUE 221 TRUE 11 TRUE 0 86.63997 15.66655 521.451 4.613562 29.14407 9.14809 3
19980929 MCLEOD LAK 1 actual TRUE 10.1 TRUE 51 TRUE 79 TRUE 5.3 TRUE 0 86.68822 16.63762 524.973 3.48552 30.83237 7.393357 2
19980930 MCLEOD LAK 1 actual TRUE 16.2 TRUE 45 TRUE 190 TRUE 13.2 TRUE 0 87.45354 18.34088 529.593 5.787257 33.75891 11.9815 3
19981001 MCLEOD LAK 1 actual TRUE 11.2 TRUE 87 TRUE 223 TRUE 5.5 TRUE 0.6 81.35732 18.5757 532.313 1.742563 34.17036 3.985635 2
19981002 MCLEOD LAK 1 actual TRUE 2.3 TRUE 100 TRUE 3 TRUE 17.2 TRUE 21.7 12.0037 7.597052 424.8857 8.98E‐06 14.54398 6.70E‐06 1
19981003 MCLEOD LAK 1 actual TRUE ‐0.1 TRUE 97 TRUE 150 TRUE 0.2 TRUE 1.1 11.74069 7.601598 425.5717 3.33E‐06 14.55331 2.49E‐06 1
19981004 MCLEOD LAK 1 actual TRUE 2.6 TRUE 100 TRUE 185 TRUE 5.3 TRUE 5.7 4.045838 3.923332 407.4733 4.70E‐08 7.662226 2.47E‐08 1
19981005 MCLEOD LAK 1 actual TRUE 5.4 TRUE 100 TRUE 188 TRUE 12.5 TRUE 37.3 0 1.226636 273.234 3.58E‐09 2.426044 1.17E‐09 1
19981006 MCLEOD LAK 1 actual TRUE 11.7 TRUE 85 TRUE 202 TRUE 7.5 TRUE 14.6 31.58054 0.2870395 235.8517 7.67E‐03 0.5723377 1.84E‐03 1
19981007 MCLEOD LAK 1 actual TRUE 5.9 TRUE 98 TRUE 139 TRUE 7.4 TRUE 5.7 13.1503 0.026516 225.5166 9.68E‐06 5.30E‐02 1.99E‐06 1
19981008 MCLEOD LAK 1 actual TRUE 0.4 TRUE 100 TRUE 23 TRUE 18.8 TRUE 0.9 12.05988 0.026516 226.2926 1.00E‐05 5.30E‐02 2.06E‐06 1
19981009 MCLEOD LAK 1 actual TRUE 1.2 TRUE 99 TRUE 13 TRUE 10.9 TRUE 1.1 11.80018 3.03E‐02 227.2126 5.89E‐06 6.07E‐02 1.22E‐06 1
19981010 MCLEOD LAK 1 actual TRUE 3.7 TRUE 74 TRUE 355 TRUE 10.2 TRUE 7 23.14896 0.1905515 213.1137 6.91E‐04 0.3802531 1.58E‐04 1
19981011 MCLEOD LAK 1 actual TRUE 2.1 TRUE 82 TRUE 22 TRUE 10.3 TRUE 4.9 23.24258 0.0863058 204.9238 7.17E‐04 0.1724301 1.54E‐04 1
19981012 MCLEOD LAK 1 actual TRUE 0.8 TRUE 100 TRUE 13 TRUE 11 TRUE 0.8 21.77588 0.0863058 205.7718 4.42E‐04 0.1724308 9.50E‐05 1
19981013 MCLEOD LAK 1 actual TRUE 6.7 TRUE 100 TRUE 184 TRUE 5.5 TRUE 12.2 3.516785 5.91E‐03 179.5357 3.31E‐08 1.18E‐02 6.68E‐09 1
19981014 MCLEOD LAK 1 actual TRUE 4.6 TRUE 100 TRUE 180 TRUE 6.6 TRUE 1.6 1.877937 0 181.0677 1.10E‐08 0 2.20E‐09 1
19981015 MCLEOD LAK 1 actual TRUE 3.2 TRUE 91 TRUE 8 TRUE 3.8 TRUE 0.3 8.706171 6.058638 182.3477 7.78E‐07 11.18796 4.99E‐07 1
19981021 MCLEOD LAK 1 actual TRUE 11.6 TRUE 64 TRUE 211 TRUE 14.1 TRUE 16.3 35.08448 0.6869765 2.792 2.52E‐02 0.8506767 6.43E‐03 1
19981022 MCLEOD LAK 1 actual TRUE 12.6 TRUE 50 TRUE 188 TRUE 10.8 TRUE 4.8 49.90929 1.037912 2.972 0.2796269 1.108244 7.49E‐02 1
19981023 MCLEOD LAK 1 actual TRUE 11.9 TRUE 48 TRUE 138 TRUE 7.6 TRUE 0 70.76456 2.064157 5.818 0.9406014 2.1878 0.2990496 1
19981024 MCLEOD LAK 1 actual TRUE 11 TRUE 49 TRUE 138 TRUE 7.7 FALSE 288.3 39.66661 1.219467 2.684 4.80E‐02 1.160899 1.30E‐02 1
19981105 MCLEOD LAK 1 actual TRUE 1.8 TRUE 100 TRUE 14 TRUE 11 TRUE 0
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19981106 MCLEOD LAK 1 actual TRUE 5.1 TRUE 68 TRUE 30 TRUE 13 TRUE 0
19981129 MCLEOD LAK 1 actual TRUE ‐5.9 TRUE 95 TRUE 21 TRUE 13.8 TRUE 147.8
19981130 MCLEOD LAK 1 actual TRUE ‐3.4 TRUE 99 TRUE 211 TRUE 8.9 TRUE 0
19981205 MCLEOD LAK 1 actual TRUE ‐3.7 TRUE 99 TRUE 180 TRUE 5.2 TRUE 121.4
19981207 MCLEOD LAK 1 actual TRUE ‐2.4 TRUE 98 TRUE 179 TRUE 12.1 TRUE 17
19981208 MCLEOD LAK 1 actual TRUE ‐3 TRUE 94 TRUE 222 TRUE 8.8 TRUE 0
19981209 MCLEOD LAK 1 actual TRUE ‐2.1 TRUE 100 TRUE 208 TRUE 15.2 TRUE 0.3
19981210 MCLEOD LAK 1 actual TRUE 2.9 TRUE 82 TRUE 212 TRUE 20.4 TRUE 1.8
19981211 MCLEOD LAK 1 actual TRUE 0.4 TRUE 75 TRUE 170 TRUE 9.6 TRUE 39.4
19981212 MCLEOD LAK 1 actual TRUE 0.5 TRUE 97 TRUE 154 TRUE 7.8 TRUE 0
19981213 MCLEOD LAK 1 actual TRUE ‐0.2 TRUE 100 TRUE 204 TRUE 12.1 TRUE 0
19981214 MCLEOD LAK 1 actual TRUE ‐6 TRUE 88 TRUE 224 TRUE 8 TRUE 0
19981215 MCLEOD LAK 1 actual TRUE ‐3.6 TRUE 100 TRUE 229 TRUE 9 TRUE 0
19981216 MCLEOD LAK 1 actual TRUE 0 TRUE 100 TRUE 193 TRUE 16.3 TRUE 0
19981217 MCLEOD LAK 1 actual TRUE ‐4.5 TRUE 95 TRUE 345 TRUE 11.8 TRUE 0
19990517 MCLEOD LAK 1 actual TRUE 9.7 TRUE 52 TRUE 78 TRUE 10.2 TRUE 0
19990518 MCLEOD LAK 1 actual TRUE 6.8 TRUE 88 TRUE 258 TRUE 10 TRUE 0.3
19990519 MCLEOD LAK 1 actual TRUE 10 TRUE 75 TRUE 196 TRUE 9 TRUE 5
19990520 MCLEOD LAK 1 actual TRUE 6.4 TRUE 89 TRUE 11 TRUE 6 TRUE 8
19990521 MCLEOD LAK 1 actual TRUE 11.8 TRUE 44 TRUE 243 TRUE 22 TRUE 2
19990522 MCLEOD LAK 1 actual TRUE 6.4 TRUE 96 TRUE 171 TRUE 6.8 TRUE 4
19990523 MCLEOD LAK 1 actual TRUE 14.4 TRUE 66 TRUE 204 TRUE 12.6 TRUE 2.8
19990524 MCLEOD LAK 1 actual TRUE 22.2 TRUE 36 TRUE 196 TRUE 11.3 TRUE 0
19990525 MCLEOD LAK 5 startup TRUE 10.1 TRUE 32 TRUE 255 TRUE 23.8 TRUE 0 85 6 15
19990526 MCLEOD LAK 1 actual TRUE 10 TRUE 35 TRUE 218 TRUE 24.4 TRUE 0 87.51955 7.890697 19.204 10.27237 7.87812 9.333354 2
19990527 MCLEOD LAK 1 actual TRUE 3.9 TRUE 91 TRUE 252 TRUE 13.1 TRUE 6.2 35.82117 4.119979 14.3839 2.83E‐02 4.801631 1.20E‐02 1
19990528 MCLEOD LAK 1 actual TRUE 9 TRUE 44 TRUE 252 TRUE 17.3 TRUE 1.3 61.57299 5.611671 18.4079 1.073479 6.369197 0.515215 1
19990529 MCLEOD LAK 1 actual TRUE 15 TRUE 32 TRUE 6 TRUE 8.9 TRUE 0 81.12836 8.498146 23.5119 2.014367 8.928496 1.541699 2
19990530 MCLEOD LAK 1 actual TRUE 6.1 TRUE 94 TRUE 214 TRUE 18.4 TRUE 1.8 60.16454 7.42993 27.0139 1.045239 8.805307 0.5893144 1
19990531 MCLEOD LAK 1 actual TRUE 13.5 TRUE 43 TRUE 241 TRUE 28.9 TRUE 4 67.74349 6.488924 27.55366 2.496922 8.168573 2.080101 2
19990601 MCLEOD LAK 1 actual TRUE 13.2 TRUE 39 TRUE 41 TRUE 12.5 TRUE 0 81.89497 8.800452 33.33366 2.642406 10.60278 2.744991 2
19990602 MCLEOD LAK 1 actual TRUE 18.3 TRUE 36 TRUE 274 TRUE 8.5 TRUE 0 87.78304 12.07938 40.03166 4.787198 13.77066 6.186524 2
19990603 MCLEOD LAK 1 actual TRUE 14.3 TRUE 49 TRUE 239 TRUE 20.2 TRUE 0.9 84.48851 14.16734 46.00966 5.438131 16.01008 7.559217 2
19990604 MCLEOD LAK 1 actual TRUE 12.5 TRUE 47 TRUE 210 TRUE 17.6 TRUE 0 86.07364 16.06496 51.66366 5.939477 18.07711 8.722188 2
19990605 MCLEOD LAK 1 actual TRUE 10.5 TRUE 45 TRUE 273 TRUE 10 TRUE 19.9 48.50467 8.428699 24.18583 0.2247289 9.008661 0.1282282 1
19990606 MCLEOD LAK 2 estimate TRUE 8 TRUE 70 TRUE 315 TRUE 10 TRUE 3 47.846 6.365263 26.48668 0.2057998 7.95261 0.1101095 1
19990607 MCLEOD LAK 1 actual TRUE 6.4 TRUE 80 TRUE 161 TRUE 8.8 TRUE 5.4 33.78108 3.590407 24.34342 1.42E‐02 5.246354 6.24E‐03 1
19990608 MCLEOD LAK 1 actual TRUE 11 TRUE 66 TRUE 194 TRUE 13.2 TRUE 2.5 49.28944 3.174983 29.72742 0.2921587 5.01178 0.1258049 1
19990609 MCLEOD LAK 1 actual TRUE 8.4 TRUE 85 TRUE 5 TRUE 4.3 TRUE 5.3 29.85352 1.564719 28.06321 4.11E‐03 2.746585 1.41E‐03 1
19990610 MCLEOD LAK 1 actual TRUE 16.2 TRUE 42 TRUE 241 TRUE 13.8 TRUE 0.5 67.83264 4.188112 34.38321 1.1701 6.420938 0.5637392 1
19990611 MCLEOD LAK 1 actual TRUE 17.3 TRUE 49 TRUE 195 TRUE 7.4 TRUE 1.9 72.43951 5.607599 40.90121 0.9883427 8.352393 0.5421984 1
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19990612 MCLEOD LAK 1 actual TRUE 21.7 TRUE 35 TRUE 159 TRUE 9.5 TRUE 0 86.63673 9.491194 48.21121 4.27574 12.72135 5.299986 2
19990613 MCLEOD LAK 1 actual TRUE 18.8 TRUE 51 TRUE 85 TRUE 6.5 TRUE 0 86.96264 12.07402 54.99921 3.849957 15.59118 5.378029 2
19990614 MCLEOD LAK 1 actual TRUE 23.8 TRUE 39 TRUE 63 TRUE 4.4 TRUE 0 89.41667 16.09899 62.68721 4.921977 19.60856 7.732006 2
19990615 MCLEOD LAK 1 actual TRUE 26.7 TRUE 34 TRUE 104 TRUE 13.4 TRUE 0 91.30019 20.95867 70.89721 10.14008 24.10356 15.57569 3
19990616 MCLEOD LAK 1 actual TRUE 19.9 TRUE 57 TRUE 234 TRUE 11.7 TRUE 0.5 88.493 23.34149 77.88321 6.227468 26.68748 11.18895 3
19990617 MCLEOD LAK 1 actual TRUE 22.3 TRUE 40 TRUE 249 TRUE 9 TRUE 0 89.38059 27.0439 85.30121 6.173877 30.17282 11.87204 3
19990618 MCLEOD LAK 1 actual TRUE 17.5 TRUE 62 TRUE 205 TRUE 17.2 TRUE 0 87.03883 28.89487 91.85521 6.673052 32.34939 13.1115 3
19990619 MCLEOD LAK 1 actual TRUE 14.1 TRUE 44 TRUE 245 TRUE 21.9 TRUE 0 87.45469 31.1558 97.79721 8.97296 34.68618 17.06113 3
19990620 MCLEOD LAK 1 actual TRUE 10.7 TRUE 80 TRUE 164 TRUE 11.3 TRUE 2.6 62.3165 26.20046 103.1272 0.82525 32.04657 1.128056 2
19990621 MCLEOD LAK 1 actual TRUE 12.8 TRUE 60 TRUE 216 TRUE 20.5 TRUE 5.1 57.78857 17.99726 101.3575 0.9878691 24.92858 1.18294 2
19990622 MCLEOD LAK 1 actual TRUE 12.3 TRUE 56 TRUE 233 TRUE 19 TRUE 1.3 70.79421 19.53889 106.9755 1.672293 26.8277 3.145816 2
19990623 MCLEOD LAK 1 actual TRUE 13.1 TRUE 58 TRUE 201 TRUE 9.6 TRUE 0 79.39188 21.09406 112.7375 1.734636 28.74301 3.47185 2
19990624 MCLEOD LAK 1 actual TRUE 17.8 TRUE 46 TRUE 34 TRUE 12 TRUE 0 85.66362 23.79588 119.3455 4.229162 31.76031 8.922542 3
19990625 MCLEOD LAK 1 actual TRUE 15.1 TRUE 42 TRUE 35 TRUE 10.7 TRUE 0 87.33476 26.261 125.4675 5.016458 34.47992 10.79437 3
19990626 MCLEOD LAK 1 actual TRUE 12.9 TRUE 71 TRUE 238 TRUE 17.5 TRUE 0 84.93846 27.33723 131.1935 5.046801 35.94796 11.10497 3
19990627 MCLEOD LAK 1 actual TRUE 11.7 TRUE 58 TRUE 267 TRUE 12.3 TRUE 0.3 84.98615 28.74244 136.7035 3.908978 37.67932 9.219719 3
19990628 MCLEOD LAK 1 actual TRUE 12.3 TRUE 66 TRUE 186 TRUE 12.9 TRUE 0 84.94913 29.93482 142.3215 4.008533 39.2374 9.645683 3
19990629 MCLEOD LAK 1 actual TRUE 12 TRUE 57 TRUE 236 TRUE 25.3 TRUE 0.8 82.87557 31.4178 147.8855 5.68679 41.03905 13.15245 3
19990630 MCLEOD LAK 1 actual TRUE 12.8 TRUE 64 TRUE 215 TRUE 9.4 TRUE 0 83.48313 32.73518 153.5935 2.76018 42.71231 7.333742 2
19990701 MCLEOD LAK 1 actual TRUE 11.5 TRUE 66 TRUE 55 TRUE 12.7 TRUE 0 83.53033 33.74722 159.3675 3.279723 44.13152 8.717571 3
19990702 MCLEOD LAK 1 actual TRUE 13.8 TRUE 59 TRUE 42 TRUE 20 TRUE 0.9 81.7721 35.19596 165.5555 3.799546 45.96324 10.1212 3
19990703 MCLEOD LAK 1 actual TRUE 15.5 TRUE 47 TRUE 41 TRUE 11.4 TRUE 0 85.66493 37.27002 172.0495 4.103964 48.35365 11.11024 3
19990704 MCLEOD LAK 1 actual TRUE 18.1 TRUE 51 TRUE 192 TRUE 13.7 TRUE 0 86.61646 39.47954 179.0115 5.26837 50.89685 13.95381 3
19990705 MCLEOD LAK 1 actual TRUE 8.6 TRUE 90 TRUE 192 TRUE 8.6 TRUE 9.4 30.94387 20.36313 164.637 6.86E‐03 31.10744 8.30E‐03 2
19990706 MCLEOD LAK 1 actual TRUE 17.2 TRUE 62 TRUE 162 TRUE 4.5 TRUE 1.1 55.19146 21.99632 171.437 0.3562279 33.30848 0.4514779 2
19990707 MCLEOD LAK 1 actual TRUE 15.9 TRUE 62 TRUE 19 TRUE 2 TRUE 0 69.58241 23.49752 178.003 0.6827474 35.33419 0.9009558 2
19990708 MCLEOD LAK 1 actual TRUE 18.2 TRUE 61 TRUE 161 TRUE 14.3 TRUE 0 80.64616 25.27888 184.983 2.505081 37.68361 6.182205 2
19990709 MCLEOD LAK 1 actual TRUE 21.7 TRUE 43 TRUE 173 TRUE 10.5 TRUE 0 87.27171 28.35248 192.593 4.921679 41.4499 11.78863 3
19990710 MCLEOD LAK 1 actual TRUE 24.3 TRUE 36 TRUE 228 TRUE 10.3 TRUE 0 90.19832 32.19416 200.671 7.411628 45.95616 17.12106 4
19990711 MCLEOD LAK 1 actual TRUE 19.4 TRUE 53 TRUE 225 TRUE 16.1 TRUE 0 88.69511 34.45219 207.867 8.002028 48.71792 18.68306 4
19990712 MCLEOD LAK 1 actual TRUE 17.4 TRUE 48 TRUE 263 TRUE 18.6 TRUE 0 88.74403 36.69847 214.703 9.140304 51.42302 21.15836 4
19990713 MCLEOD LAK 1 actual TRUE 15 TRUE 51 TRUE 306 TRUE 3.2 TRUE 0 88.25372 38.55125 221.107 3.920923 53.69669 11.3777 3
19990714 MCLEOD LAK 1 actual TRUE 13.8 TRUE 56 TRUE 33 TRUE 25.3 TRUE 0 87.23767 40.09796 227.295 10.32498 55.65164 24.01516 4
19990715 MCLEOD LAK 1 actual TRUE 12.1 TRUE 49 TRUE 36 TRUE 22.7 TRUE 0 87.28612 41.67901 233.177 9.119933 57.61304 22.39244 4
19990716 MCLEOD LAK 1 actual TRUE 15.7 TRUE 35 TRUE 46 TRUE 9.7 TRUE 0 88.87119 44.24364 239.707 5.944559 60.54823 16.82875 3
19990717 MCLEOD LAK 1 actual TRUE 22.5 TRUE 28 TRUE 65 TRUE 4.7 TRUE 0 91.31662 48.22323 247.461 6.556377 64.8519 18.77692 4
19990718 MCLEOD LAK 1 actual TRUE 25.3 TRUE 39 TRUE 210 TRUE 9.7 TRUE 0 91.36641 51.99295 255.719 8.494903 68.94238 23.3571 4
19990719 MCLEOD LAK 1 actual TRUE 23.1 TRUE 45 TRUE 201 TRUE 18.8 TRUE 0 90.47729 55.10752 263.581 11.83746 72.38222 30.09857 4
19990720 MCLEOD LAK 1 actual TRUE 21.4 TRUE 51 TRUE 215 TRUE 8.8 TRUE 0 89.39796 57.71794 271.137 6.127215 75.34073 19.36607 4
19990721 MCLEOD LAK 1 actual TRUE 22.6 TRUE 41 TRUE 240 TRUE 20.3 TRUE 0 89.44711 60.99637 278.909 11.01524 78.87083 29.92299 4
19990722 MCLEOD LAK 1 actual TRUE 12.3 TRUE 84 TRUE 240 TRUE 21.4 TRUE 2.9 61.95827 48.94587 280.3572 1.347477 68.14791 5.094568 3
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19990723 MCLEOD LAK 1 actual TRUE 17.6 TRUE 45 TRUE 249 TRUE 10.3 TRUE 1.9 73.05283 47.1995 287.2292 1.172356 66.91086 4.347799 3
19990724 MCLEOD LAK 1 actual TRUE 9.9 TRUE 89 TRUE 321 TRUE 4.6 TRUE 1.3 63.25829 47.47852 292.7152 0.6166119 67.56098 1.922526 3
19990725 MCLEOD LAK 1 actual TRUE 14.8 TRUE 62 TRUE 209 TRUE 7.6 TRUE 7.2 48.95792 28.73536 280.2749 0.2112132 45.7455 0.3336612 2
19990726 MCLEOD LAK 1 actual TRUE 17.5 TRUE 60 TRUE 229 TRUE 12.9 TRUE 0 72.45179 30.46521 287.1289 1.304597 48.15655 3.768219 3
19990727 MCLEOD LAK 1 actual TRUE 13.9 TRUE 83 TRUE 225 TRUE 21.7 TRUE 0.3 76.65948 31.07819 293.3349 2.535827 49.14054 7.429076 3
19990728 MCLEOD LAK 1 actual TRUE 12.7 TRUE 97 TRUE 224 TRUE 17.7 TRUE 19.3 18.42721 11.96487 243.0307 1.71E‐04 21.30725 1.61E‐04 2
19990729 MCLEOD LAK 1 actual TRUE 13.8 TRUE 67 TRUE 235 TRUE 12.8 TRUE 2.9 43.5126 9.780441 245.1304 0.1235663 17.78671 0.1041099 1
19990730 MCLEOD LAK 1 actual TRUE 14.8 TRUE 56 TRUE 33 TRUE 12.7 TRUE 0.9 67.30366 11.42723 251.4984 1.08779 20.5232 1.031568 2
19990731 MCLEOD LAK 1 actual TRUE 17 TRUE 46 TRUE 58 TRUE 19.2 TRUE 0.8 81.15773 13.70996 258.2624 3.396283 24.20728 6.22266 2
19990801 MCLEOD LAK 1 actual TRUE 19.8 TRUE 47 TRUE 77 TRUE 11.6 TRUE 0 86.36115 16.00539 264.8304 4.57127 27.80908 8.835642 3
19990802 MCLEOD LAK 1 actual TRUE 22.6 TRUE 41 TRUE 216 TRUE 5.4 TRUE 0 88.71634 18.88234 271.9024 4.681273 32.17813 9.800644 3
19990803 MCLEOD LAK 1 actual TRUE 27.3 TRUE 38 TRUE 142 TRUE 4 TRUE 0 90.4443 22.5233 279.8204 5.588892 37.5004 12.34468 3
19990804 MCLEOD LAK 1 actual TRUE 27 TRUE 36 TRUE 20 TRUE 6 TRUE 0 91.02213 26.23603 287.6844 6.712907 42.72993 15.28646 3
19990805 MCLEOD LAK 1 actual TRUE 28.5 TRUE 39 TRUE 72 TRUE 4.6 TRUE 0 91.07183 29.98195 295.8184 6.300098 47.84171 15.47718 3
19990806 MCLEOD LAK 1 actual TRUE 27.6 TRUE 44 TRUE 72 TRUE 14 TRUE 0 91.12154 33.30588 303.7904 10.18902 52.28199 23.05277 4
19990807 MCLEOD LAK 1 actual TRUE 24.7 TRUE 49 TRUE 225 TRUE 8.3 TRUE 3.3 76.92964 27.80882 305.1076 1.316057 45.29638 3.622526 3
19990808 MCLEOD LAK 1 actual TRUE 23.7 TRUE 43 TRUE 245 TRUE 17.1 TRUE 0 87.41472 30.74762 312.3776 7.005078 49.35107 17.04645 4
19990809 MCLEOD LAK 1 actual TRUE 20.1 TRUE 47 TRUE 250 TRUE 14.3 TRUE 0.3 87.87889 33.08038 318.9996 6.500842 52.53978 16.66817 3
19990810 MCLEOD LAK 1 actual TRUE 20 TRUE 50 TRUE 3 TRUE 3.1 TRUE 0 87.92755 35.24967 325.6036 3.723011 55.48296 11.11881 3
19990811 MCLEOD LAK 1 actual TRUE 15.8 TRUE 57 TRUE 79 TRUE 12.8 TRUE 0 87.27395 36.74643 331.4516 5.528221 57.54384 15.49505 3
19990812 MCLEOD LAK 1 actual TRUE 14.8 TRUE 78 TRUE 9 TRUE 9.1 TRUE 0.6 83.43655 37.46857 337.1196 2.702282 58.64277 8.787808 3
19990813 MCLEOD LAK 1 actual TRUE 21 TRUE 48 TRUE 231 TRUE 9.8 TRUE 0 86.93377 39.85474 343.9036 4.527828 61.80355 13.82838 3
19990814 MCLEOD LAK 1 actual TRUE 20.9 TRUE 43 TRUE 198 TRUE 17.2 TRUE 0 88.54165 42.46628 350.6696 8.273826 65.19476 22.27155 4
19990815 MCLEOD LAK 1 actual TRUE 18.3 TRUE 54 TRUE 201 TRUE 7.3 TRUE 0 88.17401 44.32062 356.9676 4.765937 67.64458 15.13535 3
19990816 MCLEOD LAK 1 actual TRUE 19.4 TRUE 50 TRUE 180 TRUE 14.5 TRUE 0.3 88.22276 46.44516 363.4636 6.898429 70.40013 20.35507 4
19990817 MCLEOD LAK 1 actual TRUE 20.9 TRUE 47 TRUE 170 TRUE 15.2 TRUE 0 88.27153 48.85232 370.2296 7.196257 73.46884 21.46145 4
19990818 MCLEOD LAK 1 actual TRUE 23 TRUE 49 TRUE 143 TRUE 8.1 TRUE 0.9 86.00567 51.41462 377.3736 3.645035 76.70342 13.20845 4
19990819 MCLEOD LAK 1 actual TRUE 23.8 TRUE 44 TRUE 261 TRUE 8.7 TRUE 0 88.579 54.31901 384.6616 5.420257 80.29233 18.31294 4
19990820 MCLEOD LAK 1 actual TRUE 24.4 TRUE 43 TRUE 129 TRUE 8.9 TRUE 0 89.21776 57.31444 392.0576 6.000951 83.94817 20.21079 4
19990821 MCLEOD LAK 1 actual TRUE 15.7 TRUE 58 TRUE 269 TRUE 22.2 TRUE 2.7 73.92054 48.21574 397.8876 2.219014 74.01022 8.583969 4
19990822 MCLEOD LAK 1 actual TRUE 18.2 TRUE 49 TRUE 217 TRUE 18.9 TRUE 0 84.31487 50.26373 404.1676 4.975187 76.68531 16.76518 4
19990823 MCLEOD LAK 1 actual TRUE 12 TRUE 87 TRUE 209 TRUE 10.2 TRUE 3.2 53.66436 39.23029 401.9068 0.4109952 63.06989 0.8175035 2
19990824 MCLEOD LAK 1 actual TRUE 11.9 TRUE 99 TRUE 196 TRUE 11.3 TRUE 6.8 18.20339 22.69914 384.2013 1.13E‐04 39.55576 1.61E‐04 2
19990825 MCLEOD LAK 1 actual TRUE 12.7 TRUE 74 TRUE 234 TRUE 22.6 TRUE 19.7 35.34227 9.956037 318.5909 4.10E‐02 18.46916 3.54E‐02 1
19990826 MCLEOD LAK 1 actual TRUE 10.7 TRUE 62 TRUE 211 TRUE 10.5 TRUE 0.3 59.31581 10.88905 323.5209 0.6647938 20.08781 0.6042982 2
19990827 MCLEOD LAK 1 actual TRUE 14.7 TRUE 73 TRUE 50 TRUE 8.6 TRUE 1.1 66.6779 11.76975 329.1709 0.866002 21.60797 0.8245227 2
19990828 MCLEOD LAK 1 actual TRUE 24.7 TRUE 41 TRUE 193 TRUE 13.4 TRUE 0 85.83456 14.89096 336.6209 4.648023 26.81627 8.778997 3
19990829 MCLEOD LAK 1 actual TRUE 7.7 TRUE 84 TRUE 287 TRUE 11.9 TRUE 0 82.12296 15.18709 341.0109 2.63556 27.33116 5.253885 2
19990830 MCLEOD LAK 1 actual TRUE 11.2 TRUE 70 TRUE 200 TRUE 8.1 TRUE 1.7 70.48705 14.77634 346.0309 0.955824 26.70207 1.231322 2
19990831 MCLEOD LAK 1 actual TRUE 14.9 TRUE 49 TRUE 35 TRUE 5.7 TRUE 4.4 59.77803 11.05279 340.7319 0.5379306 20.44738 0.4944929 2
19990901 MCLEOD LAK 1 actual TRUE 12.7 TRUE 64 TRUE 199 TRUE 12.5 TRUE 0 73.89564 11.94464 344.7219 1.359493 21.98484 1.969762 2

Page 4 
FNR-2013-00368, Part 2



weather
date

display
name

data
status status

temp
valid temperature

rh
valid

relative
humidity

wdir
valid

wind
direction

wspeed
valid

wind
speed

precip
valid precipitation gc ffmc dmc dc isi bui fwi

danger
rating

19990902 MCLEOD LAK 1 actual TRUE 14.9 TRUE 55 TRUE 210 TRUE 10.8 TRUE 0.3 81.73053 13.22365 349.1079 2.378178 24.1595 4.345183 2
19990903 MCLEOD LAK 1 actual TRUE 16 TRUE 53 TRUE 218 TRUE 12.9 TRUE 0 84.98527 14.66366 353.6919 4.028477 26.5731 7.701954 2
19990904 MCLEOD LAK 1 actual TRUE 12.2 TRUE 85 TRUE 202 TRUE 13.9 TRUE 1.7 68.39507 13.85187 357.5919 1.197587 25.25775 1.852093 2
19990905 MCLEOD LAK 1 actual TRUE 12.4 TRUE 83 TRUE 146 TRUE 10.2 TRUE 5.2 43.31045 8.608808 347.1308 0.1048191 16.21245 8.34E‐02 1
19990906 MCLEOD LAK 1 actual TRUE 9 TRUE 91 TRUE 254 TRUE 14.3 TRUE 8.2 23.45061 4.302726 325.3069 9.43E‐04 8.330008 5.16E‐04 1
19990907 MCLEOD LAK 1 actual TRUE 14.1 TRUE 60 TRUE 199 TRUE 10.1 TRUE 0.6 54.30873 5.374361 329.549 0.4353282 10.32766 0.2672506 1
19990908 MCLEOD LAK 1 actual TRUE 12.6 TRUE 73 TRUE 158 TRUE 11.1 TRUE 0.5 68.37757 6.028038 333.5209 1.039413 11.53487 0.6783513 1
19990909 MCLEOD LAK 1 actual TRUE 11.3 TRUE 78 TRUE 239 TRUE 15.6 TRUE 14.7 37.59676 2.892851 290.5594 4.72E‐02 5.64519 2.14E‐02 1
19990910 MCLEOD LAK 1 actual TRUE 12.6 TRUE 53 TRUE 255 TRUE 18.6 TRUE 0 67.36225 4.05142 294.5314 1.467284 7.833457 0.7790774 1
19990911 MCLEOD LAK 1 actual TRUE 14.1 TRUE 56 TRUE 220 TRUE 8.9 TRUE 0.3 78.63578 5.250243 298.7734 1.559265 10.0586 0.9436058 1
19990912 MCLEOD LAK 1 actual TRUE 17.4 TRUE 49 TRUE 230 TRUE 7.7 TRUE 0 84.56545 6.926719 303.6094 2.927063 13.10592 3.602109 2
19990913 MCLEOD LAK 1 actual TRUE 18.1 TRUE 49 TRUE 152 TRUE 8.6 TRUE 0 86.53694 8.673466 308.5714 4.028814 16.20798 5.754029 2
19990914 MCLEOD LAK 1 actual TRUE 19 TRUE 48 TRUE 200 TRUE 8.2 TRUE 0 87.34217 10.54146 313.6954 4.427372 19.44899 6.9932 2
19990915 MCLEOD LAK 1 actual TRUE 15 TRUE 60 TRUE 215 TRUE 6.8 TRUE 0 86.68501 11.68227 318.0994 3.757475 21.39977 6.351106 2
19990916 MCLEOD LAK 1 actual TRUE 14.7 TRUE 52 TRUE 249 TRUE 15 TRUE 0 86.73327 13.03813 322.4494 5.718981 23.68229 9.773345 3
19990917 MCLEOD LAK 1 actual TRUE 9.4 TRUE 83 TRUE 145 TRUE 4.8 TRUE 0 82.8966 13.35592 325.8454 2.029574 24.22906 3.654561 2
19990918 MCLEOD LAK 1 actual TRUE 15.9 TRUE 57 TRUE 187 TRUE 10.2 TRUE 0 84.66534 14.64828 330.4114 3.365448 26.37349 6.504804 2
19990919 MCLEOD LAK 1 actual TRUE 19.9 TRUE 55 TRUE 177 TRUE 11.5 TRUE 0 86.12012 16.34568 335.6974 4.396363 29.14371 8.776811 3
19990920 MCLEOD LAK 1 actual TRUE 18 TRUE 37 TRUE 230 TRUE 14.8 TRUE 0 88.68654 18.47778 340.6414 7.485429 32.54247 14.38517 3
19990921 MCLEOD LAK 1 actual TRUE 11.5 TRUE 91 TRUE 205 TRUE 8.3 TRUE 2.9 54.19588 14.28695 339.2045 0.3933198 25.85177 0.4206629 2
19990922 MCLEOD LAK 1 actual TRUE 13.2 TRUE 76 TRUE 242 TRUE 8.6 TRUE 0.3 67.1713 14.91069 343.2845 0.8808121 26.90032 0.9670804 2
19990923 MCLEOD LAK 1 actual TRUE 11.5 TRUE 52 TRUE 259 TRUE 20 TRUE 3.8 62.95605 11.04935 338.4043 1.320632 20.43095 1.728893 2
19990924 MCLEOD LAK 1 actual TRUE 8.3 TRUE 59 TRUE 231 TRUE 17 TRUE 0 75.16765 11.73215 341.6023 1.82098 21.60893 2.935768 2
19990925 MCLEOD LAK 1 actual TRUE 8.6 TRUE 51 TRUE 253 TRUE 17.6 TRUE 0.5 81.66054 12.5749 344.8543 3.322335 23.04867 5.910578 2
19990926 MCLEOD LAK 1 actual TRUE 8.7 TRUE 43 TRUE 251 TRUE 13.2 TRUE 0 84.93696 13.56418 348.1243 4.062799 24.72037 7.437132 2
19990927 MCLEOD LAK 1 actual TRUE 7.9 TRUE 45 TRUE 256 TRUE 7.9 TRUE 0 85.76566 14.44546 351.2503 3.489146 26.19744 6.69979 2
19990928 MCLEOD LAK 1 actual TRUE 0.2 TRUE 99 TRUE 195 TRUE 9.4 TRUE 0 77.59288 14.448 352.9903 1.463282 26.21367 2.598751 2
19990929 MCLEOD LAK 1 actual TRUE 5.6 TRUE 78 TRUE 62 TRUE 5 TRUE 16 29.05937 6.608781 302.2931 3.41E‐03 12.53259 2.33E‐03 1
19990930 MCLEOD LAK 1 actual TRUE 1.7 TRUE 100 TRUE 349 TRUE 3.6 TRUE 0.3 29.29819 6.610277 304.3031 3.40E‐03 12.53957 2.33E‐03 1
19991001 MCLEOD LAK 1 actual TRUE 3.2 TRUE 50 TRUE 38 TRUE 10.8 TRUE 0 52.78831 6.937999 305.5831 0.3875031 13.1307 0.2722806 1
19991002 MCLEOD LAK 1 actual TRUE 4.9 TRUE 56 TRUE 184 TRUE 8.8 TRUE 0 67.3342 7.336194 307.1691 0.8946271 13.84569 0.6483219 1
19991003 MCLEOD LAK 1 actual TRUE 4.9 TRUE 85 TRUE 192 TRUE 4.2 TRUE 0.5 70.24158 7.47438 308.7551 0.7790486 14.09569 0.5705246 1
19991004 MCLEOD LAK 1 actual TRUE 8.2 TRUE 70 TRUE 168 TRUE 5 TRUE 0.5 75.47325 7.901348 310.9351 1.012444 14.85874 0.7649324 1
19991005 MCLEOD LAK 1 actual TRUE 10.8 TRUE 59 TRUE 39 TRUE 7 TRUE 0.3 80.5126 8.64422 313.5831 1.70891 16.17382 2.090381 2
19991006 MCLEOD LAK 1 actual TRUE 13 TRUE 63 TRUE 193 TRUE 11.3 TRUE 0 82.71941 9.432564 316.6271 2.753596 17.5575 4.091437 2
19991007 MCLEOD LAK 1 actual TRUE 10.1 TRUE 62 TRUE 245 TRUE 18.7 TRUE 7.3 53.82439 5.384975 298.8677 0.6407678 10.30573 0.3929156 1
19991008 MCLEOD LAK 1 actual TRUE 7.3 TRUE 60 TRUE 255 TRUE 8.8 TRUE 0 68.2328 5.888991 300.8857 0.9213738 11.22856 0.5923333 1
19991009 MCLEOD LAK 1 actual TRUE 7.8 TRUE 64 TRUE 208 TRUE 10.3 TRUE 0.3 75.92783 6.374462 302.9937 1.359683 12.11189 0.9121585 1
19991010 MCLEOD LAK 1 actual TRUE 5.3 TRUE 65 TRUE 261 TRUE 9.4 TRUE 0.3 79.1879 6.715806 304.6517 1.683562 12.73005 1.591652 2
19991011 MCLEOD LAK 1 actual TRUE 7.1 TRUE 60 TRUE 200 TRUE 9.6 TRUE 0 81.59201 7.210307 306.6337 2.202163 13.61995 2.601444 2
19991012 MCLEOD LAK 1 actual TRUE 7.1 TRUE 55 TRUE 173 TRUE 16.2 TRUE 0 83.37356 7.770658 308.6157 3.833049 14.62096 5.153048 2
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19991013 MCLEOD LAK 1 actual TRUE 8.6 TRUE 68 TRUE 227 TRUE 26.1 TRUE 7.9 51.90331 4.161546 288.9661 0.7619687 8.033843 0.4097854 1
19991014 MCLEOD LAK 1 actual TRUE 4.4 TRUE 57 TRUE 271 TRUE 15 TRUE 0.5 67.84323 4.519891 290.4621 1.243466 8.701279 0.696748 1
19991015 MCLEOD LAK 1 actual TRUE 5.6 TRUE 53 TRUE 208 TRUE 10.7 TRUE 0 76.78319 4.997027 292.1741 1.469612 9.584258 0.8665312 1
19991016 MCLEOD LAK 1 actual TRUE 2.6 TRUE 65 TRUE 213 TRUE 15.9 TRUE 0 79.47157 5.192685 293.3461 2.401532 9.945254 2.29259 2
19991017 MCLEOD LAK 1 actual TRUE 11.2 TRUE 52 TRUE 272 TRUE 19 TRUE 0 83.66381 6.083532 296.0661 4.58478 11.57258 5.385149 2
19991018 MCLEOD LAK 1 actual TRUE 9.3 TRUE 61 TRUE 194 TRUE 10.5 TRUE 0 83.82245 6.705976 298.4441 3.050721 12.69861 3.699009 2
19991019 MCLEOD LAK 1 actual TRUE 9.5 TRUE 63 TRUE 224 TRUE 9.9 TRUE 0.3 83.86977 7.293813 300.8581 2.978492 13.75402 3.793691 2
19991020 MCLEOD LAK 1 actual TRUE 13.1 TRUE 54 TRUE 246 TRUE 17.1 TRUE 0 85.12557 8.289996 303.9201 5.075074 15.52154 6.980526 2
19991021 MCLEOD LAK 1 actual TRUE 8.4 TRUE 96 TRUE 226 TRUE 11.1 TRUE 6 32.66608 4.35955 290.8201 1.21E‐02 8.404143 6.68E‐03 1
19991022 MCLEOD LAK 1 actual TRUE 11.9 TRUE 64 TRUE 202 TRUE 8 TRUE 0.3 56.70282 5.078512 293.6661 0.4835052 9.736097 0.2875013 1
19991023 MCLEOD LAK 1 actual TRUE 13.8 TRUE 38 TRUE 165 TRUE 19.9 TRUE 0 79.48341 6.471481 296.8541 2.941259 12.27402 3.467478 2
19991024 MCLEOD LAK 1 actual TRUE 7 TRUE 50 TRUE 220 TRUE 22.7 TRUE 0 83.22552 7.080227 298.8181 5.217399 13.36856 6.600239 2
19991025 MCLEOD LAK 1 actual TRUE 0.5 TRUE 99 TRUE 164 TRUE 6.8 TRUE 0.3 76.76202 7.082652 299.6121 1.205586 13.37487 0.8562104 1
19991026 MCLEOD LAK 1 actual TRUE 1.4 TRUE 76 TRUE 209 TRUE 16.1 TRUE 4.6 46.46861 3.943894 290.0983 0.2306825 7.628514 0.1208644 1
19991027 MCLEOD LAK 1 actual TRUE 2.2 TRUE 64 TRUE 31 TRUE 6.6 TRUE 0 59.60281 4.1219 291.1983 0.5565715 7.962044 0.2979627 1
19991028 MCLEOD LAK 1 actual TRUE 0 TRUE 100 TRUE 28 TRUE 7.2 TRUE 0 59.74976 4.122566 291.9023 0.5791172 7.963943 0.3100701 1
19991029 MCLEOD LAK 1 actual TRUE 0 TRUE 100 TRUE 160 TRUE 16.4 TRUE 0 59.78913 4.122566 292.6064 0.9229841 7.964597 0.4942033 1
19991030 MCLEOD LAK 1 actual TRUE 4.9 TRUE 57 TRUE 229 TRUE 18.6 TRUE 8.1 44.84653 1.981432 272.484 0.2050247 3.892108 7.95E‐02 1
19991101 MCLEOD LAK 1 actual TRUE 0.8 TRUE 66 TRUE 206 TRUE 14.5 TRUE 0
19991102 MCLEOD LAK 1 actual TRUE 0.3 TRUE 72 TRUE 188 TRUE 6.4 TRUE 0
19991103 MCLEOD LAK 1 actual TRUE 0 TRUE 100 TRUE 217 TRUE 5.2 TRUE 0
19991104 MCLEOD LAK 1 actual TRUE ‐0.6 TRUE 82 TRUE 205 TRUE 11.9 TRUE 0
19991105 MCLEOD LAK 1 actual TRUE ‐2.2 TRUE 77 TRUE 128 TRUE 5.7 TRUE 1.9
19991106 MCLEOD LAK 1 actual TRUE ‐0.8 TRUE 99 TRUE 51 TRUE 1.1 TRUE 0
19991107 MCLEOD LAK 1 actual TRUE 0.5 TRUE 99 TRUE 148 TRUE 3.7 TRUE 0.3
19991108 MCLEOD LAK 1 actual TRUE 1.1 TRUE 100 TRUE 24 TRUE 9 TRUE 3.1
19991109 MCLEOD LAK 1 actual TRUE 5.5 TRUE 79 TRUE 197 TRUE 13.7 TRUE 14.5
19991110 MCLEOD LAK 1 actual TRUE 4.3 TRUE 89 TRUE 219 TRUE 5.7 TRUE 4.1
19991111 MCLEOD LAK 1 actual TRUE 3.2 TRUE 83 TRUE 234 TRUE 2.3 TRUE 0
19991112 MCLEOD LAK 1 actual TRUE 0.5 TRUE 95 TRUE 159 TRUE 4.1 TRUE 2.1
19991113 MCLEOD LAK 1 actual TRUE ‐1.6 TRUE 99 TRUE 201 TRUE 13.4 TRUE 0.6
19991114 MCLEOD LAK 1 actual TRUE 2.2 TRUE 100 TRUE 161 TRUE 2.5 TRUE 4.3
19991115 MCLEOD LAK 1 actual TRUE 4.1 TRUE 100 TRUE 13 TRUE 9.6 TRUE 11.4
19991116 MCLEOD LAK 1 actual TRUE ‐3.3 TRUE 89 TRUE 11 TRUE 23.9 TRUE 0.8
19991117 MCLEOD LAK 1 actual TRUE ‐2.3 TRUE 100 TRUE 61 TRUE 3.5 TRUE 0
19991118 MCLEOD LAK 1 actual TRUE 0.1 TRUE 100 TRUE 192 TRUE 7 TRUE 0
19991119 MCLEOD LAK 1 actual TRUE 1.5 TRUE 98 TRUE 105 TRUE 2.8 TRUE 0
19991120 MCLEOD LAK 1 actual TRUE 2.8 TRUE 88 TRUE 226 TRUE 12.7 TRUE 14
19991121 MCLEOD LAK 1 actual TRUE ‐1 TRUE 90 TRUE 162 TRUE 8.5 TRUE 0.3
19991122 MCLEOD LAK 1 actual TRUE ‐1.5 TRUE 94 TRUE 214 TRUE 11.8 TRUE 0
19991123 MCLEOD LAK 1 actual TRUE ‐1.8 TRUE 89 TRUE 216 TRUE 3.7 TRUE 0
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19991125 MCLEOD LAK 1 actual TRUE ‐2.4 TRUE 89 TRUE 223 TRUE 16.1 TRUE 0
19991126 MCLEOD LAK 1 actual TRUE ‐4.2 TRUE 82 TRUE 214 TRUE 7.9 TRUE 1.1
19991127 MCLEOD LAK 1 actual TRUE ‐7.6 TRUE 91 TRUE 26 TRUE 8 TRUE 0.5
19991128 MCLEOD LAK 1 actual TRUE ‐1.5 TRUE 93 TRUE 118 TRUE 4.4 TRUE 0
19991129 MCLEOD LAK 1 actual TRUE 4.3 TRUE 71 TRUE 157 TRUE 14.9 TRUE 7.2
19991130 MCLEOD LAK 1 actual TRUE 1.8 TRUE 62 TRUE 225 TRUE 20.8 TRUE 0.3
19991201 MCLEOD LAK 1 actual TRUE ‐3.6 TRUE 98 TRUE 198 TRUE 8.9 TRUE 0
19991202 MCLEOD LAK 1 actual TRUE ‐1.3 TRUE 97 TRUE 270 TRUE 7.8 TRUE 0
19991203 MCLEOD LAK 1 actual TRUE ‐6.4 TRUE 95 TRUE 224 TRUE 5.6 TRUE 0
19991204 MCLEOD LAK 1 actual TRUE 0.4 TRUE 87 TRUE 181 TRUE 17.5 TRUE 0
19991205 MCLEOD LAK 1 actual TRUE ‐2 TRUE 100 TRUE 192 TRUE 4.6 TRUE 1.2
19991206 MCLEOD LAK 1 actual TRUE ‐1.9 TRUE 99 TRUE 236 TRUE 7.6 TRUE 0
19991207 MCLEOD LAK 1 actual TRUE ‐6.7 TRUE 98 TRUE 203 TRUE 3.2 TRUE 0
19991208 MCLEOD LAK 1 actual TRUE ‐6.3 TRUE 97 TRUE 109 TRUE 4.5 TRUE 0
19991209 MCLEOD LAK 1 actual TRUE ‐2.2 TRUE 98 TRUE 130 TRUE 2 TRUE 0
19991210 MCLEOD LAK 1 actual TRUE ‐2.1 TRUE 98 TRUE 212 TRUE 9.9 TRUE 0
19991212 MCLEOD LAK 1 actual TRUE ‐0.3 TRUE 99 TRUE 200 TRUE 10.3 TRUE 0.3
19991213 MCLEOD LAK 1 actual TRUE ‐4.3 TRUE 92 TRUE 223 TRUE 4.5 TRUE 0
19991214 MCLEOD LAK 1 actual TRUE ‐4 TRUE 91 TRUE 234 TRUE 2.7 TRUE 0
19991215 MCLEOD LAK 1 actual TRUE ‐2.4 TRUE 100 TRUE 184 TRUE 9.5 TRUE 0
19991216 MCLEOD LAK 1 actual TRUE ‐0.9 TRUE 97 TRUE 223 TRUE 11.2 TRUE 0.3
19991217 MCLEOD LAK 1 actual TRUE ‐3.9 TRUE 99 TRUE 14 TRUE 11.1 TRUE 0
19991218 MCLEOD LAK 1 actual TRUE ‐4 TRUE 78 TRUE 293 TRUE 3.2 TRUE 0
19991219 MCLEOD LAK 1 actual TRUE ‐10 TRUE 97 TRUE 206 TRUE 11.1 TRUE 0
19991220 MCLEOD LAK 1 actual TRUE ‐5.4 TRUE 100 TRUE 141 TRUE 9.3 TRUE 0
19991221 MCLEOD LAK 1 actual TRUE ‐1.1 TRUE 99 TRUE 223 TRUE 0 TRUE 0
19991222 MCLEOD LAK 1 actual TRUE ‐2.3 TRUE 100 TRUE 147 TRUE 0 TRUE 2.3
19991223 MCLEOD LAK 1 actual TRUE ‐3.3 TRUE 100 TRUE 184 TRUE 0 TRUE 0
19991224 MCLEOD LAK 1 actual TRUE ‐2.5 TRUE 100 TRUE 229 TRUE 0.2 TRUE 0
19991225 MCLEOD LAK 1 actual TRUE ‐2 TRUE 99 TRUE 165 TRUE 0 TRUE 0.3
19991226 MCLEOD LAK 1 actual TRUE ‐0.6 TRUE 96 TRUE 221 TRUE 5.5 TRUE 3.6
20000204 MCLEOD LAK 1 actual TRUE ‐9 TRUE 92 TRUE 17 TRUE 11.4 TRUE 0
20000206 MCLEOD LAK 1 actual TRUE ‐4.3 TRUE 68 TRUE 254 TRUE 4 TRUE 0
20000220 MCLEOD LAK 1 actual TRUE 1.9 TRUE 51 TRUE 189 TRUE 13.4 TRUE 0
20000303 MCLEOD LAK 1 actual TRUE 0.9 TRUE 92 TRUE 189 TRUE 13.6 TRUE 1.3
20000304 MCLEOD LAK 1 actual TRUE 2 TRUE 52 TRUE 242 TRUE 10.1 TRUE 0
20000305 MCLEOD LAK 1 actual TRUE ‐0.7 TRUE 65 TRUE 31 TRUE 9.9 TRUE 0
20000310 MCLEOD LAK 1 actual TRUE 4.8 TRUE 61 TRUE 112 TRUE 2.3 TRUE 0
20000311 MCLEOD LAK 1 actual TRUE ‐7.4 TRUE 86 TRUE 22 TRUE 16.5 TRUE 0
20000313 MCLEOD LAK 1 actual TRUE 4.8 TRUE 56 TRUE 55 TRUE 7.3 TRUE 0
20000314 MCLEOD LAK 1 actual TRUE ‐6.6 TRUE 87 TRUE 18 TRUE 13.4 TRUE 0
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20000315 MCLEOD LAK 1 actual TRUE ‐2 TRUE 89 TRUE 131 TRUE 6.4 TRUE 0.3
20000316 MCLEOD LAK 1 actual TRUE 0.9 TRUE 95 TRUE 206 TRUE 13.1 TRUE 2.5
20000317 MCLEOD LAK 1 actual TRUE 1.4 TRUE 79 TRUE 221 TRUE 17.8 TRUE 0.5
20000318 MCLEOD LAK 1 actual TRUE ‐0.5 TRUE 100 TRUE 176 TRUE 12.5 TRUE 0
20000319 MCLEOD LAK 1 actual TRUE 1.2 TRUE 91 TRUE 238 TRUE 4.6 TRUE 3.6
20000320 MCLEOD LAK 1 actual TRUE ‐0.8 TRUE 96 TRUE 205 TRUE 20.8 TRUE 4.4
20000321 MCLEOD LAK 1 actual TRUE 6.2 TRUE 62 TRUE 247 TRUE 29.1 TRUE 2.3
20000322 MCLEOD LAK 1 actual TRUE 3.9 TRUE 55 TRUE 35 TRUE 7.9 TRUE 0
20000323 MCLEOD LAK 1 actual TRUE 4.4 TRUE 51 TRUE 263 TRUE 17.4 TRUE 0
20000324 MCLEOD LAK 1 actual TRUE 3.8 TRUE 58 TRUE 224 TRUE 20.1 TRUE 0
20000325 MCLEOD LAK 1 actual TRUE 4 TRUE 68 TRUE 242 TRUE 10.6 TRUE 0.3
20000327 MCLEOD LAK 1 actual TRUE 3.7 TRUE 84 TRUE 189 TRUE 10.4 TRUE 3.3
20000328 MCLEOD LAK 1 actual TRUE 3.7 TRUE 46 TRUE 233 TRUE 20.6 TRUE 0.3
20000330 MCLEOD LAK 1 actual TRUE 5.6 TRUE 73 TRUE 222 TRUE 9.5 TRUE 0.5
20000331 MCLEOD LAK 1 actual TRUE 1.5 TRUE 97 TRUE 204 TRUE 13.1 TRUE 26.4
20000401 MCLEOD LAK 1 actual TRUE 3.8 TRUE 91 TRUE 5 TRUE 13 TRUE 2.1
20000403 MCLEOD LAK 1 actual TRUE 4.4 TRUE 96 TRUE 153 TRUE 7.8 TRUE 3.4
20000404 MCLEOD LAK 1 actual TRUE 5.6 TRUE 44 TRUE 258 TRUE 20.4 TRUE 0
20000405 MCLEOD LAK 1 actual TRUE 0.9 TRUE 88 TRUE 201 TRUE 8.9 TRUE 0.5
20000406 MCLEOD LAK 1 actual TRUE 4.9 TRUE 47 TRUE 242 TRUE 18.7 TRUE 2.4
20000407 MCLEOD LAK 1 actual TRUE 0.1 TRUE 85 TRUE 201 TRUE 19.4 TRUE 1.8
20000408 MCLEOD LAK 1 actual TRUE 7.1 TRUE 35 TRUE 230 TRUE 13.7 TRUE 0
20000409 MCLEOD LAK 1 actual TRUE 4.2 TRUE 48 TRUE 28 TRUE 11.6 TRUE 0
20000410 MCLEOD LAK 1 actual TRUE 9 TRUE 36 TRUE 233 TRUE 8.8 TRUE 0
20000411 MCLEOD LAK 1 actual TRUE 8 TRUE 37 TRUE 221 TRUE 5.6 TRUE 0
20000412 MCLEOD LAK 1 actual TRUE ‐0.5 TRUE 97 TRUE 28 TRUE 17.2 TRUE 2.4
20000413 MCLEOD LAK 1 actual TRUE ‐7.3 TRUE 44 TRUE 34 TRUE 28.5 TRUE 0.6
20000414 MCLEOD LAK 1 actual TRUE ‐4.3 TRUE 42 TRUE 44 TRUE 27.4 TRUE 0
20000415 MCLEOD LAK 1 actual TRUE 1.8 TRUE 38 TRUE 221 TRUE 8.7 TRUE 0
20000416 MCLEOD LAK 1 actual TRUE 4 TRUE 39 TRUE 253 TRUE 19.2 TRUE 0
20000417 MCLEOD LAK 1 actual TRUE 7.5 TRUE 24 TRUE 250 TRUE 9.3 TRUE 0
20000418 MCLEOD LAK 1 actual TRUE 9.3 TRUE 32 TRUE 157 TRUE 11.1 TRUE 0
20000419 MCLEOD LAK 1 actual TRUE 9.8 TRUE 42 TRUE 214 TRUE 15.2 TRUE 0
20000420 MCLEOD LAK 1 actual TRUE 8 TRUE 53 TRUE 206 TRUE 15.9 TRUE 0
20000421 MCLEOD LAK 1 actual TRUE 4.6 TRUE 96 TRUE 168 TRUE 11.3 TRUE 5.6
20000422 MCLEOD LAK 1 actual TRUE 7.3 TRUE 76 TRUE 279 TRUE 7 TRUE 8.4
20000423 MCLEOD LAK 1 actual TRUE 5.9 TRUE 47 TRUE 210 TRUE 11.2 TRUE 0
20000424 MCLEOD LAK 1 actual TRUE 6.5 TRUE 37 TRUE 243 TRUE 14 TRUE 0
20000425 MCLEOD LAK 1 actual TRUE 7.7 TRUE 33 TRUE 141 TRUE 7 TRUE 0
20000426 MCLEOD LAK 1 actual TRUE 8.9 TRUE 42 TRUE 139 TRUE 8.7 TRUE 0
20000427 MCLEOD LAK 1 actual TRUE 12.9 TRUE 43 TRUE 60 TRUE 11.5 TRUE 0.3
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20000428 MCLEOD LAK 1 actual TRUE 9 TRUE 40 TRUE 195 TRUE 11.6 TRUE 4.4
20000429 MCLEOD LAK 1 actual TRUE 7.5 TRUE 41 TRUE 221 TRUE 21.2 TRUE 0
20000430 MCLEOD LAK 1 actual TRUE 5.5 TRUE 75 TRUE 178 TRUE 15.5 TRUE 0.9
20000501 MCLEOD LAK 5 startup TRUE 10.3 TRUE 37 TRUE 279 TRUE 16.5 TRUE 0.8 85 6 15
20000502 MCLEOD LAK 1 actual TRUE 10.8 TRUE 50 TRUE 99 TRUE 9.6 TRUE 0 85.61055 7.572699 19.348 3.719787 7.655044 3.394134 2
20000503 MCLEOD LAK 1 actual TRUE 8 TRUE 70 TRUE 132 TRUE 19.1 TRUE 0 84.12671 8.281832 23.192 4.900124 8.751125 4.944544 2
20000504 MCLEOD LAK 1 actual TRUE 9.2 TRUE 41 TRUE 276 TRUE 13.2 TRUE 0.8 83.78745 9.895257 27.252 3.479182 10.37372 3.775774 2
20000505 MCLEOD LAK 1 actual TRUE 3.7 TRUE 92 TRUE 5 TRUE 6.9 TRUE 0.8 76.95667 10.00141 30.322 1.228838 10.96285 0.7795534 1
20000506 MCLEOD LAK 1 actual TRUE 7.5 TRUE 60 TRUE 281 TRUE 9.5 TRUE 2.1 66.22475 9.025419 34.076 0.8917139 10.85991 0.5627427 1
20000507 MCLEOD LAK 1 actual TRUE 12.2 TRUE 35 TRUE 225 TRUE 11.9 TRUE 0 81.45574 11.29435 38.676 2.433487 13.05659 2.872322 2
20000508 MCLEOD LAK 1 actual TRUE 10.4 TRUE 42 TRUE 186 TRUE 6.9 TRUE 0 85.10061 13.05942 42.952 3.02503 14.83926 4.056726 2
20000509 MCLEOD LAK 1 actual TRUE 8.4 TRUE 51 TRUE 77 TRUE 16 TRUE 0 85.24396 14.27742 46.868 4.88056 16.20982 6.898151 2
20000510 MCLEOD LAK 1 actual TRUE 8.6 TRUE 49 TRUE 38 TRUE 16.4 TRUE 0 85.54805 15.57469 50.82 5.194561 17.63669 7.649278 2
20000511 MCLEOD LAK 1 actual TRUE 9.1 TRUE 48 TRUE 28 TRUE 10.7 TRUE 0 85.85207 16.97642 54.862 4.066735 19.1435 6.403342 2
20000512 MCLEOD LAK 1 actual TRUE 14.7 TRUE 29 TRUE 227 TRUE 10.9 TRUE 0 89.28782 19.92974 59.912 6.704328 21.76181 10.6613 3
20000513 MCLEOD LAK 1 actual TRUE 14.7 TRUE 36 TRUE 236 TRUE 8.7 TRUE 0 89.33694 22.6002 64.962 6.043272 24.17461 10.34911 3
20000514 MCLEOD LAK 1 actual TRUE 16.3 TRUE 34 TRUE 216 TRUE 18.1 TRUE 0 89.66093 25.62813 70.3 10.16646 26.8163 16.45372 3
20000515 MCLEOD LAK 1 actual TRUE 15.3 TRUE 28 TRUE 151 TRUE 10.1 TRUE 0 90.57949 28.75405 75.45799 7.748352 29.4513 14.02416 3
20000516 MCLEOD LAK 1 actual TRUE 12.2 TRUE 47 TRUE 10 TRUE 6.7 TRUE 0 89.09014 30.60981 80.05799 5.273742 31.30056 10.65512 3
20000517 MCLEOD LAK 1 actual TRUE 9.8 TRUE 85 TRUE 224 TRUE 7.3 TRUE 1.7 68.51593 29.25964 84.22599 0.862085 31.31909 1.244204 2
20000518 MCLEOD LAK 1 actual TRUE 14.9 TRUE 36 TRUE 228 TRUE 15.6 TRUE 0.5 83.65214 31.95969 89.31199 3.856961 33.73752 8.537096 3
20000519 MCLEOD LAK 1 actual TRUE 13.9 TRUE 55 TRUE 239 TRUE 26.8 TRUE 0.6 84.50969 33.74464 94.21799 7.605572 35.60711 15.26572 3
20000520 MCLEOD LAK 1 actual TRUE 7.8 TRUE 48 TRUE 211 TRUE 16 TRUE 0 85.36331 34.97006 98.02599 4.961898 36.96903 11.12612 3
20000521 MCLEOD LAK 1 actual TRUE 8.3 TRUE 96 TRUE 172 TRUE 7.9 TRUE 7 28.79496 19.66444 90.66511 3.66E‐03 25.50135 3.88E‐03 2
20000522 MCLEOD LAK 1 actual TRUE 12.4 TRUE 43 TRUE 228 TRUE 19.8 TRUE 5.2 54.19447 14.12212 87.84946 0.7020277 20.14734 0.6393369 2
20000523 MCLEOD LAK 1 actual TRUE 9.7 TRUE 42 TRUE 268 TRUE 18 TRUE 0 75.2363 15.77691 91.99947 1.922574 22.08533 3.195023 2
20000524 MCLEOD LAK 1 actual TRUE 8.8 TRUE 34 TRUE 254 TRUE 20.8 TRUE 0 84.35574 17.48927 95.98746 5.505325 24.03182 9.540742 3
20000525 MCLEOD LAK 1 actual TRUE 8.8 TRUE 33 TRUE 208 TRUE 13.5 TRUE 0 87.28686 19.23812 99.97546 5.737252 25.97865 10.3075 3
20000526 MCLEOD LAK 1 actual TRUE 9 TRUE 49 TRUE 310 TRUE 10.4 TRUE 1.9 74.16431 18.56559 103.9995 1.238777 25.67339 1.994472 2
20000527 MCLEOD LAK 1 actual TRUE 9.4 TRUE 53 TRUE 65 TRUE 18.9 TRUE 0 81.34356 19.8731 108.0955 3.417761 27.23053 6.730264 2
20000528 MCLEOD LAK 1 actual TRUE 8 TRUE 84 TRUE 196 TRUE 3.5 TRUE 0.8 76.02832 20.26121 111.9395 0.9714198 27.89832 1.391521 2
20000529 MCLEOD LAK 1 actual TRUE 10.5 TRUE 56 TRUE 272 TRUE 12.1 TRUE 1.7 72.08987 20.25416 116.2335 1.235975 28.2163 2.190581 2
20000530 MCLEOD LAK 1 actual TRUE 13.8 TRUE 47 TRUE 237 TRUE 4.3 TRUE 0 81.03277 22.3214 121.1215 1.580321 30.56212 3.264163 2
20000531 MCLEOD LAK 1 actual TRUE 18.9 TRUE 24 TRUE 19 TRUE 10 TRUE 0 89.82295 26.30198 126.9275 6.918269 34.6523 13.99025 3
20000601 MCLEOD LAK 1 actual TRUE 17.8 TRUE 38 TRUE 314 TRUE 6.3 TRUE 0 89.87225 29.38694 133.5355 5.782224 37.91444 12.75959 3
20000602 MCLEOD LAK 1 actual TRUE 18 TRUE 32 TRUE 332 TRUE 14.2 TRUE 0 90.34978 32.82132 140.1795 9.21879 41.40591 19.05434 3
20000603 MCLEOD LAK 1 actual TRUE 22.8 TRUE 23 TRUE 265 TRUE 21.6 TRUE 0 92.82024 37.6662 147.6875 19.00077 46.00172 33.19378 4
20000604 MCLEOD LAK 1 actual TRUE 21.3 TRUE 32 TRUE 199 TRUE 8 TRUE 0 92.54185 41.67037 154.9255 9.207865 49.83224 20.93079 4
20000605 MCLEOD LAK 1 actual TRUE 21.1 TRUE 41 TRUE 55 TRUE 13.3 TRUE 0.3 91.16547 45.13032 162.1275 9.897573 53.2226 22.78943 4
20000606 MCLEOD LAK 1 actual TRUE 14 TRUE 80 TRUE 226 TRUE 7.3 TRUE 15.7 37.20153 20.56336 134.7544 2.86E‐02 29.76968 3.35E‐02 2
20000607 MCLEOD LAK 1 actual TRUE 9.3 TRUE 95 TRUE 290 TRUE 3.4 TRUE 2.6 26.73719 16.61355 139.8324 1.58E‐03 25.61791 1.68E‐03 2
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20000608 MCLEOD LAK 1 actual TRUE 10.4 TRUE 91 TRUE 272 TRUE 5.8 TRUE 8.6 15.73795 8.783138 129.0501 2.98E‐05 15.01199 2.27E‐05 1
20000609 MCLEOD LAK 1 actual TRUE 13.2 TRUE 64 TRUE 21 TRUE 8.9 TRUE 3.4 39.68472 6.96631 130.6338 0.0511847 12.29366 3.46E‐02 1
20000610 MCLEOD LAK 1 actual TRUE 8.9 TRUE 86 TRUE 37 TRUE 12.2 TRUE 4.1 33.08315 4.299482 129.8613 0.0142281 7.941629 7.61E‐03 1
20000611 MCLEOD LAK 1 actual TRUE 10.2 TRUE 71 TRUE 195 TRUE 14.1 TRUE 8.3 36.29281 2.551954 120.0833 3.31E‐02 4.846423 1.40E‐02 1
20000612 MCLEOD LAK 1 actual TRUE 9.4 TRUE 84 TRUE 159 TRUE 0.8 TRUE 0.5 44.42266 2.991476 125.1793 7.82E‐02 5.645659 3.55E‐02 1
20000613 MCLEOD LAK 1 actual TRUE 13.2 TRUE 63 TRUE 225 TRUE 18.6 TRUE 1.3 64.25082 4.380652 130.9593 1.305296 8.085172 0.7042637 1
20000614 MCLEOD LAK 1 actual TRUE 13.8 TRUE 52 TRUE 241 TRUE 19.2 TRUE 0.3 79.31689 6.24784 136.8473 2.793264 11.21555 3.065212 2
20000615 MCLEOD LAK 1 actual TRUE 16.9 TRUE 42 TRUE 254 TRUE 14 TRUE 0 86.1405 9.005815 143.2933 5.000914 15.56589 6.897566 2
20000616 MCLEOD LAK 1 actual TRUE 17.7 TRUE 42 TRUE 222 TRUE 12 TRUE 0 87.89777 11.87647 149.8833 5.805107 19.82558 8.987292 2
20000617 MCLEOD LAK 1 actual TRUE 15.2 TRUE 69 TRUE 231 TRUE 14.6 TRUE 2.6 69.46118 10.31592 156.0233 1.283304 17.70525 1.346242 2
20000618 MCLEOD LAK 1 actual TRUE 9.8 TRUE 82 TRUE 299 TRUE 17.5 TRUE 0.3 74.34262 10.83818 161.1913 1.787275 18.55702 2.523956 2
20000619 MCLEOD LAK 1 actual TRUE 13.4 TRUE 55 TRUE 286 TRUE 10.6 TRUE 0.5 81.53378 12.56363 167.0073 2.30014 21.14964 3.813826 2
20000620 MCLEOD LAK 1 actual TRUE 14.1 TRUE 57 TRUE 257 TRUE 15 TRUE 0 84.16382 14.30434 172.9493 4.005365 23.70681 7.162635 2
20000621 MCLEOD LAK 1 actual TRUE 10.1 TRUE 66 TRUE 243 TRUE 22.3 TRUE 0 84.21125 15.31276 178.1713 5.823185 25.20909 10.26579 3
20000622 MCLEOD LAK 1 actual TRUE 14.9 TRUE 38 TRUE 262 TRUE 18.3 TRUE 0.3 87.64874 17.92015 184.2573 7.694839 28.83045 13.795 3
20000623 MCLEOD LAK 1 actual TRUE 15.7 TRUE 38 TRUE 223 TRUE 12.7 TRUE 0 88.52824 20.65348 190.4873 6.582526 32.49801 13.003 3
20000624 MCLEOD LAK 1 actual TRUE 17 TRUE 38 TRUE 339 TRUE 4.3 TRUE 0 88.92654 23.61262 196.9513 4.564542 36.33474 10.28558 3
20000625 MCLEOD LAK 1 actual TRUE 23.6 TRUE 36 TRUE 161 TRUE 12.1 TRUE 0 90.25028 27.75482 204.6033 8.175885 41.45202 17.45069 3
20000626 MCLEOD LAK 1 actual TRUE 24.1 TRUE 42 TRUE 211 TRUE 7 TRUE 0.3 90.29972 31.57617 212.3453 6.367929 46.03763 15.28361 3
20000627 MCLEOD LAK 1 actual TRUE 25.7 TRUE 34 TRUE 287 TRUE 6.5 TRUE 0 91.12133 36.22577 220.3753 6.982137 51.34927 17.36743 4
20000628 MCLEOD LAK 1 actual TRUE 25.4 TRUE 34 TRUE 241 TRUE 14.1 TRUE 0.3 91.19698 40.81634 228.3513 10.35104 56.42062 24.22492 4
20000629 MCLEOD LAK 1 actual TRUE 17.9 TRUE 43 TRUE 253 TRUE 14.6 TRUE 3.3 75.36578 33.9748 229.8919 1.631998 49.61763 4.902812 3
20000630 MCLEOD LAK 1 actual TRUE 14.1 TRUE 61 TRUE 265 TRUE 5.1 TRUE 2.5 64.66698 29.90919 235.8339 0.6727656 45.4182 1.277673 3
20000701 MCLEOD LAK 1 actual TRUE 15.6 TRUE 51 TRUE 258 TRUE 8.7 TRUE 0 79.00153 31.84671 242.3459 1.59665 47.94295 4.67393 3
20000702 MCLEOD LAK 1 actual TRUE 11.7 TRUE 88 TRUE 349 TRUE 7.6 TRUE 8.7 33.30146 16.57723 227.2415 1.19E‐02 28.04057 1.34E‐02 2
20000703 MCLEOD LAK 1 actual TRUE 10 TRUE 96 TRUE 100 TRUE 3.9 TRUE 15.3 8.435343 7.434935 194.8878 6.70E‐07 13.57515 4.80E‐07 1
20000704 MCLEOD LAK 1 actual TRUE 15.7 TRUE 76 TRUE 240 TRUE 9.9 TRUE 0 37.08102 8.397656 201.4178 3.17E‐02 15.20995 2.43E‐02 1
20000705 MCLEOD LAK 1 actual TRUE 16.7 TRUE 66 TRUE 46 TRUE 12.1 TRUE 1.6 59.02217 9.121821 208.1278 0.7065297 16.44208 0.5673101 1
20000706 MCLEOD LAK 1 actual TRUE 16.4 TRUE 75 TRUE 192 TRUE 10.1 TRUE 0.3 71.80375 10.16576 214.7838 1.105839 18.18032 0.9444101 1
20000707 MCLEOD LAK 1 actual TRUE 13.8 TRUE 81 TRUE 211 TRUE 9.9 TRUE 5.1 46.03553 6.416055 211.1157 0.1584202 11.926 0.1053503 1
20000708 MCLEOD LAK 1 actual TRUE 15.9 TRUE 77 TRUE 65 TRUE 13 TRUE 2.7 52.64698 5.193802 217.6817 0.426567 9.802872 0.2545781 1
20000709 MCLEOD LAK 1 actual TRUE 18 TRUE 63 TRUE 0 TRUE 8.8 TRUE 0 72.47869 6.862501 224.6257 1.062196 12.75111 0.7338344 1
20000710 MCLEOD LAK 1 actual TRUE 21.7 TRUE 57 TRUE 161 TRUE 9.9 TRUE 0 82.86503 9.186448 232.2357 2.613787 16.71948 3.734169 2
20000711 MCLEOD LAK 1 actual TRUE 16 TRUE 62 TRUE 207 TRUE 12.7 TRUE 2.9 68.77627 7.896125 234.8398 1.1411 14.56771 0.8520722 1
20000712 MCLEOD LAK 1 actual TRUE 20.3 TRUE 42 TRUE 222 TRUE 7.2 TRUE 0 83.49223 10.79105 242.1978 2.473483 19.41908 3.894557 2
20000713 MCLEOD LAK 1 actual TRUE 16.1 TRUE 70 TRUE 18 TRUE 9.4 TRUE 6.7 52.79921 6.877378 233.6157 0.361519 12.81184 0.2504445 1
20000714 MCLEOD LAK 1 actual TRUE 9 TRUE 94 TRUE 212 TRUE 18.3 TRUE 9.7 22.07419 3.195025 215.6913 7.11E‐04 6.161863 3.36E‐04 1
20000715 MCLEOD LAK 1 actual TRUE 16 TRUE 66 TRUE 245 TRUE 9 TRUE 2.6 46.22853 3.088275 222.2753 0.1557572 5.969212 7.25E‐02 1
20000716 MCLEOD LAK 1 actual TRUE 15.2 TRUE 69 TRUE 130 TRUE 4.3 TRUE 0 63.53484 4.271175 228.7153 0.6151901 8.161325 0.3335119 1
20000717 MCLEOD LAK 1 actual TRUE 18.5 TRUE 56 TRUE 190 TRUE 5.7 TRUE 6.1 55.53742 3.828388 222.7369 0.3902465 7.34132 0.2006025 1
20000718 MCLEOD LAK 1 actual TRUE 22.5 TRUE 52 TRUE 254 TRUE 13.2 TRUE 0 79.78454 6.466666 230.4909 2.162997 12.08564 2.303822 2
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20000719 MCLEOD LAK 1 actual TRUE 19.4 TRUE 72 TRUE 222 TRUE 13.8 TRUE 0 82.25482 7.81474 237.6869 2.94761 14.44238 3.872385 2
20000720 MCLEOD LAK 1 actual TRUE 19 TRUE 60 TRUE 263 TRUE 17.7 TRUE 0 84.79202 9.721865 244.8109 4.99668 17.68771 7.398665 2
20000721 MCLEOD LAK 1 actual TRUE 20.9 TRUE 41 TRUE 247 TRUE 17.1 TRUE 0 88.41166 12.77546 252.2769 8.080101 22.67965 12.6657 3
20000722 MCLEOD LAK 1 actual TRUE 26.1 TRUE 45 TRUE 352 TRUE 3.1 TRUE 0 89.14745 16.30807 260.6789 4.435156 28.2049 8.678106 3
20000723 MCLEOD LAK 1 actual TRUE 21.3 TRUE 68 TRUE 235 TRUE 7.4 TRUE 18.3 50.2744 8.625162 218.8221 0.246261 15.70294 0.1923124 1
20000724 MCLEOD LAK 1 actual TRUE 20.8 TRUE 50 TRUE 212 TRUE 13.8 TRUE 0 77.77204 11.17626 226.2701 1.853065 19.89573 2.807265 2
20000725 MCLEOD LAK 1 actual TRUE 21.6 TRUE 58 TRUE 225 TRUE 5.9 TRUE 3.1 69.07046 10.03412 229.3714 0.8176421 18.08984 0.6961297 1
20000726 MCLEOD LAK 1 actual TRUE 18.8 TRUE 62 TRUE 179 TRUE 13.5 TRUE 1.1 76.86247 11.82412 236.4594 1.701977 21.02043 2.627236 2
20000727 MCLEOD LAK 1 actual TRUE 17.2 TRUE 69 TRUE 180 TRUE 13.8 TRUE 5.1 58.75431 8.213895 232.8616 0.7556779 15.09651 0.576364 1
20000728 MCLEOD LAK 1 actual TRUE 18.4 TRUE 51 TRUE 248 TRUE 20.1 TRUE 0.8 78.83054 10.48084 239.8776 2.790989 18.89749 4.361031 2
20000729 MCLEOD LAK 1 actual TRUE 17 TRUE 46 TRUE 251 TRUE 19.5 TRUE 0 85.67358 12.78908 246.6416 6.180003 22.64291 10.17836 3
20000730 MCLEOD LAK 1 actual TRUE 21 TRUE 44 TRUE 217 TRUE 7.9 TRUE 0 87.96117 15.70085 254.1256 4.764636 27.20034 9.041073 3
20000731 MCLEOD LAK 1 actual TRUE 20.8 TRUE 79 TRUE 47 TRUE 7.7 TRUE 0.5 84.40086 16.76552 261.5736 2.862511 28.90016 5.909275 2
20000801 MCLEOD LAK 1 actual TRUE 11.6 TRUE 98 TRUE 202 TRUE 5.7 TRUE 14.7 17.5659 7.521543 227.2885 6.54E‐05 13.89365 4.75E‐05 1
20000802 MCLEOD LAK 1 actual TRUE 16.7 TRUE 73 TRUE 173 TRUE 5.3 TRUE 1 42.21879 8.528421 233.2985 6.80E‐02 15.62856 5.29E‐02 1
20000803 MCLEOD LAK 1 actual TRUE 22.4 TRUE 52 TRUE 43 TRUE 7.5 TRUE 0.3 73.41632 10.86198 240.3345 1.034021 19.5186 0.923074 1
20000804 MCLEOD LAK 1 actual TRUE 26.7 TRUE 50 TRUE 247 TRUE 8.1 TRUE 0 85.68622 13.75454 248.1445 3.48559 24.161 6.369728 2
20000805 MCLEOD LAK 1 actual TRUE 26.2 TRUE 44 TRUE 232 TRUE 15.6 TRUE 0 89.07973 16.93887 255.8645 8.2459 29.06697 14.61554 3
20000806 MCLEOD LAK 1 actual TRUE 22.1 TRUE 53 TRUE 30 TRUE 5.5 TRUE 4.6 68.05509 12.98928 253.4488 0.7757598 23.02808 0.7694343 2
20000807 MCLEOD LAK 1 actual TRUE 21.1 TRUE 43 TRUE 284 TRUE 9.5 TRUE 0 83.80119 15.58331 260.2508 2.89265 27.1086 5.728366 2
20000808 MCLEOD LAK 1 actual TRUE 16.3 TRUE 74 TRUE 33 TRUE 9.8 TRUE 0 83.8485 16.52087 266.1888 2.955174 28.60357 6.052635 2
20000809 MCLEOD LAK 1 actual TRUE 17 TRUE 49 TRUE 227 TRUE 12.9 TRUE 1.3 81.36093 18.43778 272.2527 2.531123 31.53624 5.550729 2
20000810 MCLEOD LAK 1 actual TRUE 16.5 TRUE 53 TRUE 24 TRUE 8.5 TRUE 0 84.71964 20.1346 278.2267 3.11211 34.09988 7.097767 2
20000811 MCLEOD LAK 1 actual TRUE 14.3 TRUE 58 TRUE 340 TRUE 4.5 TRUE 0 84.9822 21.47307 283.8047 2.63713 36.11489 6.312626 2
20000812 MCLEOD LAK 1 actual TRUE 17.8 TRUE 51 TRUE 236 TRUE 13.3 TRUE 0.3 86.37244 23.37717 290.0128 4.988064 38.9127 11.5007 3
20000813 MCLEOD LAK 1 actual TRUE 12.3 TRUE 71 TRUE 343 TRUE 6.7 TRUE 0 84.80899 24.18495 295.2307 2.877162 40.14776 7.321913 2
20000814 MCLEOD LAK 1 actual TRUE 17.5 TRUE 48 TRUE 206 TRUE 15.5 TRUE 0 86.70521 26.17017 301.3847 5.8416 43.00476 13.78086 3
20000815 MCLEOD LAK 1 actual TRUE 17.8 TRUE 58 TRUE 172 TRUE 7.8 TRUE 0 86.75348 27.82455 307.5927 3.990236 45.38531 10.46347 3
20000816 MCLEOD LAK 1 actual TRUE 19.2 TRUE 52 TRUE 128 TRUE 11.8 TRUE 0 86.88939 29.83616 314.0527 4.976434 48.2197 12.94845 3
20000817 MCLEOD LAK 1 actual TRUE 14.6 TRUE 78 TRUE 138 TRUE 2.1 TRUE 3.8 52.44677 21.9529 311.6343 0.2411271 37.33133 0.3304714 2
20000818 MCLEOD LAK 1 actual TRUE 10.9 TRUE 93 TRUE 171 TRUE 4.3 TRUE 7.5 21.70847 12.07407 295.8875 3.08E‐04 21.91271 2.95E‐04 2
20000819 MCLEOD LAK 1 actual TRUE 9.9 TRUE 91 TRUE 235 TRUE 12.8 TRUE 3.8 22.61113 8.042608 292.9771 6.52E‐04 15.05221 4.97E‐04 1
20000820 MCLEOD LAK 1 actual TRUE 11.5 TRUE 72 TRUE 207 TRUE 20.2 TRUE 0.8 50.49428 8.778753 298.0511 0.4818497 16.35333 0.3856333 1
20000821 MCLEOD LAK 1 actual TRUE 12 TRUE 87 TRUE 198 TRUE 14.4 TRUE 3.4 41.60976 5.974278 296.8301 0.0965729 11.37614 6.25E‐02 1
20000822 MCLEOD LAK 1 actual TRUE 13.8 TRUE 85 TRUE 205 TRUE 18.3 TRUE 4.5 39.09419 3.582639 292.2545 7.32E‐02 6.952216 3.67E‐02 1
20000823 MCLEOD LAK 1 actual TRUE 16.4 TRUE 78 TRUE 215 TRUE 13.9 TRUE 2.1 52.07435 3.148639 298.2104 0.4198276 6.135329 0.1979921 1
20000824 MCLEOD LAK 1 actual TRUE 19.2 TRUE 75 TRUE 135 TRUE 11.6 TRUE 0.6 69.45646 4.217307 304.6704 1.103093 8.152493 0.5976872 1
20000825 MCLEOD LAK 1 actual TRUE 13.4 TRUE 86 TRUE 285 TRUE 5.4 TRUE 10.6 30.11729 1.973221 279.5428 4.67E‐03 3.878008 1.81E‐03 1
20000826 MCLEOD LAK 1 actual TRUE 13.1 TRUE 66 TRUE 267 TRUE 18.6 TRUE 10.9 41.90874 1.325847 255.2392 0.1258449 2.617699 4.23E‐02 1
20000827 MCLEOD LAK 1 actual TRUE 11.1 TRUE 72 TRUE 267 TRUE 7.1 TRUE 3.5 43.34656 0.8858181 254.1949 9.02E‐02 1.756335 2.69E‐02 1
20000828 MCLEOD LAK 1 actual TRUE 7.4 TRUE 99 TRUE 203 TRUE 8.4 TRUE 2.9 24.99127 1.40E‐02 254.3275 1.17E‐03 2.81E‐02 2.39E‐04 1
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20000829 MCLEOD LAK 1 actual TRUE 10.8 TRUE 74 TRUE 30 TRUE 15.2 TRUE 3 41.04577 0.6436573 254.7655 9.08E‐02 1.279235 2.51E‐02 1
20000830 MCLEOD LAK 1 actual TRUE 9.8 TRUE 75 TRUE 206 TRUE 10.5 TRUE 0 58.00301 1.206223 259.5335 0.6064192 2.384737 0.1979664 1
20000831 MCLEOD LAK 1 actual TRUE 8.5 TRUE 90 TRUE 23 TRUE 17.4 TRUE 12.7 24.55264 0.1902606 230.5905 1.60E‐03 0.3797379 3.65E‐04 1
20000901 MCLEOD LAK 1 actual TRUE 3.1 TRUE 89 TRUE 31 TRUE 22.3 TRUE 0.9 35.05774 0.2717655 232.8525 3.79E‐02 0.5419497 9.02E‐03 1
20000902 MCLEOD LAK 1 actual TRUE 5.1 TRUE 94 TRUE 14 TRUE 14.2 TRUE 0.3 41.47543 0.3413064 235.4745 9.33E‐02 0.6801482 2.29E‐02 1
20000903 MCLEOD LAK 1 actual TRUE 6.8 TRUE 91 TRUE 22 TRUE 6.8 TRUE 22.3 13.79179 0.133616 181.5095 1.28E‐05 0.2667412 2.83E‐06 1
20000904 MCLEOD LAK 1 actual TRUE 9.9 TRUE 81 TRUE 185 TRUE 10.3 TRUE 0 33.50762 0.5037529 184.9955 0.0143444 1.000693 3.77E‐03 1
20000905 MCLEOD LAK 1 actual TRUE 14.8 TRUE 73 TRUE 266 TRUE 12.1 TRUE 2.1 50.24664 0.7558162 189.3634 0.3110301 1.496698 8.92E‐02 1
20000906 MCLEOD LAK 1 actual TRUE 15.3 TRUE 45 TRUE 220 TRUE 17.3 TRUE 0 76.26456 2.361701 193.8214 1.977462 4.583769 0.8197325 1
20000907 MCLEOD LAK 1 actual TRUE 8.6 TRUE 98 TRUE 238 TRUE 11.2 TRUE 12.7 17.45585 0.5567724 168.4915 8.24E‐05 1.104421 2.21E‐05 1
20000908 MCLEOD LAK 1 actual TRUE 6.5 TRUE 93 TRUE 266 TRUE 11.8 TRUE 1.8 21.48774 9.20E‐02 171.3654 4.14E‐04 0.1837714 8.94E‐05 1
20000909 MCLEOD LAK 1 actual TRUE 6.1 TRUE 99 TRUE 210 TRUE 12.1 TRUE 7.5 6.96513 1.54E‐02 159.4703 4.26E‐07 3.08E‐02 8.68E‐08 1
20000910 MCLEOD LAK 2 estimate TRUE 6 TRUE 90 TRUE 210 TRUE 12 TRUE 5 14.22116 0.1264056 153.8958 2.04E‐05 0.2522931 4.49E‐06 1
20000911 MCLEOD LAK 1 actual TRUE 5.4 TRUE 100 TRUE 185 TRUE 13.5 TRUE 6.2 4.462486 0 145.5159 9.37E‐08 0 1.87E‐08 1
20000912 MCLEOD LAK 1 actual TRUE 10 TRUE 75 TRUE 266 TRUE 8.6 TRUE 1.1 26.47189 0.5000976 149.0199 1.90E‐03 0.9918735 4.97E‐04 1
20000913 MCLEOD LAK 1 actual TRUE 11.3 TRUE 78 TRUE 204 TRUE 9.1 TRUE 0 46.58154 0.996818 152.7579 0.164783 1.961635 0.0507482 1
20000914 MCLEOD LAK 1 actual TRUE 17.5 TRUE 72 TRUE 213 TRUE 11.8 TRUE 1.1 63.89887 1.920718 157.612 0.9125331 3.727863 0.3481348 1
20000915 MCLEOD LAK 1 actual TRUE 17.8 TRUE 33 TRUE 229 TRUE 7.6 TRUE 0 82.87 4.188647 162.52 2.329225 7.870196 1.796796 2
20000916 MCLEOD LAK 1 actual TRUE 18.4 TRUE 72 TRUE 188 TRUE 7.6 TRUE 0.5 83.18996 5.178082 167.536 2.426666 9.613358 2.266426 2
20000917 MCLEOD LAK 2 estimate TRUE 15 TRUE 75 TRUE 160 TRUE 12 TRUE 3 62.81443 3.795015 168.3057 0.8764395 7.185005 0.4457745 1
20000918 MCLEOD LAK 1 actual TRUE 15.8 TRUE 51 TRUE 233 TRUE 15.8 TRUE 0 79.52679 5.27234 172.8537 2.402585 9.797572 2.267123 2
20000919 MCLEOD LAK 2 estimate TRUE 14 TRUE 45 TRUE 90 TRUE 3 TRUE 0.4 84.26271 6.750929 177.0777 2.217185 12.32697 2.42561 2
20000920 MCLEOD LAK 1 actual TRUE 10.1 TRUE 63 TRUE 23 TRUE 18.6 TRUE 1 79.6501 7.494692 180.5997 2.801002 13.58045 3.505939 2
20000921 MCLEOD LAK 1 actual TRUE 7.5 TRUE 42 TRUE 50 TRUE 13.3 TRUE 0 84.15956 8.385798 183.6537 3.674441 15.05323 5.024779 2
20000922 MCLEOD LAK 1 actual TRUE 7.6 TRUE 51 TRUE 152 TRUE 11.5 TRUE 0 84.81657 9.144765 186.7257 3.668247 16.2945 5.262952 2
20000923 MCLEOD LAK 1 actual TRUE 13.6 TRUE 40 TRUE 214 TRUE 4.6 TRUE 0 86.92832 10.70457 190.8777 3.481418 18.77663 5.448817 2
20000924 MCLEOD LAK 1 actual TRUE 16.1 TRUE 51 TRUE 166 TRUE 7 TRUE 0 86.97666 12.19587 195.4797 3.956073 21.10061 6.60945 2
20000925 MCLEOD LAK 1 actual TRUE 18 TRUE 50 TRUE 202 TRUE 9.3 TRUE 0 87.0676 13.89952 200.4237 4.500064 23.69148 7.949421 2
20000926 MCLEOD LAK 1 actual TRUE 16.9 TRUE 53 TRUE 193 TRUE 12.4 TRUE 0 87.11599 15.4057 205.1697 5.297275 25.94166 9.633942 3
20000927 MCLEOD LAK 1 actual TRUE 17 TRUE 49 TRUE 172 TRUE 10.8 TRUE 0 87.1644 17.05882 209.9337 4.92077 28.35704 9.514537 3
20000928 MCLEOD LAK 1 actual TRUE 15.6 TRUE 53 TRUE 190 TRUE 10.8 TRUE 0 87.21282 18.46812 214.4457 4.954854 30.39267 9.95162 3
20000929 MCLEOD LAK 1 actual TRUE 14.3 TRUE 72 TRUE 204 TRUE 19 TRUE 5.8 57.37274 11.62178 206.9729 0.8874505 20.38234 0.8141462 2
20000930 MCLEOD LAK 1 actual TRUE 7.7 TRUE 51 TRUE 276 TRUE 15.6 TRUE 1.3 68.07748 12.38634 210.0629 1.291431 21.59005 1.76922 2
20001001 MCLEOD LAK 1 actual TRUE 8 TRUE 70 TRUE 246 TRUE 15.5 TRUE 0 75.52468 12.80413 212.2069 1.723775 22.2517 2.803143 2
20001002 MCLEOD LAK 1 actual TRUE 1.5 TRUE 76 TRUE 26 TRUE 7.5 TRUE 0.9 71.91951 12.89828 213.1809 0.9741324 22.40725 0.949322 2
20001003 MCLEOD LAK 1 actual TRUE ‐1 TRUE 96 TRUE 105 TRUE 4.6 TRUE 0 71.96634 12.89884 213.7049 0.8431373 22.41532 0.8218535 2
20001004 MCLEOD LAK 1 actual TRUE 0.6 TRUE 69 TRUE 110 TRUE 5.3 TRUE 3.6 47.15296 8.716763 208.788 0.1475863 15.7859 0.1156207 1
20001005 MCLEOD LAK 1 actual TRUE 4.1 TRUE 60 TRUE 143 TRUE 8.5 TRUE 0.3 62.49195 9.029561 210.23 0.723067 16.30801 0.5777106 1
20001006 MCLEOD LAK 1 actual TRUE 9.3 TRUE 39 TRUE 166 TRUE 12.3 TRUE 0 78.15736 9.993956 212.608 1.774365 17.88601 2.420444 2
20001007 MCLEOD LAK 1 actual TRUE 12.8 TRUE 31 TRUE 179 TRUE 20 TRUE 0 86.8785 11.4514 215.616 7.510965 20.2183 11.26106 3
20001008 MCLEOD LAK 1 actual TRUE 9.7 TRUE 88 TRUE 194 TRUE 10.6 TRUE 1.1 74.8206 11.65431 218.066 1.294032 20.56141 1.677215 2
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20001009 MCLEOD LAK 1 actual TRUE 9.3 TRUE 59 TRUE 24 TRUE 7 TRUE 0 79.87399 12.30039 220.444 1.597179 21.58919 2.465155 2
20001010 MCLEOD LAK 1 actual TRUE 10.3 TRUE 42 TRUE 15 TRUE 10.7 TRUE 0 84.63918 13.30052 223.002 3.439045 23.1493 6.125907 2
20001011 MCLEOD LAK 1 actual TRUE 7.9 TRUE 69 TRUE 191 TRUE 5.8 TRUE 0 84.04835 13.7178 225.128 2.480832 23.80874 4.498981 2
20001012 MCLEOD LAK 1 actual TRUE 15.2 TRUE 33 TRUE 22 TRUE 2 TRUE 0 87.68359 15.36267 228.568 3.401367 26.30523 6.559213 2
20001013 MCLEOD LAK 1 actual TRUE 10.9 TRUE 66 TRUE 209 TRUE 11 TRUE 0 85.67572 15.98451 231.234 4.028131 27.25831 7.817888 2
20001014 MCLEOD LAK 1 actual TRUE 9.3 TRUE 57 TRUE 221 TRUE 14.8 TRUE 0 85.72365 16.66526 233.612 4.910999 28.28591 9.485081 3
20001015 MCLEOD LAK 1 actual TRUE 6.5 TRUE 70 TRUE 204 TRUE 15.7 TRUE 0 84.09676 17.00727 235.486 4.11207 28.81233 8.225615 3
20001016 MCLEOD LAK 1 actual TRUE 8.3 TRUE 64 TRUE 191 TRUE 6.9 TRUE 3.9 56.14038 11.9786 230.768 0.436653 21.2054 0.4107797 2
20001017 MCLEOD LAK 1 actual TRUE 5 TRUE 90 TRUE 129 TRUE 9.2 TRUE 0.6 59.78685 12.07288 232.372 0.6420453 21.37006 0.6069871 2
20001018 MCLEOD LAK 1 actual TRUE 9.4 TRUE 57 TRUE 226 TRUE 24.8 TRUE 10.4 49.74589 6.430463 209.6649 0.5549241 11.94503 0.369361 1
20001019 MCLEOD LAK 1 actual TRUE 3.5 TRUE 82 TRUE 133 TRUE 9.4 TRUE 0.3 58.48036 6.553133 210.9989 0.5938699 12.16196 0.399339 1
20001020 MCLEOD LAK 1 actual TRUE 3.8 TRUE 100 TRUE 248 TRUE 17.6 TRUE 27.9 6.649455 2.50242 145.3221 4.64E‐07 4.798277 1.96E‐07 1
20001021 MCLEOD LAK 1 actual TRUE 4.6 TRUE 65 TRUE 260 TRUE 19.2 TRUE 0.3 34.84919 2.809021 146.8541 0.0308752 5.361648 0.0136945 1
20001022 MCLEOD LAK 1 actual TRUE 2 TRUE 93 TRUE 197 TRUE 16 TRUE 0 41.14923 2.840492 147.9181 9.63E‐02 5.420745 4.29E‐02 1
20001023 MCLEOD LAK 1 actual TRUE 4.6 TRUE 100 TRUE 204 TRUE 12.9 TRUE 31.7 3.024506 0.7039186 83.79649 3.42E‐08 1.37888 9.62E‐09 1
20001024 MCLEOD LAK 1 actual TRUE 3.9 TRUE 100 TRUE 17 TRUE 7 TRUE 6.5 0.1082969 7.58E‐04 75.31329 2.95E‐09 1.52E‐03 5.91E‐10 1
20001025 MCLEOD LAK 1 actual TRUE ‐0.8 TRUE 100 TRUE 354 TRUE 7.4 TRUE 0 0.1279766 7.58E‐04 75.87329 3.06E‐09 1.52E‐03 6.12E‐10 1
20001026 MCLEOD LAK 1 actual TRUE 0.4 TRUE 100 TRUE 22 TRUE 2.2 TRUE 0 0.1476627 7.58E‐04 76.64929 2.39E‐09 1.52E‐03 4.79E‐10 1
20001027 MCLEOD LAK 1 actual TRUE 1 TRUE 100 TRUE 19 TRUE 6.7 TRUE 5.7 0 0 69.36528 2.67E‐09 0 5.34E‐10 1
20001028 MCLEOD LAK 1 actual TRUE 0.5 TRUE 100 TRUE 4 TRUE 16 TRUE 12.2 0 0 49.94467 4.27E‐09 0 8.53E‐10 1
20001029 MCLEOD LAK 1 actual TRUE ‐1.6 TRUE 100 TRUE 43 TRUE 2.1 TRUE 0.3 2.96E‐02 0.01 50.45067 2.17E‐09 2.00E‐02 4.39E‐10 1
20001030 MCLEOD LAK 1 actual TRUE 0.8 TRUE 100 TRUE 169 TRUE 4.2 TRUE 0.6 0 0.01 51.29867 2.35E‐09 2.00E‐02 4.77E‐10 1
20001031 MCLEOD LAK 1 actual TRUE 1.8 TRUE 100 TRUE 217 TRUE 10.9 TRUE 6.7 0 0 42.83748 3.30E‐09 0 6.60E‐10 1
20001101 MCLEOD LAK 1 actual TRUE ‐0.1 TRUE 100 TRUE 206 TRUE 7.8 TRUE 6.1 0 0 35.89811 2.82E‐09 0 5.65E‐10 1
20001102 MCLEOD LAK 1 actual TRUE 0.5 TRUE 100 TRUE 203 TRUE 10.5 TRUE 0.6 0 0.01 37.29211 3.23E‐09 0.0199866 6.55E‐10 1
20001103 MCLEOD LAK 1 actual TRUE 3.6 TRUE 100 TRUE 219 TRUE 9.6 TRUE 17.3 0 0 11.9159 3.09E‐09 0 6.18E‐10 1
20001104 MCLEOD LAK 1 actual TRUE 0.9 TRUE 100 TRUE 25 TRUE 14.4 TRUE 17.7 0.249506 5.30E‐04 1.466 4.78E‐09 1.06E‐03 9.57E‐10 1
20001105 MCLEOD LAK 1 actual TRUE ‐3.7 TRUE 100 TRUE 103 TRUE 5.2 TRUE 0.9 0 5.30E‐04 2.266 2.48E‐09 1.06E‐03 4.96E‐10 1
20001106 MCLEOD LAK 1 actual TRUE ‐0.9 TRUE 100 TRUE 91 TRUE 1 TRUE 0 0.1351151 5.83E‐04 3.408 2.23E‐09 1.17E‐03 4.46E‐10 1
20001107 MCLEOD LAK 1 actual TRUE 0 TRUE 100 TRUE 205 TRUE 7.5 TRUE 0 0.1548037 5.83E‐04 4.712 3.14E‐09 1.17E‐03 6.28E‐10 1
20001108 MCLEOD LAK 1 actual TRUE ‐1.1 TRUE 94 TRUE 0 TRUE 17.1 TRUE 0 6.550813 5.83E‐04 5.818 4.26E‐07 1.17E‐03 8.53E‐08 1
20001109 MCLEOD LAK 1 actual TRUE ‐4.1 TRUE 74 TRUE 24 TRUE 15.3 TRUE 0.3 22.98863 5.83E‐04 6.618 8.45E‐04 1.17E‐03 1.69E‐04 1
20001110 MCLEOD LAK 1 actual TRUE ‐4 TRUE 63 TRUE 226 TRUE 5 TRUE 0.3 37.25816 5.83E‐04 7.418 2.57E‐02 1.17E‐03 5.15E‐03 1
20001111 MCLEOD LAK 1 actual TRUE ‐4.8 TRUE 85 TRUE 174 TRUE 7 TRUE 0.6 43.43309 5.83E‐04 8.218 9.10E‐02 1.17E‐03 1.82E‐02 1
20001112 MCLEOD LAK 1 actual TRUE ‐2.6 TRUE 91 TRUE 229 TRUE 5.3 TRUE 0 47.5205 5.83E‐04 9.324 0.1553278 1.17E‐03 3.11E‐02 1
20001113 MCLEOD LAK 1 actual TRUE ‐1.3 TRUE 89 TRUE 187 TRUE 1.6 TRUE 0 51.15117 5.83E‐04 10.43 0.2037662 1.17E‐03 4.08E‐02 1
20001114 MCLEOD LAK 1 actual TRUE ‐2.9 TRUE 98 TRUE 186 TRUE 2.8 TRUE 0 51.83853 5.83E‐04 11.23 0.2338524 1.17E‐03 4.68E‐02 1
20001115 MCLEOD LAK 1 actual TRUE ‐4.1 TRUE 95 TRUE 206 TRUE 5.5 TRUE 0 53.78327 5.83E‐04 12.03 0.3281536 1.17E‐03 6.57E‐02 1
20001116 MCLEOD LAK 1 actual TRUE ‐1.9 TRUE 90 TRUE 224 TRUE 6.5 TRUE 0 57.47652 5.83E‐04 13.136 0.4764959 1.17E‐03 9.54E‐02 1
20001117 MCLEOD LAK 1 actual TRUE ‐3.6 TRUE 94 TRUE 194 TRUE 14.8 TRUE 0 59.79676 5.83E‐04 13.936 0.8519052 1.17E‐03 0.170607 1
20001118 MCLEOD LAK 1 actual TRUE ‐0.6 TRUE 87 TRUE 185 TRUE 6 TRUE 0.5 63.47595 9.47E‐03 15.132 0.6684051 1.89E‐02 0.1353688 1
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20001119 MCLEOD LAK 1 actual TRUE ‐1.6 TRUE 100 TRUE 11 TRUE 5.3 TRUE 0.8 58.68834 9.47E‐03 16.238 0.4901469 1.89E‐02 9.93E‐02 1
20001120 MCLEOD LAK 1 actual TRUE ‐0.8 TRUE 88 TRUE 127 TRUE 3.4 TRUE 0.3 61.76065 1.43E‐02 17.398 0.5383056 2.85E‐02 0.1095559 1
20001121 MCLEOD LAK 1 actual TRUE 3.2 TRUE 71 TRUE 202 TRUE 10.2 TRUE 0.3 69.76817 0.1801762 19.278 1.038186 0.3521248 0.2355708 1
20001122 MCLEOD LAK 1 actual TRUE 1.9 TRUE 74 TRUE 192 TRUE 15.1 TRUE 1.9 60.56877 0.1054011 20.924 0.9071515 0.2081805 0.1973844 1
20001123 MCLEOD LAK 1 actual TRUE 3.4 TRUE 66 TRUE 205 TRUE 14.4 TRUE 0.9 67.06362 0.3076519 22.84 1.175503 0.5952587 0.283466 1
20001124 MCLEOD LAK 1 actual TRUE ‐0.5 TRUE 100 TRUE 181 TRUE 16.5 TRUE 0 67.10541 0.3076519 24.054 1.308572 0.596239 0.3156265 1
20001125 MCLEOD LAK 1 actual TRUE 2.9 TRUE 93 TRUE 210 TRUE 9.5 TRUE 5.7 29.23129 3.77E‐02 18.70941 4.49E‐03 7.49E‐02 9.33E‐04 1
20001126 MCLEOD LAK 1 actual TRUE ‐0.1 TRUE 94 TRUE 216 TRUE 2.8 TRUE 0.5 32.79735 4.60E‐02 19.99541 8.25E‐03 0.0914843 1.73E‐03 1
20001127 MCLEOD LAK 1 actual TRUE ‐1.4 TRUE 98 TRUE 222 TRUE 6.9 TRUE 0.8 32.40508 4.60E‐02 21.10141 9.20E‐03 9.15E‐02 1.92E‐03 1
20001128 MCLEOD LAK 1 actual TRUE ‐5.4 TRUE 100 TRUE 219 TRUE 2.8 TRUE 0 32.57627 4.60E‐02 21.90141 7.81E‐03 9.15E‐02 1.63E‐03 1
20001129 MCLEOD LAK 1 actual TRUE ‐3.8 TRUE 91 TRUE 18 TRUE 10.7 TRUE 0 38.33009 4.60E‐02 22.70141 4.29E‐02 9.15E‐02 8.96E‐03 1
20001130 MCLEOD LAK 1 actual TRUE ‐3.9 TRUE 97 TRUE 27 TRUE 10.6 TRUE 0 40.32364 4.60E‐02 23.50141 6.30E‐02 9.16E‐02 1.32E‐02 1
20001201 MCLEOD LAK 1 actual TRUE 2.8 TRUE 77 TRUE 187 TRUE 18.6 TRUE 1.5 48.94513 0.1497131 23.70941 0.3670555 0.2947729 8.20E‐02 1
20001202 MCLEOD LAK 1 actual TRUE 1.2 TRUE 84 TRUE 219 TRUE 12.5 TRUE 2.9 39.41497 4.23E‐02 21.26157 5.82E‐02 8.43E‐02 1.21E‐02 1
20001203 MCLEOD LAK 1 actual TRUE 0.6 TRUE 77 TRUE 177 TRUE 6 TRUE 0.6 49.32412 8.66E‐02 21.07357 0.2041526 0.1714041 4.39E‐02 1
20001204 MCLEOD LAK 1 actual TRUE ‐3.6 TRUE 99 TRUE 205 TRUE 6.5 TRUE 0 49.73399 8.66E‐02 20.27357 0.2203517 0.1713353 4.74E‐02 1
20001205 MCLEOD LAK 1 actual TRUE ‐1.8 TRUE 100 TRUE 209 TRUE 13 TRUE 0 49.77005 8.66E‐02 19.77957 0.3071112 0.1712901 0.066035 1
20001206 MCLEOD LAK 1 actual TRUE 1 TRUE 100 TRUE 229 TRUE 13.4 TRUE 0 49.80613 8.66E‐02 19.66357 0.3147597 0.1712792 6.77E‐02 1
20001207 MCLEOD LAK 1 actual TRUE ‐4.8 TRUE 100 TRUE 218 TRUE 2.3 TRUE 2.4 30.95276 0 18.86357 5.01E‐03 0 1.00E‐03 1
20001208 MCLEOD LAK 1 actual TRUE ‐9 TRUE 96 TRUE 5 TRUE 17.6 TRUE 0 33.92306 0 18.06358 2.29E‐02 0 4.58E‐03 1
20001211 MCLEOD LAK 1 actual TRUE ‐17 TRUE 79 TRUE 125 TRUE 0.5 TRUE 0
20001212 MCLEOD LAK 1 actual TRUE ‐14.9 TRUE 83 TRUE 14 TRUE 12.3 TRUE 0
20001213 MCLEOD LAK 1 actual TRUE ‐17.1 TRUE 65 TRUE 14 TRUE 12 TRUE 0
20001214 MCLEOD LAK 1 actual TRUE ‐21.8 TRUE 66 TRUE 21 TRUE 15.6 TRUE 0
20001218 MCLEOD LAK 1 actual TRUE ‐3.5 TRUE 99 TRUE 203 TRUE 14.2 TRUE 0
20001219 MCLEOD LAK 1 actual TRUE ‐4.9 TRUE 95 TRUE 211 TRUE 6.4 TRUE 0
20001222 MCLEOD LAK 1 actual TRUE ‐12 TRUE 93 TRUE 20 TRUE 13.4 TRUE 0
20001223 MCLEOD LAK 1 actual TRUE ‐9.6 TRUE 96 TRUE 13 TRUE 13.2 TRUE 0
20001224 MCLEOD LAK 1 actual TRUE ‐7.4 TRUE 96 TRUE 32 TRUE 6.9 TRUE 0
20001225 MCLEOD LAK 1 actual TRUE ‐0.3 TRUE 100 TRUE 197 TRUE 12.9 TRUE 0
20001226 MCLEOD LAK 1 actual TRUE 0.8 TRUE 100 TRUE 237 TRUE 7.2 TRUE 0.3
20001227 MCLEOD LAK 1 actual TRUE 0.5 TRUE 91 TRUE 265 TRUE 15.4 TRUE 1
20010106 MCLEOD LAK 1 actual TRUE ‐0.7 TRUE 74 TRUE 182 TRUE 9.2 TRUE 0
20010110 MCLEOD LAK 1 actual TRUE 3.4 TRUE 61 TRUE 192 TRUE 1.1 TRUE 0
20010112 MCLEOD LAK 1 actual TRUE ‐7.1 TRUE 81 TRUE 17 TRUE 14.1 TRUE 0
20010115 MCLEOD LAK 1 actual TRUE ‐8.4 TRUE 97 TRUE 154 TRUE 4.1 TRUE 0
20010219 MCLEOD LAK 1 actual TRUE ‐7.6 TRUE 62 TRUE 6 TRUE 9.1 TRUE 0
20010220 MCLEOD LAK 1 actual TRUE ‐4.5 TRUE 70 TRUE 227 TRUE 7.5 TRUE 0
20010221 MCLEOD LAK 1 actual TRUE ‐5.2 TRUE 63 TRUE 11 TRUE 9 TRUE 0
20010222 MCLEOD LAK 1 actual TRUE ‐3.3 TRUE 70 TRUE 227 TRUE 6.8 TRUE 0
20010223 MCLEOD LAK 1 actual TRUE ‐9.3 TRUE 59 TRUE 28 TRUE 11.4 TRUE 0
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20010224 MCLEOD LAK 1 actual TRUE ‐13.2 TRUE 53 TRUE 45 TRUE 11.1 TRUE 0
20010225 MCLEOD LAK 1 actual TRUE ‐12.1 TRUE 79 TRUE 69 TRUE 4.7 TRUE 0
20010226 MCLEOD LAK 1 actual TRUE ‐5.6 TRUE 71 TRUE 218 TRUE 7.8 TRUE 0
20010227 MCLEOD LAK 1 actual TRUE 1.4 TRUE 56 TRUE 211 TRUE 18.3 TRUE 0.3
20010228 MCLEOD LAK 1 actual TRUE 4.1 TRUE 48 TRUE 223 TRUE 43.1 TRUE 0
20010301 MCLEOD LAK 1 actual TRUE 0.2 TRUE 58 TRUE 132 TRUE 18.5 TRUE 0
20010302 MCLEOD LAK 1 actual TRUE 0 TRUE 82 TRUE 193 TRUE 10.6 TRUE 1.8
20010303 MCLEOD LAK 1 actual TRUE 1.7 TRUE 68 TRUE 215 TRUE 13.4 TRUE 2.3
20010304 MCLEOD LAK 1 actual TRUE 2.8 TRUE 53 TRUE 86 TRUE 2.8 TRUE 0
20010305 MCLEOD LAK 1 actual TRUE 2.7 TRUE 53 TRUE 168 TRUE 4.2 TRUE 0
20010306 MCLEOD LAK 1 actual TRUE 6.9 TRUE 47 TRUE 235 TRUE 8.2 TRUE 0
20010307 MCLEOD LAK 1 actual TRUE 8 TRUE 57 TRUE 193 TRUE 8.9 TRUE 0
20010308 MCLEOD LAK 1 actual TRUE 5.7 TRUE 38 TRUE 325 TRUE 11.3 TRUE 0
20010309 MCLEOD LAK 1 actual TRUE 2.3 TRUE 45 TRUE 184 TRUE 8.5 TRUE 0
20010310 MCLEOD LAK 1 actual TRUE 2.1 TRUE 75 TRUE 251 TRUE 12.8 TRUE 1.8
20010311 MCLEOD LAK 1 actual TRUE 5.6 TRUE 63 TRUE 202 TRUE 12.4 TRUE 0
20010312 MCLEOD LAK 1 actual TRUE 0.5 TRUE 98 TRUE 204 TRUE 9.7 TRUE 0.3
20010313 MCLEOD LAK 1 actual TRUE 3 TRUE 82 TRUE 352 TRUE 5.8 TRUE 4.1
20010316 MCLEOD LAK 1 actual TRUE 1.9 TRUE 61 TRUE 210 TRUE 16.1 TRUE 0
20010317 MCLEOD LAK 1 actual TRUE 2.9 TRUE 82 TRUE 181 TRUE 11.1 TRUE 1.5
20010318 MCLEOD LAK 1 actual TRUE 1.6 TRUE 95 TRUE 123 TRUE 13.2 TRUE 1.5
20010319 MCLEOD LAK 1 actual TRUE 1.1 TRUE 72 TRUE 193 TRUE 9.5 TRUE 6.6
20010320 MCLEOD LAK 1 actual TRUE ‐7.6 TRUE 83 TRUE 18 TRUE 11.9 TRUE 0.3
20010321 MCLEOD LAK 1 actual TRUE ‐11 TRUE 69 TRUE 17 TRUE 15.8 TRUE 0.8
20010322 MCLEOD LAK 1 actual TRUE ‐11.3 TRUE 68 TRUE 25 TRUE 15.7 TRUE 0
20010323 MCLEOD LAK 1 actual TRUE ‐11.8 TRUE 66 TRUE 23 TRUE 17.3 TRUE 0
20010324 MCLEOD LAK 1 actual TRUE ‐2.9 TRUE 57 TRUE 20 TRUE 16.1 TRUE 0
20010325 MCLEOD LAK 1 actual TRUE 2.3 TRUE 56 TRUE 27 TRUE 16.5 TRUE 0
20010326 MCLEOD LAK 1 actual TRUE 5.9 TRUE 38 TRUE 234 TRUE 18.1 TRUE 0
20010327 MCLEOD LAK 1 actual TRUE 1.6 TRUE 57 TRUE 172 TRUE 23.6 TRUE 0
20010328 MCLEOD LAK 1 actual TRUE 1.1 TRUE 76 TRUE 259 TRUE 18.9 TRUE 2.5
20010329 MCLEOD LAK 1 actual TRUE 3.4 TRUE 58 TRUE 217 TRUE 9.2 TRUE 0
20010330 MCLEOD LAK 1 actual TRUE 1.7 TRUE 64 TRUE 155 TRUE 8.9 TRUE 1
20010402 MCLEOD LAK 1 actual TRUE 4.3 TRUE 50 TRUE 35 TRUE 14.5 TRUE 0
20010403 MCLEOD LAK 1 actual TRUE 5.8 TRUE 45 TRUE 58 TRUE 8.7 TRUE 0
20010404 MCLEOD LAK 1 actual TRUE 5.4 TRUE 47 TRUE 209 TRUE 13.9 TRUE 0
20010405 MCLEOD LAK 1 actual TRUE 3.4 TRUE 80 TRUE 205 TRUE 8.3 TRUE 34.2
20010406 MCLEOD LAK 1 actual TRUE 4.2 TRUE 56 TRUE 37 TRUE 22.2 TRUE 0.3
20010407 MCLEOD LAK 1 actual TRUE 1.8 TRUE 84 TRUE 8 TRUE 9.5 TRUE 2
20010408 MCLEOD LAK 1 actual TRUE 7.9 TRUE 36 TRUE 359 TRUE 5.9 TRUE 0
20010409 MCLEOD LAK 1 actual TRUE 7.2 TRUE 37 TRUE 251 TRUE 10.1 TRUE 0
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20010410 MCLEOD LAK 1 actual TRUE 4.4 TRUE 47 TRUE 22 TRUE 13.3 TRUE 0.3
20010411 MCLEOD LAK 1 actual TRUE 5 TRUE 37 TRUE 156 TRUE 7.8 TRUE 0
20010412 MCLEOD LAK 1 actual TRUE 8.9 TRUE 29 TRUE 218 TRUE 8 TRUE 0
20010413 MCLEOD LAK 1 actual TRUE 4.7 TRUE 52 TRUE 219 TRUE 14.2 TRUE 0
20010414 MCLEOD LAK 1 actual TRUE 7.7 TRUE 34 TRUE 152 TRUE 7.9 TRUE 0
20010415 MCLEOD LAK 5 startup TRUE 8.4 TRUE 41 TRUE 43 TRUE 12.8 TRUE 0 85 6 15
20010416 MCLEOD LAK 1 actual TRUE 10.9 TRUE 33 TRUE 135 TRUE 17.1 TRUE 0 87.8568 7.940426 17.916 7.462276 7.892425 7.048031 2
20010417 MCLEOD LAK 1 actual TRUE 2.6 TRUE 97 TRUE 184 TRUE 6.9 TRUE 7.3 26.92697 3.888594 9.598552 2.00E‐03 3.882708 7.76E‐04 1
20010418 MCLEOD LAK 1 actual TRUE 8.6 TRUE 46 TRUE 216 TRUE 15.9 TRUE 4.6 47.03178 2.993572 6.995712 0.2475207 2.962443 8.68E‐02 1
20010419 MCLEOD LAK 1 actual TRUE 10.7 TRUE 38 TRUE 358 TRUE 7.8 TRUE 0 70.69836 4.770065 9.875711 0.9480469 4.682912 0.3965528 1
20010420 MCLEOD LAK 1 actual TRUE 4 TRUE 42 TRUE 28 TRUE 11.9 TRUE 0 79.35398 5.488415 11.54971 1.940573 5.408594 0.8640737 1
20010421 MCLEOD LAK 1 actual TRUE 9.2 TRUE 33 TRUE 157 TRUE 1.6 TRUE 0 84.5873 7.168929 14.15971 2.158879 7.059371 1.379037 2
20010422 MCLEOD LAK 1 actual TRUE 7.6 TRUE 46 TRUE 171 TRUE 13.2 TRUE 0 85.50406 8.301547 16.48171 4.394012 8.193909 4.256489 2
20010423 MCLEOD LAK 1 actual TRUE 6.4 TRUE 80 TRUE 194 TRUE 10.9 TRUE 3.7 52.42791 5.446913 14.91027 0.3749327 5.693789 0.1708487 1
20010424 MCLEOD LAK 1 actual TRUE 8.6 TRUE 65 TRUE 185 TRUE 9.4 TRUE 2 56.69082 4.96131 17.41227 0.5183419 5.794807 0.2380962 1
20010425 MCLEOD LAK 1 actual TRUE 9.7 TRUE 39 TRUE 226 TRUE 13.5 TRUE 1.6 69.30058 5.953641 20.11227 1.207945 6.843065 0.5999651 1
20010426 MCLEOD LAK 1 actual TRUE 15 TRUE 48 TRUE 142 TRUE 7.8 TRUE 0 80.76962 7.967669 23.76627 1.830229 8.669331 1.149351 2
20010427 MCLEOD LAK 1 actual TRUE 11.2 TRUE 63 TRUE 152 TRUE 10.8 TRUE 1.2 76.22761 9.065013 26.73627 1.421669 9.812571 0.8489131 1
20010428 MCLEOD LAK 3 forecast TRUE 11 TRUE 54 TRUE 250 TRUE 14 TRUE 1 78.16649 10.41439 29.67027 1.934573 11.09383 1.785808 2
20010429 MCLEOD LAK 1 actual TRUE 8.7 TRUE 50 TRUE 174 TRUE 17.7 TRUE 0 83.01775 11.61181 32.19027 3.948444 12.21132 4.773766 2
20010430 MCLEOD LAK 1 actual TRUE 7.5 TRUE 42 TRUE 194 TRUE 14 TRUE 2 73.47147 11.0134 34.49427 1.438232 12.24932 0.9710637 1
20010501 MCLEOD LAK 1 actual TRUE 8.3 TRUE 49 TRUE 275 TRUE 14.4 TRUE 2.2 68.56318 10.12089 38.39227 1.234758 12.20087 0.831804 1
20010502 MCLEOD LAK 1 actual TRUE 6 TRUE 53 TRUE 210 TRUE 19.9 TRUE 3.3 60.23777 7.618481 38.70583 1.132412 10.21192 0.6909406 1
20010503 MCLEOD LAK 1 actual TRUE 4.7 TRUE 96 TRUE 216 TRUE 13.3 TRUE 2.7 39.01219 5.315285 41.95583 5.60E‐02 8.073529 3.02E‐02 1
20010504 MCLEOD LAK 1 actual TRUE 7.2 TRUE 74 TRUE 160 TRUE 11.5 TRUE 0.8 54.02866 5.887783 45.65583 0.4547571 8.90469 0.2579049 1
20010505 MCLEOD LAK 1 actual TRUE 2.1 TRUE 94 TRUE 264 TRUE 22.3 TRUE 9.7 19.72985 2.547764 33.74855 3.62E‐04 4.286526 1.46E‐04 1
20010506 MCLEOD LAK 1 actual TRUE 8.5 TRUE 47 TRUE 141 TRUE 10.8 TRUE 1.9 47.14555 2.99631 37.68254 0.1945166 4.998906 0.0836665 1
20010507 MCLEOD LAK 1 actual TRUE 10.4 TRUE 56 TRUE 163 TRUE 14.8 TRUE 0 68.84422 4.337519 41.95855 1.27121 6.893481 0.6336342 1
20010508 MCLEOD LAK 1 actual TRUE 8.6 TRUE 38 TRUE 281 TRUE 14.7 TRUE 2.6 67.5033 4.211011 45.91055 1.211178 6.851043 0.60191 1
20010509 MCLEOD LAK 1 actual TRUE 9 TRUE 35 TRUE 252 TRUE 16.8 TRUE 0 81.22088 5.931376 49.93454 3.031303 9.1466 2.956584 2
20010510 MCLEOD LAK 1 actual TRUE 7.3 TRUE 49 TRUE 228 TRUE 17.3 TRUE 0 83.94392 7.056996 53.65254 4.36735 10.62138 4.887198 2
20010511 MCLEOD LAK 1 actual TRUE 10.5 TRUE 64 TRUE 217 TRUE 13.7 TRUE 0.3 83.99127 8.147233 57.94654 3.665847 12.0566 4.38255 2
20010512 MCLEOD LAK 1 actual TRUE 13.8 TRUE 52 TRUE 146 TRUE 12.8 TRUE 1 81.78374 10.0458 62.83454 2.6471 14.3543 3.40871 2
20010513 MCLEOD LAK 1 actual TRUE 10.8 TRUE 34 TRUE 245 TRUE 15.4 TRUE 3.1 71.25446 8.928834 64.1925 1.416718 13.25012 1.014479 2
20010514 MCLEOD LAK 1 actual TRUE 9.7 TRUE 52 TRUE 150 TRUE 14.3 TRUE 0 80.02784 10.28508 68.3425 2.344387 14.94671 3.028982 2
20010515 MCLEOD LAK 1 actual TRUE 10.5 TRUE 55 TRUE 40 TRUE 3.7 TRUE 3.5 58.88662 8.096334 68.83644 0.458436 12.51324 0.3133155 1
20010516 MCLEOD LAK 1 actual TRUE 6.9 TRUE 73 TRUE 175 TRUE 7.6 TRUE 0 68.20309 8.671308 72.48244 0.8664822 13.34989 0.6147097 1
20010517 MCLEOD LAK 1 actual TRUE 7 TRUE 58 TRUE 203 TRUE 16.1 TRUE 0.6 76.3541 9.560541 76.14645 1.87261 14.55307 2.182842 2
20010518 MCLEOD LAK 1 actual TRUE 7.3 TRUE 47 TRUE 220 TRUE 23.4 TRUE 0.9 79.73185 10.74366 79.86445 3.597043 16.0796 5.11886 2
20010519 MCLEOD LAK 1 actual TRUE 7 TRUE 61 TRUE 283 TRUE 23.6 TRUE 6.9 52.99227 6.437332 72.95691 0.7543653 10.54793 0.4684861 1
20010520 MCLEOD LAK 1 actual TRUE 11.3 TRUE 40 TRUE 214 TRUE 16.8 TRUE 0 75.71749 8.382973 77.39491 1.862059 13.19337 1.977646 2
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20010521 MCLEOD LAK 1 actual TRUE 9.1 TRUE 85 TRUE 265 TRUE 10.4 TRUE 6.2 39.29256 4.722491 72.28375 5.11E‐02 8.118908 2.77E‐02 1
20010522 MCLEOD LAK 1 actual TRUE 14.9 TRUE 61 TRUE 253 TRUE 17.9 TRUE 0 67.56141 6.377908 77.36975 1.42585 10.57621 0.8868025 1
20010523 MCLEOD LAK 1 actual TRUE 19.2 TRUE 43 TRUE 225 TRUE 8.6 TRUE 0 82.83643 9.424159 83.22975 2.439177 14.68994 3.140785 2
20010524 MCLEOD LAK 1 actual TRUE 17.5 TRUE 30 TRUE 203 TRUE 8.9 TRUE 1.9 81.05011 11.42688 88.78375 1.996491 17.29038 2.761142 2
20010525 MCLEOD LAK 1 actual TRUE 17.5 TRUE 28 TRUE 58 TRUE 9.2 TRUE 0 88.74412 14.95254 94.33775 5.691877 21.41814 9.215287 3
20010526 MCLEOD LAK 1 actual TRUE 19.9 TRUE 34 TRUE 76 TRUE 14 TRUE 0 89.98512 18.58482 100.3238 8.662156 25.40435 14.17117 3
20010527 MCLEOD LAK 1 actual TRUE 12.2 TRUE 82 TRUE 94 TRUE 4.8 TRUE 3.2 56.11211 14.27928 101.4329 0.3918715 21.12415 0.3677516 2
20010528 MCLEOD LAK 1 actual TRUE 11.1 TRUE 66 TRUE 204 TRUE 17.1 TRUE 0.8 69.70496 15.3681 105.8349 1.466903 22.55006 2.271622 2
20010529 MCLEOD LAK 1 actual TRUE 7.4 TRUE 76 TRUE 257 TRUE 21.3 TRUE 6.4 45.32598 9.110003 99.3363 0.2529348 14.82179 0.1908171 1
20010530 MCLEOD LAK 1 actual TRUE 14.8 TRUE 43 TRUE 218 TRUE 15.7 TRUE 0 74.12162 11.50435 104.4043 1.614652 18.03931 2.123257 2
20010531 MCLEOD LAK 1 actual TRUE 17 TRUE 53 TRUE 161 TRUE 16.7 TRUE 0 83.13295 13.73443 109.8683 3.810345 20.92833 6.349832 2
20010601 MCLEOD LAK 1 actual TRUE 8.4 TRUE 98 TRUE 227 TRUE 13.2 TRUE 10.5 21.39436 6.642878 95.94686 4.29E‐04 11.32546 2.77E‐04 1
20010602 MCLEOD LAK 1 actual TRUE 11 TRUE 58 TRUE 240 TRUE 18.5 TRUE 1.3 52.46513 7.977611 101.3309 0.5520697 13.33134 0.3913394 1
20010603 MCLEOD LAK 1 actual TRUE 13.8 TRUE 45 TRUE 201 TRUE 11.2 TRUE 0 74.80917 10.13115 107.2189 1.332936 16.39046 1.31404 2
20010604 MCLEOD LAK 1 actual TRUE 18.1 TRUE 36 TRUE 62 TRUE 15.6 TRUE 0 86.42986 13.36617 113.8809 5.646615 20.66788 8.976559 3
20010605 MCLEOD LAK 1 actual TRUE 10.4 TRUE 82 TRUE 214 TRUE 8 TRUE 1.6 69.74827 13.10991 119.1569 0.9286561 20.56367 0.856739 2
20010606 MCLEOD LAK 1 actual TRUE 14.6 TRUE 53 TRUE 233 TRUE 6.5 TRUE 0 79.83743 15.05668 125.1889 1.551604 23.15203 2.5203 2
20010607 MCLEOD LAK 1 actual TRUE 17.2 TRUE 43 TRUE 211 TRUE 11.9 TRUE 0 86.08392 17.81244 131.6889 4.463099 26.62242 8.439909 3
20010608 MCLEOD LAK 1 actual TRUE 18.6 TRUE 39 TRUE 170 TRUE 11.3 TRUE 0 88.42883 20.96574 138.4409 6.047267 30.41589 11.72644 3
20010609 MCLEOD LAK 1 actual TRUE 9.7 TRUE 88 TRUE 170 TRUE 17.6 TRUE 0.8 79.82643 21.31262 143.5909 2.711472 31.08915 5.879986 2
20010610 MCLEOD LAK 1 actual TRUE 12 TRUE 58 TRUE 277 TRUE 18.4 TRUE 9.4 54.2293 12.1551 131.1548 0.6563939 19.73721 0.5900806 1
20010611 MCLEOD LAK 1 actual TRUE 11 TRUE 57 TRUE 242 TRUE 9.9 TRUE 0 71.28934 13.53125 136.5388 1.075083 21.68895 1.159935 2
20010612 MCLEOD LAK 1 actual TRUE 16.8 TRUE 51 TRUE 32 TRUE 9 TRUE 0 81.84364 15.84506 142.9668 2.201537 24.8146 4.073266 2
20010613 MCLEOD LAK 1 actual TRUE 21.5 TRUE 34 TRUE 241 TRUE 12.8 TRUE 0 89.03049 19.77194 150.2408 7.11038 29.75451 13.18428 3
20010614 MCLEOD LAK 1 actual TRUE 12.2 TRUE 55 TRUE 196 TRUE 6.8 TRUE 0 87.56592 21.33708 155.8408 4.259798 31.79206 8.98327 3
20010615 MCLEOD LAK 1 actual TRUE 12.2 TRUE 57 TRUE 218 TRUE 10.8 TRUE 0 86.83831 22.8462 161.4408 4.697664 33.75157 10.10043 3
20010616 MCLEOD LAK 1 actual TRUE 11.1 TRUE 69 TRUE 5 TRUE 11.2 TRUE 0 85.05656 23.85151 166.8428 3.734195 35.14306 8.504325 3
20010617 MCLEOD LAK 1 actual TRUE 15.7 TRUE 38 TRUE 25 TRUE 9.3 TRUE 0 87.80341 26.58927 173.0728 4.998672 38.42167 11.43855 3
20010618 MCLEOD LAK 1 actual TRUE 19.7 TRUE 42 TRUE 213 TRUE 7.7 TRUE 0 88.48676 29.7434 180.0228 5.086124 42.09814 12.2096 3
20010619 MCLEOD LAK 1 actual TRUE 19.5 TRUE 36 TRUE 196 TRUE 15.5 TRUE 0 89.67572 33.236 186.9368 8.937007 46.01788 19.66406 4
20010620 MCLEOD LAK 1 actual TRUE 19.1 TRUE 57 TRUE 200 TRUE 8.2 TRUE 0 88.08428 35.51209 193.7787 4.923308 48.70833 12.91203 3
20010621 MCLEOD LAK 1 actual TRUE 19.3 TRUE 47 TRUE 223 TRUE 11 TRUE 0 88.133 38.33704 200.6568 5.709081 51.88939 15.00459 3
20010622 MCLEOD LAK 1 actual TRUE 13.1 TRUE 52 TRUE 235 TRUE 15.7 TRUE 3.1 70.35841 31.62948 202.2052 1.39597 45.47548 3.88478 3
20010623 MCLEOD LAK 1 actual TRUE 14 TRUE 41 TRUE 251 TRUE 15.8 TRUE 0 82.97672 33.96697 208.1292 3.56917 48.24842 9.885573 3
20010624 MCLEOD LAK 1 actual TRUE 10.5 TRUE 80 TRUE 125 TRUE 5.6 TRUE 3.5 52.5146 25.67373 208.0442 0.2897148 39.24108 0.4110297 2
20010625 MCLEOD LAK 1 actual TRUE 11.5 TRUE 67 TRUE 232 TRUE 2.2 TRUE 1.3 58.49788 26.78166 213.5182 0.413681 40.77672 0.6028082 2
20010626 MCLEOD LAK 1 actual TRUE 15.1 TRUE 53 TRUE 55 TRUE 6.6 TRUE 4.4 56.26639 19.91599 211.7225 0.4346745 32.24828 0.5389161 2
20010627 MCLEOD LAK 1 actual TRUE 12.3 TRUE 89 TRUE 26 TRUE 12.4 TRUE 2.3 47.87449 17.05064 217.3405 0.2331551 28.50972 0.2660674 2
20010628 MCLEOD LAK 1 actual TRUE 15.6 TRUE 79 TRUE 51 TRUE 3.4 TRUE 10.2 29.90288 9.232937 199.8777 3.98E‐03 16.55416 3.21E‐03 1
20010629 MCLEOD LAK 1 actual TRUE 11.1 TRUE 96 TRUE 56 TRUE 8.4 TRUE 19.3 8.036428 3.97621 160.0792 6.68E‐07 7.487466 3.47E‐07 1
20010630 MCLEOD LAK 1 actual TRUE 16.4 TRUE 67 TRUE 322 TRUE 3.3 TRUE 2.6 33.17117 3.870531 166.4352 9.29E‐03 7.315735 4.76E‐03 1
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20010701 MCLEOD LAK 1 actual TRUE 10.7 TRUE 97 TRUE 233 TRUE 11.4 TRUE 14.7 9.526366 1.396333 140.706 1.81E‐06 2.725058 6.16E‐07 1
20010702 MCLEOD LAK 1 actual TRUE 19.7 TRUE 43 TRUE 257 TRUE 7.7 TRUE 0.6 56.06404 4.171015 147.956 0.451691 7.792814 0.2392045 1
20010703 MCLEOD LAK 1 actual TRUE 22.1 TRUE 43 TRUE 158 TRUE 13.1 TRUE 0 81.76366 7.271303 155.638 2.680978 13.02169 3.233572 2
20010704 MCLEOD LAK 1 actual TRUE 15.5 TRUE 93 TRUE 212 TRUE 7.1 TRUE 8.1 31.56961 3.676838 146.5977 7.50E‐03 6.919785 3.75E‐03 1
20010705 MCLEOD LAK 1 actual TRUE 15.5 TRUE 53 TRUE 260 TRUE 17.4 TRUE 0 66.38516 5.513083 153.0917 1.335398 10.11548 0.810604 1
20010706 MCLEOD LAK 1 actual TRUE 14.2 TRUE 59 TRUE 237 TRUE 17.1 TRUE 0 78.83893 6.993521 159.3517 2.401278 12.60414 2.749926 2
20010707 MCLEOD LAK 1 actual TRUE 15.7 TRUE 62 TRUE 231 TRUE 17.9 TRUE 3.5 66.67632 5.707439 161.1165 1.38362 10.48621 0.8565153 1
20010708 MCLEOD LAK 1 actual TRUE 17.4 TRUE 49 TRUE 249 TRUE 13.2 TRUE 0.3 81.42329 7.918961 167.9525 2.588403 14.16788 3.288746 2
20010709 MCLEOD LAK 1 actual TRUE 21.4 TRUE 50 TRUE 214 TRUE 8.3 TRUE 0 86.07114 10.54524 175.5085 3.715985 18.3362 5.725146 2
20010710 MCLEOD LAK 1 actual TRUE 10.8 TRUE 94 TRUE 16 TRUE 6 TRUE 11.7 25.08858 5.009202 156.1842 1.07E‐03 9.274745 6.21E‐04 1
20010711 MCLEOD LAK 1 actual TRUE 16.9 TRUE 52 TRUE 263 TRUE 8.5 TRUE 2.3 54.70356 5.432114 162.9303 0.4167864 10.02836 0.2518119 1
20010712 MCLEOD LAK 1 actual TRUE 21 TRUE 36 TRUE 74 TRUE 5.3 TRUE 0 80.10332 8.748727 170.4142 1.501427 15.50718 1.596282 2
20010713 MCLEOD LAK 1 actual TRUE 22.5 TRUE 48 TRUE 229 TRUE 12.2 TRUE 0 86.4888 11.60871 178.1682 4.797351 19.96528 7.633799 2
20010714 MCLEOD LAK 1 actual TRUE 16.4 TRUE 57 TRUE 224 TRUE 14.2 TRUE 0 86.53699 13.37189 184.8242 5.342342 22.64746 9.000261 3
20010715 MCLEOD LAK 1 actual TRUE 18.5 TRUE 55 TRUE 222 TRUE 7.7 TRUE 0 86.58521 15.44792 191.8582 3.876587 25.71882 7.297451 2
20010716 MCLEOD LAK 1 actual TRUE 16.3 TRUE 66 TRUE 134 TRUE 7 TRUE 0 85.8962 16.8455 198.4962 3.395941 27.7941 6.775259 2
20010717 MCLEOD LAK 1 actual TRUE 13.1 TRUE 97 TRUE 235 TRUE 5.1 TRUE 7 28.22833 9.308738 190.1419 2.70E‐03 16.58732 2.18E‐03 1
20010718 MCLEOD LAK 1 actual TRUE 12.7 TRUE 96 TRUE 310 TRUE 8.1 TRUE 12.1 10.73594 4.318918 169.2744 2.94E‐06 8.119903 1.59E‐06 1
20010719 MCLEOD LAK 1 actual TRUE 18.5 TRUE 69 TRUE 293 TRUE 5.3 TRUE 3.5 37.21731 3.655237 171.4243 2.59E‐02 6.940498 1.30E‐02 1
20010720 MCLEOD LAK 1 actual TRUE 16.9 TRUE 90 TRUE 22 TRUE 8.7 TRUE 10.5 23.07225 1.689625 156.2833 6.24E‐04 3.290318 2.27E‐04 1
20010721 MCLEOD LAK 1 actual TRUE 23.8 TRUE 56 TRUE 132 TRUE 6.6 TRUE 0.8 63.08056 4.286098 164.2713 0.6762835 8.047281 0.3640132 1
20010722 MCLEOD LAK 1 actual TRUE 24 TRUE 57 TRUE 160 TRUE 8.3 TRUE 0 80.63085 6.820899 172.2953 1.848358 12.41325 1.842068 2
20010723 MCLEOD LAK 1 actual TRUE 16 TRUE 86 TRUE 217 TRUE 10.3 TRUE 2.8 57.52404 5.078038 178.8793 0.5791582 9.483062 0.339561 1
20010724 MCLEOD LAK 1 actual TRUE 13.3 TRUE 83 TRUE 170 TRUE 11.5 TRUE 5 41.82233 3.018815 176.2078 8.67E‐02 5.789658 0.0397906 1
20010725 MCLEOD LAK 1 actual TRUE 16.5 TRUE 63 TRUE 271 TRUE 1.6 TRUE 1.8 53.23126 3.719754 182.8818 0.2551287 7.07952 0.128827 1
20010726 MCLEOD LAK 1 actual TRUE 20 TRUE 51 TRUE 206 TRUE 12.1 TRUE 0 77.67007 6.138019 190.1858 1.686941 11.3595 1.388108 2
20010727 MCLEOD LAK 1 actual TRUE 16.2 TRUE 70 TRUE 190 TRUE 13.6 TRUE 4.7 58.39038 4.400252 188.5594 0.7291569 8.315382 0.3990992 1
20010728 MCLEOD LAK 1 actual TRUE 15.5 TRUE 90 TRUE 232 TRUE 14 TRUE 0.6 64.27264 4.778418 195.0534 1.036209 9.005305 0.5911356 1
20010729 MCLEOD LAK 1 actual TRUE 15.9 TRUE 77 TRUE 219 TRUE 11.3 TRUE 6.2 47.06126 3.027622 189.3835 0.1971291 5.822536 9.07E‐02 1
20010730 MCLEOD LAK 1 actual TRUE 15.8 TRUE 61 TRUE 174 TRUE 8.8 TRUE 2.9 56.98344 3.033968 192.354 0.5148563 5.837741 0.2372949 1
20010731 MCLEOD LAK 1 actual TRUE 17.6 TRUE 62 TRUE 196 TRUE 6.5 TRUE 0 73.57453 4.685287 199.226 0.9901186 8.850237 0.5597233 1
20010801 MCLEOD LAK 1 actual TRUE 16 TRUE 74 TRUE 214 TRUE 7.6 TRUE 0 78.42527 5.596086 205.11 1.433177 10.47752 0.8867901 1
20010802 MCLEOD LAK 1 actual TRUE 14.4 TRUE 76 TRUE 176 TRUE 13.7 TRUE 2.8 62.39696 4.289049 210.706 0.935167 8.162706 0.507024 1
20010803 MCLEOD LAK 1 actual TRUE 14.2 TRUE 92 TRUE 179 TRUE 6.3 TRUE 3.4 39.35503 2.49418 211.1255 4.21E‐02 4.84526 1.79E‐02 1
20010804 MCLEOD LAK 1 actual TRUE 9.5 TRUE 96 TRUE 174 TRUE 4.8 TRUE 17.8 8.883673 0.647422 173.1386 9.05E‐07 1.282852 2.50E‐07 1
20010805 MCLEOD LAK 1 actual TRUE 16.1 TRUE 61 TRUE 176 TRUE 13.9 TRUE 7.4 43.26916 1.391942 164.5222 0.1254361 2.72622 4.28E‐02 1
20010806 MCLEOD LAK 1 actual TRUE 17.6 TRUE 54 TRUE 210 TRUE 17.1 TRUE 5.6 58.72157 1.860925 160.7851 0.8903588 3.617186 0.3357826 1
20010807 MCLEOD LAK 1 actual TRUE 15.3 TRUE 63 TRUE 235 TRUE 13.7 TRUE 0 74.92889 3.110254 166.5431 1.521703 5.943036 0.7071292 1
20010808 MCLEOD LAK 1 actual TRUE 17.7 TRUE 65 TRUE 301 TRUE 6.1 TRUE 0.8 78.33596 4.480312 172.7331 1.31846 8.414961 0.726082 1
20010809 MCLEOD LAK 1 actual TRUE 22.7 TRUE 57 TRUE 183 TRUE 8.2 TRUE 0 84.589 6.617647 179.8231 3.011365 12.12021 3.534342 2
20010810 MCLEOD LAK 1 actual TRUE 23.4 TRUE 48 TRUE 199 TRUE 9.3 TRUE 0 87.49749 9.227537 187.0391 4.78467 16.4288 6.824106 2
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20010811 MCLEOD LAK 1 actual TRUE 24.1 TRUE 49 TRUE 186 TRUE 8.5 TRUE 0 88.14582 11.89639 194.3811 5.042593 20.63548 8.128575 3
20010812 MCLEOD LAK 1 actual TRUE 26.9 TRUE 38 TRUE 81 TRUE 4.5 TRUE 0 90.35355 15.50919 202.2271 5.657598 26.02803 10.19896 3
20010813 MCLEOD LAK 1 actual TRUE 26.8 TRUE 51 TRUE 224 TRUE 8.7 TRUE 0 90.03035 18.3488 210.0551 6.675047 30.11997 12.62397 3
20010814 MCLEOD LAK 1 actual TRUE 26 TRUE 41 TRUE 215 TRUE 6.4 TRUE 0 90.07972 21.67204 217.7391 5.986755 34.70774 12.49817 3
20010815 MCLEOD LAK 1 actual TRUE 26.8 TRUE 34 TRUE 225 TRUE 13.7 TRUE 0 91.3956 25.49658 225.5671 10.43509 39.75817 20.42461 3
20010816 MCLEOD LAK 1 actual TRUE 28.5 TRUE 39 TRUE 125 TRUE 3.3 TRUE 0 91.44542 29.25472 233.7011 6.222649 44.56334 14.75424 3
20010817 MCLEOD LAK 1 actual TRUE 22.2 TRUE 54 TRUE 242 TRUE 9.8 TRUE 0 89.15134 31.45298 240.7011 6.219779 47.41604 15.25274 3
20010818 MCLEOD LAK 1 actual TRUE 15.8 TRUE 67 TRUE 169 TRUE 8.1 TRUE 3.2 65.0252 25.0806 241.5998 0.7940078 39.82545 1.525168 2
20010819 MCLEOD LAK 1 actual TRUE 13.3 TRUE 73 TRUE 249 TRUE 13.4 TRUE 0 74.7554 25.89516 246.9978 1.484937 41.03506 3.83993 2
20010820 MCLEOD LAK 1 actual TRUE 9.4 TRUE 90 TRUE 241 TRUE 14.1 TRUE 4.1 42.74638 17.97193 243.9828 0.1160101 30.3541 0.1380661 2
20010821 MCLEOD LAK 1 actual TRUE 10 TRUE 96 TRUE 131 TRUE 10.5 TRUE 5 21.89495 11.20373 238.4871 4.50E‐04 20.05239 4.08E‐04 2
20010822 MCLEOD LAK 1 actual TRUE 17 TRUE 64 TRUE 171 TRUE 15.7 TRUE 0 57.87739 12.53772 244.5511 0.7807885 22.22664 0.756956 2
20010823 MCLEOD LAK 1 actual TRUE 14.9 TRUE 68 TRUE 225 TRUE 6.5 TRUE 8.3 42.93091 7.381898 230.3545 8.16E‐02 13.66873 5.87E‐02 1
20010824 MCLEOD LAK 1 actual TRUE 13.5 TRUE 62 TRUE 240 TRUE 15 TRUE 2.1 59.27374 6.887279 235.7885 0.8316678 12.83714 0.5767975 1
20010825 MCLEOD LAK 1 actual TRUE 16.3 TRUE 70 TRUE 212 TRUE 17 TRUE 7.1 51.59318 4.330432 225.6458 0.4654445 8.264355 0.2539549 1
20010826 MCLEOD LAK 1 actual TRUE 18.7 TRUE 70 TRUE 223 TRUE 6.2 TRUE 1.1 65.11745 5.54037 232.0158 0.7241645 10.45651 0.4475907 1
20010827 MCLEOD LAK 1 actual TRUE 20 TRUE 63 TRUE 214 TRUE 16.5 TRUE 0.8 78.1511 7.160807 238.6198 2.19141 13.32214 2.539321 2
20010828 MCLEOD LAK 1 actual TRUE 18.3 TRUE 51 TRUE 238 TRUE 10.1 TRUE 0.3 84.48582 9.115273 244.9178 3.267852 16.67869 4.747132 2
20010829 MCLEOD LAK 1 actual TRUE 20.2 TRUE 52 TRUE 197 TRUE 8.4 TRUE 0 86.42873 11.23037 251.5578 3.927834 20.20563 6.398473 2
20010830 MCLEOD LAK 1 actual TRUE 21.4 TRUE 53 TRUE 148 TRUE 7.7 TRUE 0 86.907 13.3996 258.4138 4.057706 23.72381 7.25078 2
20010831 MCLEOD LAK 1 actual TRUE 15.4 TRUE 71 TRUE 213 TRUE 16.4 TRUE 11.7 50.74823 7.24753 233.6806 0.4099699 13.45203 0.2921374 1
20010901 MCLEOD LAK 1 actual TRUE 13.8 TRUE 54 TRUE 233 TRUE 23.2 TRUE 8.6 55.27167 4.556556 217.6696 0.9206257 8.659909 0.5145751 1
20010902 MCLEOD LAK 1 actual TRUE 13.5 TRUE 56 TRUE 207 TRUE 9.8 TRUE 0 73.21799 5.700259 221.8036 1.151176 10.71227 0.7210187 1
20010903 MCLEOD LAK 1 actual TRUE 11.4 TRUE 62 TRUE 231 TRUE 20.1 TRUE 11 50.34286 3.182164 199.4892 0.470855 6.120258 0.2218026 1
20010904 MCLEOD LAK 1 actual TRUE 9.6 TRUE 71 TRUE 289 TRUE 13.6 TRUE 0 65.98726 3.734609 202.9212 1.086903 7.140672 0.551145 1
20010905 MCLEOD LAK 1 actual TRUE 10.8 TRUE 65 TRUE 237 TRUE 12.4 TRUE 2.3 62.70515 3.081122 206.5692 0.8894957 5.94072 0.4132707 1
20010906 MCLEOD LAK 1 actual TRUE 7.7 TRUE 84 TRUE 273 TRUE 18.6 TRUE 3.1 48.72477 1.709854 205.3832 0.356745 3.349985 0.1307361 1
20010907 MCLEOD LAK 1 actual TRUE 14.8 TRUE 47 TRUE 209 TRUE 11.9 TRUE 0.3 73.64725 3.215825 209.7512 1.304014 6.194231 0.6177255 1
20010908 MCLEOD LAK 1 actual TRUE 12.2 TRUE 48 TRUE 263 TRUE 19.9 TRUE 0 82.69216 4.451858 213.6512 4.232645 8.462863 4.16166 2
20010909 MCLEOD LAK 1 actual TRUE 8.7 TRUE 68 TRUE 200 TRUE 2.7 TRUE 0 82.73911 5.010179 216.9212 1.789686 9.473349 1.247247 2
20010910 MCLEOD LAK 1 actual TRUE 10.9 TRUE 56 TRUE 42 TRUE 14 TRUE 0 84.20879 5.960891 220.5872 3.831591 11.16735 4.388013 2
20010911 MCLEOD LAK 1 actual TRUE 9.3 TRUE 60 TRUE 43 TRUE 7.9 TRUE 0 84.25623 6.703372 223.9652 2.835668 12.47341 3.357392 2
20010912 MCLEOD LAK 1 actual TRUE 12.2 TRUE 62 TRUE 169 TRUE 4.8 TRUE 0 84.3037 7.607902 227.8652 2.441122 14.04359 3.042448 2
20010913 MCLEOD LAK 1 actual TRUE 16.4 TRUE 60 TRUE 229 TRUE 8.2 TRUE 0 84.81376 8.844808 232.5212 3.105088 16.15347 4.408628 2
20010914 MCLEOD LAK 2 estimate TRUE 20 TRUE 45 TRUE 120 TRUE 6 TRUE 0 87.36765 10.91092 237.8252 3.977224 19.57651 6.353868 2
20010915 MCLEOD LAK 1 actual TRUE 20.7 TRUE 49 TRUE 51 TRUE 6.3 TRUE 0 87.66425 12.90584 243.2552 4.212639 22.78902 7.326555 2
20010916 MCLEOD LAK 1 actual TRUE 20.7 TRUE 45 TRUE 351 TRUE 6.5 TRUE 0 88.17939 15.02885 248.6852 4.581167 26.11254 8.538626 3
20010917 MCLEOD LAK 1 actual TRUE 20.7 TRUE 50 TRUE 215 TRUE 5.5 TRUE 0 88.22815 16.97333 254.1152 4.386604 29.0892 8.750504 3
20010918 MCLEOD LAK 1 actual TRUE 15.2 TRUE 53 TRUE 228 TRUE 16.4 TRUE 1.1 82.63267 18.32855 258.5551 3.521824 31.13868 7.507733 2
20010919 MCLEOD LAK 1 actual TRUE 10.5 TRUE 64 TRUE 215 TRUE 9.7 TRUE 0 83.16831 19.07616 262.1491 2.69001 32.27993 5.979852 2
20010920 MCLEOD LAK 1 actual TRUE 10.8 TRUE 65 TRUE 212 TRUE 5.7 TRUE 3.1 60.50529 14.94898 260.8876 0.5627512 26.1517 0.6064606 2
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20010921 MCLEOD LAK 1 actual TRUE 11.3 TRUE 92 TRUE 173 TRUE 11.5 TRUE 11.5 23.34417 7.219817 234.5157 7.89E‐04 13.40771 5.61E‐04 1
20010922 MCLEOD LAK 1 actual TRUE 13.2 TRUE 92 TRUE 192 TRUE 13.2 TRUE 13.5 15.90339 3.250076 204.9052 4.66E‐05 6.252229 2.22E‐05 1
20010923 MCLEOD LAK 1 actual TRUE 16 TRUE 75 TRUE 211 TRUE 8.8 TRUE 0 43.2579 4.014224 209.4892 9.68E‐02 7.661427 5.08E‐02 1
20010924 MCLEOD LAK 1 actual TRUE 17.3 TRUE 61 TRUE 185 TRUE 7.5 TRUE 0 67.61827 5.30819 214.3072 0.8458542 9.997318 0.5101875 1
20010925 MCLEOD LAK 1 actual TRUE 15 TRUE 65 TRUE 154 TRUE 6.5 TRUE 0 76.85035 6.299957 218.7112 1.195046 11.75352 0.7882017 1
20010926 MCLEOD LAK 1 actual TRUE 11.5 TRUE 94 TRUE 214 TRUE 7.1 TRUE 5.2 33.99299 3.317174 212.2578 1.37E‐02 6.384889 6.59E‐03 1
20010927 MCLEOD LAK 1 actual TRUE 12.4 TRUE 52 TRUE 205 TRUE 9.7 TRUE 0 62.29646 4.475654 216.1938 0.7605456 8.510829 0.4212916 1
20010928 MCLEOD LAK 1 actual TRUE 7.5 TRUE 73 TRUE 160 TRUE 5.1 TRUE 0 69.92708 4.893647 219.2478 0.806992 9.270023 0.4674622 1
20010929 MCLEOD LAK 1 actual TRUE 11.6 TRUE 69 TRUE 183 TRUE 13.1 TRUE 1.1 72.27456 5.599097 223.0398 1.308895 10.53691 0.8124015 1
20010930 MCLEOD LAK 1 actual TRUE 11.5 TRUE 44 TRUE 257 TRUE 14.9 TRUE 2.3 70.9174 5.168992 226.8138 1.365759 9.780736 0.814104 1
20011001 MCLEOD LAK 1 actual TRUE 12.7 TRUE 42 TRUE 305 TRUE 7.2 TRUE 0 81.53107 6.377576 229.8038 1.937358 11.92761 1.919627 2
20011002 MCLEOD LAK 1 actual TRUE 12 TRUE 41 TRUE 254 TRUE 8.8 TRUE 0 85.55972 7.540734 232.6678 3.547604 13.95109 4.6269 2
20011003 MCLEOD LAK 1 actual TRUE 11.6 TRUE 47 TRUE 129 TRUE 5.2 TRUE 0 86.22469 8.568313 235.4598 3.248016 15.70763 4.54163 2
20011004 MCLEOD LAK 1 actual TRUE 11.5 TRUE 34 TRUE 208 TRUE 8.7 TRUE 0 88.10564 9.834081 238.2338 5.064407 17.82832 7.521978 2
20011005 MCLEOD LAK 1 actual TRUE 12.2 TRUE 39 TRUE 182 TRUE 6.2 TRUE 0 88.15437 11.06941 241.1338 4.496273 19.85964 7.178213 2
20011006 MCLEOD LAK 1 actual TRUE 10.5 TRUE 59 TRUE 252 TRUE 11.1 TRUE 0 86.63876 11.79179 243.7278 4.636075 21.03889 7.626774 2
20011007 MCLEOD LAK 1 actual TRUE 7.2 TRUE 72 TRUE 146 TRUE 12.8 TRUE 0 84.22266 12.14015 245.7278 3.613495 21.61108 6.156825 2
20011008 MCLEOD LAK 1 actual TRUE 3.2 TRUE 96 TRUE 191 TRUE 13.6 TRUE 0.8 75.40492 12.16426 247.0078 1.55535 21.66163 2.381837 2
20011009 MCLEOD LAK 1 actual TRUE 7.6 TRUE 67 TRUE 238 TRUE 19.5 TRUE 3.4 58.902 8.685803 243.4544 1.017434 15.94906 0.802027 1
20011010 MCLEOD LAK 1 actual TRUE 1 TRUE 100 TRUE 174 TRUE 18.6 TRUE 14.7 9.925389 3.733573 206.6256 3.23E‐06 7.144411 1.64E‐06 1
20011011 MCLEOD LAK 1 actual TRUE 8 TRUE 69 TRUE 248 TRUE 14.1 TRUE 11.8 29.29611 1.704101 181.5877 5.77E‐03 3.330075 2.11E‐03 1
20011012 MCLEOD LAK 1 actual TRUE 5.7 TRUE 94 TRUE 177 TRUE 6.7 TRUE 4 18.67502 0.4269512 177.0137 1.08E‐04 0.8487843 2.76E‐05 1
20011013 MCLEOD LAK 1 actual TRUE 3 TRUE 53 TRUE 266 TRUE 12.7 TRUE 1.1 42.63206 0.7195514 178.2577 0.1060156 1.424725 3.00E‐02 1
20011014 MCLEOD LAK 1 actual TRUE 5.2 TRUE 50 TRUE 186 TRUE 8.8 TRUE 0 62.44394 1.196839 179.8977 0.7323037 2.354518 0.2381111 1
20011015 MCLEOD LAK 1 actual TRUE 1 TRUE 73 TRUE 137 TRUE 6.5 TRUE 0 68.63881 1.282751 180.7817 0.8312738 2.520787 0.2761961 1
20011016 MCLEOD LAK 1 actual TRUE 8.1 TRUE 63 TRUE 239 TRUE 14.8 TRUE 5.7 50.15168 0.5394533 172.3786 0.3523043 1.070531 9.38E‐02 1
20011017 MCLEOD LAK 1 actual TRUE 3.8 TRUE 61 TRUE 255 TRUE 16.9 TRUE 0 66.02509 0.8260382 173.7666 1.285322 1.632673 0.3766894 1
20011018 MCLEOD LAK 1 actual TRUE 5.7 TRUE 89 TRUE 215 TRUE 16.8 TRUE 2.8 46.86237 0.1092156 175.4966 0.2528619 0.2180919 5.52E‐02 1
20011019 MCLEOD LAK 1 actual TRUE 8.3 TRUE 63 TRUE 237 TRUE 17.2 TRUE 0.3 66.24599 0.6347779 177.6946 1.315425 1.258318 0.3622527 1
20011020 MCLEOD LAK 1 actual TRUE 4.8 TRUE 61 TRUE 275 TRUE 9.4 TRUE 0 74.37176 0.9834254 179.2626 1.190047 1.940241 0.3653638 1
20011021 MCLEOD LAK 1 actual TRUE 2 TRUE 89 TRUE 29 TRUE 7.2 TRUE 0.3 74.81521 1.034154 180.3266 1.089967 2.039074 0.3394214 1
20011022 MCLEOD LAK 1 actual TRUE 1.3 TRUE 100 TRUE 99 TRUE 1.2 TRUE 0.3 73.16599 1.034882 181.2646 0.7446961 2.040637 0.2319537 1
20011023 MCLEOD LAK 1 actual TRUE 0.5 TRUE 94 TRUE 212 TRUE 4.7 TRUE 6.4 26.60014 1.38E‐02 169.7325 1.62E‐03 2.76E‐02 3.30E‐04 1
20011024 MCLEOD LAK 1 actual TRUE ‐1.4 TRUE 99 TRUE 160 TRUE 4.7 TRUE 3 15.08721 0 166.5302 2.10E‐05 0 4.21E‐06 1
20011025 MCLEOD LAK 1 actual TRUE ‐0.9 TRUE 98 TRUE 193 TRUE 6.1 TRUE 0 17.06683 7.27E‐04 167.0722 5.40E‐05 1.45E‐03 1.08E‐05 1
20011026 MCLEOD LAK 1 actual TRUE 4.7 TRUE 88 TRUE 209 TRUE 14.6 TRUE 6.4 18.46127 0.1028214 156.7194 1.48E‐04 0.2053061 3.22E‐05 1
20011027 MCLEOD LAK 1 actual TRUE 0.8 TRUE 71 TRUE 211 TRUE 8.3 TRUE 9.7 21.43073 0.0837754 138.2887 3.40E‐04 0.1672974 7.30E‐05 1
20011028 MCLEOD LAK 1 actual TRUE 2.2 TRUE 63 TRUE 212 TRUE 13.6 TRUE 0.9 42.15149 0.2677813 139.3887 0.1020794 0.5330027 2.43E‐02 1
20011029 MCLEOD LAK 1 actual TRUE 2.1 TRUE 63 TRUE 187 TRUE 13.9 TRUE 0 59.16378 0.4496053 140.4707 0.7810531 0.8920724 0.2007894 1
20011030 MCLEOD LAK 1 actual TRUE 5.4 TRUE 59 TRUE 157 TRUE 14.2 TRUE 0 71.86176 0.8573456 142.1467 1.362475 1.68922 0.402842 1
20011031 MCLEOD LAK 1 actual TRUE 2.8 TRUE 97 TRUE 231 TRUE 11 TRUE 14.2 16.81278 2.01E‐02 114.8603 6.20E‐05 4.02E‐02 1.27E‐05 1
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20011101 MCLEOD LAK 1 actual TRUE 1.7 TRUE 95 TRUE 163 TRUE 7.8 TRUE 0.8 20.24967 3.79E‐02 116.4703 2.13E‐04 0.075759 4.42E‐05 1
20011102 MCLEOD LAK 1 actual TRUE 3.7 TRUE 68 TRUE 210 TRUE 18.1 TRUE 3.7 35.00805 0.2036429 113.7247 3.03E‐02 0.4054706 6.97E‐03 1
20011103 MCLEOD LAK 1 actual TRUE 0.2 TRUE 98 TRUE 184 TRUE 13.7 TRUE 0 36.68069 0.2067453 115.0647 3.53E‐02 0.4116414 8.13E‐03 1
20011104 MCLEOD LAK 1 actual TRUE 4 TRUE 81 TRUE 216 TRUE 11.7 TRUE 20.3 20.45437 0.1257654 78.15737 2.80E‐04 0.2505229 6.17E‐05 1
20011105 MCLEOD LAK 1 actual TRUE ‐0.9 TRUE 85 TRUE 149 TRUE 6 TRUE 0.3 30.12395 0.1298754 79.29937 4.82E‐03 0.2586915 1.07E‐03 1
20011106 MCLEOD LAK 1 actual TRUE ‐1.8 TRUE 85 TRUE 195 TRUE 11.6 TRUE 0 40.20292 0.1298754 80.27937 0.0647473 0.2587044 0.014307 1
20011107 MCLEOD LAK 1 actual TRUE 1.4 TRUE 67 TRUE 207 TRUE 14.7 TRUE 0 56.54247 0.2389224 81.83537 0.6688811 0.4743824 0.1566802 1
20011108 MCLEOD LAK 1 actual TRUE 1 TRUE 94 TRUE 204 TRUE 7.3 TRUE 3.7 30.80927 1.59E‐02 78.99274 6.20E‐03 0.0317237 1.26E‐03 1
20011109 MCLEOD LAK 1 actual TRUE 0.8 TRUE 100 TRUE 54 TRUE 2.4 TRUE 2.4 19.42848 0 80.44074 1.18E‐04 0 2.36E‐05 1
20011110 MCLEOD LAK 1 actual TRUE 5 TRUE 88 TRUE 126 TRUE 3.8 TRUE 20.9 10.07115 0.0938136 45.70693 1.66E‐06 0.1866693 3.59E‐07 1
20011111 MCLEOD LAK 1 actual TRUE 2.1 TRUE 95 TRUE 12 TRUE 8.7 TRUE 1.8 12.94911 2.33E‐02 47.38893 9.37E‐06 4.66E‐02 1.92E‐06 1
20011112 MCLEOD LAK 1 actual TRUE 5.6 TRUE 94 TRUE 76 TRUE 0.9 TRUE 4.2 9.388391 5.06E‐02 44.81997 9.87E‐07 0.1009794 2.07E‐07 1
20011113 MCLEOD LAK 1 actual TRUE 7.5 TRUE 77 TRUE 152 TRUE 8.2 TRUE 1.2 27.46246 0.3083147 47.47397 2.51E‐03 0.6067778 6.08E‐04 1
20011114 MCLEOD LAK 1 actual TRUE 5.3 TRUE 80 TRUE 237 TRUE 4.8 TRUE 0 40.50983 0.4805627 49.73197 4.87E‐02 0.9384546 1.26E‐02 1
20011115 MCLEOD LAK 1 actual TRUE 3.1 TRUE 96 TRUE 233 TRUE 14.8 TRUE 1.5 35.73573 0.5017225 51.59397 3.03E‐02 0.9796291 7.92E‐03 1
20011116 MCLEOD LAK 1 actual TRUE 1 TRUE 99 TRUE 215 TRUE 10.9 TRUE 0 37.05787 0.5058988 53.07797 3.32E‐02 0.9882494 8.70E‐03 1
20011117 MCLEOD LAK 1 actual TRUE 1.8 TRUE 67 TRUE 246 TRUE 10.3 TRUE 0.3 53.20412 0.6323934 54.70597 0.3944134 1.229262 0.1080602 1
20011118 MCLEOD LAK 1 actual TRUE ‐3.7 TRUE 91 TRUE 26 TRUE 5.6 TRUE 0 56.28825 0.6323934 55.50597 0.4140691 1.229759 0.1134555 1
20011119 MCLEOD LAK 1 actual TRUE 1.9 TRUE 65 TRUE 92 TRUE 1.7 TRUE 0 64.29179 0.7704091 57.15197 0.5579918 1.490585 0.1598429 1
20011120 MCLEOD LAK 1 actual TRUE 6.4 TRUE 84 TRUE 196 TRUE 3.9 TRUE 0 68.20875 0.9255277 59.60797 0.7192296 1.781887 0.2156921 1
20011121 MCLEOD LAK 1 actual TRUE 4.3 TRUE 78 TRUE 198 TRUE 13 TRUE 0 73.04387 1.083749 61.68597 1.342717 2.076302 0.4203348 1
20011122 MCLEOD LAK 1 actual TRUE 3.3 TRUE 89 TRUE 231 TRUE 2.2 TRUE 0 73.67631 1.146751 63.58397 0.8008993 2.194553 0.2548693 1
20011123 MCLEOD LAK 1 actual TRUE ‐0.8 TRUE 96 TRUE 222 TRUE 5.8 TRUE 0 73.72028 1.148381 64.74397 0.9621224 2.199241 0.3063716 1
20011124 MCLEOD LAK 1 actual TRUE ‐6.4 TRUE 89 TRUE 5 TRUE 15.1 TRUE 0 74.02783 1.148381 65.54398 1.559518 2.200382 0.4966798 1
20011125 MCLEOD LAK 1 actual TRUE ‐11.9 TRUE 79 TRUE 24 TRUE 18.1 TRUE 0 74.95889 1.148381 66.34397 1.902533 2.201496 0.6060163 1
20011126 MCLEOD LAK 1 actual TRUE ‐15.8 TRUE 93 TRUE 24 TRUE 17.5 TRUE 0 74.49774 1.148381 67.14397 1.80135 2.202584 0.5738718 1
20011127 MCLEOD LAK 1 actual TRUE ‐16.1 TRUE 92 TRUE 14 TRUE 8.3 TRUE 0 74.29945 1.148381 67.94397 1.121821 2.203648 0.3574402 1
20011128 MCLEOD LAK 1 actual TRUE ‐18.1 TRUE 87 TRUE 25 TRUE 28.4 TRUE 0 74.34363 1.148381 68.74397 3.095636 2.204689 0.9864876 1
20011129 MCLEOD LAK 1 actual TRUE ‐18.1 TRUE 89 TRUE 18 TRUE 16.6 TRUE 0 74.38781 1.148381 69.54398 1.711907 2.205706 0.54561 1
20011130 MCLEOD LAK 1 actual TRUE ‐17.9 TRUE 90 TRUE 20 TRUE 17.6 TRUE 0 74.43201 1.148381 70.34397 1.804403 2.206701 0.575168 1
20011201 MCLEOD LAK 1 actual TRUE ‐11.8 TRUE 95 TRUE 23 TRUE 16.9 TRUE 0 73.96242 1.148381 69.54398 1.702284 2.205706 0.5425428 1
20011202 MCLEOD LAK 1 actual TRUE ‐10.3 TRUE 95 TRUE 237 TRUE 3.4 TRUE 0 73.72001 1.148381 68.74397 0.8525173 2.204689 0.271672 1
20011203 MCLEOD LAK 1 actual TRUE ‐14 TRUE 89 TRUE 172 TRUE 3.2 TRUE 0 73.77745 1.148381 67.94397 0.8461956 2.203648 0.2696191 1
20011204 MCLEOD LAK 1 actual TRUE ‐7.3 TRUE 97 TRUE 219 TRUE 5.3 TRUE 0 73.35567 1.148381 67.14397 0.9230728 2.202584 0.2940713 1
20011205 MCLEOD LAK 1 actual TRUE ‐6.1 TRUE 92 TRUE 211 TRUE 8.3 TRUE 0 73.48716 1.148381 66.34397 1.079917 2.201496 0.3439875 1
20011206 MCLEOD LAK 1 actual TRUE ‐4.8 TRUE 96 TRUE 200 TRUE 15.8 TRUE 0 73.53107 1.148381 65.54398 1.578945 2.200382 0.5028667 1
20011207 MCLEOD LAK 1 actual TRUE ‐3 TRUE 96 TRUE 197 TRUE 14.3 TRUE 0 73.57499 1.148381 64.74397 1.466871 2.199241 0.4671003 1
20011208 MCLEOD LAK 1 actual TRUE 0.2 TRUE 99 TRUE 210 TRUE 11.2 TRUE 0 72.72948 1.150007 64.48397 1.210651 2.201844 0.3856487 1
20011209 MCLEOD LAK 1 actual TRUE ‐6.7 TRUE 94 TRUE 202 TRUE 6.1 TRUE 0 72.77313 1.150007 63.68397 0.9379311 2.200664 0.2987264 1
20011210 MCLEOD LAK 1 actual TRUE ‐3.8 TRUE 99 TRUE 211 TRUE 8.9 TRUE 0 72.17298 1.150007 62.88397 1.055183 2.199455 0.3360151 1
20011211 MCLEOD LAK 1 actual TRUE ‐5.1 TRUE 99 TRUE 217 TRUE 1.5 TRUE 0 71.90215 1.150007 62.08397 0.7195125 2.198217 0.2290845 1
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20011212 MCLEOD LAK 1 actual TRUE ‐3.5 TRUE 99 TRUE 206 TRUE 5.6 TRUE 0 71.66915 1.150007 61.28397 0.8772386 2.196948 0.2792541 1
20011213 MCLEOD LAK 1 actual TRUE ‐2.3 TRUE 100 TRUE 204 TRUE 7.7 TRUE 0 71.37127 1.150007 60.57397 0.9650002 2.195794 0.3071431 1
20011214 MCLEOD LAK 1 actual TRUE ‐6 TRUE 95 TRUE 252 TRUE 19 TRUE 0 71.48852 1.150007 59.77397 1.712352 2.194463 0.5449131 1
20011215 MCLEOD LAK 1 actual TRUE ‐6.3 TRUE 98 TRUE 156 TRUE 10.8 TRUE 0 71.53176 1.150007 58.97397 1.134496 2.193098 0.3609574 1
20011216 MCLEOD LAK 1 actual TRUE ‐1 TRUE 100 TRUE 234 TRUE 6.1 TRUE 0 71.30733 1.150007 58.49797 0.8882844 2.192269 0.2825893 1
20011217 MCLEOD LAK 1 actual TRUE ‐7.6 TRUE 97 TRUE 230 TRUE 6.6 TRUE 0 71.35052 1.150007 57.69797 0.9123102 2.190846 0.2901759 1
20011218 MCLEOD LAK 1 actual TRUE ‐4.2 TRUE 96 TRUE 163 TRUE 12.9 TRUE 0 71.4426 1.150007 56.89797 1.257195 2.189385 0.3997925 1
20011219 MCLEOD LAK 1 actual TRUE ‐5 TRUE 92 TRUE 216 TRUE 6.5 TRUE 0 71.84687 1.150007 56.09797 0.9238178 2.187884 0.2937168 1
20011220 MCLEOD LAK 1 actual TRUE ‐7.5 TRUE 90 TRUE 144 TRUE 0 TRUE 0 72.05532 1.150007 55.29797 0.6708966 2.186342 0.2132584 1
20011221 MCLEOD LAK 1 actual TRUE ‐10.7 TRUE 96 TRUE 207 TRUE 5.8 TRUE 0 72.09875 1.150007 54.49797 0.9000847 2.184757 0.2860484 1
20011222 MCLEOD LAK 1 actual TRUE ‐10.6 TRUE 96 TRUE 25 TRUE 5.8 TRUE 0 72.1422 1.150007 53.69797 0.9015439 2.183127 0.2864481 1
20011223 MCLEOD LAK 1 actual TRUE ‐6.8 TRUE 93 TRUE 145 TRUE 3.1 TRUE 0 72.31181 1.150007 52.89797 0.7919146 2.181451 0.2515576 1
20011224 MCLEOD LAK 1 actual TRUE ‐3.7 TRUE 90 TRUE 168 TRUE 8.5 TRUE 0 72.83846 1.150007 52.09797 1.061302 2.179725 0.3370506 1
20011225 MCLEOD LAK 1 actual TRUE ‐2.9 TRUE 85 TRUE 133 TRUE 3.4 TRUE 0.3 73.67331 1.150007 51.29797 0.8507068 2.177949 0.2701033 1
20011226 MCLEOD LAK 1 actual TRUE ‐10.8 TRUE 97 TRUE 211 TRUE 1.1 TRUE 0 73.1422 1.150007 50.49797 0.7402086 2.176119 0.2349605 1
20011227 MCLEOD LAK 1 actual TRUE ‐9.4 TRUE 96 TRUE 16 TRUE 5.3 TRUE 0 72.92503 1.150007 49.69797 0.9064496 2.174234 0.2876549 1
20011228 MCLEOD LAK 1 actual TRUE ‐5 TRUE 95 TRUE 23 TRUE 11.5 TRUE 0 72.96875 1.150007 48.89797 1.241098 2.172291 0.3937478 1
20011229 MCLEOD LAK 1 actual TRUE ‐11.6 TRUE 88 TRUE 13 TRUE 19.1 TRUE 0 73.38416 1.150007 48.09797 1.85257 2.170286 0.5875798 1
20011230 MCLEOD LAK 1 actual TRUE ‐11.6 TRUE 92 TRUE 3 TRUE 15.7 TRUE 0 73.42803 1.150007 47.29797 1.563874 2.168217 0.4958728 1
20011231 MCLEOD LAK 1 actual TRUE ‐13.8 TRUE 95 TRUE 27 TRUE 5.6 TRUE 0 73.18138 1.150007 46.49797 0.930149 2.166082 0.2948446 1
20020101 MCLEOD LAK 1 actual TRUE ‐10.7 TRUE 96 TRUE 8 TRUE 7.8 TRUE 0 72.95113 1.150007 45.69797 1.029247 2.163876 0.3261581 1
20020220 MCLEOD LAK 1 actual TRUE 0.8 TRUE 56 TRUE 224 TRUE 23.7 TRUE 0
20020222 MCLEOD LAK 1 actual TRUE ‐6 TRUE 71 TRUE 26 TRUE 18.5 TRUE 0
20020223 MCLEOD LAK 1 actual TRUE ‐9.2 TRUE 54 TRUE 48 TRUE 16.8 TRUE 0
20020224 MCLEOD LAK 1 actual TRUE ‐9 TRUE 55 TRUE 6 TRUE 9 TRUE 0
20020225 MCLEOD LAK 1 actual TRUE ‐8.5 TRUE 54 TRUE 186 TRUE 0.6 TRUE 0
20020226 MCLEOD LAK 1 actual TRUE ‐4.1 TRUE 73 TRUE 203 TRUE 10.7 TRUE 0.8
20020227 MCLEOD LAK 1 actual TRUE ‐1.5 TRUE 83 TRUE 270 TRUE 17.4 TRUE 0
20020228 MCLEOD LAK 1 actual TRUE ‐2.5 TRUE 73 TRUE 206 TRUE 8.2 TRUE 0.8
20020301 MCLEOD LAK 1 actual TRUE ‐0.9 TRUE 68 TRUE 140 TRUE 0 TRUE 0.5
20020302 MCLEOD LAK 1 actual TRUE ‐3 TRUE 93 TRUE 206 TRUE 6.7 TRUE 0
20020303 MCLEOD LAK 1 actual TRUE 1.8 TRUE 72 TRUE 212 TRUE 15.2 TRUE 0
20020304 MCLEOD LAK 1 actual TRUE ‐11.1 TRUE 92 TRUE 37 TRUE 27.8 TRUE 0
20020305 MCLEOD LAK 1 actual TRUE ‐17.4 TRUE 54 TRUE 35 TRUE 23.7 TRUE 0
20020306 MCLEOD LAK 1 actual TRUE ‐14.7 TRUE 50 TRUE 47 TRUE 22 TRUE 0
20020307 MCLEOD LAK 1 actual TRUE ‐13.8 TRUE 50 TRUE 36 TRUE 21.2 TRUE 0
20020308 MCLEOD LAK 1 actual TRUE ‐12.4 TRUE 44 TRUE 353 TRUE 3.3 TRUE 0
20020309 MCLEOD LAK 1 actual TRUE ‐10.6 TRUE 48 TRUE 20 TRUE 6.5 TRUE 0
20020310 MCLEOD LAK 1 actual TRUE ‐13.1 TRUE 89 TRUE 27 TRUE 20.1 TRUE 0
20020311 MCLEOD LAK 1 actual TRUE ‐7.8 TRUE 95 TRUE 18 TRUE 10 TRUE 0.3
20020312 MCLEOD LAK 1 actual TRUE ‐7.3 TRUE 91 TRUE 18 TRUE 15.4 TRUE 0
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20020313 MCLEOD LAK 1 actual TRUE ‐6.5 TRUE 91 TRUE 51 TRUE 9.5 TRUE 0
20020314 MCLEOD LAK 1 actual TRUE ‐3.7 TRUE 92 TRUE 127 TRUE 5.8 TRUE 0.3
20020315 MCLEOD LAK 1 actual TRUE ‐10.8 TRUE 66 TRUE 34 TRUE 21.4 TRUE 0
20020316 MCLEOD LAK 1 actual TRUE ‐10.3 TRUE 52 TRUE 44 TRUE 22.2 TRUE 0
20020317 MCLEOD LAK 1 actual TRUE ‐8.6 TRUE 45 TRUE 15 TRUE 4.5 TRUE 0
20020318 MCLEOD LAK 1 actual TRUE ‐13.8 TRUE 45 TRUE 36 TRUE 15.2 TRUE 0
20020319 MCLEOD LAK 1 actual TRUE ‐11.5 TRUE 44 TRUE 37 TRUE 14.2 TRUE 0
20020320 MCLEOD LAK 1 actual TRUE ‐9.6 TRUE 40 TRUE 41 TRUE 15.7 TRUE 0
20020321 MCLEOD LAK 1 actual TRUE ‐4.5 TRUE 36 TRUE 58 TRUE 1.5 TRUE 0
20020322 MCLEOD LAK 1 actual TRUE ‐0.9 TRUE 42 TRUE 20 TRUE 13.3 TRUE 0
20020323 MCLEOD LAK 1 actual TRUE 2.6 TRUE 53 TRUE 60 TRUE 1.4 TRUE 0
20020324 MCLEOD LAK 1 actual TRUE 5.2 TRUE 71 TRUE 203 TRUE 7.5 TRUE 0
20020325 MCLEOD LAK 1 actual TRUE 4.7 TRUE 51 TRUE 157 TRUE 1.2 TRUE 0
20020326 MCLEOD LAK 1 actual TRUE 4 TRUE 59 TRUE 239 TRUE 26.7 TRUE 0
20020327 MCLEOD LAK 1 actual TRUE 1.3 TRUE 62 TRUE 221 TRUE 22.8 TRUE 0
20020328 MCLEOD LAK 1 actual TRUE 3.5 TRUE 41 TRUE 266 TRUE 21.3 TRUE 0
20020329 MCLEOD LAK 1 actual TRUE ‐2.5 TRUE 92 TRUE 107 TRUE 7.7 TRUE 0
20020330 MCLEOD LAK 1 actual TRUE ‐0.5 TRUE 96 TRUE 201 TRUE 7.2 TRUE 1.5
20020331 MCLEOD LAK 1 actual TRUE ‐3.1 TRUE 93 TRUE 27 TRUE 10.1 TRUE 0
20020401 MCLEOD LAK 1 actual TRUE ‐7.9 TRUE 57 TRUE 42 TRUE 12.5 TRUE 0
20020402 MCLEOD LAK 1 actual TRUE ‐4.3 TRUE 51 TRUE 128 TRUE 1.1 TRUE 0.5
20020403 MCLEOD LAK 1 actual TRUE 0 TRUE 45 TRUE 70 TRUE 0.8 TRUE 0.3
20020404 MCLEOD LAK 1 actual TRUE ‐1.8 TRUE 46 TRUE 50 TRUE 9.3 TRUE 0
20020405 MCLEOD LAK 1 actual TRUE ‐6.8 TRUE 90 TRUE 26 TRUE 20.9 TRUE 0
20020406 MCLEOD LAK 1 actual TRUE ‐6.5 TRUE 89 TRUE 6 TRUE 11.2 TRUE 0
20020407 MCLEOD LAK 1 actual TRUE ‐1.5 TRUE 81 TRUE 87 TRUE 0.1 TRUE 1.8
20020408 MCLEOD LAK 1 actual TRUE 0.7 TRUE 79 TRUE 64 TRUE 5.5 TRUE 4.8
20020409 MCLEOD LAK 1 actual TRUE 0.6 TRUE 66 TRUE 11 TRUE 10.3 TRUE 0.5
20020410 MCLEOD LAK 1 actual TRUE 4.7 TRUE 95 TRUE 192 TRUE 8.8 TRUE 7.7
20020411 MCLEOD LAK 1 actual TRUE 6.4 TRUE 82 TRUE 202 TRUE 1.7 TRUE 5.7
20020412 MCLEOD LAK 1 actual TRUE 7.5 TRUE 72 TRUE 226 TRUE 15 TRUE 7.2
20020413 MCLEOD LAK 1 actual TRUE 5 TRUE 92 TRUE 171 TRUE 0 TRUE 11
20020414 MCLEOD LAK 1 actual TRUE 0.4 TRUE 93 TRUE 18 TRUE 14.1 TRUE 13.7
20020415 MCLEOD LAK 1 actual TRUE 1.1 TRUE 89 TRUE 199 TRUE 11.7 TRUE 12.3
20020416 MCLEOD LAK 1 actual TRUE 4.7 TRUE 67 TRUE 14 TRUE 6.7 TRUE 0.5
20020417 MCLEOD LAK 1 actual TRUE 3.2 TRUE 49 TRUE 70 TRUE 11.9 TRUE 0
20020418 MCLEOD LAK 1 actual TRUE 9.2 TRUE 38 TRUE 237 TRUE 5.9 TRUE 0
20020419 MCLEOD LAK 1 actual TRUE 10.6 TRUE 34 TRUE 222 TRUE 1.1 TRUE 0
20020420 MCLEOD LAK 1 actual TRUE 12 TRUE 39 TRUE 251 TRUE 13.6 TRUE 0
20020421 MCLEOD LAK 1 actual TRUE 8.2 TRUE 45 TRUE 261 TRUE 16.6 TRUE 0
20020422 MCLEOD LAK 1 actual TRUE 5.2 TRUE 42 TRUE 276 TRUE 14.8 TRUE 0
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20020423 MCLEOD LAK 1 actual TRUE 1.8 TRUE 60 TRUE 127 TRUE 0 TRUE 2
20020424 MCLEOD LAK 1 actual TRUE 3.4 TRUE 51 TRUE 192 TRUE 6.8 TRUE 0.3
20020425 MCLEOD LAK 1 actual TRUE 5.3 TRUE 42 TRUE 14 TRUE 7.9 TRUE 0
20020426 MCLEOD LAK 1 actual TRUE 5.9 TRUE 27 TRUE 39 TRUE 8.1 TRUE 0
20020427 MCLEOD LAK 1 actual TRUE 9 TRUE 27 TRUE 233 TRUE 11.7 TRUE 0
20020428 MCLEOD LAK 1 actual TRUE 14.1 TRUE 34 TRUE 160 TRUE 4.5 TRUE 0
20020429 MCLEOD LAK 1 actual TRUE 19.4 TRUE 25 TRUE 111 TRUE 0 TRUE 0
20020430 MCLEOD LAK 1 actual TRUE 15.2 TRUE 35 TRUE 233 TRUE 0.3 TRUE 0
20020501 MCLEOD LAK 1 actual TRUE 15.5 TRUE 41 TRUE 188 TRUE 8.1 TRUE 0
20020502 MCLEOD LAK 1 actual TRUE 0.8 TRUE 88 TRUE 275 TRUE 8 TRUE 0.3
20020503 MCLEOD LAK 1 actual TRUE 0.8 TRUE 46 TRUE 227 TRUE 8.1 TRUE 1.9
20020504 MCLEOD LAK 1 actual TRUE ‐1.6 TRUE 91 TRUE 32 TRUE 13.2 TRUE 5.1
20020505 MCLEOD LAK 1 actual TRUE ‐5.9 TRUE 66 TRUE 53 TRUE 28.5 TRUE 0.5
20020506 MCLEOD LAK 1 actual TRUE 1.7 TRUE 44 TRUE 50 TRUE 19.6 TRUE 1.4
20020507 MCLEOD LAK 1 actual TRUE 6.2 TRUE 39 TRUE 156 TRUE 0.1 TRUE 0.8
20020508 MCLEOD LAK 1 actual TRUE 6.8 TRUE 44 TRUE 235 TRUE 9.1 TRUE 0
20020509 MCLEOD LAK 1 actual TRUE 11.1 TRUE 37 TRUE 221 TRUE 12.4 TRUE 0
20020510 MCLEOD LAK 5 startup TRUE 5 TRUE 73 TRUE 267 TRUE 18.4 TRUE 0 60 10 50
20020511 MCLEOD LAK 1 actual TRUE 11.8 TRUE 42 TRUE 226 TRUE 11.9 TRUE 0 77.57626 11.95617 54.528 1.657537 15.44559 1.902675 2
20020512 MCLEOD LAK 1 actual TRUE 13.5 TRUE 49 TRUE 127 TRUE 9.4 TRUE 0 83.48847 13.92029 59.362 2.76211 17.55124 4.10428 2
20020513 MCLEOD LAK 1 actual TRUE 18 TRUE 32 TRUE 134 TRUE 10.9 TRUE 0 88.81794 17.32954 65.006 6.267015 20.79803 9.84047 3
20020514 MCLEOD LAK 1 actual TRUE 6.3 TRUE 59 TRUE 247 TRUE 16.7 TRUE 10.8 47.83479 9.141744 51.11113 0.28801 12.63413 0.1979261 1
20020515 MCLEOD LAK 1 actual TRUE 8.7 TRUE 40 TRUE 192 TRUE 9.8 TRUE 0 69.97559 10.67943 55.08113 1.024233 14.38584 0.759144 1
20020516 MCLEOD LAK 1 actual TRUE 11.5 TRUE 36 TRUE 134 TRUE 13.9 TRUE 0 82.72048 12.81899 59.55513 3.139482 16.66845 4.551016 2
20020517 MCLEOD LAK 1 actual TRUE 6.7 TRUE 74 TRUE 251 TRUE 10.5 TRUE 5.8 46.25467 7.760624 55.14961 0.1686304 11.48192 0.1097695 1
20020518 MCLEOD LAK 1 actual TRUE 15.2 TRUE 29 TRUE 40 TRUE 9.8 TRUE 0 76.15623 10.80311 60.28961 1.345477 14.92176 1.129441 2
20020519 MCLEOD LAK 1 actual TRUE 16.2 TRUE 42 TRUE 22 TRUE 14.9 TRUE 0 85.22881 13.46749 65.60961 4.607739 17.8004 6.896307 2
20020520 MCLEOD LAK 1 actual TRUE 7.2 TRUE 86 TRUE 39 TRUE 21.3 TRUE 5.9 43.71193 7.907764 60.98449 0.1959525 11.94372 0.1304191 1
20020521 MCLEOD LAK 1 actual TRUE 6.9 TRUE 70 TRUE 38 TRUE 17.3 TRUE 2.6 49.60528 6.208985 64.63049 0.3737125 10.0131 0.2256017 1
20020522 MCLEOD LAK 1 actual TRUE 5.4 TRUE 64 TRUE 39 TRUE 13.4 TRUE 7.4 39.32098 3.453218 56.89006 5.98E‐02 5.996474 2.79E‐02 1
20020523 MCLEOD LAK 1 actual TRUE 5.7 TRUE 87 TRUE 202 TRUE 1.1 TRUE 7 18.84062 1.493312 50.14762 8.74E‐05 2.779687 3.00E‐05 1
20020524 MCLEOD LAK 1 actual TRUE 7.4 TRUE 74 TRUE 193 TRUE 1.8 TRUE 0.8 32.87684 2.086318 53.88362 8.01E‐03 3.804382 3.08E‐03 1
20020525 MCLEOD LAK 1 actual TRUE 15 TRUE 34 TRUE 250 TRUE 0.1 TRUE 0 59.18988 4.883783 58.98762 0.3903386 8.092544 0.2107023 1
20020526 MCLEOD LAK 1 actual TRUE 18.4 TRUE 41 TRUE 239 TRUE 8.7 TRUE 0 80.12653 7.897257 64.70362 1.786364 12.10185 1.688082 2
20020527 MCLEOD LAK 1 actual TRUE 15.6 TRUE 50 TRUE 206 TRUE 11 TRUE 0 84.66896 10.07794 69.91562 3.505616 14.81657 4.742096 2
20020528 MCLEOD LAK 1 actual TRUE 13.2 TRUE 79 TRUE 179 TRUE 10.7 TRUE 1.7 70.31112 9.881407 74.69562 1.0834 14.85119 0.8182944 1
20020529 MCLEOD LAK 1 actual TRUE 8.7 TRUE 80 TRUE 286 TRUE 23.4 TRUE 4.3 50.6178 6.445114 73.24773 0.5744941 10.56596 0.3571146 1
20020530 MCLEOD LAK 1 actual TRUE 11.9 TRUE 41 TRUE 229 TRUE 17.4 TRUE 1.6 69.6623 7.839253 77.79373 1.487228 12.52353 1.119134 2
20020531 MCLEOD LAK 1 actual TRUE 14.4 TRUE 42 TRUE 207 TRUE 7.8 TRUE 0.3 81.75027 10.20193 82.78973 2.049339 15.59848 2.63112 2
20020601 MCLEOD LAK 1 actual TRUE 14.4 TRUE 42 TRUE 207 TRUE 7.8 TRUE 0 85.94333 12.56461 88.78574 3.559072 18.56213 5.529506 2
20020602 MCLEOD LAK 1 actual TRUE 16.8 TRUE 35 TRUE 200 TRUE 3.2 TRUE 0 88.49818 15.63714 95.21374 4.060874 22.17122 6.972269 2
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20020603 MCLEOD LAK 1 actual TRUE 19.9 TRUE 36 TRUE 174 TRUE 14.1 TRUE 0 89.63383 19.16438 102.1997 8.278378 26.09534 13.86997 3
20020604 MCLEOD LAK 1 actual TRUE 16.2 TRUE 52 TRUE 217 TRUE 15.2 TRUE 0 88.4137 21.35965 108.5197 7.344534 28.63092 13.25318 3
20020605 MCLEOD LAK 1 actual TRUE 10.9 TRUE 77 TRUE 226 TRUE 15.2 TRUE 10 44.46315 11.2467 96.13395 0.1626394 17.40336 0.1352047 1
20020606 MCLEOD LAK 1 actual TRUE 7.4 TRUE 87 TRUE 240 TRUE 19.2 TRUE 14.4 24.39757 5.279788 74.98564 1.66E‐03 8.979029 9.47E‐04 1
20020607 MCLEOD LAK 1 actual TRUE 7.5 TRUE 75 TRUE 169 TRUE 16.4 TRUE 1 44.46485 5.839018 79.73964 0.1728241 9.871 0.1035279 1
20020608 MCLEOD LAK 1 actual TRUE 16.3 TRUE 62 TRUE 26 TRUE 13.1 TRUE 1.1 66.29079 7.588894 86.07764 1.071622 12.43665 0.729827 1
20020609 MCLEOD LAK 1 actual TRUE 22.8 TRUE 31 TRUE 354 TRUE 0.1 TRUE 0 82.82603 11.93671 93.58564 1.587289 18.1014 2.074498 2
20020610 MCLEOD LAK 1 actual TRUE 24.1 TRUE 28 TRUE 56 TRUE 8 TRUE 0 90.64473 16.70014 101.3276 7.035572 23.65403 11.58639 3
20020611 MCLEOD LAK 1 actual TRUE 21.6 TRUE 25 TRUE 239 TRUE 11.1 TRUE 0 92.18655 21.18224 108.6196 10.23888 28.4797 17.0443 3
20020612 MCLEOD LAK 1 actual TRUE 23.4 TRUE 30 TRUE 203 TRUE 8 TRUE 0 92.23663 25.69725 116.2356 8.820259 33.10014 16.44472 3
20020613 MCLEOD LAK 1 actual TRUE 25.7 TRUE 34 TRUE 58 TRUE 8.1 TRUE 0 92.28672 30.36096 124.2656 8.927687 37.69656 17.73683 3
20020614 MCLEOD LAK 1 actual TRUE 26.3 TRUE 33 TRUE 78 TRUE 8.3 TRUE 0 92.33683 35.22285 132.4036 9.082062 42.30806 19.05636 3
20020615 MCLEOD LAK 1 actual TRUE 23.4 TRUE 51 TRUE 203 TRUE 0.4 TRUE 0 90.41158 38.40916 140.0196 4.639926 45.56836 11.8612 3
20020616 MCLEOD LAK 1 actual TRUE 19.7 TRUE 61 TRUE 217 TRUE 5.3 TRUE 0 87.94156 40.57215 146.9696 4.167839 48.01025 11.20471 3
20020617 MCLEOD LAK 1 actual TRUE 7.4 TRUE 94 TRUE 33 TRUE 13 TRUE 45 18.02939 13.40294 60.40652 1.14E‐04 17.24186 9.46E‐05 1
20020618 MCLEOD LAK 1 actual TRUE 15.2 TRUE 67 TRUE 222 TRUE 12.3 TRUE 1.2 48.81593 14.83192 66.54652 0.2627988 19.04946 0.2310534 1
20020619 MCLEOD LAK 1 actual TRUE 15.1 TRUE 62 TRUE 276 TRUE 1.5 TRUE 0.3 65.13502 16.47391 72.66853 0.5718522 21.02942 0.5351217 2
20020620 MCLEOD LAK 1 actual TRUE 17.7 TRUE 49 TRUE 225 TRUE 13.2 TRUE 1.1 77.81792 18.97831 79.25852 1.804636 23.74336 3.130944 2
20020621 MCLEOD LAK 1 actual TRUE 22.2 TRUE 34 TRUE 226 TRUE 17 TRUE 0 88.69398 23.02681 86.65852 8.371939 27.67151 14.41826 3
20020622 MCLEOD LAK 1 actual TRUE 21.9 TRUE 34 TRUE 189 TRUE 12 TRUE 0 90.32254 27.02319 94.00452 8.219329 31.44668 15.18325 3
20020623 MCLEOD LAK 1 actual TRUE 22.1 TRUE 45 TRUE 180 TRUE 6.8 TRUE 0 90.16949 30.36414 101.3865 6.187679 34.72723 12.83359 3
20020624 MCLEOD LAK 1 actual TRUE 15.7 TRUE 56 TRUE 227 TRUE 8 TRUE 0.5 88.03953 32.29693 107.6165 4.842778 36.90491 10.89648 3
20020625 MCLEOD LAK 1 actual TRUE 18.3 TRUE 60 TRUE 178 TRUE 7.1 TRUE 0 87.20343 34.32455 114.3145 4.10656 39.21326 9.840295 3
20020626 MCLEOD LAK 1 actual TRUE 18.3 TRUE 75 TRUE 148 TRUE 0 TRUE 2.9 56.2072 28.4491 118.045 0.3101534 35.50577 0.410643 2
20020627 MCLEOD LAK 1 actual TRUE 15.8 TRUE 68 TRUE 241 TRUE 9.1 TRUE 5.8 49.06505 18.51237 115.0299 0.2309455 26.40214 0.2504521 2
20020628 MCLEOD LAK 1 actual TRUE 17.3 TRUE 50 TRUE 188 TRUE 9.8 TRUE 0.5 74.11703 20.94894 121.5479 1.19913 29.28123 2.172409 2
20020629 MCLEOD LAK 1 actual TRUE 15.6 TRUE 59 TRUE 231 TRUE 23.9 TRUE 9 59.37331 12.47219 111.5541 1.310957 19.49526 1.611883 2
20020630 MCLEOD LAK 1 actual TRUE 11.9 TRUE 49 TRUE 250 TRUE 23.9 TRUE 0 77.876 14.21079 117.1001 3.109038 21.8059 5.349078 2
20020701 MCLEOD LAK 1 actual TRUE 11.3 TRUE 63 TRUE 249 TRUE 22.1 TRUE 0 81.81477 15.29123 122.8381 4.245267 23.32389 7.478273 2
20020702 MCLEOD LAK 1 actual TRUE 12.2 TRUE 51 TRUE 243 TRUE 15 TRUE 0 84.63744 16.81866 128.7381 4.270083 25.35592 7.892066 2
20020703 MCLEOD LAK 1 actual TRUE 14.6 TRUE 49 TRUE 186 TRUE 3.3 TRUE 0 85.92867 18.70284 135.0701 2.831165 27.78676 5.700054 2
20020704 MCLEOD LAK 1 actual TRUE 11.6 TRUE 58 TRUE 229 TRUE 19.7 TRUE 0 85.97668 19.95854 140.8621 6.513132 29.47604 12.23734 3
20020705 MCLEOD LAK 1 actual TRUE 10.7 TRUE 78 TRUE 228 TRUE 9.8 TRUE 4.8 50.76329 13.26855 138.9656 0.2944979 21.42332 0.2788596 2
20020706 MCLEOD LAK 1 actual TRUE 15.9 TRUE 50 TRUE 214 TRUE 8.3 TRUE 0.3 73.32274 15.25285 145.5316 1.072182 24.17213 1.406043 2
20020707 MCLEOD LAK 1 actual TRUE 20.7 TRUE 43 TRUE 72 TRUE 4.2 TRUE 0 84.31947 18.17118 152.9616 2.373464 28.02055 4.803855 2
20020708 MCLEOD LAK 1 actual TRUE 14.8 TRUE 87 TRUE 347 TRUE 0.3 TRUE 7.2 32.19675 10.38201 145.9762 6.26E‐03 17.62945 5.24E‐03 1
20020709 MCLEOD LAK 1 actual TRUE 19.4 TRUE 53 TRUE 216 TRUE 15.2 TRUE 0.3 69.43635 12.63522 153.1722 1.321655 20.95001 1.78175 2
20020710 MCLEOD LAK 1 actual TRUE 23.4 TRUE 51 TRUE 220 TRUE 10.2 TRUE 0 83.77877 15.48344 161.0882 2.987627 24.96736 5.607407 2
20020711 MCLEOD LAK 1 actual TRUE 24.6 TRUE 46 TRUE 229 TRUE 14 TRUE 0 88.09161 18.75484 169.2202 6.601478 29.3715 12.34616 3
20020712 MCLEOD LAK 1 actual TRUE 22.9 TRUE 44 TRUE 228 TRUE 0.1 TRUE 0 88.66677 21.91694 177.0462 3.558672 33.47425 7.917338 2
20020713 MCLEOD LAK 1 actual TRUE 20 TRUE 60 TRUE 211 TRUE 1.5 TRUE 0 87.70171 23.90408 184.3502 3.325354 36.10434 7.805594 2
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20020714 MCLEOD LAK 1 actual TRUE 15.7 TRUE 49 TRUE 233 TRUE 16.2 TRUE 2.3 76.5871 22.25679 190.8802 1.912316 34.46651 4.435691 2
20020715 MCLEOD LAK 1 actual TRUE 16 TRUE 54 TRUE 205 TRUE 6.1 TRUE 0 82.7347 24.12023 197.4642 2.122956 36.95526 5.190843 2
20020716 MCLEOD LAK 1 actual TRUE 20.1 TRUE 57 TRUE 270 TRUE 0.2 TRUE 0 84.6461 26.25122 204.7862 2.027983 39.76038 5.216638 2
20020717 MCLEOD LAK 1 actual TRUE 20.6 TRUE 61 TRUE 242 TRUE 0.8 TRUE 8.1 49.44075 15.83833 194.6768 0.1594146 26.32279 0.1725366 2
20020718 MCLEOD LAK 1 actual TRUE 18.4 TRUE 68 TRUE 209 TRUE 0 TRUE 4.1 39.45358 11.87073 194.9193 3.13E‐02 20.6044 2.89E‐02 2
20020719 MCLEOD LAK 1 actual TRUE 16.2 TRUE 72 TRUE 238 TRUE 10.8 TRUE 6.5 43.40175 7.544377 188.5343 0.109689 13.71655 7.91E‐02 1
20020720 MCLEOD LAK 1 actual TRUE 15 TRUE 67 TRUE 273 TRUE 2.3 TRUE 0 60.64457 8.780824 194.9383 0.4781075 15.78419 0.37453 1
20020721 MCLEOD LAK 1 actual TRUE 22.4 TRUE 47 TRUE 259 TRUE 0.7 TRUE 0 77.84872 11.70596 202.6743 0.9636909 20.45792 0.8861624 2
20020722 MCLEOD LAK 1 actual TRUE 24.1 TRUE 52 TRUE 221 TRUE 6.8 TRUE 0 85.45198 14.56453 210.7163 3.159795 24.83724 5.901509 2
20020723 MCLEOD LAK 1 actual TRUE 26.8 TRUE 47 TRUE 243 TRUE 4.8 TRUE 0 88.36829 18.05045 219.2443 4.320563 29.93874 8.781775 3
20020724 MCLEOD LAK 1 actual TRUE 27.8 TRUE 39 TRUE 253 TRUE 14.2 TRUE 0 90.44718 22.19751 227.9523 9.34808 35.70326 17.84954 3
20020725 MCLEOD LAK 1 actual TRUE 21.8 TRUE 52 TRUE 257 TRUE 15 TRUE 0 89.18291 24.77905 235.5803 8.119707 39.23972 16.87326 3
20020726 MCLEOD LAK 1 actual TRUE 18.2 TRUE 50 TRUE 258 TRUE 8 TRUE 0 88.82327 27.05448 242.5603 5.419128 42.31087 12.87686 3
20020727 MCLEOD LAK 1 actual TRUE 19.8 TRUE 46 TRUE 249 TRUE 20.1 TRUE 0 88.87224 29.70015 249.8283 10.04107 45.79097 21.33416 4
20020728 MCLEOD LAK 1 actual TRUE 16.2 TRUE 47 TRUE 272 TRUE 23.4 TRUE 0 88.86282 31.86167 256.4483 11.84159 48.62132 24.70426 4
20020729 MCLEOD LAK 1 actual TRUE 12.9 TRUE 49 TRUE 249 TRUE 18.7 TRUE 0 88.20137 33.53854 262.4743 8.498281 50.83731 19.95785 4
20020730 MCLEOD LAK 1 actual TRUE 8.4 TRUE 82 TRUE 62 TRUE 4.3 TRUE 0.6 82.68164 33.93568 267.6903 1.925949 51.53755 5.935429 3
20020731 MCLEOD LAK 1 actual TRUE 12.2 TRUE 48 TRUE 49 TRUE 11.7 TRUE 1.1 80.55614 35.54745 273.5903 2.175886 53.66367 6.842528 3
20020801 MCLEOD LAK 1 actual TRUE 11.4 TRUE 53 TRUE 39 TRUE 8.8 TRUE 0 83.65715 36.76807 278.6463 2.739806 55.29527 8.572764 3
20020802 MCLEOD LAK 1 actual TRUE 10.6 TRUE 58 TRUE 45 TRUE 15.4 TRUE 0.3 84.21024 37.77771 283.5583 4.112457 56.67783 12.19949 3
20020803 MCLEOD LAK 1 actual TRUE 13.6 TRUE 46 TRUE 1 TRUE 7.3 TRUE 0 86.12425 39.42255 289.0103 3.559862 58.79516 11.09188 3
20020804 MCLEOD LAK 1 actual TRUE 14.2 TRUE 49 TRUE 65 TRUE 16.9 TRUE 0 86.48666 41.03029 294.5703 6.077507 60.8658 17.15769 4
20020805 MCLEOD LAK 1 actual TRUE 9.5 TRUE 90 TRUE 15 TRUE 0.3 TRUE 7.9 28.13229 22.71547 278.1187 2.06E‐03 37.72743 2.84E‐03 2
20020806 MCLEOD LAK 1 actual TRUE 18.3 TRUE 50 TRUE 212 TRUE 8.3 TRUE 0 64.18678 24.72601 284.4167 0.7746561 40.62302 1.490094 2
20020807 MCLEOD LAK 1 actual TRUE 20.3 TRUE 40 TRUE 207 TRUE 12.2 TRUE 0 83.50748 27.37677 291.0747 3.188571 44.33 8.530383 3
20020808 MCLEOD LAK 1 actual TRUE 18.8 TRUE 56 TRUE 210 TRUE 12.6 TRUE 0 85.43282 29.16798 297.4627 4.22115 46.85093 11.16255 3
20020809 MCLEOD LAK 1 actual TRUE 20.8 TRUE 38 TRUE 261 TRUE 19.9 TRUE 0 89.02033 31.9711 304.2107 10.15399 50.63774 22.62794 4
20020810 MCLEOD LAK 1 actual TRUE 17.6 TRUE 45 TRUE 269 TRUE 4 TRUE 0 89.06937 34.10212 310.3827 4.589196 53.50704 12.87981 3
20020811 MCLEOD LAK 1 actual TRUE 13.3 TRUE 73 TRUE 203 TRUE 9.4 TRUE 3.6 60.0832 25.70892 308.4997 0.6607916 42.55252 0.9920414 2
20020812 MCLEOD LAK 1 actual TRUE 23.8 TRUE 42 TRUE 263 TRUE 13.6 TRUE 0 83.91975 28.68014 315.7877 3.612857 46.74639 9.80074 3
20020813 MCLEOD LAK 1 actual TRUE 20.9 TRUE 51 TRUE 267 TRUE 17.3 TRUE 0 86.71915 30.91017 322.5536 6.408875 49.87225 16.03476 3
20020814 MCLEOD LAK 1 actual TRUE 17.6 TRUE 49 TRUE 323 TRUE 0.7 TRUE 0 87.05121 32.89448 328.7256 2.91073 52.62416 8.760227 3
20020815 MCLEOD LAK 1 actual TRUE 18 TRUE 33 TRUE 160 TRUE 2.6 TRUE 0.3 89.26422 35.53637 334.9696 4.397912 56.17418 12.80263 3
20020816 MCLEOD LAK 1 actual TRUE 16.9 TRUE 36 TRUE 236 TRUE 15.5 TRUE 3.9 74.39795 27.61929 332.1682 1.620427 45.73218 4.583734 3
20020817 MCLEOD LAK 1 actual TRUE 15.5 TRUE 55 TRUE 63 TRUE 8.1 TRUE 1.3 76.00629 29.1683 337.9622 1.223096 47.98341 3.488889 3
20020818 MCLEOD LAK 1 actual TRUE 18.4 TRUE 50 TRUE 229 TRUE 6.2 TRUE 0 83.72064 31.19322 344.2782 2.423568 50.86494 7.291351 3
20020819 MCLEOD LAK 1 actual TRUE 16.3 TRUE 54 TRUE 103 TRUE 1.1 TRUE 0 85.12292 32.85639 350.2162 2.265365 53.2284 7.062598 3
20020820 MCLEOD LAK 1 actual TRUE 18 TRUE 41 TRUE 258 TRUE 9.5 TRUE 0 87.74787 35.171 356.4602 5.009327 56.42398 14.21098 3
20020821 MCLEOD LAK 1 actual TRUE 21 TRUE 36 TRUE 223 TRUE 16.2 TRUE 0 89.73993 38.09554 363.2442 9.343499 60.36421 23.33003 4
20020822 MCLEOD LAK 1 actual TRUE 20.6 TRUE 52 TRUE 219 TRUE 10.7 TRUE 0 88.87829 40.22796 369.9562 6.258163 63.25933 17.90382 4
20020823 MCLEOD LAK 1 actual TRUE 24 TRUE 50 TRUE 237 TRUE 18.4 TRUE 0 88.92728 42.80331 377.2802 9.289846 66.691 24.45046 4
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20020824 MCLEOD LAK 1 actual TRUE 25.4 TRUE 39 TRUE 171 TRUE 6.6 TRUE 0 90.07806 46.15145 384.8562 6.045959 71.01334 18.57654 4
20020825 MCLEOD LAK 1 actual TRUE 21.6 TRUE 66 TRUE 164 TRUE 6.7 TRUE 3 69.87329 38.11171 385.5115 0.873247 61.11808 2.858109 3
20020826 MCLEOD LAK 1 actual TRUE 23.1 TRUE 39 TRUE 227 TRUE 8.9 TRUE 0 85.71501 41.14428 392.6735 3.643592 65.20748 12.01187 3
20020827 MCLEOD LAK 1 actual TRUE 22.6 TRUE 46 TRUE 187 TRUE 10.1 TRUE 0 87.95451 43.78148 399.7455 5.318146 68.74107 16.59279 3
20020828 MCLEOD LAK 1 actual TRUE 15.3 TRUE 100 TRUE 202 TRUE 10.1 TRUE 10.6 19.22011 21.75087 367.1465 1.60E‐04 37.88996 2.22E‐04 2
20020829 MCLEOD LAK 1 actual TRUE 16.7 TRUE 81 TRUE 48 TRUE 0 TRUE 2.8 22.36522 17.73655 367.9948 3.14E‐04 31.65843 3.84E‐04 2
20020830 MCLEOD LAK 1 actual TRUE 18.8 TRUE 49 TRUE 208 TRUE 6.1 TRUE 0 59.99687 19.82355 374.3828 0.5565468 35.01235 0.7298255 2
20020831 MCLEOD LAK 1 actual TRUE 10 TRUE 100 TRUE 193 TRUE 9 TRUE 10 13.29076 9.760625 345.3736 1.12E‐05 18.23304 9.61E‐06 1
20020901 MCLEOD LAK 1 actual TRUE 16.7 TRUE 48 TRUE 267 TRUE 16.2 TRUE 0 58.5224 11.40853 350.0836 0.8390678 21.09818 0.7868063 2
20020902 MCLEOD LAK 1 actual TRUE 7.9 TRUE 100 TRUE 163 TRUE 7.3 TRUE 12.8 10.82291 5.173019 311.3029 2.96E‐06 9.933372 1.78E‐06 1
20020903 MCLEOD LAK 1 actual TRUE 10.8 TRUE 70 TRUE 355 TRUE 17.3 TRUE 3.2 37.49746 3.617896 309.0532 5.03E‐02 7.030051 2.53E‐02 1
20020904 MCLEOD LAK 1 actual TRUE 7.9 TRUE 67 TRUE 24 TRUE 16.1 TRUE 1.3 54.70401 4.146663 312.1792 0.611295 8.026777 0.3286064 1
20020905 MCLEOD LAK 1 actual TRUE 11.2 TRUE 58 TRUE 45 TRUE 1.7 TRUE 0 68.09389 5.077346 315.8992 0.6413763 9.762422 0.3819279 1
20020906 MCLEOD LAK 1 actual TRUE 11.7 TRUE 57 TRUE 197 TRUE 4 TRUE 0 76.92843 6.052699 319.7092 1.059582 11.55834 0.6923036 1
20020907 MCLEOD LAK 1 actual TRUE 13 TRUE 64 TRUE 205 TRUE 3.7 TRUE 0 80.52921 6.946368 323.7532 1.44973 13.18548 1.138548 2
20020908 MCLEOD LAK 1 actual TRUE 10.9 TRUE 71 TRUE 174 TRUE 0.3 TRUE 0 81.18913 7.565934 327.4192 1.315096 14.30545 0.9715074 1
20020909 MCLEOD LAK 1 actual TRUE 8.7 TRUE 100 TRUE 169 TRUE 0 TRUE 2.6 46.19211 5.298017 330.6892 9.84E‐02 10.18798 6.00E‐02 1
20020910 MCLEOD LAK 1 actual TRUE 11 TRUE 82 TRUE 179 TRUE 5.8 TRUE 1.6 49.13177 5.085363 334.3732 0.1972374 9.798183 0.1176823 1
20020911 MCLEOD LAK 1 actual TRUE 11.8 TRUE 80 TRUE 160 TRUE 0.4 TRUE 0.8 53.91222 5.540102 338.2012 0.2570112 10.64429 0.1604116 1
20020912 MCLEOD LAK 1 actual TRUE 9.5 TRUE 95 TRUE 150 TRUE 0 TRUE 2.6 33.71717 3.711908 341.6152 8.98E‐03 7.227485 4.58E‐03 1
20020913 MCLEOD LAK 1 actual TRUE 9.6 TRUE 94 TRUE 244 TRUE 0 TRUE 0.3 36.08222 3.830017 345.0472 1.55E‐02 7.453207 8.03E‐03 1
20020914 MCLEOD LAK 1 actual TRUE 15.2 TRUE 76 TRUE 192 TRUE 8.1 TRUE 0 56.50254 4.532297 349.4872 0.4780689 8.77994 0.2691338 1
20020915 MCLEOD LAK 1 actual TRUE 18.5 TRUE 53 TRUE 156 TRUE 9.5 TRUE 0.3 77.00231 6.182833 354.5212 1.40556 11.84905 0.9312924 1
20020916 MCLEOD LAK 1 actual TRUE 12.9 TRUE 59 TRUE 212 TRUE 8.5 TRUE 4.9 56.63743 4.201269 345.4073 0.4932151 8.154573 0.2672728 1
20020917 MCLEOD LAK 1 actual TRUE 13.4 TRUE 51 TRUE 224 TRUE 10.7 TRUE 0 75.15272 5.479123 349.5233 1.324553 10.54499 0.8224657 1
20020918 MCLEOD LAK 1 actual TRUE 4.7 TRUE 100 TRUE 198 TRUE 14.8 TRUE 5.4 26.10726 2.62839 337.2035 2.31E‐03 5.1563 1.01E‐03 1
20020919 MCLEOD LAK 1 actual TRUE 9.5 TRUE 72 TRUE 258 TRUE 27.4 TRUE 19.3 35.4166 1.152083 278.2824 5.32E‐02 2.280563 1.71E‐02 1
20020920 MCLEOD LAK 1 actual TRUE 10.6 TRUE 66 TRUE 253 TRUE 8.7 TRUE 0.3 57.06974 1.856145 281.8944 0.515781 3.65217 0.1952315 1
20020921 MCLEOD LAK 1 actual TRUE 3.8 TRUE 100 TRUE 198 TRUE 0 TRUE 5.7 19.2155 0.3660092 270.7298 9.60E‐05 0.7295526 2.39E‐05 1
20020922 MCLEOD LAK 1 actual TRUE 10.1 TRUE 72 TRUE 0 TRUE 0 TRUE 5.2 19.51213 0.5682909 262.6245 1.08E‐04 1.130466 2.91E‐05 1
20020923 MCLEOD LAK 1 actual TRUE 10.6 TRUE 94 TRUE 223 TRUE 0 TRUE 1.7 17.8165 0.2033501 266.2365 5.45E‐05 0.405925 1.25E‐05 1
20020924 MCLEOD LAK 1 actual TRUE 11.2 TRUE 82 TRUE 30 TRUE 0.1 TRUE 4.5 17.25257 0.4007413 260.6252 4.32E‐05 0.7984135 1.09E‐05 1
20020925 MCLEOD LAK 1 actual TRUE 5.6 TRUE 100 TRUE 213 TRUE 2.7 TRUE 0.3 17.2779 0.4007413 263.3372 4.98E‐05 0.7984449 1.26E‐05 1
20020926 MCLEOD LAK 1 actual TRUE 12.2 TRUE 82 TRUE 5 TRUE 5.6 TRUE 1.2 32.18521 0.8174879 267.2372 8.15E‐03 1.622567 2.38E‐03 1
20020927 MCLEOD LAK 1 actual TRUE 6.7 TRUE 100 TRUE 206 TRUE 3.4 TRUE 0 32.21548 0.8174879 270.1472 7.35E‐03 1.6227 2.15E‐03 1
20020928 MCLEOD LAK 1 actual TRUE 11 TRUE 100 TRUE 236 TRUE 6.8 TRUE 9.6 6.362494 0 248.7302 2.26E‐07 0 4.51E‐08 1
20020929 MCLEOD LAK 1 actual TRUE 6.4 TRUE 76 TRUE 357 TRUE 4 TRUE 0.3 22.86123 0.3191296 251.5862 4.57E‐04 0.6362415 1.11E‐04 1
20020930 MCLEOD LAK 1 actual TRUE 9.7 TRUE 57 TRUE 12 TRUE 4.9 TRUE 0 47.88001 1.142083 255.0362 0.1598967 2.258878 5.13E‐02 1
20021001 MCLEOD LAK 1 actual TRUE 7.9 TRUE 64 TRUE 190 TRUE 8.4 TRUE 0 64.08466 1.637099 257.1622 0.7751383 3.222905 0.2800898 1
20021002 MCLEOD LAK 1 actual TRUE 8.4 TRUE 100 TRUE 197 TRUE 4.4 TRUE 11.4 13.07842 0.1448532 229.8258 8.04E‐06 0.2892507 1.79E‐06 1
20021003 MCLEOD LAK 1 actual TRUE 8.6 TRUE 63 TRUE 164 TRUE 0.1 TRUE 0 29.0995 0.6827796 232.0778 2.69E‐03 1.355589 7.55E‐04 1
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20021004 MCLEOD LAK 1 actual TRUE 3.6 TRUE 88 TRUE 194 TRUE 5.4 TRUE 0 37.51884 0.7682368 233.4298 2.77E‐02 1.523935 7.99E‐03 1
20021005 MCLEOD LAK 1 actual TRUE 7.3 TRUE 73 TRUE 151 TRUE 1.9 TRUE 0.3 50.2618 1.116975 235.4478 0.18637 2.207766 5.94E‐02 1
20021006 MCLEOD LAK 1 actual TRUE 10.8 TRUE 90 TRUE 242 TRUE 11.9 TRUE 4.2 33.76323 0.1730964 230.3135 1.65E‐02 0.3455436 3.75E‐03 1
20021007 MCLEOD LAK 1 actual TRUE 11.7 TRUE 56 TRUE 243 TRUE 5.4 TRUE 0.3 57.93481 1.018699 233.1235 0.4666348 2.015381 0.1448233 1
20021008 MCLEOD LAK 1 actual TRUE 11.6 TRUE 56 TRUE 248 TRUE 16.6 TRUE 0 74.93375 1.871166 235.9155 1.761607 3.669569 0.6680084 1
20021009 MCLEOD LAK 1 actual TRUE 4.7 TRUE 94 TRUE 249 TRUE 10.4 TRUE 0.8 70.02508 1.926531 237.4655 1.057349 3.776468 0.4054041 1
20021010 MCLEOD LAK 1 actual TRUE ‐0.8 TRUE 94 TRUE 16 TRUE 2.1 TRUE 0.6 68.7046 1.929259 238.0255 0.6673646 3.781884 0.2560202 1
20021011 MCLEOD LAK 1 actual TRUE 3.7 TRUE 43 TRUE 212 TRUE 9.5 TRUE 1.6 68.29505 1.858822 239.3955 0.9563655 3.646852 0.3617989 1
20021012 MCLEOD LAK 1 actual TRUE 4.3 TRUE 52 TRUE 160 TRUE 7.1 TRUE 0 76.29582 2.253198 240.8735 1.185208 4.403419 0.4831888 1
20021013 MCLEOD LAK 1 actual TRUE 6.3 TRUE 74 TRUE 264 TRUE 15 TRUE 0 78.65005 2.544722 242.7115 2.123117 4.959451 0.9100842 1
20021014 MCLEOD LAK 1 actual TRUE 8.7 TRUE 69 TRUE 166 TRUE 0 TRUE 0 79.76442 3.000585 244.9815 1.10993 5.822871 0.5109645 1
20021015 MCLEOD LAK 1 actual TRUE 10.2 TRUE 70 TRUE 193 TRUE 0.6 TRUE 0 80.79434 3.519375 247.5215 1.276835 6.797137 0.6321234 1
20021016 MCLEOD LAK 1 actual TRUE 5.5 TRUE 100 TRUE 200 TRUE 0 TRUE 0.3 76.23634 3.519375 249.2155 0.8254696 6.798723 0.4087118 1
20021017 MCLEOD LAK 1 actual TRUE 12.1 TRUE 63 TRUE 194 TRUE 2.6 TRUE 0 80.02249 4.255398 252.0975 1.2994 8.166183 0.7046555 1
20021018 MCLEOD LAK 1 actual TRUE 11.8 TRUE 55 TRUE 154 TRUE 0 TRUE 0 82.20195 5.131063 254.9255 1.460996 9.770482 0.8703824 1
20021019 MCLEOD LAK 1 actual TRUE 6.2 TRUE 78 TRUE 186 TRUE 0 TRUE 0 81.96432 5.374403 256.7455 1.419325 10.21427 0.8661092 1
20021020 MCLEOD LAK 1 actual TRUE 9.1 TRUE 74 TRUE 186 TRUE 0 TRUE 0 82.01102 5.77778 259.0875 1.427374 10.94534 0.9046998 1
20021021 MCLEOD LAK 1 actual TRUE 5.8 TRUE 96 TRUE 26 TRUE 0 TRUE 0 78.32346 5.818554 260.8355 0.9685009 11.02241 0.6162481 1
20021022 MCLEOD LAK 1 actual TRUE 2.3 TRUE 100 TRUE 28 TRUE 0 TRUE 0.3 75.12237 5.818554 261.9535 0.7712011 11.02489 0.4907694 1
20021023 MCLEOD LAK 1 actual TRUE 1.8 TRUE 100 TRUE 69 TRUE 0 TRUE 0.3 73.44818 5.818554 262.9815 0.7095874 11.02716 0.4516118 1
20021024 MCLEOD LAK 1 actual TRUE 0.3 TRUE 100 TRUE 56 TRUE 0 TRUE 0.8 67.69363 5.818554 263.7395 0.5810896 11.02882 0.3698613 1
20021025 MCLEOD LAK 1 actual TRUE ‐0.4 TRUE 100 TRUE 39 TRUE 0.2 TRUE 0 67.73563 5.818554 264.3715 0.587786 11.0302 0.3741494 1
20021026 MCLEOD LAK 1 actual TRUE ‐1.2 TRUE 100 TRUE 212 TRUE 0 TRUE 0 67.77763 5.818554 264.8595 0.5826941 11.03126 0.370928 1
20021027 MCLEOD LAK 1 actual TRUE ‐1.1 TRUE 100 TRUE 216 TRUE 0.4 TRUE 0 67.81966 5.818554 265.3655 0.5953763 11.03235 0.379022 1
20021028 MCLEOD LAK 1 actual TRUE ‐1.4 TRUE 83 TRUE 43 TRUE 6.9 TRUE 0.8 66.44183 5.818554 265.8175 0.7883224 11.03333 0.5018779 1
20021029 MCLEOD LAK 1 actual TRUE ‐1 TRUE 72 TRUE 350 TRUE 0 TRUE 3.4 39.45745 3.381214 260.4472 3.13E‐02 6.549847 0.0152122 1
20021030 MCLEOD LAK 1 actual TRUE ‐1.8 TRUE 76 TRUE 205 TRUE 0 TRUE 1.3 38.43551 3.381214 260.8272 2.55E‐02 6.550147 1.24E‐02 1
20021031 MCLEOD LAK 1 actual TRUE ‐5.7 TRUE 100 TRUE 235 TRUE 0 TRUE 0.6 37.56353 3.381214 261.0272 2.13E‐02 6.550304 1.04E‐02 1
20021101 MCLEOD LAK 1 actual TRUE ‐6.5 TRUE 100 TRUE 228 TRUE 0 TRUE 0 37.59558 3.381214 261.8272 2.15E‐02 6.550932 0.0104473 1
20021102 MCLEOD LAK 1 actual TRUE ‐7.3 TRUE 100 TRUE 320 TRUE 0 TRUE 0 37.62763 3.381214 262.6272 2.16E‐02 6.551557 0.010518 1
20021103 MCLEOD LAK 1 actual TRUE ‐8.5 TRUE 100 TRUE 230 TRUE 0 TRUE 0 37.6597 3.381214 263.4272 2.18E‐02 6.552177 1.06E‐02 1
20021104 MCLEOD LAK 1 actual TRUE ‐5.7 TRUE 100 TRUE 170 TRUE 0 TRUE 0 37.69178 3.381214 264.2272 2.19E‐02 6.552794 1.07E‐02 1
20021105 MCLEOD LAK 1 actual TRUE ‐0.9 TRUE 100 TRUE 218 TRUE 0.7 TRUE 0 37.72387 3.381214 265.3692 2.29E‐02 6.553668 1.11E‐02 1
20021106 MCLEOD LAK 1 actual TRUE 4.8 TRUE 95 TRUE 217 TRUE 2.3 TRUE 10 11.03551 1.152112 241.5344 2.57E‐06 2.277071 8.28E‐07 1
20021107 MCLEOD LAK 1 actual TRUE 0.7 TRUE 100 TRUE 11 TRUE 3.6 TRUE 0.3 11.0588 1.152112 242.9644 2.78E‐06 2.277229 8.95E‐07 1
20021108 MCLEOD LAK 1 actual TRUE ‐4 TRUE 96 TRUE 13 TRUE 21.2 TRUE 9.6 6.430024 0 220.265 4.86E‐07 0 9.72E‐08 1
20021109 MCLEOD LAK 1 actual TRUE ‐7.6 TRUE 88 TRUE 5 TRUE 4.4 TRUE 0 12.41626 0 221.065 5.80E‐06 0 1.16E‐06 1
20021110 MCLEOD LAK 1 actual TRUE ‐5 TRUE 96 TRUE 174 TRUE 0 TRUE 0 13.51951 0 221.8651 7.97E‐06 0 1.59E‐06 1
20021111 MCLEOD LAK 1 actual TRUE ‐1.1 TRUE 100 TRUE 209 TRUE 0 TRUE 0 13.54362 0 222.9711 8.07E‐06 0 1.61E‐06 1
20021112 MCLEOD LAK 1 actual TRUE 2.3 TRUE 100 TRUE 61 TRUE 0 TRUE 6.8 3.874295 0 209.9298 3.20E‐08 0 6.40E‐09 1
20021113 MCLEOD LAK 1 actual TRUE 7.7 TRUE 77 TRUE 193 TRUE 0 TRUE 1.1 12.0717 0.2671752 212.6198 3.91E‐06 0.5326771 9.28E‐07 1
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20021114 MCLEOD LAK 1 actual TRUE 1.2 TRUE 100 TRUE 211 TRUE 0 TRUE 1.1 10.58157 0.2671752 214.1398 1.80E‐06 0.5326889 4.28E‐07 1
20021115 MCLEOD LAK 1 actual TRUE 1.2 TRUE 100 TRUE 175 TRUE 0 TRUE 1.1 9.216164 0.2671752 215.6598 8.57E‐07 0.5327006 2.04E‐07 1
20021116 MCLEOD LAK 1 actual TRUE 2.7 TRUE 100 TRUE 183 TRUE 0.9 TRUE 13.4 0.826816 0 185.5084 3.77E‐09 0 7.54E‐10 1
20021117 MCLEOD LAK 1 actual TRUE 1.4 TRUE 86 TRUE 207 TRUE 0.3 TRUE 1.3 5.848861 0.046403 187.0644 1.18E‐07 9.27E‐02 2.47E‐08 1
20021118 MCLEOD LAK 1 actual TRUE 1 TRUE 100 TRUE 180 TRUE 1 TRUE 0 5.870436 0.046403 188.5484 1.24E‐07 9.27E‐02 2.59E‐08 1
20021119 MCLEOD LAK 1 actual TRUE 4.1 TRUE 100 TRUE 220 TRUE 0 TRUE 16.2 0 0 153.9217 1.91E‐09 0 3.81E‐10 1
20021120 MCLEOD LAK 1 actual TRUE 7.5 TRUE 93 TRUE 227 TRUE 0 TRUE 0.3 3.071713 8.44E‐02 156.5757 1.84E‐08 0.1685208 3.96E‐09 1
20021121 MCLEOD LAK 1 actual TRUE 5.8 TRUE 93 TRUE 202 TRUE 0 TRUE 0 5.857918 0.1493249 158.9237 1.17E‐07 0.2979498 2.61E‐08 1
20030605 MCLEOD LAK 5 startup TRUE 21.4 TRUE 28 TRUE 51 TRUE 11.6 TRUE 0 88 15 100
20030606 MCLEOD LAK 1 actual TRUE 22.6 TRUE 23 TRUE 140 TRUE 4.4 TRUE 0 92.08427 19.80434 107.472 7.200382 27.11649 12.68065 3
20030607 MCLEOD LAK 1 actual TRUE 25.9 TRUE 28 TRUE 245 TRUE 9.7 TRUE 0 92.4978 24.92223 115.538 9.969419 32.38199 17.81857 3
20030608 MCLEOD LAK 1 actual TRUE 20.8 TRUE 43 TRUE 28 TRUE 10.8 TRUE 0 90.84199 28.20858 122.686 8.333003 35.82468 16.41127 3
20030609 MCLEOD LAK 1 actual TRUE 16.7 TRUE 66 TRUE 14 TRUE 15.8 TRUE 2.79 71.05398 24.0759 129.096 1.435714 32.84032 3.081242 2
20030610 MCLEOD LAK 1 actual TRUE 17.5 TRUE 43 TRUE 351 TRUE 9.3 TRUE 1.01 80.39484 26.86704 135.65 1.894582 35.93884 4.527482 2
20030611 MCLEOD LAK 1 actual TRUE 16 TRUE 59 TRUE 304 TRUE 9.7 TRUE 11.15 52.44104 14.46737 120.4581 0.3534272 22.25308 0.342901 2
20030612 MCLEOD LAK 1 actual TRUE 14.9 TRUE 71 TRUE 144 TRUE 4.8 TRUE 0.25 66.84036 15.68892 126.5441 0.7191352 23.95347 0.7317141 2
20030613 MCLEOD LAK 1 actual TRUE 11.1 TRUE 82 TRUE 273 TRUE 17 TRUE 6.86 41.6263 9.157621 120.1722 0.1104173 15.38436 8.52E‐02 1
20030614 MCLEOD LAK 1 actual TRUE 14.1 TRUE 63 TRUE 175 TRUE 12.3 TRUE 6.86 46.4925 6.137624 114.5238 0.1911426 10.82491 0.1204113 1
20030615 MCLEOD LAK 1 actual TRUE 13.8 TRUE 50 TRUE 258 TRUE 14.9 TRUE 3.55 59.48589 5.510636 116.0416 0.8391683 9.85167 0.5021618 2
20030616 MCLEOD LAK 1 actual TRUE 17.9 TRUE 44 TRUE 233 TRUE 10.1 TRUE 1.78 73.32671 7.334096 122.6676 1.174179 12.76082 0.8115551 2
20030617 MCLEOD LAK 1 actual TRUE 21.3 TRUE 43 TRUE 130 TRUE 10.9 TRUE 0 85.45979 10.69548 129.9056 3.889153 17.73958 5.866078 2
20030618 MCLEOD LAK 1 actual TRUE 15.2 TRUE 51 TRUE 221 TRUE 13.2 TRUE 0 86.17368 12.79818 136.0456 4.825817 20.72275 7.837144 3
20030619 MCLEOD LAK 1 actual TRUE 12.4 TRUE 44 TRUE 294 TRUE 7.1 TRUE 0 86.86063 14.78847 141.6816 3.911003 23.45616 6.964109 2
20030620 MCLEOD LAK 1 actual TRUE 16.5 TRUE 27 TRUE 18 TRUE 7 TRUE 0 90.08611 18.17092 148.0556 6.176167 27.80924 11.36343 3
20030621 MCLEOD LAK 1 actual TRUE 14 TRUE 56 TRUE 76 TRUE 11.2 TRUE 5.32 61.39057 12.73918 145.1128 0.781498 20.89297 0.7282817 2
20030622 MCLEOD LAK 1 actual TRUE 12.1 TRUE 84 TRUE 201 TRUE 3.3 TRUE 0 67.09079 13.2952 150.6948 0.6725299 21.78532 0.6436733 2
20030623 MCLEOD LAK 1 actual TRUE 18.1 TRUE 46 TRUE 33 TRUE 6.4 TRUE 2.03 72.32008 14.02926 157.3568 0.9354766 22.94444 0.9256717 2
20030624 MCLEOD LAK 1 actual TRUE 19.7 TRUE 45 TRUE 247 TRUE 14.6 TRUE 0 84.69093 17.04102 164.3068 4.215481 27.06456 8.105017 3
20030625 MCLEOD LAK 1 actual TRUE 18.9 TRUE 48 TRUE 252 TRUE 20.1 TRUE 0 87.00092 19.77899 171.1128 7.68148 30.68946 14.23234 3
20030626 MCLEOD LAK 1 actual TRUE 20 TRUE 44 TRUE 259 TRUE 18.5 TRUE 0 88.19564 22.88974 178.1168 8.406156 34.64798 16.23706 3
20030627 MCLEOD LAK 1 actual TRUE 17.4 TRUE 41 TRUE 271 TRUE 13.7 TRUE 0 88.49169 25.76329 184.6528 6.886501 38.20159 14.68324 3
20030628 MCLEOD LAK 1 actual TRUE 17.4 TRUE 57 TRUE 189 TRUE 11.1 TRUE 0 87.61343 27.85757 191.1888 5.326491 40.83886 12.45492 3
20030629 MCLEOD LAK 1 actual TRUE 24.6 TRUE 30 TRUE 169 TRUE 9.3 TRUE 0 91.26726 32.59372 199.0208 8.208853 46.25105 18.52821 4
20030630 MCLEOD LAK 1 actual TRUE 10.6 TRUE 97 TRUE 195 TRUE 11.7 TRUE 2.28 57.48182 28.11483 204.3328 0.6194879 41.83807 0.919065 2
20030701 MCLEOD LAK 1 actual TRUE 8.4 TRUE 91 TRUE 220 TRUE 17.4 TRUE 5.59 32.04721 17.3385 198.6433 1.43E‐02 28.4655 1.62E‐02 2
20030702 MCLEOD LAK 1 actual TRUE 10.9 TRUE 96 TRUE 197 TRUE 10.4 TRUE 5.32 17.08843 10.55116 194.2621 6.77E‐05 18.57951 5.86E‐05 1
20030703 MCLEOD LAK 1 actual TRUE 13.8 TRUE 59 TRUE 239 TRUE 20.1 TRUE 0 55.3208 11.9859 200.4501 0.7909463 20.85434 0.7362204 2
20030704 MCLEOD LAK 1 actual TRUE 15.2 TRUE 63 TRUE 220 TRUE 14.1 TRUE 2.53 62.51855 10.58475 206.8901 0.9600871 18.7689 0.8363307 2
20030705 MCLEOD LAK 1 actual TRUE 15.5 TRUE 54 TRUE 133 TRUE 3.9 TRUE 1.53 68.62237 11.85144 213.3841 0.7288163 20.81297 0.6775343 2
20030706 MCLEOD LAK 1 actual TRUE 17.1 TRUE 72 TRUE 133 TRUE 3.8 TRUE 3.79 52.94736 8.875345 213.9203 0.2768616 16.08257 0.2193477 1
20030707 MCLEOD LAK 1 actual TRUE 17.1 TRUE 72 TRUE 133 TRUE 3.8 TRUE 3.54 48.89137 6.801406 215.1354 0.1729184 12.60645 0.1186835 1
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20030708 MCLEOD LAK 1 actual TRUE 15.4 TRUE 81 TRUE 142 TRUE 7.7 TRUE 1.52 54.88603 7.100053 221.6114 0.4071132 13.14708 0.2862662 1
20030709 MCLEOD LAK 1 actual TRUE 17.3 TRUE 67 TRUE 199 TRUE 10.5 TRUE 0.76 70.86749 8.526099 228.4294 1.092342 15.59682 0.8495696 2
20030710 MCLEOD LAK 1 actual TRUE 23.5 TRUE 45 TRUE 264 TRUE 6.6 TRUE 0 84.66252 11.7037 236.3634 2.806037 20.82899 4.67833 2
20030711 MCLEOD LAK 1 actual TRUE 26.3 TRUE 41 TRUE 187 TRUE 9.5 TRUE 0 89.23018 15.50038 244.8014 6.196188 26.76413 11.16034 3
20030712 MCLEOD LAK 1 actual TRUE 18.9 TRUE 76 TRUE 255 TRUE 5.2 TRUE 0.75 83.00272 16.62769 251.9074 2.099131 28.54496 4.276544 2
20030713 MCLEOD LAK 1 actual TRUE 20.2 TRUE 52 TRUE 255 TRUE 14.8 TRUE 0.76 84.82284 19.02886 259.2474 4.335588 32.15689 9.180525 3
20030714 MCLEOD LAK 1 actual TRUE 20.4 TRUE 47 TRUE 221 TRUE 11.9 TRUE 0 87.30171 21.70504 266.6234 5.304077 36.06933 11.58459 3
20030715 MCLEOD LAK 1 actual TRUE 18.8 TRUE 46 TRUE 200 TRUE 13.2 TRUE 0 87.77283 24.2288 273.7114 6.057615 39.67711 13.56769 3
20030716 MCLEOD LAK 1 actual TRUE 18.7 TRUE 43 TRUE 271 TRUE 11.3 TRUE 0 88.27858 26.87939 280.7814 5.918312 43.37741 13.98719 3
20030717 MCLEOD LAK 1 actual TRUE 13.8 TRUE 63 TRUE 243 TRUE 23.9 TRUE 1.01 81.79607 28.17415 286.9694 4.637925 45.24348 11.80897 3
20030718 MCLEOD LAK 1 actual TRUE 18.6 TRUE 50 TRUE 2 TRUE 3.2 TRUE 0 85.34953 30.48748 294.0214 2.59837 48.42248 7.522616 3
20030719 MCLEOD LAK 1 actual TRUE 22.2 TRUE 46 TRUE 134 TRUE 7.4 TRUE 0 87.76456 33.44244 301.7214 4.517108 52.37259 12.56542 3
20030720 MCLEOD LAK 1 actual TRUE 19.9 TRUE 61 TRUE 193 TRUE 7.2 TRUE 0 87.22137 35.36591 309.0074 4.137878 54.99607 12.04876 3
20030721 MCLEOD LAK 1 actual TRUE 19.2 TRUE 42 TRUE 205 TRUE 14.1 TRUE 0 88.3881 38.1311 316.1674 6.923031 58.59516 18.51323 4
20030722 MCLEOD LAK 1 actual TRUE 20 TRUE 41 TRUE 253 TRUE 10.4 TRUE 0 88.87564 41.05482 323.4714 6.161923 62.33184 17.55905 4
20030723 MCLEOD LAK 1 actual TRUE 19.1 TRUE 38 TRUE 250 TRUE 11.5 TRUE 0 89.30362 43.99616 330.6134 6.925811 66.02631 19.73088 4
20030724 MCLEOD LAK 1 actual TRUE 14.6 TRUE 76 TRUE 220 TRUE 7.8 TRUE 0 84.9333 44.8811 336.9454 3.093379 67.33849 10.7186 3
20030725 MCLEOD LAK 1 actual TRUE 22.5 TRUE 49 TRUE 159 TRUE 6.5 TRUE 2.03 78.73605 43.10307 344.6994 1.394313 65.67519 5.131452 3
20030726 MCLEOD LAK 1 actual TRUE 26.7 TRUE 37 TRUE 210 TRUE 12.9 TRUE 0 89.29654 47.21634 353.2094 7.4245 70.77876 21.51983 4
20030727 MCLEOD LAK 1 actual TRUE 22.5 TRUE 41 TRUE 238 TRUE 15.9 TRUE 0 89.40254 50.48647 360.9634 8.768516 74.81335 24.90906 4
20030728 MCLEOD LAK 1 actual TRUE 23.3 TRUE 34 TRUE 297 TRUE 11.4 TRUE 0 90.65755 54.26859 368.8614 8.365664 79.35098 24.84782 4
20030729 MCLEOD LAK 1 actual TRUE 27.1 TRUE 26 TRUE 232 TRUE 6.3 TRUE 0 92.84229 59.16957 377.4434 8.816338 85.01923 26.69119 4
20030730 MCLEOD LAK 1 actual TRUE 27.6 TRUE 20 TRUE 348 TRUE 8 TRUE 0 94.41332 64.56186 386.1154 11.95148 91.05905 33.92561 5
20030731 MCLEOD LAK 1 actual TRUE 29.3 TRUE 23 TRUE 136 TRUE 7.5 TRUE 0 94.46413 70.05937 395.0934 11.73606 97.0816 34.55939 5
20030801 MCLEOD LAK 1 actual TRUE 10.4 TRUE 97 TRUE 255 TRUE 14.9 TRUE 4.32 41.34362 48.08733 387.9134 9.44E‐02 73.42081 0.2098887 2
20030802 MCLEOD LAK 1 actual TRUE 15.9 TRUE 52 TRUE 218 TRUE 13.6 TRUE 0.25 70.40452 49.77193 393.7794 1.257682 75.64188 5.134407 3
20030803 MCLEOD LAK 1 actual TRUE 15.4 TRUE 54 TRUE 260 TRUE 8.8 TRUE 0 80.53797 51.33886 399.5554 1.876338 77.71404 7.643114 4
20030804 MCLEOD LAK 1 actual TRUE 19.1 TRUE 45 TRUE 201 TRUE 5.6 TRUE 0 85.95994 53.63247 405.9973 3.193037 80.63509 12.23955 4
20030805 MCLEOD LAK 1 actual TRUE 15.8 TRUE 59 TRUE 221 TRUE 1.9 TRUE 0 86.00797 55.06294 411.8453 2.667843 82.53796 10.73143 4
20030806 MCLEOD LAK 1 actual TRUE 22.8 TRUE 38 TRUE 12 TRUE 8.6 TRUE 0 89.26745 58.12206 418.9533 5.953227 86.30949 20.39658 4
20030807 MCLEOD LAK 1 actual TRUE 19.4 TRUE 62 TRUE 61 TRUE 9.4 TRUE 2.03 75.83888 53.57683 425.4493 1.292153 81.49651 5.568181 3
20030808 MCLEOD LAK 1 actual TRUE 23.6 TRUE 36 TRUE 136 TRUE 7.5 TRUE 0 87.6546 56.84033 432.7014 4.469053 85.57687 16.43634 4
20030809 MCLEOD LAK 1 actual TRUE 15.3 TRUE 66 TRUE 6 TRUE 16.5 TRUE 0 85.93455 57.99147 438.4594 5.510536 87.16231 19.38704 4
20030810 MCLEOD LAK 1 actual TRUE 12.5 TRUE 72 TRUE 272 TRUE 3.8 TRUE 11.17 39.56403 29.5128 399.1556 3.87E‐02 49.81714 6.49E‐02 2
20030811 MCLEOD LAK 1 actual TRUE 20.4 TRUE 39 TRUE 261 TRUE 10.3 TRUE 1.77 71.05001 30.15295 405.8316 1.088045 50.85895 3.188572 3
20030812 MCLEOD LAK 1 actual TRUE 17.2 TRUE 67 TRUE 177 TRUE 8.6 TRUE 0 79.04352 31.39968 411.9316 1.594934 52.74758 5.007586 3
20030813 MCLEOD LAK 1 actual TRUE 17 TRUE 71 TRUE 183 TRUE 13.2 TRUE 0.25 81.76463 32.48331 417.9956 2.694836 54.39814 8.363868 3
20030814 MCLEOD LAK 1 actual TRUE 22.5 TRUE 40 TRUE 217 TRUE 12.5 TRUE 0 88.20347 35.40659 425.0496 6.219851 58.60806 17.10365 4
20030815 MCLEOD LAK 1 actual TRUE 25.5 TRUE 40 TRUE 187 TRUE 11.7 TRUE 0 89.83464 38.70147 432.6436 7.54967 63.25662 20.5322 4
20030816 MCLEOD LAK 1 actual TRUE 20.9 TRUE 49 TRUE 244 TRUE 14.9 TRUE 0 89.38071 41.01779 439.4096 8.311549 66.51343 22.57672 4
20030817 MCLEOD LAK 1 actual TRUE 20.7 TRUE 42 TRUE 205 TRUE 13.9 TRUE 0 89.42987 43.62809 446.1396 7.959044 70.11482 22.50117 4
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20030818 MCLEOD LAK 1 actual TRUE 15.7 TRUE 61 TRUE 246 TRUE 22 TRUE 20.84 55.27782 18.81887 365.7267 0.8670835 33.34787 1.41335 2
20030819 MCLEOD LAK 1 actual TRUE 16.6 TRUE 49 TRUE 227 TRUE 12.5 TRUE 0.25 77.04317 20.68246 371.7187 1.639883 36.31368 3.902537 2
20030820 MCLEOD LAK 1 actual TRUE 14.5 TRUE 52 TRUE 238 TRUE 11.6 TRUE 0 83.24459 22.22833 377.3327 2.98959 38.74986 7.413083 2
20030821 MCLEOD LAK 1 actual TRUE 15.4 TRUE 67 TRUE 192 TRUE 15.2 TRUE 1.01 79.63486 23.35243 383.1087 2.356359 40.52877 6.119878 2
20030822 MCLEOD LAK 1 actual TRUE 12 TRUE 71 TRUE 279 TRUE 14 TRUE 0.25 81.31339 24.13671 388.2727 2.660671 41.78032 6.993277 2
20030823 MCLEOD LAK 1 actual TRUE 15.2 TRUE 49 TRUE 218 TRUE 17.5 TRUE 0 85.36337 25.8529 394.0127 5.351522 44.41942 13.0983 3
20030824 MCLEOD LAK 1 actual TRUE 12.9 TRUE 52 TRUE 226 TRUE 12.2 TRUE 0 85.74039 27.24022 399.3387 4.31804 46.54326 11.32759 3
20030825 MCLEOD LAK 1 actual TRUE 15.6 TRUE 52 TRUE 122 TRUE 12.5 TRUE 0 86.17709 28.89509 405.1507 4.660799 49.04545 12.41112 3
20030826 MCLEOD LAK 1 actual TRUE 12.7 TRUE 93 TRUE 18 TRUE 7 TRUE 8.88 29.7978 14.88075 378.6705 4.64E‐03 27.09919 0.0051176 2
20030827 MCLEOD LAK 1 actual TRUE 15.4 TRUE 76 TRUE 73 TRUE 4.5 TRUE 2.03 42.36783 13.58712 384.4465 6.70E‐02 24.96817 7.01E‐02 2
20030828 MCLEOD LAK 1 actual TRUE 19.6 TRUE 61 TRUE 222 TRUE 8 TRUE 0.25 68.88353 15.25375 390.9785 0.9035395 27.79637 1.10395 2
20030829 MCLEOD LAK 1 actual TRUE 22.5 TRUE 45 TRUE 137 TRUE 5.5 TRUE 0 83.53307 17.93342 398.0325 2.282586 32.23587 5.08212 2
20030830 MCLEOD LAK 1 actual TRUE 23.7 TRUE 43 TRUE 132 TRUE 7.8 TRUE 0 88.11478 20.85175 405.3025 4.846206 36.95092 10.91049 3
20030831 MCLEOD LAK 1 actual TRUE 16.2 TRUE 46 TRUE 267 TRUE 10.2 TRUE 0.25 88.16351 22.78036 411.2225 5.507549 40.0185 12.64717 3
20030901 MCLEOD LAK 1 actual TRUE 16.2 TRUE 46 TRUE 208 TRUE 12.7 TRUE 0 88.21227 24.44358 415.8425 6.290783 42.62354 14.5245 3
20030902 MCLEOD LAK 1 actual TRUE 20.8 TRUE 39 TRUE 168 TRUE 14.5 TRUE 0 89.27818 26.82196 421.2905 8.026706 46.27805 18.23027 4
20030903 MCLEOD LAK 1 actual TRUE 23.6 TRUE 49 TRUE 232 TRUE 10.5 TRUE 0 89.3273 29.06468 427.2425 6.607889 49.68019 16.37478 3
20030904 MCLEOD LAK 1 actual TRUE 17.8 TRUE 60 TRUE 166 TRUE 10 TRUE 1.51 79.13528 29.6641 432.1505 1.726513 50.6383 5.26687 3
20030905 MCLEOD LAK 1 actual TRUE 12.6 TRUE 100 TRUE 218 TRUE 8.7 TRUE 10.41 17.47987 14.15982 395.5164 7.33E‐05 25.99319 7.87E‐05 2
20030906 MCLEOD LAK 1 actual TRUE 16.6 TRUE 97 TRUE 73 TRUE 5.5 TRUE 6.84 9.491991 7.765388 377.543 1.32E‐06 14.77123 9.92E‐07 1
20030907 MCLEOD LAK 1 actual TRUE 11.2 TRUE 97 TRUE 242 TRUE 13.9 TRUE 18.78 5.26886 3.242453 314.694 1.62E‐07 6.322058 7.74E‐08 1
20030908 MCLEOD LAK 1 actual TRUE 14.5 TRUE 59 TRUE 234 TRUE 7.9 TRUE 0.25 40.17923 4.381172 319.008 5.35E‐02 8.47148 2.96E‐02 1
20030909 MCLEOD LAK 1 actual TRUE 17.4 TRUE 42 TRUE 245 TRUE 9 TRUE 0 71.93241 6.291498 323.844 1.051111 12.00016 0.7014529 2
20030910 MCLEOD LAK 1 actual TRUE 11.2 TRUE 84 TRUE 183 TRUE 5.6 TRUE 0 74.61495 6.641872 327.564 0.9949563 12.64286 0.6840242 2
20030911 MCLEOD LAK 1 actual TRUE 13.7 TRUE 58 TRUE 248 TRUE 16.9 TRUE 3.8 64.00803 4.921884 323.4099 1.185612 9.48297 0.6951218 2
20030912 MCLEOD LAK 1 actual TRUE 14.5 TRUE 55 TRUE 274 TRUE 8.5 TRUE 0 77.43786 6.171696 327.7238 1.381402 11.78839 0.9126383 2
20030913 MCLEOD LAK 1 actual TRUE 6.6 TRUE 100 TRUE 203 TRUE 12.2 TRUE 5.32 27.12727 3.083994 316.8075 2.78E‐03 6.021448 1.30E‐03 1
20030914 MCLEOD LAK 1 actual TRUE 11.6 TRUE 63 TRUE 264 TRUE 11.7 TRUE 1.27 51.68281 3.920586 320.5995 0.3599333 7.60856 0.1883377 1
20030915 MCLEOD LAK 1 actual TRUE 2.7 TRUE 91 TRUE 35 TRUE 14.8 TRUE 1.26 49.55547 3.981474 322.7895 0.327442 7.724744 0.1726421 1
20030916 MCLEOD LAK 1 actual TRUE 4 TRUE 64 TRUE 38 TRUE 15.5 TRUE 0 64.94209 4.308348 325.2135 1.149004 8.340465 0.6298732 2
20030917 MCLEOD LAK 1 actual TRUE 3.7 TRUE 65 TRUE 153 TRUE 6.3 TRUE 0 72.18904 4.607449 327.5835 0.9261709 8.901886 0.5251696 2
20030918 MCLEOD LAK 1 actual TRUE 8.4 TRUE 92 TRUE 190 TRUE 10.3 TRUE 9.65 26.38593 1.934206 301.7868 2.01E‐03 3.807406 7.74E‐04 1
20030919 MCLEOD LAK 1 actual TRUE 13.6 TRUE 59 TRUE 258 TRUE 13.4 TRUE 1.5 54.67492 3.007229 305.9388 0.5320963 5.870205 0.245865 1
20030920 MCLEOD LAK 1 actual TRUE 11.6 TRUE 50 TRUE 269 TRUE 14 TRUE 0 74.16718 4.137758 309.7308 1.485377 8.008062 0.79753 2
20030921 MCLEOD LAK 1 actual TRUE 6.8 TRUE 93 TRUE 212 TRUE 11.5 TRUE 0 74.39735 4.236212 312.6588 1.324585 8.194843 0.7195998 2
20030922 MCLEOD LAK 1 actual TRUE 7.3 TRUE 85 TRUE 235 TRUE 9.3 TRUE 13.7 28.71384 1.730216 274.4309 3.84E‐03 3.406736 1.41E‐03 1
20030923 MCLEOD LAK 1 actual TRUE 9.9 TRUE 47 TRUE 168 TRUE 6 TRUE 0.5 56.07044 2.768166 277.9169 0.4148335 5.401822 0.1846087 1
20030924 MCLEOD LAK 1 actual TRUE 5.8 TRUE 87 TRUE 168 TRUE 12.2 TRUE 3.55 39.27296 1.296438 274.1077 0.0557915 2.562575 1.86E‐02 1
20030925 MCLEOD LAK 1 actual TRUE 13.4 TRUE 65 TRUE 230 TRUE 21 TRUE 5.32 50.5627 0.9483974 266.1216 0.5057533 1.880045 0.1539119 1
20030926 MCLEOD LAK 1 actual TRUE 13.7 TRUE 58 TRUE 262 TRUE 16 TRUE 0 72.22638 2.055069 270.2916 1.512088 4.033471 0.5949311 2
20030927 MCLEOD LAK 1 actual TRUE 17.3 TRUE 54 TRUE 185 TRUE 5.2 TRUE 0 81.22989 3.561966 275.1096 1.691313 6.90057 0.8434544 2
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20030928 MCLEOD LAK 1 actual TRUE 16.8 TRUE 70 TRUE 352 TRUE 10.5 TRUE 0 82.61222 4.518019 279.8376 2.609377 8.685468 2.33023 2
20030929 MCLEOD LAK 1 actual TRUE 14.9 TRUE 42 TRUE 46 TRUE 8.3 TRUE 0 86.35123 6.170193 284.2236 3.865547 11.70512 4.554251 2
20030930 MCLEOD LAK 1 actual TRUE 16.2 TRUE 46 TRUE 154 TRUE 4.3 TRUE 0 87.11034 7.833405 288.8436 3.519181 14.67205 4.732481 2
20031001 MCLEOD LAK 1 actual TRUE 16.5 TRUE 54 TRUE 146 TRUE 5.8 TRUE 0 87.15874 9.060111 292.5176 3.821753 16.81797 5.586339 2
20031002 MCLEOD LAK 1 actual TRUE 16.2 TRUE 63 TRUE 30 TRUE 6.5 TRUE 0 86.40903 10.02999 296.1376 3.559298 18.49403 5.517429 2
20031003 MCLEOD LAK 1 actual TRUE 17.9 TRUE 55 TRUE 130 TRUE 5.5 TRUE 0 86.4572 11.32549 300.0636 3.407512 20.69794 5.666107 2
20031004 MCLEOD LAK 1 actual TRUE 20.1 TRUE 42 TRUE 120 TRUE 4.5 TRUE 0 88.20168 13.18858 304.3856 4.155236 23.79919 7.422153 2
20031005 MCLEOD LAK 1 actual TRUE 18.7 TRUE 44 TRUE 167 TRUE 8.3 TRUE 0 88.25044 14.86863 308.4556 5.067484 26.53907 9.397628 3
20031006 MCLEOD LAK 1 actual TRUE 16.3 TRUE 59 TRUE 195 TRUE 9.3 TRUE 1.26 80.24343 15.94957 312.0936 1.864117 28.28533 3.725881 2
20031007 MCLEOD LAK 1 actual TRUE 10.3 TRUE 100 TRUE 209 TRUE 13.2 TRUE 9.65 18.61248 7.888966 286.7034 1.47E‐04 14.76242 1.10E‐04 1
20031008 MCLEOD LAK 1 actual TRUE 6.6 TRUE 100 TRUE 126 TRUE 9.2 TRUE 0.25 18.63827 7.888966 288.5954 1.21E‐04 14.76865 9.12E‐05 1
20031009 MCLEOD LAK 1 actual TRUE 4.9 TRUE 100 TRUE 236 TRUE 15 TRUE 5.83 6.056831 4.078218 275.9818 2.82E‐07 7.865849 1.50E‐07 1
20031010 MCLEOD LAK 1 actual TRUE 10.2 TRUE 98 TRUE 220 TRUE 11.4 TRUE 1.01 8.187879 4.112461 278.5218 8.48E‐07 7.932121 4.53E‐07 1
20031011 MCLEOD LAK 1 actual TRUE 8.2 TRUE 97 TRUE 131 TRUE 11.4 TRUE 0 12.49475 4.154735 280.7018 8.58E‐06 8.012966 4.61E‐06 1
20031012 MCLEOD LAK 1 actual TRUE 6.4 TRUE 100 TRUE 30 TRUE 4.7 TRUE 2.53 7.981931 2.530275 282.5577 5.37E‐07 4.949739 2.30E‐07 1
20031013 MCLEOD LAK 1 actual TRUE 7.1 TRUE 100 TRUE 224 TRUE 10.6 TRUE 0.25 8.00421 2.530275 284.5397 7.32E‐07 4.950494 3.14E‐07 1
20031014 MCLEOD LAK 1 actual TRUE 0.6 TRUE 100 TRUE 195 TRUE 3.7 TRUE 0.25 8.026497 2.530275 285.3517 5.24E‐07 4.950801 2.24E‐07 1
20031015 MCLEOD LAK 1 actual TRUE 6 TRUE 100 TRUE 52 TRUE 7.5 TRUE 0.25 8.048791 2.530275 287.1357 6.43E‐07 4.951468 2.75E‐07 1
20031016 MCLEOD LAK 1 actual TRUE 1.4 TRUE 100 TRUE 154 TRUE 9.9 TRUE 0 8.071093 2.530275 288.0917 7.35E‐07 4.951822 3.15E‐07 1
20031017 MCLEOD LAK 1 actual TRUE 5.2 TRUE 100 TRUE 159 TRUE 7.5 TRUE 10.67 1.093333 0.6384265 260.1655 6.43E‐09 1.269068 1.77E‐09 1
20031018 MCLEOD LAK 1 actual TRUE 6.3 TRUE 100 TRUE 213 TRUE 5.2 TRUE 7.85 0 0 242.6898 2.48E‐09 0 4.95E‐10 1
20031019 MCLEOD LAK 1 actual TRUE 4.9 TRUE 100 TRUE 212 TRUE 9.6 TRUE 1.52 0 0 244.2758 3.09E‐09 0 6.18E‐10 1
20031020 MCLEOD LAK 1 actual TRUE 3.1 TRUE 100 TRUE 32 TRUE 8.9 TRUE 4.57 0 0 236.4936 2.98E‐09 0 5.97E‐10 1
20031021 MCLEOD LAK 1 actual TRUE 11 TRUE 100 TRUE 216 TRUE 21.2 TRUE 4.56 0 0 230.3346 5.55E‐09 0 1.11E‐09 1
20031022 MCLEOD LAK 1 actual TRUE 7.2 TRUE 100 TRUE 2 TRUE 13.3 TRUE 0.75 0 0 232.3346 3.72E‐09 0 7.45E‐10 1
20031023 MCLEOD LAK 1 actual TRUE 4.5 TRUE 100 TRUE 228 TRUE 15.6 TRUE 10.91 0 0 207.3513 4.18E‐09 0 8.36E‐10 1
20031024 MCLEOD LAK 1 actual TRUE ‐0.2 TRUE 100 TRUE 177 TRUE 4.2 TRUE 0 1.96E‐02 0 208.0193 2.39E‐09 0 4.78E‐10 1
20031025 MCLEOD LAK 1 actual TRUE 4.5 TRUE 100 TRUE 209 TRUE 11.6 TRUE 16 0 0 171.6203 3.42E‐09 0 6.84E‐10 1
20031026 MCLEOD LAK 1 actual TRUE 7.2 TRUE 100 TRUE 213 TRUE 11.4 TRUE 0.76 0 0 173.6203 3.38E‐09 0 6.77E‐10 1
20031027 MCLEOD LAK 1 actual TRUE 8.4 TRUE 100 TRUE 203 TRUE 8.5 TRUE 1.77 0 0 175.8363 2.92E‐09 0 5.85E‐10 1
20031028 MCLEOD LAK 1 actual TRUE 1.2 TRUE 100 TRUE 283 TRUE 4.4 TRUE 18.79 0 0 135.2208 2.38E‐09 0 4.76E‐10 1
20031030 MCLEOD LAK 1 actual TRUE ‐4.9 TRUE 100 TRUE 7 TRUE 7.9 TRUE 0.25
20031031 MCLEOD LAK 1 actual TRUE ‐7.9 TRUE 100 TRUE 180 TRUE 0 TRUE 1.53
20040406 MCLEOD LAK 1 actual TRUE 8.1 TRUE 40 TRUE 202 TRUE 4.6 TRUE 0
20040407 MCLEOD LAK 1 actual TRUE 10.1 TRUE 51 TRUE 276 TRUE 9.3 TRUE 0
20040408 MCLEOD LAK 1 actual TRUE 10.9 TRUE 38 TRUE 190 TRUE 7.4 TRUE 0
20040409 MCLEOD LAK 1 actual TRUE 13.1 TRUE 26 TRUE 200 TRUE 5.2 TRUE 0
20040410 MCLEOD LAK 5 startup TRUE 12.9 TRUE 29 TRUE 174 TRUE 11 TRUE 0 85 10 80
20040411 MCLEOD LAK 5 startup TRUE 16 TRUE 46 TRUE 163 TRUE 10 TRUE 0 86.8 12 134
20040412 MCLEOD LAK 1 actual TRUE 11.8 TRUE 52 TRUE 43 TRUE 16.4 TRUE 0 86.8483 13.50114 137.078 6.23806 21.66715 10.01894 3
20040413 MCLEOD LAK 1 actual TRUE ‐0.8 TRUE 80 TRUE 13 TRUE 19.2 TRUE 0 82.78259 13.51569 137.888 4.132872 21.7111 6.998787 2
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20040414 MCLEOD LAK 1 actual TRUE 5.8 TRUE 52 TRUE 24 TRUE 14.9 TRUE 0 83.98178 14.31862 139.886 3.889428 22.8022 6.813063 2
20040415 MCLEOD LAK 1 actual TRUE ‐0.4 TRUE 40 TRUE 56 TRUE 15.7 TRUE 0 85.03278 14.42044 140.768 4.669323 22.9606 8.067239 3
20040416 MCLEOD LAK 1 actual TRUE 3.8 TRUE 35 TRUE 200 TRUE 5.5 TRUE 0 86.37748 15.19259 142.406 3.369341 23.98743 6.140983 2
20040417 MCLEOD LAK 1 actual TRUE 4.9 TRUE 68 TRUE 192 TRUE 10.6 TRUE 0 84.58652 15.65806 144.242 3.397341 24.63149 6.291622 2
20040418 MCLEOD LAK 1 actual TRUE 6.8 TRUE 60 TRUE 194 TRUE 15.4 TRUE 0 84.63409 16.42414 146.42 4.355045 25.65413 8.085527 3
20040419 MCLEOD LAK 1 actual TRUE 9.1 TRUE 43 TRUE 228 TRUE 9.9 TRUE 0 86.04814 17.83364 149.012 4.014989 27.45331 7.828048 3
20040420 MCLEOD LAK 1 actual TRUE 9.8 TRUE 46 TRUE 348 TRUE 4.8 TRUE 0 86.2912 19.2606 151.73 3.213197 29.24143 6.641751 2
20040421 MCLEOD LAK 1 actual TRUE 15.2 TRUE 25 TRUE 267 TRUE 14.7 TRUE 0 90.27758 22.22433 155.42 9.356856 32.74331 17.09377 3
20040422 MCLEOD LAK 1 actual TRUE 12.8 TRUE 34 TRUE 160 TRUE 12.2 TRUE 0 90.32703 24.4484 158.678 8.307915 35.29974 16.24954 3
20040423 MCLEOD LAK 1 actual TRUE 4 TRUE 91 TRUE 232 TRUE 21.7 TRUE 1.5 70.05669 24.55968 160.352 1.870463 35.51903 4.428604 2
20040424 MCLEOD LAK 1 actual TRUE 4.2 TRUE 72 TRUE 233 TRUE 19 TRUE 0.25 75.52205 24.91945 162.062 2.055923 36.00004 4.933874 2
20040425 MCLEOD LAK 1 actual TRUE 5.9 TRUE 91 TRUE 244 TRUE 13.5 TRUE 1.26 65.07137 25.07218 164.078 1.044233 36.28348 2.196624 2
20040426 MCLEOD LAK 1 actual TRUE 10.6 TRUE 67 TRUE 215 TRUE 14.8 TRUE 0 75.26119 26.00821 166.94 1.638598 37.43577 3.991012 2
20040427 MCLEOD LAK 1 actual TRUE 10.7 TRUE 35 TRUE 15 TRUE 11.8 TRUE 1.26 78.80258 27.86766 169.82 1.83231 39.52151 4.683184 2
20040428 MCLEOD LAK 1 actual TRUE 13.1 TRUE 34 TRUE 268 TRUE 11.3 TRUE 0 86.13415 30.13973 173.132 4.360881 42.00036 10.76395 3
20040429 MCLEOD LAK 1 actual TRUE 17 TRUE 28 TRUE 128 TRUE 6.1 TRUE 0 89.77944 33.29911 177.146 5.648597 45.3068 13.81429 3
20040430 MCLEOD LAK 1 actual TRUE 19.6 TRUE 21 TRUE 358 TRUE 4 TRUE 0 92.30889 37.2636 181.628 7.284034 49.2608 17.53233 4
20040501 MCLEOD LAK 1 actual TRUE 21.3 TRUE 29 TRUE 149 TRUE 7.4 TRUE 0 92.35901 41.45058 187.866 8.706557 53.42955 20.8385 4
20040502 MCLEOD LAK 1 actual TRUE 12.9 TRUE 45 TRUE 254 TRUE 16.6 TRUE 3.81 70.09616 32.06722 186.678 1.448409 44.86665 4.004523 3
20040503 MCLEOD LAK 1 actual TRUE 8.8 TRUE 91 TRUE 13 TRUE 5.7 TRUE 0.25 71.58056 32.30179 190.666 0.8789034 45.38238 2.14305 3
20040504 MCLEOD LAK 1 actual TRUE 3.6 TRUE 100 TRUE 80 TRUE 13.2 TRUE 6.35 22.18732 18.70282 181.2308 5.73E‐04 29.73428 6.72E‐04 2
20040505 MCLEOD LAK 1 actual TRUE 6.4 TRUE 30 TRUE 1 TRUE 8 TRUE 1.5 80 50.03597 20.08497 184.7868 0.2466123 31.5868 0.30149 2
20040506 MCLEOD LAK 1 actual TRUE 13.3 TRUE 27 TRUE 237 TRUE 14.9 TRUE 0 80 78.14934 22.85242 189.5848 2.021361 35.12115 4.764782 2
20040507 MCLEOD LAK 1 actual TRUE 16.9 TRUE 26 TRUE 254 TRUE 13.7 TRUE 0 80 88.54395 26.35913 195.0308 6.938334 39.4042 15.01371 3
20040508 MCLEOD LAK 2 estimate TRUE 14 TRUE 45 TRUE 315 TRUE 15 TRUE 1 80 84.23327 28.54555 199.9548 4.042888 42.07465 10.12015 3
20040509 MCLEOD LAK 1 actual TRUE 0.9 TRUE 96 TRUE 89 TRUE 2.8 TRUE 1.52 80 63.90118 27.77689 202.5208 0.5798771 41.36885 0.8535383 2
20040510 MCLEOD LAK 1 actual TRUE 8.3 TRUE 72 TRUE 38 TRUE 9.3 TRUE 8.12 80 39.10826 15.3219 188.9423 4.67E‐02 25.47849 4.94E‐02 2
20040511 MCLEOD LAK 1 actual TRUE 9.2 TRUE 30 TRUE 2 TRUE 12.3 TRUE 0 80 68.63145 17.22005 193.0023 1.113192 28.15908 1.848191 2
20040512 MCLEOD LAK 1 actual TRUE 9.5 TRUE 36 TRUE 26 TRUE 5.4 TRUE 0 80 80.10745 19.00605 197.1163 1.509667 30.62895 3.092802 2
20040513 MCLEOD LAK 1 actual TRUE 10.9 TRUE 43 TRUE 20 TRUE 7.8 TRUE 0 80 84.56144 20.80679 201.4823 2.940245 33.07465 6.607204 2
20040514 MCLEOD LAK 1 actual TRUE 14.5 TRUE 49 TRUE 146 TRUE 4.6 TRUE 0 80 85.91487 22.90133 206.4963 3.016994 35.86007 7.120235 2
20040515 MCLEOD LAK 1 actual TRUE 11.5 TRUE 74 TRUE 226 TRUE 11.1 TRUE 1.02 80 78.13117 23.76379 210.9703 1.666522 37.08454 4.036941 2
20040516 MCLEOD LAK 1 actual TRUE 16.5 TRUE 44 TRUE 255 TRUE 3.6 TRUE 0 80 84.4989 26.35854 216.3443 2.359313 40.40892 6.115139 2
20040517 MCLEOD LAK 1 actual TRUE 22.3 TRUE 23 TRUE 231 TRUE 15.2 TRUE 0 80 91.83024 31.10207 222.7623 11.97013 46.10959 24.24541 4
20040518 MCLEOD LAK 1 actual TRUE 21.1 TRUE 24 TRUE 98 TRUE 8.5 TRUE 0 80 92.48747 35.54389 228.9643 9.370819 51.21251 21.49403 4
20040519 MCLEOD LAK 1 actual TRUE 21.6 TRUE 29 TRUE 5 TRUE 9.9 TRUE 0 80 92.53765 39.78695 235.2563 10.12704 55.92751 23.75025 4
20040520 MCLEOD LAK 1 actual TRUE 18.1 TRUE 40 TRUE 18 TRUE 11.8 TRUE 0 80 90.99846 42.81977 240.9183 8.961356 59.29324 22.44407 4
20040521 MCLEOD LAK 1 actual TRUE 9.8 TRUE 50 TRUE 35 TRUE 16.5 TRUE 0 80 88.49012 44.25457 245.0863 7.928224 60.98114 20.86458 4
20040522 MCLEOD LAK 1 actual TRUE 11.6 TRUE 31 TRUE 57 TRUE 16.7 TRUE 0 80 89.27328 46.56157 249.5783 8.961421 63.50449 23.24945 4
20040523 MCLEOD LAK 1 actual TRUE 16.1 TRUE 20 TRUE 31 TRUE 7.7 TRUE 0 80 91.91469 50.18411 254.8803 8.301555 67.26046 22.6884 4
20040524 MCLEOD LAK 1 actual TRUE 18.2 TRUE 30 TRUE 280 TRUE 6.2 TRUE 0 80 91.96468 53.74084 260.5603 7.751839 70.91562 22.21465 4
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20040525 MCLEOD LAK 1 actual TRUE 13.4 TRUE 73 TRUE 236 TRUE 14.9 TRUE 4.32 80 59.72203 38.34358 256.7267 0.8521212 55.8379 2.53734 3
20040526 MCLEOD LAK 1 actual TRUE 17.1 TRUE 40 TRUE 258 TRUE 18.6 TRUE 0 70 81.66347 41.21845 262.2087 3.495249 59.1797 10.96922 3
20040527 MCLEOD LAK 1 actual TRUE 13.2 TRUE 45 TRUE 174 TRUE 7 TRUE 0.5 70 85.25777 43.28904 266.9887 3.10701 61.60627 10.19544 3
20040528 MCLEOD LAK 1 actual TRUE 11.2 TRUE 79 TRUE 230 TRUE 6.8 TRUE 0.25 70 83.15302 43.96905 271.4087 2.319712 62.58905 8.014815 3
20040529 MCLEOD LAK 1 actual TRUE 14.1 TRUE 44 TRUE 269 TRUE 8.7 TRUE 16.75 70 52.70417 21.03268 230.1166 0.3455373 34.24123 0.4462623 2
20040530 MCLEOD LAK 1 actual TRUE 11.7 TRUE 48 TRUE 272 TRUE 10.6 TRUE 0.25 70 72.93056 22.78498 234.6266 1.184208 36.66779 2.651143 2
20040531 MCLEOD LAK 1 actual TRUE 12.1 TRUE 45 TRUE 225 TRUE 14.7 TRUE 0 70 82.49144 24.69629 239.2086 3.176074 39.25953 7.889391 3
20040601 MCLEOD LAK 1 actual TRUE 12.9 TRUE 44 TRUE 165 TRUE 16 TRUE 0 70 85.92882 26.7603 244.9346 5.369114 42.03836 12.73705 3
20040602 MCLEOD LAK 1 actual TRUE 14.3 TRUE 37 TRUE 236 TRUE 13.9 TRUE 2.78 70 75.08237 23.85293 250.9126 1.550188 38.54515 3.837502 2
20040603 MCLEOD LAK 2 estimate TRUE 18 TRUE 30 TRUE 190 TRUE 11 TRUE 0 70 87.16916 27.3728 257.5566 4.973989 43.25332 12.17737 3
20040604 MCLEOD LAK 1 actual TRUE 23.6 TRUE 29 TRUE 132 TRUE 12.9 TRUE 0 70 91.27337 31.98969 265.2086 9.850143 49.15622 21.81363 4
20040605 MCLEOD LAK 1 actual TRUE 18.5 TRUE 46 TRUE 212 TRUE 10.3 TRUE 0 70 89.8943 34.7761 271.9427 7.09584 52.70301 17.82142 4
20040606 MCLEOD LAK 1 actual TRUE 9.1 TRUE 100 TRUE 153 TRUE 12.9 TRUE 33.75 70 11.38081 11.16227 184.6232 5.25E‐06 19.39326 4.67E‐06 1
20040607 MCLEOD LAK 1 actual TRUE 18.7 TRUE 42 TRUE 41 TRUE 10.1 TRUE 4.57 70 53.89579 9.705243 183.5899 0.4183419 17.14466 0.3445936 1
20040608 MCLEOD LAK 1 actual TRUE 18.3 TRUE 60 TRUE 56 TRUE 6.9 TRUE 0 70 73.26474 11.74819 190.2879 0.9966576 20.35468 0.9135477 2
20040609 MCLEOD LAK 1 actual TRUE 18.2 TRUE 70 TRUE 232 TRUE 4.6 TRUE 16.5 70 41.32826 6.625946 159.4277 5.60E‐02 12.00459 3.74E‐02 1
20040610 MCLEOD LAK 1 actual TRUE 18.8 TRUE 55 TRUE 65 TRUE 5.1 TRUE 0 70 68.00588 8.983493 166.2157 0.7590683 15.8283 0.595624 2
20040611 MCLEOD LAK 1 actual TRUE 17.3 TRUE 59 TRUE 180 TRUE 3.8 TRUE 0 70 78.28461 10.96957 172.7337 1.168937 18.93323 1.150407 2
20040612 MCLEOD LAK 1 actual TRUE 17.9 TRUE 39 TRUE 168 TRUE 11.3 TRUE 0.25 70 86.41582 14.02082 179.3598 4.537586 23.4574 7.962566 3
20040613 MCLEOD LAK 1 actual TRUE 9.1 TRUE 99 TRUE 216 TRUE 8.2 TRUE 2.77 70 47.72598 10.56933 184.4018 0.1849087 18.48928 0.159576 1
20040614 MCLEOD LAK 1 actual TRUE 13.4 TRUE 55 TRUE 292 TRUE 13 TRUE 8.1 50 49.39904 6.981941 173.549 0.2932516 12.68779 0.2020189 1
20040615 MCLEOD LAK 1 actual TRUE 15.4 TRUE 53 TRUE 217 TRUE 13.3 TRUE 0 50 73.28111 9.023568 179.725 1.376923 16.0345 1.379991 2
20040616 MCLEOD LAK 1 actual TRUE 16.8 TRUE 60 TRUE 66 TRUE 9.2 TRUE 0 50 81.0763 10.90855 186.153 2.032946 19.02931 3.047448 2
20040617 MCLEOD LAK 1 actual TRUE 23.4 TRUE 38 TRUE 231 TRUE 4.1 TRUE 0 50 88.05347 14.90756 193.769 3.986706 25.00563 7.360934 2
20040618 MCLEOD LAK 1 actual TRUE 24.5 TRUE 31 TRUE 49 TRUE 9.9 TRUE 0 50 91.15002 19.55789 201.583 8.320865 31.48016 15.33457 3
20040619 MCLEOD LAK 1 actual TRUE 26.6 TRUE 33 TRUE 186 TRUE 7 TRUE 0 50 91.57783 24.44385 209.775 7.640298 37.85899 15.81912 3
20040620 MCLEOD LAK 1 actual TRUE 27 TRUE 43 TRUE 237 TRUE 7.1 TRUE 0 50 91.40191 28.66058 218.039 7.489463 43.14346 16.69058 4
20040621 MCLEOD LAK 1 actual TRUE 27.7 TRUE 44 TRUE 230 TRUE 11.1 TRUE 0 50 91.31264 32.90653 226.429 9.046415 48.27409 20.33188 4
20040622 MCLEOD LAK 1 actual TRUE 26.1 TRUE 45 TRUE 182 TRUE 7.4 TRUE 0 50 90.94118 36.84499 234.531 7.120958 52.90963 17.90518 4
20040623 MCLEOD LAK 1 actual TRUE 26.9 TRUE 48 TRUE 68 TRUE 7.6 TRUE 0 50 90.54247 40.67814 242.777 6.795188 57.33823 18.05118 4
20040624 MCLEOD LAK 1 actual TRUE 25.9 TRUE 45 TRUE 81 TRUE 3.2 TRUE 0 50 90.592 44.58764 250.843 5.482581 61.73958 16.00468 3
20040625 MCLEOD LAK 1 actual TRUE 24.3 TRUE 51 TRUE 79 TRUE 9.3 TRUE 0 50 89.70151 47.86425 258.621 6.563219 65.44701 18.88325 4
20040626 MCLEOD LAK 1 actual TRUE 25.3 TRUE 28 TRUE 63 TRUE 13.2 TRUE 0 50 92.11973 52.86841 266.579 11.27486 70.68894 28.77938 4
20040627 MCLEOD LAK 1 actual TRUE 20.4 TRUE 63 TRUE 226 TRUE 7.6 TRUE 0 50 87.93222 54.96269 273.655 4.673725 73.18033 15.58227 4
20040628 MCLEOD LAK 1 actual TRUE 18.3 TRUE 69 TRUE 184 TRUE 6.7 TRUE 16.75 50 46.33784 25.67358 233.8731 0.1409454 40.29 0.20367 2
20040629 MCLEOD LAK 1 actual TRUE 19.6 TRUE 61 TRUE 33 TRUE 8 TRUE 3.8 50 57.12007 20.2517 234.205 0.4998833 33.30392 0.6334856 2
20040630 MCLEOD LAK 1 actual TRUE 19.2 TRUE 79 TRUE 11 TRUE 4.6 TRUE 0.5 50 68.62399 21.374 241.065 0.7550214 34.99167 0.9896933 2
20040701 MCLEOD LAK 1 actual TRUE 23.5 TRUE 49 TRUE 229 TRUE 4.8 TRUE 0 50 82.90072 24.3205 248.999 2.030638 39.09475 5.162272 2
20040702 MCLEOD LAK 1 actual TRUE 16.6 TRUE 84 TRUE 233 TRUE 2.9 TRUE 8.9 50 35.97734 13.08736 233.8579 1.75E‐02 22.96215 1.74E‐02 2
20040703 MCLEOD LAK 1 actual TRUE 13.8 TRUE 82 TRUE 22 TRUE 9.7 TRUE 20.57 50 25.80827 6.136421 187.793 1.63E‐03 11.34597 1.05E‐03 1
20040704 MCLEOD LAK 1 actual TRUE 15.8 TRUE 68 TRUE 216 TRUE 3.5 TRUE 0 50 49.73412 7.406522 194.341 0.1894397 13.52447 0.1354142 1
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20040705 MCLEOD LAK 1 actual TRUE 20 TRUE 60 TRUE 177 TRUE 11.6 TRUE 0 50 74.05361 9.388707 201.645 1.308976 16.81959 1.305547 2
20040706 MCLEOD LAK 1 actual TRUE 11.3 TRUE 76 TRUE 230 TRUE 15.5 TRUE 9.15 50 43.6104 5.160684 187.2857 0.1438755 9.656175 8.52E‐02 1
20040707 MCLEOD LAK 1 actual TRUE 13.5 TRUE 54 TRUE 264 TRUE 7.4 TRUE 0.25 50 66.95593 6.737977 193.4197 0.8230699 12.39635 0.5595129 2
20040708 MCLEOD LAK 1 actual TRUE 10.7 TRUE 99 TRUE 256 TRUE 5 TRUE 5.57 50 24.03958 3.427775 188.4855 7.21E‐04 6.557418 3.51E‐04 1
20040709 MCLEOD LAK 1 actual TRUE 15.7 TRUE 83 TRUE 47 TRUE 3.2 TRUE 3.3 50 29.43905 2.3279 190.4097 3.47E‐03 4.517718 1.43E‐03 1
20040710 MCLEOD LAK 1 actual TRUE 17.7 TRUE 69 TRUE 163 TRUE 7.2 TRUE 0 50 56.55315 3.69664 197.2997 0.4587733 7.062472 0.2313846 1
20040711 MCLEOD LAK 1 actual TRUE 20 TRUE 55 TRUE 232 TRUE 12.4 TRUE 1.27 50 74.32542 5.926598 204.6037 1.381051 11.0528 0.8800938 2
20040712 MCLEOD LAK 1 actual TRUE 17.9 TRUE 78 TRUE 162 TRUE 11.2 TRUE 0.5 50 78.7093 6.908296 211.5297 1.762601 12.77366 1.743432 2
20040713 MCLEOD LAK 1 actual TRUE 20.6 TRUE 61 TRUE 113 TRUE 5.2 TRUE 0 50 83.3075 8.895883 218.9417 2.183196 16.15116 2.936453 2
20040714 MCLEOD LAK 1 actual TRUE 22.5 TRUE 62 TRUE 162 TRUE 9.3 TRUE 3.04 50 71.43274 8.094366 222.4538 1.048264 14.83889 0.7913654 2
20040715 MCLEOD LAK 1 actual TRUE 26.4 TRUE 38 TRUE 41 TRUE 5.5 TRUE 0 50 86.98456 12.09866 230.9098 3.672195 21.39483 6.2138 2
20040716 MCLEOD LAK 1 actual TRUE 23 TRUE 59 TRUE 168 TRUE 12.6 TRUE 0 50 87.03292 14.41927 238.7538 5.288005 25.05554 9.435805 3
20040717 MCLEOD LAK 1 actual TRUE 23.2 TRUE 47 TRUE 213 TRUE 17.7 TRUE 0 50 88.23294 17.44398 246.6338 8.117329 29.64595 14.58742 3
20040718 MCLEOD LAK 1 actual TRUE 24.3 TRUE 54 TRUE 217 TRUE 16.1 TRUE 0 50 88.28172 20.18804 254.7118 7.541133 33.6988 14.7349 3
20040719 MCLEOD LAK 1 actual TRUE 22.4 TRUE 67 TRUE 110 TRUE 6.9 TRUE 0 50 86.76421 22.00935 262.4478 3.819131 36.38948 8.853369 3
20040720 MCLEOD LAK 1 actual TRUE 18.3 TRUE 64 TRUE 229 TRUE 14 TRUE 10.15 50 57.04419 12.4177 243.1837 0.6723177 22.02388 0.6479747 2
20040721 MCLEOD LAK 1 actual TRUE 17.5 TRUE 88 TRUE 145 TRUE 6.2 TRUE 3.55 50 41.90337 8.83691 244.0218 6.73E‐02 16.20657 5.36E‐02 1
20040722 MCLEOD LAK 1 actual TRUE 23.9 TRUE 59 TRUE 132 TRUE 4.9 TRUE 0 50 70.71312 11.24418 252.0278 0.8195547 20.23177 0.7483427 2
20040723 MCLEOD LAK 1 actual TRUE 27.3 TRUE 41 TRUE 108 TRUE 7.3 TRUE 0 50 86.87612 15.17943 260.6458 3.959323 26.50053 7.571231 3
20040724 MCLEOD LAK 1 actual TRUE 25.3 TRUE 51 TRUE 166 TRUE 8.4 TRUE 0 50 87.8659 18.21753 268.9038 4.819978 31.15789 9.861667 3
20040725 MCLEOD LAK 1 actual TRUE 17.8 TRUE 54 TRUE 245 TRUE 17.1 TRUE 8.38 50 63.41916 11.49251 254.4706 1.166316 20.65315 1.348724 2
20040726 MCLEOD LAK 1 actual TRUE 19.2 TRUE 51 TRUE 254 TRUE 9.6 TRUE 0 50 80.17526 13.82862 261.6306 1.878878 24.4292 3.361276 2
20040727 MCLEOD LAK 1 actual TRUE 22.7 TRUE 41 TRUE 240 TRUE 5.5 TRUE 0 50 87.3093 17.12647 269.4206 3.846108 29.55593 7.871714 3
20040728 MCLEOD LAK 1 actual TRUE 26.3 TRUE 39 TRUE 251 TRUE 11.4 TRUE 0 50 90.00401 21.05185 277.8586 7.619084 35.39877 15.23947 3
20040729 MCLEOD LAK 1 actual TRUE 23.8 TRUE 51 TRUE 246 TRUE 14.9 TRUE 0 50 89.50433 23.91733 285.8466 8.46028 39.55959 17.47151 3
20040730 MCLEOD LAK 1 actual TRUE 20.7 TRUE 45 TRUE 225 TRUE 8.3 TRUE 0 50 89.55352 26.73325 293.2766 6.109626 43.5436 14.36597 3
20040731 MCLEOD LAK 1 actual TRUE 22.2 TRUE 44 TRUE 214 TRUE 8.1 TRUE 0 50 89.60273 29.79766 300.9766 6.091209 47.77148 15.07216 3
20040801 MCLEOD LAK 1 actual TRUE 21.6 TRUE 47 TRUE 124 TRUE 5.7 TRUE 0 50 89.65195 32.28141 307.8686 5.435605 51.1536 14.33567 3
20040802 MCLEOD LAK 1 actual TRUE 25.6 TRUE 40 TRUE 186 TRUE 8.1 TRUE 0 50 90.05161 35.58867 315.4806 6.496001 55.51971 17.15965 4
20040803 MCLEOD LAK 1 actual TRUE 16.9 TRUE 78 TRUE 209 TRUE 7.5 TRUE 0.5 50 84.85303 36.4062 321.5266 3.013622 56.74845 9.453261 3
20040804 MCLEOD LAK 1 actual TRUE 24.1 TRUE 45 TRUE 330 TRUE 3.6 TRUE 0 50 87.97112 39.26754 328.8686 3.84191 60.48117 11.9952 3
20040805 MCLEOD LAK 1 actual TRUE 20 TRUE 70 TRUE 153 TRUE 5.1 TRUE 2.28 50 70.3984 35.25065 335.4726 0.8193501 55.83404 2.402245 3
20040806 MCLEOD LAK 1 actual TRUE 13.5 TRUE 91 TRUE 0 TRUE 12 TRUE 55.37 50 20.93127 10.53323 176.3978 3.40E‐04 18.33009 2.92E‐04 1
20040807 MCLEOD LAK 1 actual TRUE 10.6 TRUE 98 TRUE 6 TRUE 5.2 TRUE 2.54 50 15.4426 7.945459 181.3098 2.54E‐05 14.32187 1.87E‐05 1
20040808 MCLEOD LAK 1 actual TRUE 16 TRUE 71 TRUE 188 TRUE 6.1 TRUE 0.25 50 42.93965 8.969225 187.1938 8.01E‐02 16.01954 6.33E‐02 1
20040809 MCLEOD LAK 1 actual TRUE 22.5 TRUE 48 TRUE 344 TRUE 5.5 TRUE 0 50 73.8409 11.50273 194.2478 0.9529696 20.03887 0.8649181 2
20040810 MCLEOD LAK 1 actual TRUE 23.9 TRUE 44 TRUE 135 TRUE 4.5 TRUE 0 50 85.38051 14.39297 201.5538 2.786225 24.4254 5.158151 2
20040811 MCLEOD LAK 1 actual TRUE 26.7 TRUE 39 TRUE 136 TRUE 3.1 TRUE 0 50 89.47684 17.89388 209.3638 4.64986 29.48724 9.271287 3
20040812 MCLEOD LAK 1 actual TRUE 26.8 TRUE 47 TRUE 99 TRUE 6 TRUE 0 50 89.52603 20.9466 217.1918 5.419616 33.7547 11.36233 3
20040813 MCLEOD LAK 1 actual TRUE 27.6 TRUE 43 TRUE 358 TRUE 5.2 TRUE 0 50 89.8463 24.32385 225.1638 5.450131 38.30322 12.24186 3
20040814 MCLEOD LAK 1 actual TRUE 26.4 TRUE 53 TRUE 17 TRUE 9.4 TRUE 0 50 89.55575 26.99217 232.9198 6.459905 41.85756 14.67987 3
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20040815 MCLEOD LAK 1 actual TRUE 26.7 TRUE 49 TRUE 52 TRUE 10.2 TRUE 0 50 89.60496 29.91916 240.7298 6.773278 45.65325 15.94509 3
20040816 MCLEOD LAK 1 actual TRUE 25.5 TRUE 45 TRUE 59 TRUE 6.6 TRUE 0 50 89.65418 32.93946 248.3238 5.689609 49.47284 14.57924 3
20040817 MCLEOD LAK 1 actual TRUE 28 TRUE 33 TRUE 112 TRUE 4.2 TRUE 0 50 91.54017 36.96454 256.3678 6.599543 54.34108 17.16456 4
20040818 MCLEOD LAK 1 actual TRUE 28.1 TRUE 43 TRUE 240 TRUE 7.7 TRUE 0 50 91.54419 40.40063 264.4298 7.876908 58.46859 20.31593 4
20040819 MCLEOD LAK 1 actual TRUE 26.8 TRUE 36 TRUE 188 TRUE 3.4 TRUE 0 50 91.59406 44.08693 272.2578 6.38745 62.76492 18.09986 4
20040820 MCLEOD LAK 1 actual TRUE 18.4 TRUE 60 TRUE 249 TRUE 12.1 TRUE 0 50 87.9771 45.6972 278.5738 5.901112 64.81415 17.36681 4
20040821 MCLEOD LAK 1 actual TRUE 16.8 TRUE 59 TRUE 28 TRUE 15.7 TRUE 0 50 87.13197 47.21231 284.6018 6.269876 66.74427 18.45325 4
20040822 MCLEOD LAK 1 actual TRUE 11.6 TRUE 59 TRUE 24 TRUE 21.7 TRUE 0 50 86.33306 48.28727 289.6938 7.574321 68.16821 21.40351 4
20040823 MCLEOD LAK 1 actual TRUE 9.6 TRUE 63 TRUE 333 TRUE 6.9 TRUE 0 50 85.52888 49.10459 294.4258 3.209898 69.31016 11.24074 3
20040824 MCLEOD LAK 1 actual TRUE 16.4 TRUE 45 TRUE 209 TRUE 12.8 TRUE 0 50 87.13844 51.09163 300.3818 5.422444 71.69637 17.22888 4
20040825 MCLEOD LAK 1 actual TRUE 20.7 TRUE 35 TRUE 57 TRUE 5 TRUE 0 50 89.51813 54.01697 307.1118 5.147449 75.03829 16.99263 4
20040826 MCLEOD LAK 1 actual TRUE 18 TRUE 56 TRUE 254 TRUE 4.1 TRUE 0 50 88.1813 55.75195 313.3558 4.060443 77.17614 14.41752 4
20040827 MCLEOD LAK 1 actual TRUE 12 TRUE 94 TRUE 203 TRUE 8.6 TRUE 0.51 50 79.78409 55.91421 318.5198 1.715415 77.72017 7.04778 3
20040828 MCLEOD LAK 1 actual TRUE 16 TRUE 54 TRUE 261 TRUE 11.8 TRUE 2.54 50 71.55378 48.2331 324.4038 1.194054 70.32572 4.607152 3
20040829 MCLEOD LAK 1 actual TRUE 10.6 TRUE 98 TRUE 163 TRUE 5 TRUE 1.8 70 51.72657 44.8843 329.3158 0.2580535 66.95456 0.5361625 3
20040830 MCLEOD LAK 1 actual TRUE 14.8 TRUE 73 TRUE 249 TRUE 6 TRUE 0.76 70 64.30614 45.77057 334.9838 0.6934178 68.23342 2.330431 3
20040831 MCLEOD LAK 1 actual TRUE 12.2 TRUE 96 TRUE 213 TRUE 4.5 TRUE 10.41 70 18.72353 23.12279 307.993 9.90E‐05 38.93744 1.40E‐04 2
20040901 MCLEOD LAK 1 actual TRUE 9.9 TRUE 100 TRUE 358 TRUE 10.1 TRUE 6.35 70 5.583705 13.33407 294.8228 1.64E‐07 23.95912 1.66E‐07 2
20040902 MCLEOD LAK 1 actual TRUE 16.5 TRUE 57 TRUE 342 TRUE 11.8 TRUE 21.58 70 42.15517 6.917948 236.3039 0.093288 12.89232 6.49E‐02 1
20040903 MCLEOD LAK 1 actual TRUE 18.3 TRUE 52 TRUE 293 TRUE 12.4 TRUE 0 70 72.19435 8.575819 241.3019 1.25971 15.75208 0.9855961 2
20040904 MCLEOD LAK 1 actual TRUE 15.8 TRUE 54 TRUE 273 TRUE 21.8 TRUE 14.22 70 57.5942 5.082475 209.6377 1.039404 9.584059 0.6128594 2
20040905 MCLEOD LAK 1 actual TRUE 16.3 TRUE 52 TRUE 204 TRUE 12.2 TRUE 0.25 70 77.0582 6.569432 214.2757 1.617082 12.2035 1.381782 2
20040906 MCLEOD LAK 1 actual TRUE 12.5 TRUE 65 TRUE 204 TRUE 7.4 TRUE 0 70 80.7703 7.416883 218.2297 1.793844 13.6721 1.924483 2
20040907 MCLEOD LAK 1 actual TRUE 13.3 TRUE 64 TRUE 168 TRUE 7.9 TRUE 0 70 82.65253 8.339822 222.3277 2.300578 15.24956 3.003021 2
20040908 MCLEOD LAK 1 actual TRUE 1 TRUE 100 TRUE 32 TRUE 12.2 TRUE 12.96 70 16.0054 3.635057 192.9119 4.64E‐05 6.943043 2.32E‐05 1
20040909 MCLEOD LAK 1 actual TRUE 3 TRUE 100 TRUE 15 TRUE 7.8 TRUE 3.28 70 8.592896 1.812496 190.5515 8.93E‐07 3.540793 3.34E‐07 1
20040910 MCLEOD LAK 1 actual TRUE 6.1 TRUE 89 TRUE 106 TRUE 6.7 TRUE 0.76 70 18.41676 1.9535 193.3535 9.77E‐05 3.810748 3.76E‐05 1
20040911 MCLEOD LAK 1 actual TRUE 9.1 TRUE 100 TRUE 202 TRUE 21.7 TRUE 6.85 70 5.088608 0.38619 182.8438 2.14E‐07 0.7683229 5.35E‐08 1
20040912 MCLEOD LAK 1 actual TRUE 13.8 TRUE 56 TRUE 210 TRUE 9.2 TRUE 4.58 70 38.43579 1.167204 179.2375 0.0405928 2.297012 1.31E‐02 1
20040913 MCLEOD LAK 1 actual TRUE 14.1 TRUE 54 TRUE 172 TRUE 13.7 TRUE 0.25 70 67.10493 2.412032 183.4795 1.136358 4.670565 0.474791 1
20040914 MCLEOD LAK 1 actual TRUE 9.5 TRUE 85 TRUE 222 TRUE 8.1 TRUE 3.3 70 46.27073 1.21871 182.3447 0.1497733 2.397363 4.90E‐02 1
20040915 MCLEOD LAK 1 actual TRUE 13.7 TRUE 58 TRUE 201 TRUE 6.2 TRUE 0 70 66.96181 2.325382 186.5147 0.7749316 4.510187 0.3190759 1
20040916 MCLEOD LAK 1 actual TRUE 6.5 TRUE 100 TRUE 152 TRUE 9.1 TRUE 4.57 70 26.45177 0.7189177 181.5487 1.93E‐03 1.423741 5.48E‐04 1
20040917 MCLEOD LAK 1 actual TRUE 9.1 TRUE 77 TRUE 26 TRUE 14.4 TRUE 3.27 70 37.3263 0.4176725 180.44 4.19E‐02 0.8305387 1.06E‐02 1
20040918 MCLEOD LAK 1 actual TRUE 5.4 TRUE 89 TRUE 30 TRUE 14.2 TRUE 3.05 70 32.20831 0.1272957 179.2361 1.26E‐02 0.2541403 2.79E‐03 1
20040919 MCLEOD LAK 1 actual TRUE 5.9 TRUE 65 TRUE 246 TRUE 5.9 TRUE 0 70 50.60723 0.563484 182.0021 0.2375598 1.118312 6.38E‐02 1
20040920 MCLEOD LAK 1 actual TRUE 10.5 TRUE 50 TRUE 247 TRUE 17 TRUE 0 70 72.31503 1.596093 185.5961 1.595587 3.125 0.570207 2
20040921 MCLEOD LAK 1 actual TRUE 7 TRUE 100 TRUE 211 TRUE 12.9 TRUE 3.04 70 37.70103 0.4111956 184.6558 4.21E‐02 0.8178383 1.06E‐02 1
20040922 MCLEOD LAK 1 actual TRUE 14.7 TRUE 50 TRUE 196 TRUE 11.9 TRUE 2.02 70 61.18653 1.406484 189.0058 0.8003338 2.761593 0.2740245 1
20040923 MCLEOD LAK 1 actual TRUE 8.3 TRUE 86 TRUE 202 TRUE 13.9 TRUE 0.76 70 64.68576 1.64078 192.2038 1.04901 3.212989 0.3786296 1
20040924 MCLEOD LAK 1 actual TRUE 13.3 TRUE 68 TRUE 209 TRUE 13.6 TRUE 2.28 70 63.46888 1.462814 196.3018 0.9799812 2.872122 0.3400346 1
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20040925 MCLEOD LAK 1 actual TRUE 16.1 TRUE 45 TRUE 252 TRUE 10.4 TRUE 0 70 80.13828 3.147035 200.9038 1.948547 6.056876 0.9134597 2
20040926 MCLEOD LAK 1 actual TRUE 15.7 TRUE 59 TRUE 171 TRUE 7.8 TRUE 0 70 83.38062 4.373347 205.4338 2.512561 8.304709 2.128044 2
20040927 MCLEOD LAK 1 actual TRUE 16.7 TRUE 54 TRUE 173 TRUE 12.3 TRUE 0 70 85.39203 5.831106 210.1438 4.134341 10.90568 4.688221 2
20040928 MCLEOD LAK 1 actual TRUE 13.2 TRUE 42 TRUE 54 TRUE 6.9 TRUE 0 70 86.93588 7.307736 214.2238 3.913424 13.46699 5.011464 2
20040929 MCLEOD LAK 1 actual TRUE 10.6 TRUE 50 TRUE 173 TRUE 8.4 TRUE 0 70 86.98423 8.349247 217.8358 4.249808 15.23835 5.84549 2
20040930 MCLEOD LAK 1 actual TRUE 10.4 TRUE 49 TRUE 45 TRUE 9.2 TRUE 0 70 87.03259 9.393428 221.4118 4.455184 16.98534 6.507788 2
20041001 MCLEOD LAK 1 actual TRUE 12.4 TRUE 51 TRUE 202 TRUE 14.6 TRUE 0 70 87.08097 10.39573 224.3478 5.888859 18.63295 8.799672 2
20041002 MCLEOD LAK 1 actual TRUE 16 TRUE 48 TRUE 186 TRUE 7.6 TRUE 0 70 87.12936 11.74305 227.9318 4.167121 20.80625 6.878408 2
20041003 MCLEOD LAK 1 actual TRUE 17.5 TRUE 45 TRUE 193 TRUE 10.4 TRUE 0 70 87.6842 13.2931 231.7858 5.194195 23.25235 8.914777 3
20041004 MCLEOD LAK 1 actual TRUE 15.2 TRUE 48 TRUE 242 TRUE 13.2 TRUE 0 70 87.73279 14.57738 235.2258 6.023005 25.24376 10.56468 3
20041005 MCLEOD LAK 1 actual TRUE 9 TRUE 82 TRUE 201 TRUE 5 TRUE 1.02 70 76.99442 14.85285 237.5498 1.119744 25.69001 1.674343 2
20041006 MCLEOD LAK 1 actual TRUE 11.3 TRUE 50 TRUE 200 TRUE 20.2 TRUE 2.28 70 72.08488 13.10119 240.2878 1.858619 23.05923 3.171573 2
20041007 MCLEOD LAK 1 actual TRUE 12.4 TRUE 46 TRUE 222 TRUE 16.1 TRUE 0 70 82.25367 14.20577 243.2238 3.309344 24.79158 6.161631 2
20041008 MCLEOD LAK 1 actual TRUE 9.9 TRUE 78 TRUE 162 TRUE 8.9 TRUE 0.25 70 82.24765 14.57244 245.7098 2.300671 25.38159 4.341043 2
20041009 MCLEOD LAK 1 actual TRUE 8.6 TRUE 81 TRUE 171 TRUE 9.7 TRUE 2.28 70 61.35075 12.18891 247.9618 0.722999 21.70988 0.6904429 2
20041010 MCLEOD LAK 1 actual TRUE 11 TRUE 71 TRUE 185 TRUE 11.8 TRUE 0 70 72.26892 12.7206 250.6458 1.225639 22.5767 1.694393 2
20041011 MCLEOD LAK 1 actual TRUE 6.7 TRUE 100 TRUE 174 TRUE 12 TRUE 30.49 70 8.837302 5.09783 172.5721 1.27E‐06 9.494486 7.44E‐07 1
20041012 MCLEOD LAK 1 actual TRUE 6.9 TRUE 100 TRUE 159 TRUE 5.7 TRUE 10.91 70 1.238071 2.023446 151.5949 6.55E‐09 3.91621 2.55E‐09 1
20041013 MCLEOD LAK 1 actual TRUE 12.8 TRUE 100 TRUE 205 TRUE 8.3 TRUE 2.27 70 0 0.9510925 154.6029 2.89E‐09 1.873373 8.80E‐10 1
20041014 MCLEOD LAK 1 actual TRUE 14.8 TRUE 64 TRUE 254 TRUE 10.3 TRUE 1.26 70 35.46777 1.818393 157.9709 2.27E‐02 3.535056 8.49E‐03 1
20041015 MCLEOD LAK 1 actual TRUE 9.1 TRUE 85 TRUE 244 TRUE 7.6 TRUE 0 70 47.63815 2.050219 160.3129 0.177259 3.973399 6.93E‐02 1
20041016 MCLEOD LAK 1 actual TRUE 2.6 TRUE 57 TRUE 30 TRUE 12.7 TRUE 1.01 70 60.19906 2.291287 161.4849 0.7859644 4.425589 0.3210886 1
20041017 MCLEOD LAK 1 actual TRUE 3.8 TRUE 45 TRUE 56 TRUE 14.3 TRUE 0 70 73.97259 2.699633 162.8729 1.493972 5.184435 0.6528815 2
20041018 MCLEOD LAK 1 actual TRUE ‐6.2 TRUE 98 TRUE 15 TRUE 17.2 TRUE 0 70 72.89903 2.699633 163.0729 1.649309 5.184689 0.7207811 2
20041019 MCLEOD LAK 1 actual TRUE ‐2.8 TRUE 50 TRUE 14 TRUE 14.7 TRUE 0 70 78.03408 2.699633 163.2729 1.981619 5.184941 0.8660255 2
20041020 MCLEOD LAK 1 actual TRUE ‐5.1 TRUE 88 TRUE 253 TRUE 4.8 TRUE 0 70 77.65401 2.699633 163.4729 1.166232 5.185193 0.5096887 2
20041021 MCLEOD LAK 1 actual TRUE 0.2 TRUE 63 TRUE 193 TRUE 9.4 TRUE 0.76 70 76.47058 2.772515 164.2129 1.346656 5.320457 0.5952607 2
20041022 MCLEOD LAK 1 actual TRUE ‐0.2 TRUE 100 TRUE 207 TRUE 10.1 TRUE 0 70 73.39507 2.772515 164.8809 1.177673 5.321331 0.5206031 2
20041023 MCLEOD LAK 1 actual TRUE ‐1.8 TRUE 100 TRUE 26 TRUE 5.6 TRUE 4.05 70 31.39148 1.062693 159.0913 6.64E‐03 2.090475 2.08E‐03 1
20041024 MCLEOD LAK 1 actual TRUE 0.9 TRUE 84 TRUE 165 TRUE 10 TRUE 1.01 70 39.19201 1.111179 159.9573 4.91E‐02 2.184422 0.015619 1
20041025 MCLEOD LAK 1 actual TRUE 0.7 TRUE 100 TRUE 84 TRUE 4.4 TRUE 1.77 70 28.67758 0.4934087 160.7873 2.97E‐03 0.9793044 7.76E‐04 1
20041026 MCLEOD LAK 1 actual TRUE 1.8 TRUE 100 TRUE 15 TRUE 7.9 TRUE 5.81 70 9.148007 0 151.4971 1.23E‐06 0 2.46E‐07 1
20041027 MCLEOD LAK 1 actual TRUE 1.3 TRUE 97 TRUE 179 TRUE 9.6 TRUE 3.03 70 8.335472 1.09E‐02 148.8721 8.43E‐07 2.18E‐02 1.71E‐07 1
20041028 MCLEOD LAK 1 actual TRUE ‐0.1 TRUE 100 TRUE 203 TRUE 9.4 TRUE 2.77 70 4.9708 0 149.5581 1.06E‐07 0 2.13E‐08 1
20050308 MCLEOD LAK 1 actual TRUE 3.5 TRUE 98 TRUE 183 TRUE 7.3 TRUE 0.51
20050309 MCLEOD LAK 1 actual TRUE 7.3 TRUE 66 TRUE 234 TRUE 10.8 TRUE 7.61
20050310 MCLEOD LAK 1 actual TRUE 4.7 TRUE 53 TRUE 184 TRUE 15.4 TRUE 0
20050311 MCLEOD LAK 1 actual TRUE 9.2 TRUE 36 TRUE 264 TRUE 21 TRUE 0.51
20050312 MCLEOD LAK 1 actual TRUE 9.4 TRUE 36 TRUE 301 TRUE 10.8 TRUE 0
20050313 MCLEOD LAK 1 actual TRUE 9.3 TRUE 39 TRUE 159 TRUE 6.3 TRUE 0
20050314 MCLEOD LAK 1 actual TRUE 9.1 TRUE 41 TRUE 177 TRUE 2.2 TRUE 0
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20050315 MCLEOD LAK 1 actual TRUE 5.8 TRUE 50 TRUE 151 TRUE 2.7 TRUE 0
20050316 MCLEOD LAK 1 actual TRUE ‐1.8 TRUE 65 TRUE 359 TRUE 10.9 TRUE 1.27
20050317 MCLEOD LAK 1 actual TRUE 0.5 TRUE 50 TRUE 163 TRUE 13.1 TRUE 0.25
20050318 MCLEOD LAK 1 actual TRUE ‐7.2 TRUE 48 TRUE 32 TRUE 27.2 TRUE 0
20050319 MCLEOD LAK 1 actual TRUE ‐7.8 TRUE 45 TRUE 45 TRUE 28.1 TRUE 0
20050320 MCLEOD LAK 1 actual TRUE ‐7.6 TRUE 99 TRUE 28 TRUE 16.2 TRUE 0
20050321 MCLEOD LAK 1 actual TRUE ‐6.4 TRUE 95 TRUE 9 TRUE 11.3 TRUE 0
20050322 MCLEOD LAK 1 actual TRUE ‐4.3 TRUE 70 TRUE 12 TRUE 10.3 TRUE 0.76
20050323 MCLEOD LAK 1 actual TRUE ‐1.8 TRUE 48 TRUE 13 TRUE 12.1 TRUE 1.26
20050324 MCLEOD LAK 1 actual TRUE 3.9 TRUE 37 TRUE 258 TRUE 4.5 TRUE 0
20050325 MCLEOD LAK 1 actual TRUE 5.8 TRUE 39 TRUE 200 TRUE 10.5 TRUE 0
20050326 MCLEOD LAK 1 actual TRUE 1.1 TRUE 100 TRUE 201 TRUE 15.3 TRUE 0
20050327 MCLEOD LAK 1 actual TRUE 9.4 TRUE 37 TRUE 237 TRUE 16.5 TRUE 6.33
20050328 MCLEOD LAK 1 actual TRUE 3.1 TRUE 73 TRUE 140 TRUE 10.1 TRUE 0
20050329 MCLEOD LAK 1 actual TRUE 5.1 TRUE 49 TRUE 211 TRUE 9.4 TRUE 0
20050330 MCLEOD LAK 1 actual TRUE 4.5 TRUE 40 TRUE 296 TRUE 8.1 TRUE 0
20050331 MCLEOD LAK 1 actual TRUE 2.4 TRUE 79 TRUE 150 TRUE 13.2 TRUE 0
20050401 MCLEOD LAK 1 actual TRUE 4.5 TRUE 49 TRUE 218 TRUE 23.4 TRUE 0.76
20050402 MCLEOD LAK 1 actual TRUE 3.2 TRUE 42 TRUE 211 TRUE 19.5 TRUE 0
20050403 MCLEOD LAK 1 actual TRUE 6.4 TRUE 48 TRUE 177 TRUE 15.4 TRUE 0
20050404 MCLEOD LAK 1 actual TRUE 8.3 TRUE 32 TRUE 242 TRUE 15.2 TRUE 1.27
20050405 MCLEOD LAK 1 actual TRUE ‐0.1 TRUE 98 TRUE 196 TRUE 9.1 TRUE 0
20050406 MCLEOD LAK 1 actual TRUE 5.7 TRUE 88 TRUE 111 TRUE 9.9 TRUE 1.01
20050407 MCLEOD LAK 1 actual TRUE 7.2 TRUE 86 TRUE 221 TRUE 4.9 TRUE 0
20050408 MCLEOD LAK 1 actual TRUE 5.2 TRUE 61 TRUE 224 TRUE 8.7 TRUE 4.57
20050409 MCLEOD LAK 1 actual TRUE 4.4 TRUE 74 TRUE 220 TRUE 8.2 TRUE 3.3
20050410 MCLEOD LAK 1 actual TRUE 7.2 TRUE 45 TRUE 152 TRUE 16.9 TRUE 0
20050411 MCLEOD LAK 1 actual TRUE 3.1 TRUE 100 TRUE 231 TRUE 15.3 TRUE 2.8
20050412 MCLEOD LAK 1 actual TRUE 4.6 TRUE 65 TRUE 163 TRUE 4.5 TRUE 1.02
20050413 MCLEOD LAK 5 startup TRUE 6.8 TRUE 41 TRUE 129 TRUE 8 TRUE 0 85 6 30
20050414 MCLEOD LAK 1 actual TRUE 7.2 TRUE 48 TRUE 227 TRUE 15.9 TRUE 0.25 85.43919 7.046337 32.25 4.989223 9.114229 5.1457 2
20050415 MCLEOD LAK 1 actual TRUE 2.4 TRUE 87 TRUE 161 TRUE 11.8 TRUE 1.27 71.11066 7.156643 33.636 1.175889 9.343374 0.6840041 2
20050416 MCLEOD LAK 1 actual TRUE 6.2 TRUE 86 TRUE 99 TRUE 8.9 TRUE 2.03 55.7709 5.89167 35.706 0.4679556 8.342113 0.256555 1
20050417 MCLEOD LAK 1 actual TRUE 6.4 TRUE 59 TRUE 245 TRUE 14.5 TRUE 5.84 46.34484 3.569202 30.18596 0.2090212 5.509723 9.38E‐02 1
20050418 MCLEOD LAK 1 actual TRUE 9.7 TRUE 40 TRUE 235 TRUE 16.1 TRUE 0 71.65602 5.140161 32.88596 1.488325 7.391892 0.7676623 2
20050419 MCLEOD LAK 1 actual TRUE 11.6 TRUE 48 TRUE 189 TRUE 10 TRUE 0 80.95531 6.741182 35.92796 2.087758 9.177443 1.701601 2
20050420 MCLEOD LAK 1 actual TRUE 18.2 TRUE 41 TRUE 217 TRUE 4.1 TRUE 0 86.35057 9.501755 40.15796 3.12793 11.94045 3.656605 2
20050421 MCLEOD LAK 1 actual TRUE 20.3 TRUE 28 TRUE 61 TRUE 4.4 TRUE 0 90.3704 13.23715 44.76596 5.642743 15.22174 7.603996 2
20050422 MCLEOD LAK 1 actual TRUE 12.5 TRUE 44 TRUE 32 TRUE 14.3 TRUE 0 89.27259 15.08351 47.96996 7.939843 16.88996 10.75472 2
20050423 MCLEOD LAK 1 actual TRUE 18.2 TRUE 40 TRUE 48 TRUE 14 TRUE 0 89.32171 17.89087 52.19995 7.876049 19.2702 11.42002 2
20050424 MCLEOD LAK 1 actual TRUE 20.4 TRUE 32 TRUE 82 TRUE 8.8 TRUE 0 90.5076 21.43523 56.82595 7.182878 22.06382 11.36166 3
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20050425 MCLEOD LAK 1 actual TRUE 21.5 TRUE 30 TRUE 72 TRUE 13.5 TRUE 0 91.25729 25.2705 61.64996 10.12932 25.25778 15.92779 3
20050426 MCLEOD LAK 1 actual TRUE 11.1 TRUE 49 TRUE 48 TRUE 23.6 TRUE 0 88.65848 26.77891 64.60196 11.61575 26.76014 18.15151 3
20050427 MCLEOD LAK 1 actual TRUE 10.3 TRUE 25 TRUE 51 TRUE 11.6 TRUE 0 90.04987 28.85171 67.40996 7.746983 28.81549 13.86397 3
20050428 MCLEOD LAK 1 actual TRUE 7.2 TRUE 25 TRUE 48 TRUE 17.4 TRUE 0 90.11949 30.36085 69.65996 10.4807 30.31433 17.89012 3
20050429 MCLEOD LAK 1 actual TRUE 6.6 TRUE 20 TRUE 37 TRUE 17 TRUE 0 90.92205 31.85423 71.80196 11.5197 31.79739 19.63295 3
20050430 MCLEOD LAK 2 estimate TRUE 7 TRUE 22 TRUE 45 TRUE 12 TRUE 0 90.97171 33.38591 74.01595 9.017685 33.3191 16.77658 3
20050501 MCLEOD LAK 1 actual TRUE 11.5 TRUE 24 TRUE 23 TRUE 14.7 TRUE 0 91.04609 35.90695 78.48995 10.44202 35.8306 19.39542 3
20050502 MCLEOD LAK 1 actual TRUE 13.6 TRUE 26 TRUE 353 TRUE 6.2 TRUE 0 91.09579 38.77076 83.34195 6.85242 38.68262 14.72523 3
20050503 MCLEOD LAK 1 actual TRUE 11.2 TRUE 54 TRUE 251 TRUE 7.7 TRUE 0.5 85 88.35093 40.26031 87.76195 4.98795 40.17918 11.70947 3
20050504 MCLEOD LAK 1 actual TRUE 16 TRUE 32 TRUE 139 TRUE 10.4 TRUE 0.76 85 87.99707 43.32157 93.04594 5.432178 43.22902 13.05557 3
20050505 MCLEOD LAK 1 actual TRUE 15.1 TRUE 29 TRUE 213 TRUE 15.4 TRUE 0 85 89.97029 46.34966 98.16795 9.275583 46.24559 20.25247 4
20050506 MCLEOD LAK 1 actual TRUE 3.6 TRUE 100 TRUE 26 TRUE 11.2 TRUE 20.57 85 13.82965 18.86569 63.3128 1.63E‐05 21.62331 1.55E‐05 2
20050507 MCLEOD LAK 1 actual TRUE 11.4 TRUE 49 TRUE 56 TRUE 13.2 TRUE 4.56 85 44.24227 13.79796 62.01108 0.141964 17.73209 0.119384 1
20050508 MCLEOD LAK 1 actual TRUE 15.7 TRUE 37 TRUE 33 TRUE 8.6 TRUE 0 85 73.4548 16.58437 67.24108 1.094802 20.51757 1.075477 2
20050509 MCLEOD LAK 1 actual TRUE 14.5 TRUE 38 TRUE 37 TRUE 22.1 TRUE 0 85 85.03512 19.13067 72.25508 6.448397 23.02245 10.63742 3
20050510 MCLEOD LAK 1 actual TRUE 17.6 TRUE 36 TRUE 81 TRUE 8.5 TRUE 0 85 88.41746 22.28144 77.82708 5.242941 25.97305 9.556824 3
20050511 MCLEOD LAK 1 actual TRUE 15.7 TRUE 67 TRUE 74 TRUE 2.1 TRUE 1.78 85 72.05278 21.98528 83.05708 0.7457123 26.46036 0.8098749 2
20050512 MCLEOD LAK 1 actual TRUE 18.8 TRUE 42 TRUE 186 TRUE 2.6 TRUE 0 85 83.03764 25.0239 88.84509 1.84962 29.36829 3.799483 2
20050513 MCLEOD LAK 1 actual TRUE 17.6 TRUE 53 TRUE 196 TRUE 6 TRUE 0.25 85 85.38303 27.33774 94.41708 3.006036 31.71697 6.568327 2
20050514 MCLEOD LAK 1 actual TRUE 14.6 TRUE 65 TRUE 174 TRUE 8.6 TRUE 0 85 85.43086 28.78439 99.44908 3.449658 33.40039 7.69077 3
20050515 MCLEOD LAK 1 actual TRUE 15.2 TRUE 75 TRUE 156 TRUE 6.3 TRUE 0.5 85 84.18008 29.85719 104.5891 2.589392 34.84573 6.06081 2
20050516 MCLEOD LAK 1 actual TRUE 7.9 TRUE 98 TRUE 231 TRUE 11.8 TRUE 10.9 85 20.89532 14.04608 89.00951 3.32E‐04 20.14481 3.03E‐04 2
20050517 MCLEOD LAK 1 actual TRUE 14.4 TRUE 55 TRUE 40 TRUE 5.8 TRUE 0.25 85 52.15674 15.88236 94.00552 0.2816391 22.33211 0.273874 2
20050518 MCLEOD LAK 1 actual TRUE 14.5 TRUE 44 TRUE 156 TRUE 16.2 TRUE 0 85 76.47643 18.18225 99.01952 1.897764 24.92328 3.454047 2
20050519 MCLEOD LAK 1 actual TRUE 16.4 TRUE 41 TRUE 171 TRUE 16.1 TRUE 0 85 85.52415 20.90047 104.3755 5.099629 27.85601 9.707957 3
20050520 MCLEOD LAK 1 actual TRUE 10.6 TRUE 74 TRUE 164 TRUE 10.2 TRUE 3.29 85 59.00916 16.1483 104.9721 0.6414551 23.32582 0.6415312 2
20050521 MCLEOD LAK 1 actual TRUE 12.1 TRUE 52 TRUE 191 TRUE 13.6 TRUE 1.53 85 69.47162 17.20038 109.5541 1.220644 24.70416 1.866635 2
20050522 MCLEOD LAK 1 actual TRUE 12.1 TRUE 59 TRUE 156 TRUE 4.4 TRUE 4.56 85 52.2485 12.36806 107.6785 0.2650686 19.2177 0.2343343 1
20050523 MCLEOD LAK 1 actual TRUE 14.7 TRUE 49 TRUE 269 TRUE 12.3 TRUE 0.76 85 73.28676 14.48945 112.7285 1.309577 21.93153 1.845344 2
20050524 MCLEOD LAK 1 actual TRUE 13.1 TRUE 57 TRUE 214 TRUE 9.5 TRUE 0 85 80.61441 16.09695 117.4905 1.96003 23.98028 3.483006 2
20050525 MCLEOD LAK 1 actual TRUE 18.5 TRUE 48 TRUE 217 TRUE 4.6 TRUE 0.76 85 83.41923 18.78016 123.2245 2.149175 27.19762 4.237141 2
20050526 MCLEOD LAK 1 actual TRUE 21.8 TRUE 30 TRUE 160 TRUE 9.1 TRUE 0 60 89.94214 23.00031 129.5525 6.725422 31.85989 13.08549 3
20050527 MCLEOD LAK 1 actual TRUE 25 TRUE 23 TRUE 175 TRUE 9.4 TRUE 0 60 93.01392 28.29117 136.4565 10.55788 37.26645 19.94021 3
20050528 MCLEOD LAK 1 actual TRUE 26.4 TRUE 26 TRUE 154 TRUE 9.2 TRUE 0 60 93.06496 33.64864 143.6125 10.52699 42.43866 21.23877 3
20050529 MCLEOD LAK 1 actual TRUE 27.6 TRUE 30 TRUE 183 TRUE 7.3 TRUE 0 60 93.11533 38.93765 150.9845 9.633531 47.3484 21.06422 4
20050530 MCLEOD LAK 1 actual TRUE 20.3 TRUE 41 TRUE 271 TRUE 8.1 TRUE 0 60 91.29497 42.26165 157.0425 7.757699 50.52882 18.61446 4
20050531 MCLEOD LAK 1 actual TRUE 15.2 TRUE 74 TRUE 201 TRUE 4.5 TRUE 0 60 86.0022 43.37737 162.1825 3.038839 51.99096 9.023522 3
20050601 MCLEOD LAK 1 actual TRUE 12.9 TRUE 100 TRUE 182 TRUE 4.7 TRUE 10.93 0 18.45007 21.28911 145.5106 8.95E‐05 31.17535 1.08E‐04 2
20050602 MCLEOD LAK 1 actual TRUE 14.4 TRUE 70 TRUE 224 TRUE 6.6 TRUE 0 0 44.84629 22.5133 151.5066 0.1119902 32.83041 0.1405448 2
20050603 MCLEOD LAK 1 actual TRUE 15 TRUE 71 TRUE 192 TRUE 8.7 TRUE 0 0 64.15483 23.74249 157.6106 0.7893407 34.49438 1.153742 2
20050604 MCLEOD LAK 1 actual TRUE 16.1 TRUE 41 TRUE 234 TRUE 3.6 TRUE 0 0 79.43906 26.41411 163.9126 1.288011 37.65728 3.025595 2
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20050605 MCLEOD LAK 1 actual TRUE 19.5 TRUE 59 TRUE 32 TRUE 14.6 TRUE 0 0 84.16479 28.63766 170.8266 3.925952 40.36019 9.636102 3
20050606 MCLEOD LAK 1 actual TRUE 17.2 TRUE 56 TRUE 160 TRUE 9.4 TRUE 0 0 85.39357 30.75747 177.3266 3.57302 42.9086 9.225204 3
20050607 MCLEOD LAK 1 actual TRUE 18.5 TRUE 51 TRUE 91 TRUE 13.2 TRUE 0 0 86.60146 33.28588 184.0606 5.126393 45.84501 12.88629 3
20050608 MCLEOD LAK 1 actual TRUE 22.8 TRUE 34 TRUE 100 TRUE 5.4 TRUE 0 0 89.93608 37.43864 191.5686 5.576628 50.30114 14.48714 3
20050609 MCLEOD LAK 1 actual TRUE 21.4 TRUE 49 TRUE 220 TRUE 7.6 TRUE 0 0 89.49626 40.45962 198.8246 5.849632 53.63383 15.56425 3
20050610 MCLEOD LAK 1 actual TRUE 16 TRUE 61 TRUE 210 TRUE 11.7 TRUE 3.55 0 67.13443 31.81209 199.7199 1.028446 45.50407 2.685539 3
20050611 MCLEOD LAK 1 actual TRUE 10.2 TRUE 100 TRUE 228 TRUE 12.5 TRUE 4.57 0 26.51573 21.0791 196.8595 2.34E‐03 33.25587 2.96E‐03 2
20050612 MCLEOD LAK 1 actual TRUE 16.9 TRUE 67 TRUE 153 TRUE 3.8 TRUE 9.39 0 34.49857 12.14982 182.8314 1.31E‐02 20.83777 1.22E‐02 2
20050613 MCLEOD LAK 1 actual TRUE 12 TRUE 75 TRUE 155 TRUE 10.7 TRUE 14.97 0 30.79735 6.235545 155.1345 7.33E‐03 11.33235 4.74E‐03 1
20050614 MCLEOD LAK 1 actual TRUE 11.5 TRUE 66 TRUE 248 TRUE 10.5 TRUE 1.77 0 49.82813 6.364039 160.6085 0.2727035 11.58086 0.1783723 1
20050615 MCLEOD LAK 1 actual TRUE 16.8 TRUE 38 TRUE 236 TRUE 13.9 TRUE 0 0 77.87067 9.285765 167.0365 1.87756 16.30543 2.420103 2
20050616 MCLEOD LAK 1 actual TRUE 18.2 TRUE 49 TRUE 11 TRUE 11 TRUE 0 0 84.77769 11.87709 173.7165 3.558017 20.28666 5.836621 2
20050617 MCLEOD LAK 1 actual TRUE 16 TRUE 50 TRUE 54 TRUE 20.5 TRUE 0 0 86.28916 14.12802 180.0005 7.08586 23.62106 11.64476 3
20050618 MCLEOD LAK 1 actual TRUE 21.4 TRUE 37 TRUE 5 TRUE 10 TRUE 0 0 89.26804 17.85981 187.2565 6.388907 28.84242 11.91033 3
20050619 MCLEOD LAK 1 actual TRUE 23 TRUE 52 TRUE 108 TRUE 4.4 TRUE 0 0 89.1468 20.90527 194.8005 4.734974 32.96605 10.03203 3
20050620 MCLEOD LAK 1 actual TRUE 19.9 TRUE 53 TRUE 233 TRUE 12.9 TRUE 0 0 88.57198 23.50371 201.7865 6.69107 36.40612 13.99589 3
20050621 MCLEOD LAK 1 actual TRUE 16.6 TRUE 78 TRUE 213 TRUE 14 TRUE 5.83 0 54.1496 15.0295 196.7097 0.5218628 25.23822 0.5494097 2
20050622 MCLEOD LAK 1 actual TRUE 16.1 TRUE 59 TRUE 206 TRUE 9.7 TRUE 0.76 0 71.78334 16.88605 203.0117 1.082976 27.95833 1.745805 2
20050623 MCLEOD LAK 1 actual TRUE 18 TRUE 49 TRUE 216 TRUE 7.3 TRUE 9.15 0 56.83881 11.06601 189.4913 0.4718946 19.31247 0.4184664 1
20050624 MCLEOD LAK 1 actual TRUE 10.4 TRUE 93 TRUE 268 TRUE 8.9 TRUE 3.3 0 36.58896 7.69783 190.15 2.71E‐02 13.98071 0.0197809 1
20050625 MCLEOD LAK 1 actual TRUE 18.8 TRUE 60 TRUE 60 TRUE 10.1 TRUE 0.76 0 65.61269 9.793427 196.938 0.8985026 17.42105 0.7474056 2
20050626 MCLEOD LAK 1 actual TRUE 18.5 TRUE 61 TRUE 39 TRUE 13.6 TRUE 0 0 79.30109 11.80583 203.672 2.103262 20.62312 3.376842 2
20050627 MCLEOD LAK 1 actual TRUE 17.6 TRUE 57 TRUE 47 TRUE 12.5 TRUE 0 0 83.95316 13.92276 210.244 3.433277 23.89035 6.236023 2
20050628 MCLEOD LAK 1 actual TRUE 21.9 TRUE 45 TRUE 65 TRUE 6.5 TRUE 0 0 87.49792 17.25307 217.59 4.155308 28.79762 8.298925 3
20050629 MCLEOD LAK 1 actual TRUE 19.9 TRUE 61 TRUE 212 TRUE 13.3 TRUE 0.76 0 84.35938 19.40922 224.576 3.774553 31.92135 8.105766 3
20050630 MCLEOD LAK 1 actual TRUE 17.9 TRUE 56 TRUE 214 TRUE 8.1 TRUE 0.51 0 85.45224 21.61012 231.202 3.373836 35.03384 7.762599 3
20050701 MCLEOD LAK 1 actual TRUE 15.5 TRUE 57 TRUE 218 TRUE 8.9 TRUE 0 0 85.5001 23.28653 237.696 3.536064 37.4105 8.419752 3
20050702 MCLEOD LAK 1 actual TRUE 10.7 TRUE 100 TRUE 177 TRUE 8.9 TRUE 2.78 0 46.36059 18.37453 243.326 0.1579921 30.91312 0.1903563 2
20050703 MCLEOD LAK 1 actual TRUE 13.7 TRUE 68 TRUE 212 TRUE 11 TRUE 2.29 0 55.95632 16.41707 249.496 0.5285422 28.19586 0.5987164 2
20050704 MCLEOD LAK 1 actual TRUE 16.2 TRUE 78 TRUE 201 TRUE 14.2 TRUE 1.27 0 64.53568 17.31093 256.116 1.058389 29.61727 1.79506 2
20050705 MCLEOD LAK 1 actual TRUE 13.9 TRUE 98 TRUE 206 TRUE 9.6 TRUE 9.37 0 18.43585 8.735069 238.732 1.14E‐04 16.00601 9.00E‐05 1
20050706 MCLEOD LAK 1 actual TRUE 15.5 TRUE 62 TRUE 212 TRUE 19.3 TRUE 23.61 0 43.76757 5.022206 184.5451 0.1787865 9.404572 0.1043598 1
20050707 MCLEOD LAK 1 actual TRUE 17.6 TRUE 54 TRUE 246 TRUE 8.3 TRUE 0 0 70.3041 7.042437 191.4171 0.9597726 12.8985 0.6674746 2
20050708 MCLEOD LAK 1 actual TRUE 14.9 TRUE 84 TRUE 162 TRUE 16.9 TRUE 4.82 0 48.24666 4.365474 189.2217 0.3074943 8.254837 0.1676754 1
20050709 MCLEOD LAK 1 actual TRUE 14.6 TRUE 79 TRUE 249 TRUE 11.5 TRUE 7.36 0 38.75496 2.540202 180.5518 4.86E‐02 4.907784 2.07E‐02 1
20050710 MCLEOD LAK 1 actual TRUE 16.1 TRUE 61 TRUE 230 TRUE 10.9 TRUE 0 0 65.74754 4.115616 187.1538 0.9402341 7.80229 0.4982298 1
20050711 MCLEOD LAK 1 actual TRUE 20 TRUE 48 TRUE 205 TRUE 9.6 TRUE 0 0 81.84026 6.692456 194.4578 2.268196 12.32451 2.503409 2
20050712 MCLEOD LAK 1 actual TRUE 13.9 TRUE 87 TRUE 231 TRUE 8.6 TRUE 0.25 0 80.69454 7.150425 200.6638 1.889728 13.13107 2.016311 2
20050713 MCLEOD LAK 1 actual TRUE 19.7 TRUE 50 TRUE 233 TRUE 16.3 TRUE 0 0 85.92269 9.592928 207.9138 5.446213 17.20168 7.870368 2
20050714 MCLEOD LAK 1 actual TRUE 13.7 TRUE 71 TRUE 239 TRUE 9.7 TRUE 0 0 84.72482 10.60093 214.0838 3.308436 18.86632 5.194442 2
20050715 MCLEOD LAK 1 actual TRUE 15 TRUE 76 TRUE 219 TRUE 7.5 TRUE 4.31 0 54.59832 7.330869 212.8053 0.392441 13.49917 0.2802166 1
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20050716 MCLEOD LAK 1 actual TRUE 17.4 TRUE 71 TRUE 304 TRUE 0.3 TRUE 0.25 0 65.42126 8.590872 219.6413 0.5443467 15.65131 0.4242546 1
20050717 MCLEOD LAK 1 actual TRUE 21 TRUE 55 TRUE 186 TRUE 14.7 TRUE 0 0 81.55205 10.92651 227.1253 2.834082 19.50694 4.526786 2
20050718 MCLEOD LAK 1 actual TRUE 18.9 TRUE 52 TRUE 232 TRUE 10.2 TRUE 2.03 0 76.41805 11.36242 234.2313 1.39704 20.26699 1.891256 2
20050719 MCLEOD LAK 1 actual TRUE 15.7 TRUE 61 TRUE 59 TRUE 8.4 TRUE 1.51 0 74.0098 12.42814 240.7613 1.111716 22.01521 1.323708 2
20050720 MCLEOD LAK 1 actual TRUE 13.8 TRUE 78 TRUE 50 TRUE 3.3 TRUE 1.78 0 63.1783 11.88378 246.9493 0.5753428 21.21524 0.5414116 2
20050721 MCLEOD LAK 1 actual TRUE 19.6 TRUE 51 TRUE 183 TRUE 5.4 TRUE 4.57 0 61.22425 9.569324 245.0771 0.578031 17.43657 0.4810894 1
20050722 MCLEOD LAK 1 actual TRUE 20.9 TRUE 59 TRUE 2 TRUE 8.5 TRUE 0 0 78.24937 11.68773 252.5431 1.476794 20.95137 2.138379 2
20050723 MCLEOD LAK 1 actual TRUE 11.6 TRUE 97 TRUE 83 TRUE 7.7 TRUE 7.61 0 25.29116 6.088816 240.0812 1.25E‐03 11.45156 8.11E‐04 1
20050724 MCLEOD LAK 1 actual TRUE 16.2 TRUE 69 TRUE 184 TRUE 7.1 TRUE 9.14 0 36.26788 3.90017 224.66 2.31E‐02 7.475882 1.20E‐02 1
20050725 MCLEOD LAK 1 actual TRUE 20.8 TRUE 46 TRUE 237 TRUE 10.5 TRUE 7.11 0 59.14749 4.286284 216.4324 0.6573529 8.168159 0.3565218 1
20050726 MCLEOD LAK 1 actual TRUE 18.6 TRUE 56 TRUE 227 TRUE 10 TRUE 0 0 77.44302 6.322016 223.4845 1.490465 11.8089 0.9856572 2
20050727 MCLEOD LAK 1 actual TRUE 16.5 TRUE 80 TRUE 218 TRUE 7.7 TRUE 0 0 79.36291 7.148709 230.1584 1.571794 13.26722 1.446981 2
20050728 MCLEOD LAK 1 actual TRUE 21.4 TRUE 55 TRUE 197 TRUE 11.3 TRUE 0.25 0 84.99708 9.526627 237.7144 3.722473 17.31815 5.540535 2
20050729 MCLEOD LAK 1 actual TRUE 18.6 TRUE 50 TRUE 251 TRUE 13.8 TRUE 0 0 86.66224 11.83996 244.7664 5.329458 21.12522 8.642941 3
20050730 MCLEOD LAK 1 actual TRUE 17.5 TRUE 63 TRUE 186 TRUE 12.6 TRUE 0.25 0 86.39661 13.45624 251.6205 4.831655 23.73871 8.471343 3
20050731 MCLEOD LAK 1 actual TRUE 19.6 TRUE 62 TRUE 266 TRUE 7.8 TRUE 12.95 0 53.56798 7.997733 225.2998 0.3607095 14.69165 0.270702 1
20050801 MCLEOD LAK 1 actual TRUE 11.2 TRUE 81 TRUE 218 TRUE 11.3 TRUE 4.55 0 41.47991 4.976182 221.7464 8.07E‐02 9.423676 0.0471602 1
20050802 MCLEOD LAK 1 actual TRUE 15.9 TRUE 62 TRUE 245 TRUE 8.6 TRUE 4.56 0 49.99257 3.778179 219.0861 0.2528429 7.244046 0.1291192 1
20050803 MCLEOD LAK 1 actual TRUE 19.8 TRUE 49 TRUE 197 TRUE 9.4 TRUE 0 0 76.14208 5.978687 225.6541 1.317411 11.21455 0.8463489 2
20050804 MCLEOD LAK 1 actual TRUE 18.2 TRUE 70 TRUE 174 TRUE 8.3 TRUE 0.51 0 80.68332 7.17401 231.9341 1.859071 13.31815 1.990035 2
20050805 MCLEOD LAK 1 actual TRUE 18.4 TRUE 59 TRUE 259 TRUE 9.7 TRUE 2.54 0 71.33054 6.677706 238.2501 1.065818 12.48087 0.7273488 2
20050806 MCLEOD LAK 1 actual TRUE 15.8 TRUE 71 TRUE 228 TRUE 9.6 TRUE 0 0 78.18134 7.689498 244.0981 1.551843 14.25626 1.541907 2
20050807 MCLEOD LAK 1 actual TRUE 21 TRUE 51 TRUE 231 TRUE 5.3 TRUE 1.52 0 78.29703 9.473719 250.8821 1.262076 17.31302 1.236855 2
20050808 MCLEOD LAK 1 actual TRUE 18.9 TRUE 59 TRUE 359 TRUE 2 TRUE 0 0 82.68438 11.16658 257.2881 1.715777 20.14713 2.561183 2
20050809 MCLEOD LAK 1 actual TRUE 15.9 TRUE 60 TRUE 46 TRUE 13.4 TRUE 0 0 84.31792 12.57041 263.1541 3.77247 22.45878 6.562702 2
20050810 MCLEOD LAK 1 actual TRUE 18.5 TRUE 46 TRUE 47 TRUE 9.3 TRUE 0 0 86.94744 14.75543 269.4881 4.423768 25.95768 8.253584 3
20050811 MCLEOD LAK 1 actual TRUE 22.7 TRUE 50 TRUE 33 TRUE 6.2 TRUE 0 0 87.63395 17.21214 276.5781 4.173338 29.78958 8.497002 3
20050812 MCLEOD LAK 1 actual TRUE 22.5 TRUE 58 TRUE 25 TRUE 7 TRUE 1.78 0 78.71411 17.73329 283.632 1.427024 30.67233 2.885242 2
20050813 MCLEOD LAK 1 actual TRUE 27.3 TRUE 38 TRUE 249 TRUE 8.4 TRUE 0 0 88.98183 21.36839 291.55 5.656775 36.11871 12.20921 3
20050814 MCLEOD LAK 1 actual TRUE 21.7 TRUE 58 TRUE 81 TRUE 7.1 TRUE 0.75 0 85.31725 23.34532 298.4601 3.148524 39.05375 7.803171 3
20050815 MCLEOD LAK 1 actual TRUE 14.2 TRUE 68 TRUE 18 TRUE 10.8 TRUE 2.28 0 69.41614 20.80527 304.0201 1.058156 35.53163 2.192812 2
20050816 MCLEOD LAK 1 actual TRUE 16.5 TRUE 60 TRUE 73 TRUE 5.2 TRUE 0 0 78.82561 22.25866 309.994 1.3167 37.74225 3.115279 2
20050817 MCLEOD LAK 1 actual TRUE 16.3 TRUE 44 TRUE 44 TRUE 8.4 TRUE 0 0 85.18201 24.27027 315.932 3.299381 40.72012 8.343561 3
20050818 MCLEOD LAK 1 actual TRUE 18 TRUE 54 TRUE 181 TRUE 9.1 TRUE 0 0 86.04856 26.0841 322.176 3.85658 43.38652 9.905488 3
20050819 MCLEOD LAK 1 actual TRUE 23.2 TRUE 44 TRUE 162 TRUE 12.9 TRUE 0 0 88.4836 28.89342 329.356 6.606729 47.39277 15.96404 3
20050820 MCLEOD LAK 1 actual TRUE 20.3 TRUE 58 TRUE 220 TRUE 9.6 TRUE 1.78 0 78.55334 28.66684 336.014 1.603303 47.25488 4.644325 3
20050821 MCLEOD LAK 1 actual TRUE 11 TRUE 100 TRUE 206 TRUE 8 TRUE 14.48 0 14.20732 12.22181 294.764 1.65E‐05 22.14783 1.60E‐05 2
20050822 MCLEOD LAK 1 actual TRUE 14 TRUE 69 TRUE 233 TRUE 3.9 TRUE 0.5 0 38.91988 13.18818 300.288 3.42E‐02 23.76686 3.47E‐02 2
20050823 MCLEOD LAK 1 actual TRUE 16 TRUE 72 TRUE 52 TRUE 4.9 TRUE 4.3 0 41.88403 9.273638 296.6976 6.28E‐02 17.20302 5.19E‐02 1
20050824 MCLEOD LAK 1 actual TRUE 19.8 TRUE 53 TRUE 190 TRUE 8.6 TRUE 0.5 0 71.47974 11.30156 303.2656 1.013597 20.67675 0.9383582 2
20050825 MCLEOD LAK 1 actual TRUE 21.5 TRUE 49 TRUE 161 TRUE 9.6 TRUE 0 0 83.84448 13.68105 310.1396 2.923982 24.6443 5.44404 2
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20050826 MCLEOD LAK 1 actual TRUE 21 TRUE 43 TRUE 237 TRUE 13 TRUE 0 0 87.82858 16.28165 316.9236 6.044932 28.85705 11.39279 3
20050827 MCLEOD LAK 1 actual TRUE 19.6 TRUE 52 TRUE 160 TRUE 4.6 TRUE 0.5 0 87.87722 18.3329 323.4556 3.986484 32.11522 8.533418 3
20050828 MCLEOD LAK 1 actual TRUE 12.4 TRUE 85 TRUE 180 TRUE 6.4 TRUE 6.08 0 42.16045 11.00076 312.3424 7.11E‐02 20.22105 6.49E‐02 2
20050829 MCLEOD LAK 1 actual TRUE 15 TRUE 63 TRUE 9 TRUE 6.5 TRUE 0.25 0 64.18628 12.23056 318.0464 0.7074704 22.31573 0.6876404 2
20050830 MCLEOD LAK 1 actual TRUE 13.7 TRUE 97 TRUE 216 TRUE 8.7 TRUE 3.04 0 37.71979 8.782025 318.0899 3.42E‐02 16.43003 2.74E‐02 1
20050831 MCLEOD LAK 1 actual TRUE 14.2 TRUE 59 TRUE 215 TRUE 10.2 TRUE 4.31 0 49.86798 6.427919 313.7143 0.2699294 12.2294 0.1820818 1
20050901 MCLEOD LAK 1 actual TRUE 14.8 TRUE 62 TRUE 171 TRUE 9.6 TRUE 0.5 0 69.82773 7.503613 318.0823 1.009182 14.17146 0.7413943 2
20050902 MCLEOD LAK 1 actual TRUE 10.5 TRUE 95 TRUE 208 TRUE 7.9 TRUE 6.84 0 26.77155 3.770856 302.9081 2.01E‐03 7.314082 1.03E‐03 1
20050903 MCLEOD LAK 1 actual TRUE 13.8 TRUE 59 TRUE 216 TRUE 10.4 TRUE 0.25 0 57.21967 4.858478 307.096 0.5685642 9.347255 0.3308016 1
20050904 MCLEOD LAK 1 actual TRUE 17.7 TRUE 48 TRUE 213 TRUE 10.4 TRUE 0.5 0 78.08546 6.598958 311.9861 1.602523 12.53508 1.402773 2
20050905 MCLEOD LAK 1 actual TRUE 14.2 TRUE 44 TRUE 256 TRUE 14.2 TRUE 0 0 84.82787 8.12437 316.2461 4.209366 15.26814 5.798186 2
20050906 MCLEOD LAK 1 actual TRUE 17.1 TRUE 47 TRUE 216 TRUE 9.4 TRUE 0 0 86.72932 9.841705 321.0281 4.310471 18.28222 6.582981 2
20050907 MCLEOD LAK 1 actual TRUE 17.2 TRUE 56 TRUE 245 TRUE 11.5 TRUE 0 0 86.7776 11.27525 325.8281 4.824551 20.75495 7.842181 3
20050908 MCLEOD LAK 1 actual TRUE 15 TRUE 56 TRUE 258 TRUE 11.8 TRUE 5.07 0 62.57214 7.782727 317.3801 0.8573208 14.66634 0.6427367 2
20050909 MCLEOD LAK 1 actual TRUE 14.7 TRUE 57 TRUE 25 TRUE 14.1 TRUE 0 0 77.55499 8.992304 321.7301 1.848737 16.81001 2.430588 2
20050910 MCLEOD LAK 1 actual TRUE 15.2 TRUE 55 TRUE 6 TRUE 9.9 TRUE 0.51 0 82.95816 10.2982 326.1701 2.644976 19.0896 4.143783 2
20050911 MCLEOD LAK 1 actual TRUE 9.8 TRUE 87 TRUE 68 TRUE 3.4 TRUE 0 0 80.85007 10.55048 329.6381 1.479488 19.53763 2.000993 2
20050912 MCLEOD LAK 1 actual TRUE 14.6 TRUE 65 TRUE 113 TRUE 2.2 TRUE 2.53 0 63.25694 8.904146 333.9701 0.5463393 16.69547 0.4427858 1
20050913 MCLEOD LAK 1 actual TRUE 14.6 TRUE 91 TRUE 244 TRUE 15.6 TRUE 3.81 0 42.22642 5.717325 329.8081 0.1143896 10.95968 7.26E‐02 1
20050914 MCLEOD LAK 1 actual TRUE 14.9 TRUE 52 TRUE 191 TRUE 7 TRUE 1.77 0 61.02668 6.113364 334.1941 0.6195518 11.69203 0.4074245 1
20050915 MCLEOD LAK 1 actual TRUE 10.3 TRUE 70 TRUE 12 TRUE 6.1 TRUE 0 0 70.8353 6.722247 337.7521 0.874182 12.80724 0.6054699 2
20050916 MCLEOD LAK 1 actual TRUE 10.4 TRUE 78 TRUE 216 TRUE 9.3 TRUE 0 0 75.3868 7.172678 341.3281 1.251025 13.62934 0.8982875 2
20050917 MCLEOD LAK 1 actual TRUE 15.6 TRUE 48 TRUE 222 TRUE 13 TRUE 0 0 83.68435 8.718742 345.8401 3.397729 16.40363 4.890358 2
20050918 MCLEOD LAK 1 actual TRUE 12.3 TRUE 60 TRUE 203 TRUE 10.6 TRUE 0 0 84.18479 9.673016 349.7581 3.217911 18.09493 4.919438 2
20050919 MCLEOD LAK 1 actual TRUE 13.1 TRUE 60 TRUE 248 TRUE 15 TRUE 4.3 0 62.62999 6.779377 343.1149 1.010241 12.92053 0.7032646 2
20050920 MCLEOD LAK 1 actual TRUE 9.5 TRUE 61 TRUE 244 TRUE 9.5 TRUE 0.51 0 73.90524 7.515378 346.5289 1.169284 14.25772 0.8620901 2
20050921 MCLEOD LAK 1 actual TRUE 10 TRUE 68 TRUE 175 TRUE 7.4 TRUE 0 0 78.39532 8.147762 350.0329 1.415066 15.39939 1.390091 2
20050922 MCLEOD LAK 1 actual TRUE 11.5 TRUE 57 TRUE 163 TRUE 8.6 TRUE 0.25 0 82.26997 9.112361 353.8069 2.272385 17.12226 3.224298 2
20050923 MCLEOD LAK 1 actual TRUE 9.1 TRUE 64 TRUE 203 TRUE 11.1 TRUE 0.25 0 82.86173 9.766109 357.1489 2.775551 18.2824 4.240441 2
20050924 MCLEOD LAK 1 actual TRUE 7.5 TRUE 99 TRUE 203 TRUE 10.9 TRUE 0.5 0 75.99114 9.781421 360.2029 1.407069 18.31918 1.713133 2
20050925 MCLEOD LAK 1 actual TRUE 13.6 TRUE 56 TRUE 261 TRUE 11.7 TRUE 0 0 82.10442 10.93296 364.3549 2.603235 20.34009 4.252842 2
20050926 MCLEOD LAK 1 actual TRUE 8 TRUE 84 TRUE 307 TRUE 6 TRUE 8.64 0 34.11102 5.641 339.6094 1.34E‐02 10.83219 8.41E‐03 1
20050927 MCLEOD LAK 1 actual TRUE 3.1 TRUE 100 TRUE 192 TRUE 5.3 TRUE 0.75 0 32.19746 5.641 341.8714 8.05E‐03 10.83504 5.07E‐03 1
20050928 MCLEOD LAK 1 actual TRUE 5.7 TRUE 100 TRUE 204 TRUE 13.4 TRUE 4.81 0 12.21228 2.835759 332.199 8.24E‐06 5.553012 3.71E‐06 1
20050929 MCLEOD LAK 1 actual TRUE 9.6 TRUE 79 TRUE 191 TRUE 5.4 TRUE 0.75 0 29.43262 3.235806 335.631 3.87E‐03 6.319302 1.85E‐03 1
20050930 MCLEOD LAK 1 actual TRUE 7.8 TRUE 83 TRUE 160 TRUE 5.6 TRUE 0.25 0 42.215 3.505174 338.739 0.0689733 6.83357 3.42E‐02 1
20051001 MCLEOD LAK 1 actual TRUE 5.6 TRUE 89 TRUE 249 TRUE 5.1 TRUE 0.75 0 46.83022 3.616845 340.451 0.1395891 7.046539 7.03E‐02 1
20051002 MCLEOD LAK 1 actual TRUE 2.8 TRUE 100 TRUE 28 TRUE 2.9 TRUE 0 0 46.86532 3.616845 341.6591 0.1255673 7.047184 6.33E‐02 1
20051003 MCLEOD LAK 1 actual TRUE 8.9 TRUE 56 TRUE 86 TRUE 10.4 TRUE 0 0 66.48835 4.283533 343.9651 0.9419219 8.308396 0.5153323 2
20051004 MCLEOD LAK 1 actual TRUE 9.1 TRUE 60 TRUE 140 TRUE 8.4 TRUE 0 0 75.78033 4.901734 346.3071 1.22419 9.468421 0.7171531 2
20051005 MCLEOD LAK 1 actual TRUE 5.2 TRUE 100 TRUE 170 TRUE 10.3 TRUE 0.5 0 73.24392 4.901734 347.9471 1.181856 9.469947 0.6924126 2
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20051006 MCLEOD LAK 1 actual TRUE 7.3 TRUE 100 TRUE 197 TRUE 9.1 TRUE 8.63 0 18.28274 2.004896 323.1962 1.04E‐04 3.948557 4.07E‐05 1
20051007 MCLEOD LAK 1 actual TRUE 4.6 TRUE 100 TRUE 203 TRUE 9 TRUE 2.54 0 11.49206 0.8292249 324.7282 4.57E‐06 1.64793 1.34E‐06 1
20051008 MCLEOD LAK 1 actual TRUE 8.3 TRUE 86 TRUE 220 TRUE 6.2 TRUE 4.82 0 18.10342 0.1994003 315.0008 8.38E‐05 0.3981705 1.92E‐05 1
20051009 MCLEOD LAK 1 actual TRUE 6 TRUE 85 TRUE 171 TRUE 8.9 TRUE 0.25 0 31.8289 0.3607691 316.7848 8.78E‐03 0.7194898 2.18E‐03 1
20051010 MCLEOD LAK 1 actual TRUE 3.3 TRUE 100 TRUE 228 TRUE 5.2 TRUE 19.81 0 2.769924 0 257.0482 1.94E‐08 0 3.88E‐09 1
20051011 MCLEOD LAK 1 actual TRUE 7.7 TRUE 80 TRUE 197 TRUE 11.9 TRUE 0.76 0 22.34645 0.2666752 259.1382 5.68E‐04 0.5319818 1.35E‐04 1
20051012 MCLEOD LAK 1 actual TRUE 4.5 TRUE 96 TRUE 181 TRUE 17.6 TRUE 3.56 0 16.60563 3.39E‐02 254.3626 7.91E‐05 6.79E‐02 1.64E‐05 1
20051013 MCLEOD LAK 1 actual TRUE 8.2 TRUE 86 TRUE 181 TRUE 8.2 TRUE 0.5 0 30.55612 0.2312195 256.5426 6.06E‐03 0.4613994 1.42E‐03 1
20051014 MCLEOD LAK 1 actual TRUE 2.5 TRUE 100 TRUE 16 TRUE 9.9 TRUE 0.25 0 30.58586 0.2312195 257.6966 6.66E‐03 0.461404 1.55E‐03 1
20051015 MCLEOD LAK 1 actual TRUE 2.1 TRUE 100 TRUE 219 TRUE 7.3 TRUE 9.89 0 5.772228 0 233.5757 1.60E‐07 0 3.20E‐08 1
20051016 MCLEOD LAK 1 actual TRUE 0.7 TRUE 100 TRUE 195 TRUE 8.1 TRUE 5.07 0 1.884631 0 224.1673 1.19E‐08 0 2.38E‐09 1
20051017 MCLEOD LAK 1 actual TRUE 6.7 TRUE 98 TRUE 219 TRUE 13.7 TRUE 6.33 0 2.937192 2.36E‐02 212.5728 3.35E‐08 0.0472611 6.88E‐09 1
20051018 MCLEOD LAK 1 actual TRUE 7.9 TRUE 75 TRUE 184 TRUE 10.1 TRUE 0.5 0 25.44079 0.3645571 214.6988 1.48E‐03 0.7260323 3.67E‐04 1
20051019 MCLEOD LAK 1 actual TRUE 3.8 TRUE 93 TRUE 262 TRUE 7.7 TRUE 7.11 0 13.50273 5.20E‐02 200.7895 1.17E‐05 0.1038755 2.45E‐06 1
20051020 MCLEOD LAK 1 actual TRUE 4.2 TRUE 79 TRUE 164 TRUE 6.2 TRUE 0.25 0 28.61153 0.2206131 202.2495 3.19E‐03 0.4400263 7.40E‐04 1
20051021 MCLEOD LAK 1 actual TRUE 2.2 TRUE 90 TRUE 98 TRUE 5.7 TRUE 0.25 0 35.65686 0.2706147 203.3495 1.88E‐02 0.5394348 4.47E‐03 1
20051022 MCLEOD LAK 1 actual TRUE 9 TRUE 84 TRUE 214 TRUE 6.5 TRUE 0 0 47.83036 0.515471 205.6735 0.1721584 1.024523 4.54E‐02 1
20051023 MCLEOD LAK 1 actual TRUE 7.5 TRUE 95 TRUE 163 TRUE 11.7 TRUE 2.03 0 38.09135 0.0651536 207.7275 4.29E‐02 0.1302051 9.10E‐03 1
20051024 MCLEOD LAK 1 actual TRUE 8 TRUE 71 TRUE 178 TRUE 15.3 TRUE 0.25 0 57.97697 0.4650149 209.8715 0.7708734 0.9249064 0.1994781 1
20051025 MCLEOD LAK 1 actual TRUE 12.6 TRUE 63 TRUE 175 TRUE 7.7 TRUE 0 0 72.01724 1.23307 212.8435 0.987534 2.430932 0.3243352 1
20051026 MCLEOD LAK 1 actual TRUE 7.3 TRUE 48 TRUE 223 TRUE 13.3 TRUE 0 0 80.19112 1.894909 214.8615 2.267765 3.708063 0.8633912 2
20051027 MCLEOD LAK 1 actual TRUE 7.2 TRUE 49 TRUE 157 TRUE 12 TRUE 0 0 83.38504 2.536293 216.8615 3.106562 4.928484 2.016809 2
20051028 MCLEOD LAK 1 actual TRUE 0.1 TRUE 85 TRUE 4 TRUE 11.5 TRUE 0 0 80.78593 2.563567 217.5835 2.209349 4.980435 0.9487761 2
20051029 MCLEOD LAK 1 actual TRUE 6.3 TRUE 53 TRUE 236 TRUE 14.8 TRUE 0 0 83.11825 3.090554 219.4215 3.455915 5.970858 2.665257 2
20051030 MCLEOD LAK 1 actual TRUE 0.3 TRUE 93 TRUE 204 TRUE 4.3 TRUE 0 0 79.1425 3.105402 220.1795 1.296375 5.999271 0.6050442 2
20051031 MCLEOD LAK 1 actual TRUE 3.6 TRUE 100 TRUE 210 TRUE 8.8 TRUE 0 0 74.45186 3.105402 221.5315 1.159286 6.000519 0.5411144 2
20060412 MCLEOD LAK 1 actual TRUE 4 TRUE 65 TRUE 230 TRUE 12.3 TRUE 7.11
20060413 MCLEOD LAK 1 actual TRUE 0.1 TRUE 100 TRUE 172 TRUE 12.3 TRUE 1.02
20060414 MCLEOD LAK 1 actual TRUE 2 TRUE 81 TRUE 229 TRUE 10.3 TRUE 9.9
20060415 MCLEOD LAK 1 actual TRUE 2.2 TRUE 69 TRUE 217 TRUE 4.8 TRUE 2.54
20060416 MCLEOD LAK 1 actual TRUE 5.6 TRUE 58 TRUE 173 TRUE 12.9 TRUE 0
20060417 MCLEOD LAK 1 actual TRUE 8.3 TRUE 34 TRUE 226 TRUE 14.5 TRUE 1.01
20060418 MCLEOD LAK 1 actual TRUE 6 TRUE 48 TRUE 156 TRUE 15.3 TRUE 0
20060419 MCLEOD LAK 1 actual TRUE 9.2 TRUE 43 TRUE 177 TRUE 16.7 TRUE 0
20060420 MCLEOD LAK 1 actual TRUE 4.9 TRUE 75 TRUE 34 TRUE 5.4 TRUE 3.8
20060421 MCLEOD LAK 1 actual TRUE 4.8 TRUE 75 TRUE 263 TRUE 13.9 TRUE 1.27
20060422 MCLEOD LAK 1 actual TRUE 6.3 TRUE 68 TRUE 143 TRUE 7.8 TRUE 0
20060423 MCLEOD LAK 5 startup TRUE 11.9 TRUE 36 TRUE 141 TRUE 8.9 TRUE 0 70 3 50
20060424 MCLEOD LAK 1 actual TRUE 17.2 TRUE 25 TRUE 160 TRUE 10.2 TRUE 0 75 86.39375 6.327379 54.05 4.279551 9.78968 4.57039 2
20060425 MCLEOD LAK 1 actual TRUE 15.8 TRUE 25 TRUE 253 TRUE 14.2 TRUE 0 75 90.40242 9.400205 57.848 9.288441 13.36922 10.91049 2
20060426 MCLEOD LAK 1 actual TRUE 4 TRUE 93 TRUE 203 TRUE 9.5 TRUE 0 75 81.29837 9.486753 59.522 2.117179 13.56747 2.456916 2
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20060427 MCLEOD LAK 1 actual TRUE 10.7 TRUE 47 TRUE 195 TRUE 12.7 TRUE 0.76 75 82.58854 11.00292 62.402 2.906649 15.27327 3.956347 2
20060428 MCLEOD LAK 1 actual TRUE 10.6 TRUE 70 TRUE 163 TRUE 10.5 TRUE 3.8 75 57.24805 7.884935 60.95253 0.5727031 11.91614 0.3806728 1
20060429 MCLEOD LAK 1 actual TRUE 8.2 TRUE 34 TRUE 227 TRUE 5.6 TRUE 1.78 75 65.44151 8.268943 63.38253 0.7115414 12.47058 0.4853499 1
20060430 MCLEOD LAK 1 actual TRUE 9.3 TRUE 32 TRUE 231 TRUE 9.7 TRUE 0 75 80.12057 9.983422 66.01053 1.877507 14.48868 2.1828 2
20060501 MCLEOD LAK 1 actual TRUE 5.7 TRUE 54 TRUE 349 TRUE 7.3 TRUE 0 75 82.39841 10.80692 69.44053 2.162349 15.55992 2.818363 2
20060502 MCLEOD LAK 1 actual TRUE 10.2 TRUE 29 TRUE 235 TRUE 7.1 TRUE 0 75 87.17741 12.9191 73.68053 4.091361 17.9638 6.203702 2
20060503 MCLEOD LAK 1 actual TRUE 13.4 TRUE 24 TRUE 210 TRUE 8.8 TRUE 0 75 90.20381 15.82029 78.49653 6.877478 21.03968 10.69621 3
20060504 MCLEOD LAK 1 actual TRUE 17.2 TRUE 28 TRUE 211 TRUE 11.3 TRUE 0 75 90.91171 19.28909 83.99653 8.631016 24.50803 13.87621 3
20060505 MCLEOD LAK 1 actual TRUE 16.5 TRUE 29 TRUE 239 TRUE 17.1 TRUE 0 75 90.96137 22.57886 89.37053 11.64297 27.67682 18.48422 3
20060506 MCLEOD LAK 1 actual TRUE 7.6 TRUE 59 TRUE 220 TRUE 12.4 TRUE 0 75 87.37838 23.51793 93.14253 5.499259 28.83451 10.539 3
20060507 MCLEOD LAK 1 actual TRUE 10.8 TRUE 43 TRUE 265 TRUE 10.7 TRUE 2.29 75 73.64945 21.70409 97.49053 1.227621 27.88708 2.142608 2
20060508 MCLEOD LAK 1 actual TRUE 6.6 TRUE 43 TRUE 301 TRUE 13.4 TRUE 0 75 81.38865 22.85956 101.0825 2.604085 29.20662 5.425002 2
20060509 MCLEOD LAK 1 actual TRUE 9.5 TRUE 33 TRUE 244 TRUE 8.8 TRUE 0 75 86.182 24.72927 105.1965 3.8707 31.15122 8.167602 3
20060510 MCLEOD LAK 1 actual TRUE 10.7 TRUE 48 TRUE 264 TRUE 9.1 TRUE 0 75 86.23009 26.34468 109.5265 3.956374 32.90347 8.599566 3
20060511 MCLEOD LAK 1 actual TRUE 7.8 TRUE 84 TRUE 214 TRUE 7.7 TRUE 2.8 75 56.31193 21.2701 113.3345 0.4611975 28.9549 0.5317754 2
20060512 MCLEOD LAK 1 actual TRUE 8.3 TRUE 48 TRUE 280 TRUE 9.5 TRUE 5.58 75 49.59784 14.09363 108.5433 0.252023 21.27969 0.2376187 2
20060513 MCLEOD LAK 1 actual TRUE 10.6 TRUE 28 TRUE 256 TRUE 9.7 TRUE 0 75 74.54107 16.31138 112.8553 1.218619 23.96382 1.798384 2
20060514 MCLEOD LAK 1 actual TRUE 11.9 TRUE 40 TRUE 193 TRUE 7.3 TRUE 0 75 83.04875 18.36486 117.4013 2.347234 26.40393 4.557964 2
20060515 MCLEOD LAK 1 actual TRUE 18.2 TRUE 22 TRUE 8 TRUE 9.6 TRUE 0 75 90.54366 22.32807 123.0813 7.516994 30.72269 14.00345 3
20060516 MCLEOD LAK 1 actual TRUE 24.2 TRUE 28 TRUE 149 TRUE 10.9 TRUE 0 75 92.02684 27.12372 129.8413 9.910089 35.63641 18.61677 3
20060517 MCLEOD LAK 1 actual TRUE 17.5 TRUE 29 TRUE 262 TRUE 6.6 TRUE 0 75 92.07687 30.60041 135.3953 8.036122 39.10546 16.71321 3
20060518 MCLEOD LAK 1 actual TRUE 20.8 TRUE 29 TRUE 202 TRUE 7.9 TRUE 0 75 92.12691 34.69394 141.5433 8.641043 43.02378 18.53278 4
20060519 MCLEOD LAK 1 actual TRUE 18.4 TRUE 43 TRUE 183 TRUE 8.1 TRUE 0 75 90.56728 37.62014 147.2593 6.993319 45.91541 16.38423 3
20060520 MCLEOD LAK 1 actual TRUE 13.8 TRUE 65 TRUE 265 TRUE 7.8 TRUE 0 75 86.89208 38.99307 152.1473 4.069564 47.53187 10.92475 3
20060521 MCLEOD LAK 1 actual TRUE 12.7 TRUE 36 TRUE 217 TRUE 15.7 TRUE 0.25 75 88.24907 41.31823 156.8373 7.356129 49.82254 17.76695 4
20060522 MCLEOD LAK 1 actual TRUE 17.7 TRUE 55 TRUE 43 TRUE 9.8 TRUE 1.02 75 83.0668 43.54546 162.4273 2.66853 52.14307 8.073984 3
20060523 MCLEOD LAK 1 actual TRUE 13.5 TRUE 92 TRUE 12 TRUE 8.2 TRUE 25.14 75 22.69675 16.88746 113.1889 5.33E‐04 24.59949 5.52E‐04 2
20060524 MCLEOD LAK 1 actual TRUE 15.2 TRUE 49 TRUE 251 TRUE 6.8 TRUE 0.5 75 57.00062 19.07599 118.3289 0.4661334 27.19258 0.5154625 2
20060525 MCLEOD LAK 1 actual TRUE 9.8 TRUE 90 TRUE 11 TRUE 6 TRUE 7.11 75 26.65533 10.75174 110.4259 1.76E‐03 17.29388 1.46E‐03 1
20060526 MCLEOD LAK 1 actual TRUE 15.3 TRUE 46 TRUE 57 TRUE 14.7 TRUE 1.52 75 61.43684 12.58605 115.5839 0.9346266 19.78585 0.8415064 2
20060527 MCLEOD LAK 1 actual TRUE 17.6 TRUE 34 TRUE 58 TRUE 7.6 TRUE 0 75 81.6795 15.83528 121.1559 2.011777 23.87071 3.577657 2
20060528 MCLEOD LAK 1 actual TRUE 15 TRUE 46 TRUE 246 TRUE 11.5 TRUE 0 75 85.65874 18.12412 126.2599 4.12113 26.67537 7.877291 3
20060529 MCLEOD LAK 1 actual TRUE 12.7 TRUE 80 TRUE 95 TRUE 3.4 TRUE 2.28 75 62.20374 15.83139 130.9499 0.5510388 24.31406 0.5661557 2
20060530 MCLEOD LAK 1 actual TRUE 18.2 TRUE 34 TRUE 229 TRUE 13.7 TRUE 0.25 75 83.40282 19.18487 136.6299 3.392256 28.40021 6.858875 2
20060531 MCLEOD LAK 1 actual TRUE 21.4 TRUE 34 TRUE 184 TRUE 10.3 TRUE 0 75 89.20119 23.09437 142.8859 6.424287 32.89632 12.83921 3
20060601 MCLEOD LAK 1 actual TRUE 18.2 TRUE 54 TRUE 146 TRUE 12.2 TRUE 0 75 88.2573 25.43165 149.5659 6.174015 35.69126 13.00268 3
20060602 MCLEOD LAK 1 actual TRUE 18.3 TRUE 49 TRUE 230 TRUE 12.4 TRUE 4.57 75 69.38209 19.31397 149.1095 1.145766 29.17911 2.016536 2
20060603 MCLEOD LAK 1 actual TRUE 12.2 TRUE 82 TRUE 260 TRUE 11.5 TRUE 1.52 75 64.25403 19.31632 154.7095 0.9128336 29.44251 1.301168 2
20060604 MCLEOD LAK 1 actual TRUE 15.3 TRUE 44 TRUE 232 TRUE 13.6 TRUE 0.76 75 79.2978 21.73416 160.8676 2.10259 32.49324 4.697679 2
20060605 MCLEOD LAK 1 actual TRUE 7.4 TRUE 93 TRUE 293 TRUE 8.5 TRUE 3.81 75 41.58841 15.29949 160.0729 7.15E‐02 24.6976 7.42E‐02 2
20060606 MCLEOD LAK 1 actual TRUE 14.5 TRUE 49 TRUE 235 TRUE 8.4 TRUE 0 75 68.31134 17.39404 166.0869 0.9052708 27.56973 1.085049 2
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20060607 MCLEOD LAK 1 actual TRUE 20.4 TRUE 22 TRUE 185 TRUE 5.2 TRUE 0 75 86.97845 21.80901 173.1629 3.613959 33.17306 7.982528 3
20060608 MCLEOD LAK 1 actual TRUE 22.5 TRUE 33 TRUE 41 TRUE 13.4 TRUE 0 75 90.32847 25.97177 180.6169 8.827598 38.20819 17.71132 3
20060609 MCLEOD LAK 5 startup TRUE 21.8 TRUE 36 TRUE 69 TRUE 7.3 TRUE 0 90.4 30 250
20060610 MCLEOD LAK 1 actual TRUE 24.9 TRUE 25 TRUE 27 TRUE 5.5 TRUE 0 75 92.60503 35.13369 257.886 8.190465 52.41513 19.74125 4
20060611 MCLEOD LAK 1 actual TRUE 21.9 TRUE 35 TRUE 33 TRUE 16.3 TRUE 0 75 92.10221 39.06951 265.232 13.14853 57.1084 28.74845 4
20060612 MCLEOD LAK 1 actual TRUE 21.2 TRUE 41 TRUE 165 TRUE 6.9 TRUE 0 75 91.12122 42.5333 272.452 7.124182 61.18656 19.34436 4
20060613 MCLEOD LAK 1 actual TRUE 25.7 TRUE 35 TRUE 186 TRUE 7.5 TRUE 0 75 91.17094 47.1194 280.482 7.395027 66.366 20.74477 4
20060614 MCLEOD LAK 1 actual TRUE 19 TRUE 72 TRUE 222 TRUE 9.1 TRUE 0 50 86.18306 48.60106 287.306 3.930246 68.31252 13.10633 3
20060615 MCLEOD LAK 1 actual TRUE 18.2 TRUE 50 TRUE 256 TRUE 9.8 TRUE 0 50 86.86734 51.14157 293.986 4.485278 71.28252 14.8793 4
20060616 MCLEOD LAK 1 actual TRUE 19.4 TRUE 43 TRUE 149 TRUE 12.6 TRUE 0 50 88.18377 54.21784 300.882 6.233637 74.75792 19.52885 4
20060617 MCLEOD LAK 1 actual TRUE 16.5 TRUE 46 TRUE 238 TRUE 11.3 TRUE 0 50 88.23253 56.71992 307.256 5.879346 77.61858 19.09518 4
20060618 MCLEOD LAK 1 actual TRUE 18.7 TRUE 39 TRUE 248 TRUE 11.6 TRUE 0 50 88.96019 59.89964 314.026 6.625961 81.1171 21.30722 4
20060619 MCLEOD LAK 1 actual TRUE 16.8 TRUE 57 TRUE 216 TRUE 8.2 TRUE 0 50 87.70448 61.926 320.454 4.662652 83.50822 16.7372 4
20060620 MCLEOD LAK 1 actual TRUE 18.6 TRUE 42 TRUE 228 TRUE 14.2 TRUE 0.25 50 88.40417 64.93408 327.206 6.974064 86.80299 22.90771 4
20060621 MCLEOD LAK 1 actual TRUE 15.1 TRUE 48 TRUE 213 TRUE 13.7 TRUE 0 50 88.453 67.15183 333.328 6.848366 89.31863 22.9547 4
20060622 MCLEOD LAK 1 actual TRUE 17.6 TRUE 38 TRUE 238 TRUE 9.2 TRUE 0 50 88.99518 70.20414 339.9 5.900765 92.59568 21.03457 4
20060623 MCLEOD LAK 1 actual TRUE 18.9 TRUE 33 TRUE 221 TRUE 11.1 TRUE 0 50 90.07378 73.7319 346.706 7.580144 96.27711 25.60279 4
20060624 MCLEOD LAK 1 actual TRUE 20.9 TRUE 37 TRUE 287 TRUE 9.3 TRUE 0 50 90.12316 77.38077 353.872 6.971991 100.061 24.61627 4
20060625 MCLEOD LAK 1 actual TRUE 26.4 TRUE 36 TRUE 209 TRUE 5.7 TRUE 0 50 90.87828 82.01425 362.028 6.477997 104.72 23.89945 4
20060626 MCLEOD LAK 1 actual TRUE 27.8 TRUE 27 TRUE 195 TRUE 9.5 TRUE 0 50 92.8407 87.56837 370.436 10.35668 110.0809 33.67058 5
20060627 MCLEOD LAK 1 actual TRUE 21.4 TRUE 34 TRUE 203 TRUE 9.9 TRUE 0 50 92.28471 91.47787 377.692 9.772535 113.9552 32.87567 5
20060628 MCLEOD LAK 1 actual TRUE 17.3 TRUE 33 TRUE 252 TRUE 13.3 TRUE 0 50 91.78838 94.72342 384.21 10.81296 117.2064 35.56279 5
20060629 MCLEOD LAK 1 actual TRUE 18.8 TRUE 35 TRUE 223 TRUE 14.1 TRUE 0 50 91.52914 98.12876 390.998 10.85141 120.5939 36.05008 5
20060630 MCLEOD LAK 1 actual TRUE 23.8 TRUE 24 TRUE 206 TRUE 12.5 TRUE 0 50 92.87013 103.1108 398.686 12.09667 125.2434 39.25596 5
20060701 MCLEOD LAK 1 actual TRUE 27.6 TRUE 21 TRUE 288 TRUE 9.9 TRUE 0 50 94.22402 108.4357 407.358 12.81296 130.2154 41.31013 5
20060702 MCLEOD LAK 1 actual TRUE 30.6 TRUE 18 TRUE 202 TRUE 4.9 TRUE 0 50 95.42677 114.5405 416.57 11.74704 135.7596 39.60596 5
20060703 MCLEOD LAK 1 actual TRUE 28.6 TRUE 30 TRUE 91 TRUE 4.6 TRUE 0 50 94.4561 119.4232 425.422 10.12926 140.3499 36.34159 5
20060704 MCLEOD LAK 1 actual TRUE 28.5 TRUE 40 TRUE 169 TRUE 4.3 TRUE 0.51 50 92.62063 123.5942 434.256 7.726811 144.4256 30.62332 5
20060705 MCLEOD LAK 1 actual TRUE 26.6 TRUE 35 TRUE 79 TRUE 9.9 TRUE 0 50 92.67085 127.8228 442.748 10.31851 148.4794 37.401 5
20060706 MCLEOD LAK 1 actual TRUE 17 TRUE 88 TRUE 306 TRUE 1.9 TRUE 3.81 50 49.36681 81.25115 438.4001 0.1669423 111.049 0.4991122 2
20060707 MCLEOD LAK 1 actual TRUE 16.6 TRUE 45 TRUE 219 TRUE 19.5 TRUE 4.06 50 65.43871 58.51789 432.9114 1.433318 87.47512 6.4696 3
20060708 MCLEOD LAK 1 actual TRUE 20.2 TRUE 52 TRUE 141 TRUE 7.4 TRUE 0 50 80.61607 60.91906 440.2514 1.763539 90.52315 7.994435 4
20060709 MCLEOD LAK 1 actual TRUE 19.9 TRUE 43 TRUE 239 TRUE 6.1 TRUE 0 50 86.5029 63.73029 447.5374 3.534883 93.9971 14.48874 4
20060710 MCLEOD LAK 1 actual TRUE 10.2 TRUE 100 TRUE 55 TRUE 11.3 TRUE 9.4 50 20.38161 33.18882 415.5328 2.67E‐04 55.32963 4.83E‐04 2
20060711 MCLEOD LAK 1 actual TRUE 14.9 TRUE 63 TRUE 209 TRUE 8.8 TRUE 2.03 50 47.00842 31.03387 421.9188 0.1725051 52.42716 0.3002658 2
20060712 MCLEOD LAK 1 actual TRUE 14.5 TRUE 87 TRUE 174 TRUE 6.8 TRUE 6.07 50 30.82609 18.79176 407.4819 6.07E‐03 33.69837 7.76E‐03 2
20060713 MCLEOD LAK 1 actual TRUE 15.1 TRUE 56 TRUE 231 TRUE 11.8 TRUE 6.85 50 47.64652 12.10401 390.5273 0.2192903 22.46715 0.2140724 2
20060714 MCLEOD LAK 1 actual TRUE 16.7 TRUE 65 TRUE 172 TRUE 9.6 TRUE 1.02 50 66.00295 13.56716 397.2373 0.8890067 24.99973 0.9301326 2
20060715 MCLEOD LAK 1 actual TRUE 14.4 TRUE 57 TRUE 247 TRUE 13.3 TRUE 4.82 50 58.82013 9.777788 389.2796 0.7402449 18.40015 0.6369155 2
20060716 MCLEOD LAK 1 actual TRUE 19.9 TRUE 41 TRUE 212 TRUE 8.2 TRUE 0 50 80.72821 12.68765 396.5656 1.858932 23.49599 3.219357 2
20060717 MCLEOD LAK 1 actual TRUE 11.6 TRUE 99 TRUE 210 TRUE 7.4 TRUE 1.26 50 65.55887 12.71748 402.3576 0.7826067 23.57231 0.7880474 2
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20060718 MCLEOD LAK 1 actual TRUE 17.2 TRUE 58 TRUE 243 TRUE 4.1 TRUE 0.76 50 75.45274 14.52258 409.1576 0.9663833 26.67791 1.270116 2
20060719 MCLEOD LAK 1 actual TRUE 23.1 TRUE 39 TRUE 182 TRUE 7.7 TRUE 0 50 86.89144 17.98953 417.0196 4.048741 32.47659 8.70606 3
20060720 MCLEOD LAK 1 actual TRUE 21.5 TRUE 52 TRUE 198 TRUE 6.8 TRUE 0 50 87.20267 20.53725 424.5936 4.04451 36.64346 9.33694 3
20060721 MCLEOD LAK 1 actual TRUE 29.3 TRUE 37 TRUE 184 TRUE 8.5 TRUE 0 50 90.82627 25.03521 433.5716 7.404477 43.75429 16.67142 4
20060722 MCLEOD LAK 1 actual TRUE 31.6 TRUE 30 TRUE 272 TRUE 8.8 TRUE 0 50 92.90942 30.41106 442.9636 10.09457 51.91222 22.81935 4
20060723 MCLEOD LAK 1 actual TRUE 29.6 TRUE 32 TRUE 264 TRUE 12.2 TRUE 0 50 92.95974 35.31392 451.9956 12.06581 59.08686 27.56908 4
20060724 MCLEOD LAK 1 actual TRUE 26.1 TRUE 34 TRUE 236 TRUE 11.5 TRUE 0 50 92.88453 39.53005 460.3976 11.52547 65.08871 28.03493 4
20060725 MCLEOD LAK 1 actual TRUE 21.8 TRUE 48 TRUE 214 TRUE 13.1 TRUE 0 50 90.25391 42.32672 468.0256 8.602898 69.0433 23.58364 4
20060726 MCLEOD LAK 1 actual TRUE 17.3 TRUE 71 TRUE 229 TRUE 13 TRUE 0.5 50 85.94084 43.57991 474.8436 4.623627 70.89371 15.18254 4
20060727 MCLEOD LAK 1 actual TRUE 19.9 TRUE 42 TRUE 226 TRUE 9 TRUE 0 50 88.14724 46.44046 482.1296 5.172306 74.85513 17.03094 4
20060728 MCLEOD LAK 1 actual TRUE 21.9 TRUE 34 TRUE 56 TRUE 8.8 TRUE 0 50 90.18214 50.00557 489.7756 6.856171 79.67445 21.63804 4
20060729 MCLEOD LAK 1 actual TRUE 11.6 TRUE 100 TRUE 19 TRUE 8.4 TRUE 15 50 16.17858 22.51455 426.9317 4.13E‐05 39.784 5.92E‐05 2
20060730 MCLEOD LAK 1 actual TRUE 12.9 TRUE 83 TRUE 188 TRUE 4.3 TRUE 27.7 50 17.1164 9.079498 324.7006 5.04E‐05 16.97251 4.13E‐05 1
20060731 MCLEOD LAK 1 actual TRUE 16.2 TRUE 57 TRUE 274 TRUE 11.4 TRUE 0.25 50 54.60071 10.82659 331.3206 0.4777705 20.01787 0.4333394 2
20060801 MCLEOD LAK 1 actual TRUE 15.4 TRUE 68 TRUE 197 TRUE 9 TRUE 0.25 50 70.72873 11.91663 337.0966 1.008155 21.89798 0.9680891 2
20060802 MCLEOD LAK 1 actual TRUE 15.6 TRUE 48 TRUE 231 TRUE 13.3 TRUE 0 50 82.25616 13.7094 342.9086 2.874744 24.92734 5.392957 2
20060803 MCLEOD LAK 1 actual TRUE 15.1 TRUE 47 TRUE 222 TRUE 7.6 TRUE 0 50 85.56274 15.48195 348.6306 3.34085 27.8698 6.68449 2
20060804 MCLEOD LAK 1 actual TRUE 14.1 TRUE 59 TRUE 289 TRUE 11.6 TRUE 0.76 50 83.01409 16.76852 354.1726 2.902215 29.98759 6.13152 2
20060805 MCLEOD LAK 1 actual TRUE 15.5 TRUE 72 TRUE 192 TRUE 8.9 TRUE 0.25 50 83.06114 17.72808 359.9666 2.548361 31.56926 5.591715 2
20060806 MCLEOD LAK 1 actual TRUE 18.9 TRUE 45 TRUE 240 TRUE 11.2 TRUE 1.78 50 79.82599 18.45091 366.3726 1.963936 32.77531 4.399634 2
20060807 MCLEOD LAK 1 actual TRUE 17.9 TRUE 62 TRUE 358 TRUE 2.9 TRUE 0 50 82.88035 19.94145 372.5986 1.840464 35.17631 4.32214 2
20060808 MCLEOD LAK 1 actual TRUE 18.2 TRUE 59 TRUE 223 TRUE 9 TRUE 1.01 50 81.05605 21.57505 378.8786 2.007932 37.77273 4.982133 2
20060809 MCLEOD LAK 1 actual TRUE 17 TRUE 53 TRUE 225 TRUE 11.9 TRUE 0.76 50 83.17316 23.33129 384.9426 3.007252 40.52244 7.663711 3
20060810 MCLEOD LAK 1 actual TRUE 16.7 TRUE 55 TRUE 145 TRUE 6 TRUE 0 50 85.04588 24.98492 390.9526 2.869201 43.08601 7.635896 3
20060811 MCLEOD LAK 1 actual TRUE 18 TRUE 46 TRUE 197 TRUE 6.7 TRUE 0 50 87.00002 27.11421 397.1966 3.909689 46.32295 10.41212 3
20060812 MCLEOD LAK 1 actual TRUE 20 TRUE 47 TRUE 251 TRUE 12.3 TRUE 0.51 80 87.67133 29.42289 403.8006 5.705564 49.7781 14.66004 3
20060813 MCLEOD LAK 1 actual TRUE 17.9 TRUE 53 TRUE 241 TRUE 12.1 TRUE 0 80 87.71992 31.26646 410.0266 5.687757 52.52056 15.06109 3
20060814 MCLEOD LAK 1 actual TRUE 20.4 TRUE 41 TRUE 245 TRUE 10.8 TRUE 0 80 88.79251 33.88522 416.7026 6.212794 56.32078 16.72583 4
20060815 MCLEOD LAK 1 actual TRUE 18.6 TRUE 50 TRUE 202 TRUE 10 TRUE 6.85 80 64.09322 21.04006 399.1489 0.840534 37.18046 1.555004 2
20060816 MCLEOD LAK 1 actual TRUE 22.2 TRUE 38 TRUE 227 TRUE 10.5 TRUE 0 80 84.46796 24.02238 406.1489 3.326328 41.85569 8.545004 3
20060817 MCLEOD LAK 1 actual TRUE 23.2 TRUE 41 TRUE 170 TRUE 8.6 TRUE 0 80 88.55678 26.9822 413.3289 5.375837 46.39303 13.46558 3
20060818 MCLEOD LAK 1 actual TRUE 19.7 TRUE 43 TRUE 248 TRUE 13.6 TRUE 0 80 88.60566 29.42982 419.8788 6.964881 50.0836 17.1069 4
20060819 MCLEOD LAK 1 actual TRUE 18 TRUE 43 TRUE 294 TRUE 5.5 TRUE 0 80 88.65456 31.6774 426.1228 4.663379 53.4258 13.03262 3
20060820 MCLEOD LAK 1 actual TRUE 22.8 TRUE 29 TRUE 232 TRUE 6.9 TRUE 0 80 91.24309 35.18058 433.2308 7.248819 58.48746 19.129 4
20060821 MCLEOD LAK 1 actual TRUE 26.2 TRUE 31 TRUE 190 TRUE 8.6 TRUE 0 80 91.88461 39.06941 440.9508 8.6498 63.96921 22.76037 4
20060822 MCLEOD LAK 1 actual TRUE 18.5 TRUE 39 TRUE 212 TRUE 9.1 TRUE 0 80 91.02011 41.53768 447.2849 7.845601 67.42223 21.82258 4
20060823 MCLEOD LAK 1 actual TRUE 19.1 TRUE 38 TRUE 237 TRUE 7 TRUE 0 80 90.95484 44.12321 453.7268 6.992465 70.98811 20.64558 4
20060824 MCLEOD LAK 1 actual TRUE 16.1 TRUE 56 TRUE 155 TRUE 4.4 TRUE 0 80 88.46857 45.68559 459.6288 4.295718 73.18525 14.60958 4
20060825 MCLEOD LAK 1 actual TRUE 22.6 TRUE 36 TRUE 199 TRUE 12.8 TRUE 0 80 90.07237 48.81696 466.7008 8.25644 77.39509 24.30514 4
20060826 MCLEOD LAK 1 actual TRUE 21.5 TRUE 35 TRUE 229 TRUE 11.5 TRUE 0 80 90.33799 51.84966 473.5748 8.03256 81.4149 24.46462 4
20060827 MCLEOD LAK 1 actual TRUE 24 TRUE 31 TRUE 189 TRUE 10.2 TRUE 0 80 91.42098 55.42509 480.8988 8.779465 86.05494 26.77983 4
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20060828 MCLEOD LAK 1 actual TRUE 18.4 TRUE 46 TRUE 129 TRUE 3 TRUE 0 90 90.0994 57.59897 487.2148 5.058361 88.91802 18.40626 4
20060829 MCLEOD LAK 1 actual TRUE 15 TRUE 47 TRUE 273 TRUE 7.1 TRUE 0.51 90 89.04417 59.36058 492.9189 5.345724 91.24909 19.43399 4
20060830 MCLEOD LAK 1 actual TRUE 13.2 TRUE 51 TRUE 233 TRUE 6.1 TRUE 0 90 88.15849 60.80714 498.2989 4.47632 93.18577 17.24515 4
20060831 MCLEOD LAK 1 actual TRUE 13.6 TRUE 50 TRUE 255 TRUE 12.7 TRUE 0.25 90 87.97105 62.32452 503.7509 6.07698 95.20264 21.79236 4
20060901 MCLEOD LAK 1 actual TRUE 20 TRUE 38 TRUE 174 TRUE 14.5 TRUE 0 90 89.26827 64.65359 509.0548 8.015301 98.14454 26.86158 4
20060902 MCLEOD LAK 1 actual TRUE 24.7 TRUE 30 TRUE 168 TRUE 7.5 TRUE 0 90 91.51111 67.86892 515.2048 7.761393 102.11 26.77725 4
20060903 MCLEOD LAK 1 actual TRUE 24.1 TRUE 35 TRUE 165 TRUE 7.7 TRUE 0 90 91.56097 70.78515 521.2468 7.895687 105.689 27.53491 4
20060904 MCLEOD LAK 1 actual TRUE 27.4 TRUE 27 TRUE 160 TRUE 6.7 TRUE 0 90 92.8322 74.48919 527.8828 8.983121 110.1281 30.61974 5
20060905 MCLEOD LAK 1 actual TRUE 25.3 TRUE 29 TRUE 221 TRUE 15.4 TRUE 0 90 92.88249 77.82629 534.1408 14.02434 114.0931 41.66267 5
20060906 MCLEOD LAK 1 actual TRUE 24.3 TRUE 22 TRUE 187 TRUE 6.7 TRUE 0 90 93.50191 81.35355 540.2188 9.864984 118.2048 33.58376 5
20060907 MCLEOD LAK 1 actual TRUE 23.3 TRUE 26 TRUE 169 TRUE 4.4 TRUE 0 90 93.55243 84.56816 546.1168 8.847461 121.9322 31.61802 5
20060908 MCLEOD LAK 1 actual TRUE 23.6 TRUE 32 TRUE 201 TRUE 10.6 TRUE 0 90 93.01372 87.55846 552.0688 11.21568 125.3969 37.38721 5
20060909 MCLEOD LAK 1 actual TRUE 19.6 TRUE 39 TRUE 247 TRUE 11.2 TRUE 0 90 91.42172 89.80652 557.3008 9.234173 128.0331 33.14104 5
20060910 MCLEOD LAK 1 actual TRUE 11.1 TRUE 95 TRUE 172 TRUE 7.8 TRUE 3.3 90 48.38763 65.86889 549.5215 0.1980677 101.3629 0.5570588 3
20060911 MCLEOD LAK 1 actual TRUE 18 TRUE 44 TRUE 238 TRUE 10.1 TRUE 0 90 75.74821 67.77316 554.4655 1.331037 103.8209 6.767593 3
20060912 MCLEOD LAK 1 actual TRUE 16 TRUE 44 TRUE 308 TRUE 9 TRUE 1.02 90 80.78597 69.47803 559.0495 1.947853 106.0169 9.590968 4
20060913 MCLEOD LAK 1 actual TRUE 13.7 TRUE 44 TRUE 11 TRUE 6.7 TRUE 0 90 85.15402 70.9536 563.2195 3.016839 107.9186 13.80195 4
20060914 MCLEOD LAK 1 actual TRUE 5.5 TRUE 51 TRUE 43 TRUE 22.3 TRUE 4.57 90 60.25921 48.23606 546.1082 1.279671 79.02257 5.395634 3
20060915 MCLEOD LAK 1 actual TRUE 5.5 TRUE 58 TRUE 58 TRUE 20.3 TRUE 0 90 73.40364 48.72957 548.8021 1.969722 79.755 8.117014 4
20060916 MCLEOD LAK 1 actual TRUE 12 TRUE 44 TRUE 124 TRUE 6.6 TRUE 0 90 81.93938 50.03564 552.6661 1.973371 81.60175 8.247834 4
20060917 MCLEOD LAK 1 actual TRUE 14.9 TRUE 40 TRUE 150 TRUE 8.8 TRUE 0 90 86.45055 51.74479 557.0521 4.020194 83.98588 15.00813 4
20060918 MCLEOD LAK 1 actual TRUE 9.5 TRUE 99 TRUE 29 TRUE 5.5 TRUE 3.54 90 40.753 38.62962 547.4609 5.28E‐02 65.67409 0.1081124 2
20060919 MCLEOD LAK 1 actual TRUE 9.3 TRUE 96 TRUE 103 TRUE 3.8 TRUE 1.52 90 35.20457 37.70261 550.8389 1.54E‐02 64.38757 3.11E‐02 2
20060920 MCLEOD LAK 1 actual TRUE 7.1 TRUE 100 TRUE 253 TRUE 8.7 TRUE 6.09 90 10.91229 22.61901 525.332 3.33E‐06 40.84175 4.86E‐06 2
20060921 MCLEOD LAK 1 actual TRUE 12.1 TRUE 76 TRUE 9 TRUE 5 TRUE 2.53 90 28.3011 19.00274 529.2141 2.74E‐03 34.87481 3.59E‐03 2
20060922 MCLEOD LAK 1 actual TRUE 6.1 TRUE 100 TRUE 212 TRUE 5.9 TRUE 3.8 90 13.03696 13.08764 518.3277 8.50E‐06 24.62108 8.80E‐06 2
20060923 MCLEOD LAK 1 actual TRUE 14.6 TRUE 82 TRUE 178 TRUE 9 TRUE 0.76 90 34.20742 13.59076 522.6597 0.0158903 25.52238 1.69E‐02 2
20060924 MCLEOD LAK 1 actual TRUE 18.1 TRUE 56 TRUE 188 TRUE 12.7 TRUE 0 90 67.37315 15.09481 527.6216 1.090326 28.1745 1.783478 2
20060925 MCLEOD LAK 1 actual TRUE 15.9 TRUE 71 TRUE 254 TRUE 9.3 TRUE 1.25 90 70.47433 15.97253 532.1876 1.014982 29.71544 1.669436 2
20060926 MCLEOD LAK 1 actual TRUE 17.3 TRUE 53 TRUE 180 TRUE 3.3 TRUE 0 90 80.26257 17.51219 537.0056 1.380553 32.38419 2.898637 2
20060927 MCLEOD LAK 1 actual TRUE 17.9 TRUE 63 TRUE 194 TRUE 9.1 TRUE 0 90 83.32104 18.76378 541.9316 2.66197 34.53796 6.186704 2
20060928 MCLEOD LAK 1 actual TRUE 17.1 TRUE 51 TRUE 235 TRUE 13.4 TRUE 0 90 85.85928 20.3515 546.7136 4.664141 37.23757 10.61881 3
20060929 MCLEOD LAK 1 actual TRUE 8.4 TRUE 100 TRUE 182 TRUE 4.6 TRUE 2.54 90 49.23232 16.43871 549.9296 0.1880513 30.5913 0.22498 2
20060930 MCLEOD LAK 1 actual TRUE 8.8 TRUE 80 TRUE 251 TRUE 11.6 TRUE 0.25 90 61.44457 16.79122 553.2177 0.7998038 31.21394 0.9699622 2
20061001 MCLEOD LAK 1 actual TRUE 4.1 TRUE 86 TRUE 194 TRUE 6.3 TRUE 0 90 65.71626 16.90153 554.6597 0.7448331 31.41023 0.9071318 2
20061002 MCLEOD LAK 1 actual TRUE 1.7 TRUE 100 TRUE 173 TRUE 2 TRUE 3.31 90 32.6429 12.11761 544.1993 7.63E‐03 22.95725 7.55E‐03 2
20061003 MCLEOD LAK 1 actual TRUE 9.4 TRUE 56 TRUE 15 TRUE 3.8 TRUE 0 90 54.42385 12.81763 546.5953 0.3203956 24.21562 0.3283165 2
20061004 MCLEOD LAK 1 actual TRUE 10.3 TRUE 48 TRUE 187 TRUE 9.5 TRUE 0 90 72.69507 13.71584 549.1533 1.109735 25.81949 1.656356 2
20061005 MCLEOD LAK 1 actual TRUE 6.4 TRUE 93 TRUE 194 TRUE 7.3 TRUE 1.78 90 55.44303 12.42432 551.0093 0.4195094 23.52264 0.4218486 2
20061006 MCLEOD LAK 1 actual TRUE 8.6 TRUE 58 TRUE 268 TRUE 7.2 TRUE 0 90 69.77576 13.04161 553.2614 0.8927464 24.63166 0.9250337 2
20061007 MCLEOD LAK 1 actual TRUE 8 TRUE 56 TRUE 144 TRUE 8.1 TRUE 0 90 77.65891 13.64829 555.4053 1.37776 25.71671 2.348068 2
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20061008 MCLEOD LAK 1 actual TRUE 9.7 TRUE 48 TRUE 164 TRUE 4.8 TRUE 0 90 82.42493 14.49923 557.8553 1.912688 27.22917 3.727699 2
20061009 MCLEOD LAK 1 actual TRUE 8.8 TRUE 50 TRUE 203 TRUE 7.8 TRUE 0 90 84.29742 15.24925 560.1434 2.837101 28.55506 5.813356 2
20061010 MCLEOD LAK 1 actual TRUE 12.3 TRUE 56 TRUE 164 TRUE 3.4 TRUE 0 90 84.78374 16.14261 563.0614 2.427994 30.126 5.16499 2
20061011 MCLEOD LAK 1 actual TRUE 14.1 TRUE 58 TRUE 180 TRUE 7.6 TRUE 0 90 84.98784 17.10992 566.3034 3.085382 31.81662 6.742754 2
20061012 MCLEOD LAK 1 actual TRUE 10.8 TRUE 73 TRUE 198 TRUE 4.2 TRUE 0 90 83.99184 17.59675 568.9514 2.271476 32.66761 5.103508 2
20061013 MCLEOD LAK 1 actual TRUE 13 TRUE 65 TRUE 73 TRUE 5.1 TRUE 0 90 84.03922 18.3445 571.9954 2.391932 33.96571 5.517462 2
20061014 MCLEOD LAK 1 actual TRUE 5.6 TRUE 100 TRUE 181 TRUE 2.5 TRUE 2.54 90 48.31168 14.68907 573.7074 0.1501269 27.6108 0.1677038 2
20061015 MCLEOD LAK 1 actual TRUE 3.4 TRUE 100 TRUE 1 TRUE 10 TRUE 7.34 90 13.20415 7.816415 537.0485 1.13E‐05 15.08399 8.64E‐06 1
20061126 MCLEOD LAK 1 actual TRUE ‐20.9 TRUE 56 TRUE 28 TRUE 18.2 TRUE 0
20070126 MCLEOD LAK 1 actual TRUE ‐5.5 TRUE 70 TRUE 11 TRUE 5.9 TRUE 0
20070127 MCLEOD LAK 1 actual TRUE ‐5.1 TRUE 71 TRUE 199 TRUE 9.1 TRUE 0
20070128 MCLEOD LAK 1 actual TRUE ‐9.4 TRUE 84 TRUE 16 TRUE 10.7 TRUE 0
20070129 MCLEOD LAK 1 actual TRUE ‐4.6 TRUE 69 TRUE 18 TRUE 5.3 TRUE 0
20070131 MCLEOD LAK 1 actual TRUE ‐5.4 TRUE 84 TRUE 24 TRUE 6.5 TRUE 0
20070201 MCLEOD LAK 1 actual TRUE ‐2.4 TRUE 70 TRUE 152 TRUE 4.9 TRUE 0
20070203 MCLEOD LAK 1 actual TRUE ‐7.8 TRUE 93 TRUE 140 TRUE 0 TRUE 0
20070309 MCLEOD LAK 1 actual TRUE 3 TRUE 63 TRUE 209 TRUE 8.8 TRUE 0
20070312 MCLEOD LAK 1 actual TRUE 1.4 TRUE 65 TRUE 255 TRUE 14.8 TRUE 1.53
20070313 MCLEOD LAK 1 actual TRUE ‐2 TRUE 78 TRUE 204 TRUE 11.8 TRUE 2.29
20070314 MCLEOD LAK 1 actual TRUE 1.8 TRUE 48 TRUE 251 TRUE 9.6 TRUE 0.5
20070324 MCLEOD LAK 1 actual TRUE 2.9 TRUE 66 TRUE 113 TRUE 1.9 TRUE 0
20070325 MCLEOD LAK 1 actual TRUE 6.4 TRUE 39 TRUE 234 TRUE 19.3 TRUE 0
20070326 MCLEOD LAK 1 actual TRUE 4.3 TRUE 52 TRUE 180 TRUE 17 TRUE 0
20070327 MCLEOD LAK 1 actual TRUE 3.2 TRUE 29 TRUE 239 TRUE 13.1 TRUE 0
20070328 MCLEOD LAK 1 actual TRUE 1.4 TRUE 39 TRUE 151 TRUE 16.1 TRUE 0
20070329 MCLEOD LAK 1 actual TRUE 5.1 TRUE 45 TRUE 158 TRUE 18.4 TRUE 0
20070531 MCLEOD LAK 5 startup TRUE 21.3 TRUE 24 TRUE 204 TRUE 13.4 TRUE 0 90 45 165
20070601 MCLEOD LAK 1 actual TRUE 24.7 TRUE 17 TRUE 173 TRUE 7.8 TRUE 0 94.17722 50.63758 172.85 11.45203 58.45972 26.45588 4
20070602 MCLEOD LAK 1 actual TRUE 24.8 TRUE 24 TRUE 106 TRUE 4.9 TRUE 0 94.22795 55.81971 180.718 9.96472 62.99505 24.94274 4
20070603 MCLEOD LAK 1 actual TRUE 28.9 TRUE 23 TRUE 94 TRUE 12.5 TRUE 0 94.2787 61.90115 189.324 14.71736 68.12067 33.80014 4
20070604 MCLEOD LAK 1 actual TRUE 23.9 TRUE 34 TRUE 153 TRUE 9.2 TRUE 0 92.95384 66.24504 197.03 10.36442 71.98415 27.41909 4
20070605 MCLEOD LAK 1 actual TRUE 16.1 TRUE 88 TRUE 5 TRUE 5.2 TRUE 9.13 36.2223 35.58353 183.5104 2.08E‐02 47.93164 3.39E‐02 2
20070606 MCLEOD LAK 1 actual TRUE 13.7 TRUE 59 TRUE 52 TRUE 15.8 TRUE 3.54 53.65942 27.84178 184.2184 0.5447227 40.41376 0.7888241 2
20070607 MCLEOD LAK 1 actual TRUE 16.4 TRUE 50 TRUE 272 TRUE 7.1 TRUE 0.76 73.01783 30.14536 190.5744 0.9963182 43.20509 2.447024 3
20070608 MCLEOD LAK 1 actual TRUE 18.3 TRUE 37 TRUE 254 TRUE 9.9 TRUE 0 85.34902 33.36299 197.2724 3.641616 46.89754 9.885158 3
20070609 MCLEOD LAK 1 actual TRUE 17.3 TRUE 46 TRUE 85 TRUE 8.2 TRUE 0 87.01621 35.9788 203.7904 4.226387 49.92305 11.59082 3
20070610 MCLEOD LAK 1 actual TRUE 16.1 TRUE 45 TRUE 164 TRUE 7.9 TRUE 3.79 68.65028 28.36948 203.9936 0.8923607 42.10133 2.020867 2
20070611 MCLEOD LAK 1 actual TRUE 13.3 TRUE 41 TRUE 219 TRUE 7.3 TRUE 0 81.06574 30.60619 209.7916 1.845119 44.85339 5.164234 3
20070612 MCLEOD LAK 1 actual TRUE 15.7 TRUE 43 TRUE 255 TRUE 9.7 TRUE 0 85.95982 33.12722 216.0216 3.925736 47.89321 10.65339 3
20070613 MCLEOD LAK 1 actual TRUE 12.7 TRUE 72 TRUE 35 TRUE 0.4 TRUE 0.75 80.91087 34.14448 221.7116 1.280618 49.30575 3.760635 3
20070614 MCLEOD LAK 1 actual TRUE 17.7 TRUE 52 TRUE 128 TRUE 6.8 TRUE 3.81 66.15233 26.76356 221.8695 0.7762461 41.12508 1.524429 2
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20070615 MCLEOD LAK 1 actual TRUE 18.6 TRUE 48 TRUE 16 TRUE 5.3 TRUE 1.26 75.72717 29.46046 228.6215 1.043721 44.56436 2.685619 3
20070616 MCLEOD LAK 1 actual TRUE 19.6 TRUE 42 TRUE 46 TRUE 13.6 TRUE 0 85.91342 32.62123 235.5535 4.747263 48.46349 12.50922 3
20070617 MCLEOD LAK 1 actual TRUE 21.4 TRUE 29 TRUE 126 TRUE 8.1 TRUE 0 90.48679 36.8269 242.8095 6.913345 53.40425 17.60377 4
20070618 MCLEOD LAK 1 actual TRUE 12.9 TRUE 61 TRUE 235 TRUE 9 TRUE 3.54 64.13725 28.67022 242.5547 0.8007551 44.26115 1.787132 3
20070619 MCLEOD LAK 1 actual TRUE 9.4 TRUE 79 TRUE 139 TRUE 2.1 TRUE 2.55 49.21629 24.19543 247.6507 0.1654564 38.89161 0.2332854 2
20070620 MCLEOD LAK 1 actual TRUE 15.5 TRUE 61 TRUE 91 TRUE 5.6 TRUE 0 68.56187 25.89982 253.8447 0.7924717 41.27213 1.598623 2
20070621 MCLEOD LAK 1 actual TRUE 13.3 TRUE 44 TRUE 222 TRUE 14.5 TRUE 0 81.53619 28.02279 259.6427 2.800434 44.13662 7.585964 3
20070622 MCLEOD LAK 1 actual TRUE 15 TRUE 36 TRUE 228 TRUE 2.3 TRUE 0 86.38785 30.73549 265.7467 2.871785 47.68361 8.143242 3
20070623 MCLEOD LAK 1 actual TRUE 14.7 TRUE 46 TRUE 234 TRUE 12.2 TRUE 0 87.00034 32.98167 271.7967 5.158514 50.60995 13.68369 3
20070624 MCLEOD LAK 1 actual TRUE 17.5 TRUE 32 TRUE 223 TRUE 11.3 TRUE 0 89.57941 36.31146 278.3507 7.133127 54.76303 18.25785 4
20070625 MCLEOD LAK 1 actual TRUE 14.7 TRUE 41 TRUE 259 TRUE 13.5 TRUE 0 89.61711 38.76563 284.4007 8.012601 57.82609 20.44978 4
20070626 MCLEOD LAK 1 actual TRUE 19.8 TRUE 36 TRUE 156 TRUE 6.2 TRUE 0 89.84864 42.28707 291.3687 5.733726 62.05767 16.60034 4
20070627 MCLEOD LAK 1 actual TRUE 17.4 TRUE 60 TRUE 46 TRUE 3.8 TRUE 3.55 64.40335 33.41984 291.1251 0.6232177 51.93494 1.344021 3
20070628 MCLEOD LAK 1 actual TRUE 15.7 TRUE 86 TRUE 14 TRUE 9.7 TRUE 6.86 37.66795 19.29515 279.7188 3.56E‐02 32.9142 4.47E‐02 2
20070629 MCLEOD LAK 1 actual TRUE 18.6 TRUE 58 TRUE 171 TRUE 4.8 TRUE 13.45 42.71108 10.92552 249.0829 0.07217 19.6917 6.48E‐02 2
20070630 MCLEOD LAK 1 actual TRUE 17 TRUE 56 TRUE 244 TRUE 14 TRUE 9.9 51.76533 7.302935 230.8361 0.4078794 13.53533 0.2916944 1
20070701 MCLEOD LAK 1 actual TRUE 17.6 TRUE 41 TRUE 232 TRUE 16.2 TRUE 0 78.89901 9.894101 237.7081 2.307648 17.92317 3.396481 2
20070702 MCLEOD LAK 1 actual TRUE 18.7 TRUE 44 TRUE 222 TRUE 10.7 TRUE 0 85.93361 12.49818 244.7781 4.113475 22.16682 7.054164 2
20070703 MCLEOD LAK 1 actual TRUE 16.6 TRUE 73 TRUE 239 TRUE 7.4 TRUE 0.25 84.73702 13.62056 251.4701 2.951294 23.99233 5.400177 2
20070704 MCLEOD LAK 1 actual TRUE 21.9 TRUE 50 TRUE 129 TRUE 9 TRUE 1.27 82.79156 16.32141 259.1161 2.474729 28.20181 5.035627 2
20070705 MCLEOD LAK 1 actual TRUE 20.6 TRUE 36 TRUE 226 TRUE 12.7 TRUE 0 88.66027 19.58309 266.528 6.708451 33.08829 13.32592 3
20070706 MCLEOD LAK 1 actual TRUE 17.9 TRUE 40 TRUE 237 TRUE 11.1 TRUE 0 88.8031 22.26044 273.454 6.317023 36.99249 13.49762 3
20070707 MCLEOD LAK 1 actual TRUE 18.8 TRUE 36 TRUE 202 TRUE 7.2 TRUE 0 89.52374 25.25157 280.5421 5.755548 41.22622 13.31044 3
20070708 MCLEOD LAK 1 actual TRUE 15 TRUE 60 TRUE 285 TRUE 6.7 TRUE 0 87.36156 26.76404 286.946 4.116439 43.40654 10.4612 3
20070709 MCLEOD LAK 1 actual TRUE 19.8 TRUE 47 TRUE 218 TRUE 6.2 TRUE 0.76 86.0007 29.36554 294.2141 3.309932 47.00272 9.129477 3
20070710 MCLEOD LAK 1 actual TRUE 22.4 TRUE 53 TRUE 215 TRUE 13 TRUE 0 87.02107 31.95953 301.95 5.38658 50.5445 14.14162 3
20070711 MCLEOD LAK 1 actual TRUE 26.2 TRUE 31 TRUE 227 TRUE 10.3 TRUE 0 91.32883 36.38351 310.3701 8.709012 56.27481 21.40809 4
20070712 MCLEOD LAK 1 actual TRUE 30.8 TRUE 27 TRUE 233 TRUE 5.8 TRUE 0 93.35849 41.8526 319.618 9.240911 63.06121 23.6727 4
20070713 MCLEOD LAK 1 actual TRUE 31.4 TRUE 23 TRUE 201 TRUE 8.4 TRUE 0 94.46552 47.72987 328.974 12.2829 70.05101 30.36175 4
20070714 MCLEOD LAK 1 actual TRUE 28.2 TRUE 37 TRUE 229 TRUE 6.6 TRUE 0 93.05549 52.06508 337.754 9.22209 75.16376 25.85943 4
20070715 MCLEOD LAK 1 actual TRUE 17.6 TRUE 83 TRUE 180 TRUE 6.5 TRUE 2.02 69.10728 47.48804 344.626 0.8437235 70.64098 3.125682 3
20070716 MCLEOD LAK 1 actual TRUE 20.8 TRUE 58 TRUE 284 TRUE 3.3 TRUE 3.55 62.2785 37.58455 344.3382 0.5503851 59.05457 1.229163 3
20070717 MCLEOD LAK 1 actual TRUE 24.7 TRUE 44 TRUE 17 TRUE 7.2 TRUE 0 83.26023 40.97775 352.4882 2.399941 63.50029 8.334797 3
20070718 MCLEOD LAK 1 actual TRUE 22.6 TRUE 60 TRUE 127 TRUE 4.6 TRUE 0 85.24595 43.20419 360.2602 2.748594 66.47758 9.637594 3
20070719 MCLEOD LAK 1 actual TRUE 17.1 TRUE 74 TRUE 241 TRUE 13.9 TRUE 0.75 81.45229 44.31553 367.0422 2.69043 68.08126 9.605478 3
20070720 MCLEOD LAK 1 actual TRUE 13.8 TRUE 73 TRUE 179 TRUE 8.5 TRUE 1.27 74.34126 45.26035 373.2302 1.135547 69.46212 4.326903 3
20070721 MCLEOD LAK 1 actual TRUE 19.6 TRUE 59 TRUE 207 TRUE 11.4 TRUE 1.52 76.52032 46.08864 380.4622 1.494542 70.75069 5.799897 3
20070722 MCLEOD LAK 1 actual TRUE 21.9 TRUE 55 TRUE 205 TRUE 16.6 TRUE 2.53 76.14048 41.02433 388.1082 1.893396 64.89865 6.832944 3
20070723 MCLEOD LAK 1 actual TRUE 13.1 TRUE 89 TRUE 36 TRUE 2.6 TRUE 5.31 50 36.25721 26.58189 378.1977 1.84E‐02 45.21828 2.88E‐02 2
20070724 MCLEOD LAK 1 actual TRUE 14.5 TRUE 59 TRUE 237 TRUE 13.2 TRUE 1.77 50 59.11176 26.16368 384.5117 0.751345 44.72004 1.608261 3
20070725 MCLEOD LAK 1 actual TRUE 19.4 TRUE 44 TRUE 190 TRUE 9.5 TRUE 1.52 50 75.33733 28.11457 391.7077 1.260065 47.6746 3.592375 3
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20070726 MCLEOD LAK 1 actual TRUE 23.6 TRUE 33 TRUE 147 TRUE 7.7 TRUE 0 50 88.13254 32.0012 399.6597 4.834146 53.32743 13.39233 3
20070727 MCLEOD LAK 1 actual TRUE 23.1 TRUE 38 TRUE 233 TRUE 8.3 TRUE 0.76 50 88.46268 35.52498 407.5217 5.224163 58.33651 14.95254 3
20070728 MCLEOD LAK 1 actual TRUE 21 TRUE 53 TRUE 206 TRUE 9.4 TRUE 0.75 50 85.8609 37.96443 415.0057 3.813587 61.79618 12.07445 3
20070729 MCLEOD LAK 1 actual TRUE 18 TRUE 72 TRUE 278 TRUE 8.8 TRUE 7.1 50 53.00868 22.70616 397.0575 0.3584525 39.73203 0.5129671 2
20070730 MCLEOD LAK 1 actual TRUE 14 TRUE 56 TRUE 200 TRUE 13.3 TRUE 0.25 50 73.32925 24.26655 403.2815 1.379785 42.18685 3.611193 2
20070731 MCLEOD LAK 1 actual TRUE 13.5 TRUE 59 TRUE 249 TRUE 11 TRUE 0.5 50 80.57948 25.67239 409.4155 2.105842 44.38663 5.840487 3
20070801 MCLEOD LAK 1 actual TRUE 21.2 TRUE 46 TRUE 188 TRUE 8.1 TRUE 0 50 86.4612 28.15842 416.2355 3.886707 48.17005 10.60169 3
20070802 MCLEOD LAK 1 actual TRUE 25.2 TRUE 33 TRUE 27 TRUE 5.7 TRUE 0 50 90.5423 31.7962 423.7755 6.174639 53.54803 16.20042 3
20070803 MCLEOD LAK 1 actual TRUE 22 TRUE 51 TRUE 160 TRUE 6.4 TRUE 0 50 89.45599 34.13297 430.7395 5.474667 56.97817 15.29729 3
20070804 MCLEOD LAK 1 actual TRUE 20.9 TRUE 56 TRUE 52 TRUE 5.3 TRUE 4.82 50 65.1944 24.18615 422.0303 0.6941609 42.31038 1.207655 2
20070805 MCLEOD LAK 1 actual TRUE 23 TRUE 54 TRUE 169 TRUE 4.2 TRUE 0 50 80.41377 26.47481 429.1743 1.468221 45.87482 4.13507 3
20070806 MCLEOD LAK 1 actual TRUE 23.4 TRUE 45 TRUE 184 TRUE 13.9 TRUE 0.51 50 87.34339 29.25667 436.3904 5.901481 50.11393 15.09995 3
20070807 MCLEOD LAK 1 actual TRUE 17.2 TRUE 43 TRUE 250 TRUE 11.2 TRUE 0 50 87.97374 31.4101 442.4904 5.636761 53.35221 15.08707 3
20070808 MCLEOD LAK 1 actual TRUE 9.3 TRUE 75 TRUE 91 TRUE 8.4 TRUE 1.52 50 72.7147 31.10083 447.1684 1.05072 52.98824 3.167023 3
20070809 MCLEOD LAK 1 actual TRUE 17.3 TRUE 38 TRUE 14 TRUE 5.1 TRUE 0 50 84.04703 33.45596 453.2864 2.394427 56.48869 7.717515 3
20070810 MCLEOD LAK 1 actual TRUE 19.4 TRUE 47 TRUE 225 TRUE 3.2 TRUE 0 50 86.6405 35.699 459.7824 3.11439 59.7919 10.03252 3
20070811 MCLEOD LAK 1 actual TRUE 17.1 TRUE 62 TRUE 61 TRUE 4.8 TRUE 1.78 50 74.40253 34.67362 465.8644 0.9453004 58.46801 3.033748 3
20070812 MCLEOD LAK 1 actual TRUE 7.1 TRUE 94 TRUE 38 TRUE 15.3 TRUE 16.01 50 21.04371 14.07491 400.7163 4.19E‐04 25.87749 4.49E‐04 2
20070813 MCLEOD LAK 1 actual TRUE 13.7 TRUE 59 TRUE 35 TRUE 5.4 TRUE 1.78 50 45.70708 13.94076 406.1863 0.1202521 25.67825 0.1280438 2
20070814 MCLEOD LAK 1 actual TRUE 20.1 TRUE 41 TRUE 243 TRUE 12.7 TRUE 0 50 77.73817 16.52298 412.8083 1.748321 30.04003 3.625793 2
20070815 MCLEOD LAK 1 actual TRUE 22.1 TRUE 37 TRUE 168 TRUE 7.8 TRUE 0 50 87.48168 19.5404 419.7903 4.426338 35.00703 9.812736 3
20070816 MCLEOD LAK 1 actual TRUE 25.7 TRUE 36 TRUE 60 TRUE 9.3 TRUE 0 50 90.39419 23.08136 427.4203 7.247694 40.67186 15.78382 3
20070817 MCLEOD LAK 1 actual TRUE 14.6 TRUE 92 TRUE 269 TRUE 7.2 TRUE 10.15 50 30.90561 11.54817 394.0204 6.33E‐03 21.51957 6.01E‐03 2
20070818 MCLEOD LAK 1 actual TRUE 19 TRUE 55 TRUE 345 TRUE 7.1 TRUE 6.09 50 50.11334 8.184292 380.9749 0.237901 15.5343 0.1845817 1
20070819 MCLEOD LAK 1 actual TRUE 12.2 TRUE 89 TRUE 246 TRUE 7.8 TRUE 11.43 70 23.32509 3.936568 346.3039 6.51E‐04 7.655578 3.42E‐04 1
20070820 MCLEOD LAK 1 actual TRUE 14.6 TRUE 56 TRUE 241 TRUE 16.4 TRUE 0.25 70 59.64225 5.362698 351.9359 0.9143122 10.33181 0.561425 2
20070821 MCLEOD LAK 1 actual TRUE 17.9 TRUE 53 TRUE 227 TRUE 6.5 TRUE 0 70 77.00675 7.20626 358.1619 1.208758 13.72229 0.8713908 2
20070822 MCLEOD LAK 1 actual TRUE 19.1 TRUE 51 TRUE 213 TRUE 8.7 TRUE 0 70 84.26555 9.249662 364.6039 2.956018 17.39602 4.389879 2
20070823 MCLEOD LAK 1 actual TRUE 22.1 TRUE 43 TRUE 147 TRUE 6.4 TRUE 0 70 87.90589 11.9797 371.5858 4.382928 22.17235 7.473412 2
20070824 MCLEOD LAK 1 actual TRUE 16.2 TRUE 63 TRUE 190 TRUE 10.8 TRUE 0 70 86.55665 13.30116 377.5059 4.51371 24.44874 8.116119 3
20070825 MCLEOD LAK 1 actual TRUE 14.1 TRUE 60 TRUE 270 TRUE 11.2 TRUE 2.54 70 70.27776 11.5496 383.0479 1.109843 21.48005 1.261268 2
20070826 MCLEOD LAK 1 actual TRUE 11 TRUE 64 TRUE 341 TRUE 4.1 TRUE 0.76 70 74.22134 12.44888 388.0319 0.9043463 23.0491 0.8975012 2
20070827 MCLEOD LAK 1 actual TRUE 12.6 TRUE 66 TRUE 2 TRUE 3.6 TRUE 0 70 78.85769 13.41051 393.3039 1.218322 24.7143 1.861427 2
20070828 MCLEOD LAK 1 actual TRUE 17.6 TRUE 50 TRUE 141 TRUE 7.9 TRUE 0.25 70 84.56328 15.34078 399.4759 2.955837 27.99397 5.971186 2
20070829 MCLEOD LAK 1 actual TRUE 11.1 TRUE 99 TRUE 161 TRUE 9.2 TRUE 7.87 70 23.83848 8.049527 377.302 8.32E‐04 15.28387 6.39E‐04 1
20070830 MCLEOD LAK 1 actual TRUE 14 TRUE 94 TRUE 162 TRUE 11.5 TRUE 7.6 70 15.82393 4.075137 358.1332 4.13E‐05 7.924836 2.21E‐05 1
20070831 MCLEOD LAK 1 actual TRUE 16.5 TRUE 54 TRUE 236 TRUE 7.4 TRUE 10.66 70 42.06235 3.149953 329.1604 7.35E‐02 6.152708 3.47E‐02 1
20070901 MCLEOD LAK 1 actual TRUE 14.3 TRUE 57 TRUE 207 TRUE 10.6 TRUE 0 70 67.20913 4.328907 333.4384 0.9754536 8.385645 0.5362223 2
20070902 MCLEOD LAK 1 actual TRUE 14.4 TRUE 78 TRUE 119 TRUE 3.4 TRUE 5.33 70 42.01609 2.517421 323.6945 5.96E‐02 4.938817 2.55E‐02 1
20070903 MCLEOD LAK 1 actual TRUE 15.1 TRUE 65 TRUE 190 TRUE 9.2 TRUE 0 70 64.82649 3.526885 328.1165 0.8325738 6.86918 0.4142873 1
20070904 MCLEOD LAK 1 actual TRUE 17.1 TRUE 55 TRUE 235 TRUE 14.3 TRUE 0.5 70 79.76002 4.985 332.8985 2.28057 9.610228 2.061783 2
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20070905 MCLEOD LAK 1 actual TRUE 10.2 TRUE 89 TRUE 260 TRUE 8.5 TRUE 4.31 70 43.1866 2.722988 326.1329 9.42E‐02 5.334625 4.17E‐02 1
20070906 MCLEOD LAK 1 actual TRUE 13.9 TRUE 58 TRUE 253 TRUE 6.6 TRUE 2.78 70 53.86086 2.414845 330.3389 0.3495058 4.743009 0.1469838 1
20070907 MCLEOD LAK 1 actual TRUE 12.7 TRUE 61 TRUE 181 TRUE 1.6 TRUE 0.75 80 65.26506 3.373034 334.3289 0.577686 6.580103 0.2815786 1
20070908 MCLEOD LAK 1 actual TRUE 12.4 TRUE 64 TRUE 105 TRUE 3 TRUE 0 80 74.1562 4.238289 338.2649 0.8528636 8.219125 0.464032 1
20070909 MCLEOD LAK 1 actual TRUE 18.1 TRUE 55 TRUE 181 TRUE 10 TRUE 0 80 82.61716 5.77652 343.2269 2.546031 11.08657 2.700133 2
20070910 MCLEOD LAK 1 actual TRUE 21.2 TRUE 53 TRUE 197 TRUE 6 TRUE 0 80 85.84632 7.642516 348.7469 3.206573 14.49113 4.256399 2
20070911 MCLEOD LAK 1 actual TRUE 18.5 TRUE 63 TRUE 124 TRUE 3.2 TRUE 0 80 85.89431 8.933633 353.7809 2.8034 16.80629 4.051864 2
20070912 MCLEOD LAK 1 actual TRUE 16.9 TRUE 39 TRUE 186 TRUE 2.7 TRUE 0 80 87.8915 10.88847 358.5269 3.629931 20.2402 5.942064 2
20070913 MCLEOD LAK 1 actual TRUE 17.4 TRUE 43 TRUE 182 TRUE 9.2 TRUE 0 80 88.13267 12.76586 363.3629 5.21379 23.47029 8.990198 3
20070914 MCLEOD LAK 1 actual TRUE 19.1 TRUE 39 TRUE 158 TRUE 7.6 TRUE 0 80 88.96652 14.95962 368.5049 5.42135 27.16255 10.07662 3
20070915 MCLEOD LAK 1 actual TRUE 16.2 TRUE 37 TRUE 241 TRUE 5.4 TRUE 0 80 89.08485 16.90003 373.1249 4.935602 30.36207 9.913581 3
20070916 MCLEOD LAK 1 actual TRUE 7.8 TRUE 87 TRUE 246 TRUE 14.8 TRUE 12.44 80 33.10662 8.040642 333.3147 1.63E‐02 15.16661 1.25E‐02 1
20070917 MCLEOD LAK 1 actual TRUE 11.5 TRUE 50 TRUE 236 TRUE 7.8 TRUE 0 80 60.56089 9.162269 337.0887 0.6276553 17.15859 0.5172648 2
20070918 MCLEOD LAK 1 actual TRUE 9.2 TRUE 67 TRUE 24 TRUE 10.7 TRUE 0 80 71.86996 9.767413 340.4487 1.142519 18.22747 0.9773031 2
20070919 MCLEOD LAK 1 actual TRUE 10.3 TRUE 39 TRUE 199 TRUE 10.5 TRUE 0 80 82.06645 11.00548 344.0067 2.439183 20.38089 3.966543 2
20070920 MCLEOD LAK 1 actual TRUE 12.6 TRUE 54 TRUE 277 TRUE 12.5 TRUE 4.32 80 62.54096 7.828483 337.3491 0.8867157 14.79844 0.6683226 2
20070921 MCLEOD LAK 1 actual TRUE 9.2 TRUE 91 TRUE 208 TRUE 13.5 TRUE 5.33 80 33.63732 4.317755 326.5336 1.74E‐02 8.359177 9.55E‐03 1
20070922 MCLEOD LAK 1 actual TRUE 13.1 TRUE 50 TRUE 215 TRUE 9.8 TRUE 2.54 80 54.92259 3.920398 330.5956 0.4540734 7.615036 0.2376982 1
20070923 MCLEOD LAK 1 actual TRUE 9.5 TRUE 69 TRUE 287 TRUE 3.4 TRUE 0.51 80 65.90456 4.505424 334.0096 0.6481077 8.716895 0.3634914 1
20070924 MCLEOD LAK 1 actual TRUE 5 TRUE 100 TRUE 200 TRUE 13 TRUE 6.09 80 21.10478 1.941626 319.8003 3.82E‐04 3.825191 1.47E‐04 1
20070925 MCLEOD LAK 1 actual TRUE 11.7 TRUE 55 TRUE 244 TRUE 15.5 TRUE 1.77 80 51.497 2.261209 323.6103 0.426934 4.444774 0.1747267 1
20070926 MCLEOD LAK 1 actual TRUE 13.7 TRUE 37 TRUE 281 TRUE 10.7 TRUE 0.25 80 75.88754 3.921216 327.7803 1.383845 7.614697 0.7243989 2
20070927 MCLEOD LAK 1 actual TRUE 11.2 TRUE 67 TRUE 213 TRUE 16.9 TRUE 5.58 80 54.16482 2.352678 316.7599 0.6048608 4.619578 0.2515571 1
20070928 MCLEOD LAK 1 actual TRUE 6.8 TRUE 59 TRUE 243 TRUE 7.6 TRUE 0 80 68.14597 2.929337 319.6879 0.8648877 5.727469 0.3951682 1
20070929 MCLEOD LAK 1 actual TRUE 5.6 TRUE 66 TRUE 195 TRUE 10.6 TRUE 0 80 75.03544 3.334903 322.3999 1.309283 6.501672 0.6345441 2
20070930 MCLEOD LAK 1 actual TRUE 4.9 TRUE 99 TRUE 131 TRUE 5.3 TRUE 9.65 80 18.36344 1.108405 296.3337 8.91E‐05 2.196273 2.84E‐05 1
20071001 MCLEOD LAK 1 actual TRUE 7.2 TRUE 87 TRUE 217 TRUE 11.9 TRUE 0.5 80 32.41507 1.271895 298.3337 1.19E‐02 2.516963 3.94E‐03 1
20071002 MCLEOD LAK 1 actual TRUE 8 TRUE 67 TRUE 198 TRUE 11.5 TRUE 5.58 80 37.26964 0.4771003 286.7657 3.58E‐02 0.9502481 9.31E‐03 1
20071003 MCLEOD LAK 1 actual TRUE 5.2 TRUE 82 TRUE 197 TRUE 6.5 TRUE 0.25 80 48.54151 0.6489239 288.4057 0.1893065 1.290588 0.0524282 1
20071004 MCLEOD LAK 1 actual TRUE 5.9 TRUE 57 TRUE 41 TRUE 10.3 TRUE 0.25 80 65.53451 1.104999 290.1717 0.9049068 2.189157 0.2877545 1
20071005 MCLEOD LAK 1 actual TRUE 3.5 TRUE 80 TRUE 170 TRUE 10.5 TRUE 0 80 70.52744 1.244398 291.5057 1.080124 2.462515 0.3562008 1
20071006 MCLEOD LAK 1 actual TRUE 6.4 TRUE 85 TRUE 208 TRUE 12.3 TRUE 1.76 80 59.36256 0.7904511 293.3617 0.7301702 1.570324 0.2118838 1
20071007 MCLEOD LAK 1 actual TRUE 6.6 TRUE 97 TRUE 210 TRUE 12.4 TRUE 25.68 80 11.29103 3.50E‐02 220.532 4.89E‐06 7.00E‐02 1.01E‐06 1
20071008 MCLEOD LAK 1 actual TRUE 6.1 TRUE 59 TRUE 175 TRUE 8.9 TRUE 0 80 37.39389 0.4822882 222.334 3.22E‐02 0.9593736 8.40E‐03 1
20071009 MCLEOD LAK 1 actual TRUE 5.3 TRUE 67 TRUE 23 TRUE 10.9 TRUE 0 80 55.68087 0.8022984 223.992 0.513549 1.590356 0.1495011 1
20071010 MCLEOD LAK 1 actual TRUE 15.2 TRUE 45 TRUE 160 TRUE 15.1 TRUE 0.25 80 77.77791 2.160675 227.432 1.979466 4.221096 0.7931682 2
20071011 MCLEOD LAK 1 actual TRUE 9.5 TRUE 50 TRUE 233 TRUE 10.4 TRUE 0 80 82.62756 2.963731 229.846 2.601263 5.742352 1.667079 2
20071012 MCLEOD LAK 1 actual TRUE 10.3 TRUE 48 TRUE 179 TRUE 6.2 TRUE 0 80 84.75893 3.861942 232.404 2.786447 7.415806 2.281204 2
20071013 MCLEOD LAK 1 actual TRUE 3.9 TRUE 99 TRUE 181 TRUE 12.8 TRUE 3.3 80 42.02411 1.978955 228.6732 9.59E‐02 3.874094 3.71E‐02 1
20071014 MCLEOD LAK 1 actual TRUE 6.2 TRUE 100 TRUE 150 TRUE 4 TRUE 12.43 80 7.112503 0.3222735 200.1314 3.10E‐07 0.6419626 7.54E‐08 1
20071015 MCLEOD LAK 1 actual TRUE 8 TRUE 99 TRUE 161 TRUE 0.1 TRUE 4.05 80 3.703607 1.38E‐02 195.5422 2.87E‐08 2.76E‐02 5.83E‐09 1
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20071016 MCLEOD LAK 1 actual TRUE 8.1 TRUE 100 TRUE 21 TRUE 5.9 TRUE 4.05 80 0.7073482 0 191.0471 4.43E‐09 0 8.86E‐10 1
20071018 MCLEOD LAK 1 actual TRUE 6 TRUE 64 TRUE 158 TRUE 6 TRUE 0
20071019 MCLEOD LAK 1 actual TRUE 3.2 TRUE 88 TRUE 142 TRUE 0.1 TRUE 0
20071020 MCLEOD LAK 1 actual TRUE 3.6 TRUE 92 TRUE 279 TRUE 5.8 TRUE 1.27
20071021 MCLEOD LAK 1 actual TRUE 2.7 TRUE 94 TRUE 177 TRUE 10.7 TRUE 0.25
20071022 MCLEOD LAK 1 actual TRUE 1.8 TRUE 100 TRUE 157 TRUE 6.5 TRUE 10.92
20071023 MCLEOD LAK 1 actual TRUE 7.6 TRUE 100 TRUE 231 TRUE 7.5 TRUE 15.51
20071024 MCLEOD LAK 1 actual TRUE 7.2 TRUE 39 TRUE 257 TRUE 22.9 TRUE 0.5
20071025 MCLEOD LAK 1 actual TRUE 5.6 TRUE 47 TRUE 313 TRUE 14.3 TRUE 0
20071026 MCLEOD LAK 1 actual TRUE 4 TRUE 71 TRUE 181 TRUE 7.7 TRUE 0
20071027 MCLEOD LAK 1 actual TRUE 0.2 TRUE 100 TRUE 197 TRUE 7.9 TRUE 0
20071028 MCLEOD LAK 1 actual TRUE 2.9 TRUE 100 TRUE 178 TRUE 3.8 TRUE 10.41
20071029 MCLEOD LAK 1 actual TRUE 3 TRUE 86 TRUE 277 TRUE 8.5 TRUE 5.07
20071030 MCLEOD LAK 1 actual TRUE 1.7 TRUE 93 TRUE 218 TRUE 10.5 TRUE 0
20071031 MCLEOD LAK 1 actual TRUE 3.2 TRUE 89 TRUE 207 TRUE 14.7 TRUE 2.54
20071101 MCLEOD LAK 1 actual TRUE 4.7 TRUE 55 TRUE 247 TRUE 16.6 TRUE 0.25
20071102 MCLEOD LAK 1 actual TRUE ‐1.7 TRUE 100 TRUE 194 TRUE 13.6 TRUE 0
20071103 MCLEOD LAK 1 actual TRUE ‐2.1 TRUE 100 TRUE 209 TRUE 4.6 TRUE 0
20071104 MCLEOD LAK 1 actual TRUE 1.8 TRUE 84 TRUE 283 TRUE 4.3 TRUE 5.59
20071105 MCLEOD LAK 1 actual TRUE ‐2.8 TRUE 100 TRUE 181 TRUE 13.9 TRUE 4.58
20071106 MCLEOD LAK 1 actual TRUE 0.8 TRUE 100 TRUE 204 TRUE 3.8 TRUE 0
20071107 MCLEOD LAK 1 actual TRUE 2.6 TRUE 100 TRUE 202 TRUE 8.4 TRUE 14.76
20071108 MCLEOD LAK 1 actual TRUE 0.1 TRUE 100 TRUE 64 TRUE 4.4 TRUE 2.53
20071109 MCLEOD LAK 1 actual TRUE ‐0.4 TRUE 100 TRUE 18 TRUE 8 TRUE 0
20071110 MCLEOD LAK 1 actual TRUE 1.9 TRUE 96 TRUE 201 TRUE 16.4 TRUE 10.67
20071111 MCLEOD LAK 1 actual TRUE ‐0.3 TRUE 93 TRUE 196 TRUE 5.9 TRUE 3.54
20071112 MCLEOD LAK 1 actual TRUE 0.5 TRUE 100 TRUE 148 TRUE 6.7 TRUE 0
20071113 MCLEOD LAK 1 actual TRUE 0.3 TRUE 93 TRUE 166 TRUE 2.7 TRUE 0
20071114 MCLEOD LAK 1 actual TRUE ‐2.7 TRUE 91 TRUE 49 TRUE 2.7 TRUE 3.29
20071115 MCLEOD LAK 1 actual TRUE 1 TRUE 100 TRUE 200 TRUE 8.5 TRUE 0
20071116 MCLEOD LAK 1 actual TRUE 2.4 TRUE 97 TRUE 201 TRUE 7.2 TRUE 25.9
20071117 MCLEOD LAK 1 actual TRUE 4 TRUE 79 TRUE 153 TRUE 7 TRUE 6.1
20071118 MCLEOD LAK 1 actual TRUE ‐0.8 TRUE 97 TRUE 219 TRUE 6.7 TRUE 1.52
20071119 MCLEOD LAK 1 actual TRUE ‐1.4 TRUE 84 TRUE 201 TRUE 3.3 TRUE 0
20080311 MCLEOD LAK 1 actual TRUE 4.7 TRUE 60 TRUE 187 TRUE 13.6 TRUE 0.76
20080312 MCLEOD LAK 1 actual TRUE 4.5 TRUE 39 TRUE 275 TRUE 13.9 TRUE 0.51
20080314 MCLEOD LAK 1 actual TRUE 2.4 TRUE 47 TRUE 34 TRUE 7.4 TRUE 0
20080315 MCLEOD LAK 1 actual TRUE ‐8.8 TRUE 90 TRUE 14 TRUE 14.2 TRUE 0
20080318 MCLEOD LAK 1 actual TRUE 2.8 TRUE 50 TRUE 216 TRUE 13.4 TRUE 5.59
20080319 MCLEOD LAK 1 actual TRUE 5.7 TRUE 39 TRUE 161 TRUE 7 TRUE 0
20080320 MCLEOD LAK 1 actual TRUE 5.2 TRUE 56 TRUE 130 TRUE 9.8 TRUE 0
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20080321 MCLEOD LAK 1 actual TRUE 2.1 TRUE 64 TRUE 223 TRUE 14 TRUE 0
20080322 MCLEOD LAK 1 actual TRUE 3.8 TRUE 41 TRUE 159 TRUE 16.4 TRUE 0
20080323 MCLEOD LAK 1 actual TRUE 2.2 TRUE 44 TRUE 218 TRUE 11 TRUE 0
20080324 MCLEOD LAK 1 actual TRUE 4.4 TRUE 36 TRUE 247 TRUE 8.1 TRUE 0
20080325 MCLEOD LAK 1 actual TRUE 3.9 TRUE 42 TRUE 197 TRUE 13.3 TRUE 0
20080326 MCLEOD LAK 1 actual TRUE 3.1 TRUE 38 TRUE 144 TRUE 8.7 TRUE 0
20080331 MCLEOD LAK 1 actual TRUE 2 TRUE 41 TRUE 179 TRUE 10.2 TRUE 0
20080401 MCLEOD LAK 1 actual TRUE ‐0.2 TRUE 66 TRUE 70 TRUE 6.8 TRUE 0.25
20080402 MCLEOD LAK 1 actual TRUE 6 TRUE 44 TRUE 263 TRUE 10.4 TRUE 0
20080403 MCLEOD LAK 1 actual TRUE 5 TRUE 46 TRUE 216 TRUE 11 TRUE 0
20080404 MCLEOD LAK 1 actual TRUE 4.9 TRUE 46 TRUE 201 TRUE 5.8 TRUE 0
20080405 MCLEOD LAK 1 actual TRUE 4.8 TRUE 52 TRUE 167 TRUE 10.9 TRUE 0
20080406 MCLEOD LAK 1 actual TRUE 1.8 TRUE 92 TRUE 203 TRUE 7.8 TRUE 2.28
20080407 MCLEOD LAK 1 actual TRUE 6.2 TRUE 56 TRUE 213 TRUE 8 TRUE 0
20080408 MCLEOD LAK 1 actual TRUE 0.4 TRUE 81 TRUE 214 TRUE 3.9 TRUE 0
20080409 MCLEOD LAK 1 actual TRUE 2.4 TRUE 47 TRUE 220 TRUE 8.7 TRUE 0
20080410 MCLEOD LAK 1 actual TRUE 4.6 TRUE 47 TRUE 212 TRUE 12.3 TRUE 0.25
20080411 MCLEOD LAK 1 actual TRUE 2 TRUE 91 TRUE 182 TRUE 13.4 TRUE 0
20080412 MCLEOD LAK 1 actual TRUE 9.3 TRUE 60 TRUE 187 TRUE 11.5 TRUE 2.79
20080413 MCLEOD LAK 1 actual TRUE 8.4 TRUE 30 TRUE 279 TRUE 10.8 TRUE 0.25
20080414 MCLEOD LAK 1 actual TRUE 3.3 TRUE 38 TRUE 266 TRUE 13.8 TRUE 0
20080415 MCLEOD LAK 1 actual TRUE 9.2 TRUE 29 TRUE 228 TRUE 10.1 TRUE 0
20080416 MCLEOD LAK 1 actual TRUE 7.7 TRUE 51 TRUE 225 TRUE 14.3 TRUE 0
20080417 MCLEOD LAK 1 actual TRUE 5 TRUE 26 TRUE 247 TRUE 15.5 TRUE 0
20080419 MCLEOD LAK 1 actual TRUE ‐6.7 TRUE 40 TRUE 30 TRUE 20.4 TRUE 0
20080420 MCLEOD LAK 1 actual TRUE ‐3.3 TRUE 40 TRUE 59 TRUE 19.5 TRUE 0.25
20080421 MCLEOD LAK 1 actual TRUE ‐3.1 TRUE 30 TRUE 8 TRUE 7.3 TRUE 0
20080422 MCLEOD LAK 1 actual TRUE 2.2 TRUE 36 TRUE 30 TRUE 10.4 TRUE 0
20080423 MCLEOD LAK 1 actual TRUE 3.5 TRUE 34 TRUE 60 TRUE 12.6 TRUE 0
20080424 MCLEOD LAK 1 actual TRUE 2.2 TRUE 37 TRUE 45 TRUE 9.7 TRUE 0
20080425 MCLEOD LAK 1 actual TRUE 6.2 TRUE 30 TRUE 217 TRUE 12.6 TRUE 0
20080426 MCLEOD LAK 1 actual TRUE 11 TRUE 30 TRUE 191 TRUE 10.3 TRUE 0
20080427 MCLEOD LAK 1 actual TRUE 8.5 TRUE 59 TRUE 150 TRUE 6.9 TRUE 1.01
20080428 MCLEOD LAK 1 actual TRUE 11.4 TRUE 44 TRUE 201 TRUE 11.9 TRUE 0.76
20080429 MCLEOD LAK 1 actual TRUE 5.9 TRUE 71 TRUE 193 TRUE 9.3 TRUE 6.34
20080430 MCLEOD LAK 1 actual TRUE 3.4 TRUE 91 TRUE 211 TRUE 8 TRUE 5.83
20080501 MCLEOD LAK 1 actual TRUE 2.2 TRUE 90 TRUE 132 TRUE 5.8 TRUE 8.38
20080502 MCLEOD LAK 1 actual TRUE 11.4 TRUE 36 TRUE 150 TRUE 14 TRUE 0
20080503 MCLEOD LAK 1 actual TRUE 11.4 TRUE 41 TRUE 198 TRUE 11.1 TRUE 0.5
20080504 MCLEOD LAK 1 actual TRUE 10.4 TRUE 33 TRUE 183 TRUE 8.7 TRUE 0
20080505 MCLEOD LAK 1 actual TRUE 11.1 TRUE 40 TRUE 178 TRUE 10 TRUE 0
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20080506 MCLEOD LAK 1 actual TRUE 8.9 TRUE 49 TRUE 260 TRUE 9.5 TRUE 0
20080507 MCLEOD LAK 1 actual TRUE 3.7 TRUE 79 TRUE 234 TRUE 3.7 TRUE 0.25
20080508 MCLEOD LAK 1 actual TRUE 9.3 TRUE 49 TRUE 46 TRUE 9.8 TRUE 6.58
20080509 MCLEOD LAK 1 actual TRUE 9.9 TRUE 42 TRUE 115 TRUE 9.6 TRUE 0
20080510 MCLEOD LAK 1 actual TRUE 8.6 TRUE 61 TRUE 144 TRUE 8.4 TRUE 0
20080511 MCLEOD LAK 1 actual TRUE 10.3 TRUE 55 TRUE 85 TRUE 3.6 TRUE 0
20080512 MCLEOD LAK 1 actual TRUE 11.7 TRUE 39 TRUE 208 TRUE 11.1 TRUE 0.5
20080513 MCLEOD LAK 1 actual TRUE 11.1 TRUE 49 TRUE 212 TRUE 10.1 TRUE 1.02
20080514 MCLEOD LAK 1 actual TRUE 7.9 TRUE 85 TRUE 209 TRUE 12.5 TRUE 0
20080515 MCLEOD LAK 1 actual TRUE 16.2 TRUE 54 TRUE 267 TRUE 12.2 TRUE 1.26
20080516 MCLEOD LAK 1 actual TRUE 19 TRUE 35 TRUE 194 TRUE 11.4 TRUE 0
20080517 MCLEOD LAK 1 actual TRUE 18.5 TRUE 39 TRUE 191 TRUE 4.9 TRUE 0
20080518 MCLEOD LAK 1 actual TRUE 19.2 TRUE 30 TRUE 228 TRUE 11.1 TRUE 0
20080519 MCLEOD LAK 1 actual TRUE 9 TRUE 76 TRUE 73 TRUE 1.9 TRUE 0
20080520 MCLEOD LAK 5 startup TRUE 8.3 TRUE 95 TRUE 27 TRUE 4 TRUE 15.5 60 6 40
20080521 MCLEOD LAK 1 actual TRUE 10.8 TRUE 80 TRUE 266 TRUE 6.1 TRUE 1.25 60.60872 6.626573 44.348 0.5777748 9.648789 0.3419002 1
20080522 MCLEOD LAK 1 actual TRUE 10.1 TRUE 74 TRUE 242 TRUE 9.5 TRUE 2.28 56.22456 5.601075 48.57 0.5013116 8.695302 0.2807981 1
20080523 MCLEOD LAK 1 actual TRUE 12 TRUE 49 TRUE 41 TRUE 17.9 TRUE 3.29 62.59196 5.021609 49.90049 1.166988 8.024425 0.6272299 2
20080524 MCLEOD LAK 1 actual TRUE 13.9 TRUE 51 TRUE 33 TRUE 21.2 TRUE 2.28 70.28008 5.379653 54.80649 1.837111 8.639285 1.157923 2
20080525 MCLEOD LAK 1 actual TRUE 16.9 TRUE 45 TRUE 31 TRUE 10.3 TRUE 0 82.71771 7.985986 60.25249 2.617722 11.99678 2.963243 2
20080526 MCLEOD LAK 1 actual TRUE 19.7 TRUE 19 TRUE 63 TRUE 15.7 TRUE 0 91.77483 12.42149 66.20248 12.17957 16.91067 15.10248 2
20080527 MCLEOD LAK 1 actual TRUE 19.6 TRUE 38 TRUE 164 TRUE 6.9 TRUE 0 91.25372 15.80025 72.13448 7.259792 20.41907 11.00883 3
20080528 MCLEOD LAK 1 actual TRUE 19.6 TRUE 45 TRUE 228 TRUE 10.1 TRUE 0 90.13869 18.79753 78.06648 7.27495 23.46799 11.85428 3
20080529 MCLEOD LAK 1 actual TRUE 11.2 TRUE 92 TRUE 194 TRUE 6.3 TRUE 8.64 31.25225 9.930157 68.60996 6.63E‐03 14.58351 4.95E‐03 1
20080530 MCLEOD LAK 1 actual TRUE 15.5 TRUE 56 TRUE 229 TRUE 13.7 TRUE 4.82 51.80914 7.638626 67.47337 0.4037108 11.90722 0.268231 1
20080531 MCLEOD LAK 1 actual TRUE 18.2 TRUE 40 TRUE 179 TRUE 4.3 TRUE 0 75.89953 10.68725 73.15337 1.003129 15.65628 0.7819715 2
20080601 MCLEOD LAK 1 actual TRUE 19.6 TRUE 34 TRUE 57 TRUE 6 TRUE 0 86.60216 14.28399 80.08537 3.566887 19.75793 5.757035 2
20080602 MCLEOD LAK 1 actual TRUE 20 TRUE 38 TRUE 158 TRUE 10.7 TRUE 0 88.94807 17.72803 87.08936 6.321173 23.4979 10.57876 3
20080603 MCLEOD LAK 1 actual TRUE 17.6 TRUE 36 TRUE 144 TRUE 6.3 TRUE 0 89.39494 20.8788 93.66136 5.399641 26.81419 9.971393 3
20080604 MCLEOD LAK 1 actual TRUE 15.6 TRUE 39 TRUE 183 TRUE 10.6 TRUE 0 89.44409 23.56069 99.87336 6.753515 29.64049 12.63308 3
20080605 MCLEOD LAK 1 actual TRUE 11.3 TRUE 58 TRUE 194 TRUE 9.8 TRUE 0.51 87.16322 24.93178 105.3114 4.678169 31.32411 9.646089 3
20080606 MCLEOD LAK 3 forecast TRUE 14 TRUE 50 TRUE 200 TRUE 8 TRUE 1.2 80.98539 26.91944 111.2354 1.89403 33.54425 4.304546 2
20080607 MCLEOD LAK 1 actual TRUE 14.5 TRUE 45 TRUE 235 TRUE 11 TRUE 0 85.47034 29.17826 117.2494 3.914533 35.97499 8.982125 3
20080608 MCLEOD LAK 1 actual TRUE 12.4 TRUE 31 TRUE 228 TRUE 11.5 TRUE 0 88.47568 31.63058 122.8854 6.149719 38.49179 13.50442 3
20080609 MCLEOD LAK 1 actual TRUE 15.4 TRUE 30 TRUE 58 TRUE 10.1 TRUE 0 89.90666 34.6713 129.0614 7.037142 41.48265 15.597 3
20080610 MCLEOD LAK 1 actual TRUE 15.1 TRUE 48 TRUE 12 TRUE 9.1 TRUE 0 88.93077 36.88906 135.1834 5.817068 43.85801 13.88421 3
20080611 MCLEOD LAK 1 actual TRUE 19.7 TRUE 33 TRUE 172 TRUE 9.7 TRUE 0.76 88.76237 40.55793 142.1334 5.852418 47.34265 14.54491 3
20080612 MCLEOD LAK 1 actual TRUE 15.1 TRUE 37 TRUE 229 TRUE 12.3 TRUE 0 88.90088 43.24483 148.2554 6.80565 50.01632 16.80171 4
20080613 MCLEOD LAK 1 actual TRUE 12.1 TRUE 44 TRUE 265 TRUE 13.6 TRUE 2.79 72.52974 36.98254 153.8374 1.355537 46.19928 3.806207 3
20080614 MCLEOD LAK 1 actual TRUE 12.2 TRUE 77 TRUE 60 TRUE 11.5 TRUE 9.38 41.31165 19.42723 141.0267 7.91E‐02 28.90119 9.11E‐02 2
20080615 MCLEOD LAK 1 actual TRUE 11.5 TRUE 78 TRUE 208 TRUE 7.6 TRUE 1.78 48.43036 18.53266 146.5007 0.1971912 28.15967 0.2231812 2
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20080616 MCLEOD LAK 1 actual TRUE 15.6 TRUE 40 TRUE 222 TRUE 10 TRUE 4.06 61.23654 15.0527 146.7949 0.7293218 23.96247 0.7422602 2
20080617 MCLEOD LAK 1 actual TRUE 13.9 TRUE 50 TRUE 233 TRUE 11.8 TRUE 0 77.63291 17.02719 152.7009 1.656681 26.63064 3.091191 2
20080618 MCLEOD LAK 1 actual TRUE 12.3 TRUE 59 TRUE 225 TRUE 11.7 TRUE 3.05 64.55343 14.05757 154.6977 0.9338052 22.9104 0.9231327 2
20080619 MCLEOD LAK 1 actual TRUE 16.4 TRUE 28 TRUE 226 TRUE 9.8 TRUE 0 83.76772 17.37472 161.0537 2.923735 27.36815 5.823681 2
20080620 MCLEOD LAK 1 actual TRUE 16.5 TRUE 47 TRUE 147 TRUE 17 TRUE 0 86.49633 19.83047 167.4277 6.116569 30.6001 11.87338 3
20080621 MCLEOD LAK 1 actual TRUE 21.9 TRUE 43 TRUE 149 TRUE 13.8 TRUE 0 88.51384 23.28189 174.7737 6.943321 34.9308 14.08938 3
20080622 MCLEOD LAK 1 actual TRUE 14.1 TRUE 49 TRUE 253 TRUE 15.6 TRUE 2.28 75.75312 21.77851 180.7157 1.756645 33.47241 3.959095 2
20080623 MCLEOD LAK 1 actual TRUE 17.4 TRUE 35 TRUE 219 TRUE 9.1 TRUE 0 86.08085 24.94429 187.2517 3.874123 37.4249 9.112911 3
20080624 MCLEOD LAK 1 actual TRUE 11 TRUE 83 TRUE 160 TRUE 7.6 TRUE 1.01 76.47675 25.48583 192.6357 1.230407 38.30291 2.898709 2
20080625 MCLEOD LAK 1 actual TRUE 12.8 TRUE 47 TRUE 232 TRUE 13.1 TRUE 5.07 61.78017 18.02414 189.0899 0.8785383 29.11108 1.117788 2
20080626 MCLEOD LAK 1 actual TRUE 12.8 TRUE 57 TRUE 254 TRUE 9 TRUE 2.52 62.43544 16.02686 194.7979 0.7394032 26.58547 0.8055277 2
20080627 MCLEOD LAK 1 actual TRUE 18.4 TRUE 41 TRUE 197 TRUE 11.7 TRUE 0 81.85585 19.05573 201.5139 2.526096 30.82437 5.456316 2
20080628 MCLEOD LAK 1 actual TRUE 21.7 TRUE 41 TRUE 217 TRUE 15.4 TRUE 0 87.98331 22.59719 208.8239 6.97491 35.5713 14.27617 3
20080629 MCLEOD LAK 1 actual TRUE 22.7 TRUE 39 TRUE 216 TRUE 8.5 TRUE 0 89.47515 26.41928 216.3139 6.102511 40.47894 13.79527 3
20080630 MCLEOD LAK 1 actual TRUE 26.2 TRUE 29 TRUE 215 TRUE 8.7 TRUE 0 92.00163 31.52217 224.4339 8.838616 46.66046 19.64606 4
20080701 MCLEOD LAK 1 actual TRUE 23.8 TRUE 45 TRUE 353 TRUE 6.4 TRUE 0 90.82772 34.73852 232.4219 6.662352 50.57813 16.63492 4
20080702 MCLEOD LAK 1 actual TRUE 27.5 TRUE 38 TRUE 188 TRUE 4.8 TRUE 0 90.87735 38.90299 241.0759 6.189953 55.43983 16.53822 4
20080703 MCLEOD LAK 1 actual TRUE 20.9 TRUE 69 TRUE 223 TRUE 2.8 TRUE 0 87.03979 40.50471 248.5419 3.23037 57.55867 10.10847 3
20080704 MCLEOD LAK 1 actual TRUE 19.2 TRUE 71 TRUE 206 TRUE 8.3 TRUE 7.1 54.48737 24.48811 239.1109 0.4043572 38.99278 0.5711532 2
20080705 MCLEOD LAK 1 actual TRUE 15.2 TRUE 91 TRUE 256 TRUE 4.9 TRUE 2.54 41.96339 20.37948 245.5509 6.37E‐02 33.75519 8.15E‐02 2
20080706 MCLEOD LAK 1 actual TRUE 13.9 TRUE 66 TRUE 248 TRUE 13.9 TRUE 2.03 57.64062 19.06547 251.7569 0.7005326 32.06101 0.865107 2
20080707 MCLEOD LAK 1 actual TRUE 12.1 TRUE 62 TRUE 228 TRUE 10.5 TRUE 0 72.56005 20.24351 257.6389 1.160876 33.83977 2.391074 2
20080708 MCLEOD LAK 1 actual TRUE 17.7 TRUE 47 TRUE 266 TRUE 9.8 TRUE 0 83.2932 22.58361 264.5289 2.747601 37.2227 6.689224 2
20080709 MCLEOD LAK 1 actual TRUE 14.4 TRUE 46 TRUE 230 TRUE 15.1 TRUE 0 86.12229 24.54936 270.8249 5.272411 40.02776 12.2169 3
20080710 MCLEOD LAK 1 actual TRUE 13.9 TRUE 48 TRUE 254 TRUE 7.8 TRUE 0 86.55331 26.38123 277.0309 3.878615 42.61666 9.848555 3
20080711 MCLEOD LAK 1 actual TRUE 17.5 TRUE 49 TRUE 202 TRUE 7.9 TRUE 0 86.99741 28.60908 283.8849 4.151855 45.7035 10.85555 3
20080712 MCLEOD LAK 1 actual TRUE 17.2 TRUE 53 TRUE 238 TRUE 9.9 TRUE 0 87.04578 30.62907 290.6849 4.623808 48.48591 12.25248 3
20080713 MCLEOD LAK 1 actual TRUE 19 TRUE 47 TRUE 226 TRUE 10 TRUE 0.5 87.59042 33.131 297.8089 5.022729 51.8432 13.58285 3
20080714 MCLEOD LAK 1 actual TRUE 18.8 TRUE 50 TRUE 192 TRUE 10.4 TRUE 0.76 85.65038 35.46782 304.8969 3.89437 54.95401 11.46881 3
20080715 MCLEOD LAK 1 actual TRUE 20.1 TRUE 53 TRUE 95 TRUE 4.8 TRUE 12.94 55.07189 17.93154 274.139 0.3577732 30.82276 0.4302116 2
20080716 MCLEOD LAK 1 actual TRUE 20.2 TRUE 47 TRUE 161 TRUE 10.3 TRUE 1.27 75.40761 20.58283 281.479 1.317282 34.80328 2.906841 2
20080717 MCLEOD LAK 1 actual TRUE 17 TRUE 46 TRUE 206 TRUE 9 TRUE 1.01 80.79671 22.87831 288.243 1.950184 38.1805 4.872615 2
20080718 MCLEOD LAK 1 actual TRUE 17.7 TRUE 55 TRUE 191 TRUE 6.5 TRUE 0 84.41557 24.86519 295.133 2.699917 41.07821 7.011208 2
20080719 MCLEOD LAK 1 actual TRUE 16.6 TRUE 54 TRUE 237 TRUE 13.2 TRUE 0 85.68501 26.77739 301.825 4.506209 43.83285 11.33051 3
20080720 MCLEOD LAK 1 actual TRUE 16.9 TRUE 76 TRUE 208 TRUE 9.7 TRUE 1 78.7767 27.79197 308.571 1.6444 45.36847 4.627335 3
20080721 MCLEOD LAK 1 actual TRUE 15 TRUE 43 TRUE 255 TRUE 13 TRUE 4.05 67.99566 21.38386 306.168 1.129851 36.41018 2.47012 2
20080722 MCLEOD LAK 1 actual TRUE 17.7 TRUE 40 TRUE 216 TRUE 7.6 TRUE 0 82.74959 24.03303 313.058 2.293951 40.32653 5.944691 2
20080723 MCLEOD LAK 1 actual TRUE 19.2 TRUE 38 TRUE 274 TRUE 4.9 TRUE 0 87.62249 26.98893 320.218 3.902315 44.58374 10.16501 3
20080724 MCLEOD LAK 1 actual TRUE 22.6 TRUE 36 TRUE 231 TRUE 11.8 TRUE 0 89.91869 30.55123 327.99 7.679757 49.56127 18.29038 4
20080725 MCLEOD LAK 1 actual TRUE 26.2 TRUE 26 TRUE 175 TRUE 12 TRUE 0 92.67292 35.29579 336.41 11.4736 55.9231 25.91049 4
20080726 MCLEOD LAK 1 actual TRUE 19.3 TRUE 50 TRUE 230 TRUE 8.2 TRUE 0 89.82784 37.69132 343.588 6.322806 59.15853 17.40154 4
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20080727 MCLEOD LAK 1 actual TRUE 18.7 TRUE 46 TRUE 242 TRUE 11.1 TRUE 0 89.52718 40.2024 350.658 7.008893 62.49299 19.33073 4
20080728 MCLEOD LAK 1 actual TRUE 19.1 TRUE 39 TRUE 179 TRUE 11 TRUE 0 89.57639 43.09629 357.8 7.023057 66.24492 19.96646 4
20080729 MCLEOD LAK 1 actual TRUE 15.9 TRUE 63 TRUE 187 TRUE 14.7 TRUE 3.55 67.49367 33.57133 356.3737 1.210791 54.34423 3.81838 3
20080730 MCLEOD LAK 1 actual TRUE 13.1 TRUE 55 TRUE 241 TRUE 12 TRUE 6.09 55.30166 21.24773 344.6768 0.5249823 36.82087 0.7126961 2
20080731 MCLEOD LAK 1 actual TRUE 15.7 TRUE 40 TRUE 224 TRUE 10.1 TRUE 0 77.85307 23.61508 351.2068 1.548118 40.43333 3.97638 2
20080801 MCLEOD LAK 1 actual TRUE 14.3 TRUE 63 TRUE 195 TRUE 8.9 TRUE 0 81.79498 24.79141 356.7848 2.177737 42.24437 5.833815 2
20080802 MCLEOD LAK 1 actual TRUE 19.7 TRUE 46 TRUE 208 TRUE 7.1 TRUE 0.76 84.76234 27.11021 363.3347 2.917084 45.69634 8.039874 3
20080803 MCLEOD LAK 1 actual TRUE 22.2 TRUE 41 TRUE 224 TRUE 8 TRUE 0.25 88.40691 29.94822 370.3347 5.104758 49.82361 13.45418 3
20080804 MCLEOD LAK 1 actual TRUE 24.8 TRUE 34 TRUE 274 TRUE 8.4 TRUE 0 90.7075 33.47721 377.8027 7.243446 54.81212 18.47403 4
20080805 MCLEOD LAK 1 actual TRUE 27.1 TRUE 26 TRUE 206 TRUE 6.7 TRUE 0 92.85572 37.78532 385.6847 9.012807 60.70304 22.80897 4
20080806 MCLEOD LAK 1 actual TRUE 28.3 TRUE 24 TRUE 160 TRUE 9.1 TRUE 0 93.72362 42.39816 393.7827 11.48201 66.81229 28.32958 4
20080807 MCLEOD LAK 1 actual TRUE 27.8 TRUE 26 TRUE 176 TRUE 5.1 TRUE 0 93.77421 46.81321 401.7907 9.452232 72.50675 25.82617 4
20080808 MCLEOD LAK 1 actual TRUE 28.2 TRUE 23 TRUE 172 TRUE 15.8 TRUE 0 94.01006 51.47084 409.8707 16.74581 78.34547 39.35559 5
20080809 MCLEOD LAK 1 actual TRUE 24.3 TRUE 37 TRUE 161 TRUE 9.1 TRUE 0 92.47706 54.77438 417.2487 9.644312 82.47987 27.9498 4
20080810 MCLEOD LAK 1 actual TRUE 8.5 TRUE 100 TRUE 188 TRUE 11.6 TRUE 17.53 15.35534 23.70311 353.7243 3.36E‐05 40.60402 4.89E‐05 2
20080811 MCLEOD LAK 1 actual TRUE 15.1 TRUE 76 TRUE 213 TRUE 6 TRUE 26.17 25.4088 9.766729 272.2122 1.19E‐03 17.92558 1.01E‐03 1
20080812 MCLEOD LAK 1 actual TRUE 18.5 TRUE 61 TRUE 158 TRUE 8.7 TRUE 0 59.1066 11.3448 278.5462 0.5987006 20.59281 0.5528319 2
20080813 MCLEOD LAK 1 actual TRUE 21.4 TRUE 49 TRUE 192 TRUE 13.7 TRUE 0 81.06808 13.71377 285.4022 2.547991 24.4861 4.715744 2
20080814 MCLEOD LAK 1 actual TRUE 24.9 TRUE 44 TRUE 167 TRUE 7.2 TRUE 0 87.67036 16.71963 292.8882 4.411942 29.26302 8.824445 3
20080815 MCLEOD LAK 1 actual TRUE 28.7 TRUE 39 TRUE 160 TRUE 7.9 TRUE 0 90.41901 20.4724 301.0582 6.778031 34.99545 13.84174 3
20080816 MCLEOD LAK 1 actual TRUE 27.4 TRUE 37 TRUE 206 TRUE 6.6 TRUE 0 90.91602 24.17914 308.9942 6.815117 40.44593 15.01659 3
20080817 MCLEOD LAK 1 actual TRUE 28.1 TRUE 35 TRUE 164 TRUE 10.3 TRUE 0 91.43948 28.09748 317.0562 8.847034 46.00301 19.51663 4
20080818 MCLEOD LAK 1 actual TRUE 16.9 TRUE 75 TRUE 229 TRUE 3.9 TRUE 0 85.95818 29.02649 323.1022 2.930177 47.40597 8.25843 3
20080819 MCLEOD LAK 1 actual TRUE 16.1 TRUE 74 TRUE 141 TRUE 12.4 TRUE 0 84.47784 29.94972 329.0042 3.665439 48.79478 10.17581 3
20080820 MCLEOD LAK 1 actual TRUE 13.2 TRUE 93 TRUE 45 TRUE 8.1 TRUE 12.96 25.97816 13.38127 293.9869 1.59E‐03 24.02833 1.62E‐03 2
20080821 MCLEOD LAK 1 actual TRUE 13.3 TRUE 68 TRUE 351 TRUE 6.3 TRUE 4.3 38.2397 9.375631 290.0568 3.37E‐02 17.34929 2.80E‐02 1
20080822 MCLEOD LAK 1 actual TRUE 14 TRUE 75 TRUE 195 TRUE 6.6 TRUE 0 56.7675 10.15497 295.5808 0.4529335 18.70349 0.3936925 1
20080823 MCLEOD LAK 1 actual TRUE 21.1 TRUE 49 TRUE 174 TRUE 10.9 TRUE 0.25 79.65707 12.49235 302.3828 1.901562 22.64578 3.214925 2
20080824 MCLEOD LAK 1 actual TRUE 16.7 TRUE 69 TRUE 191 TRUE 11.9 TRUE 2.55 67.65656 10.71537 308.3928 1.057143 19.71795 0.9497601 2
20080825 MCLEOD LAK 1 actual TRUE 14.8 TRUE 55 TRUE 227 TRUE 8.6 TRUE 5.83 55.59214 7.349705 299.154 0.4538227 13.84881 0.3289214 1
20080826 MCLEOD LAK 1 actual TRUE 11.6 TRUE 56 TRUE 226 TRUE 11.7 TRUE 0.5 72.87354 8.503325 304.246 1.248785 15.89597 0.9824178 2
20080827 MCLEOD LAK 1 actual TRUE 13.1 TRUE 73 TRUE 198 TRUE 12.3 TRUE 5.32 51.17548 5.386583 296.5741 0.3503484 10.30524 0.2148263 1
20080828 MCLEOD LAK 1 actual TRUE 12 TRUE 70 TRUE 220 TRUE 8.9 TRUE 2.02 56.33611 4.863925 301.7381 0.4909325 9.351012 0.2856949 1
20080829 MCLEOD LAK 1 actual TRUE 7.8 TRUE 89 TRUE 150 TRUE 4.9 TRUE 0 61.11965 5.066036 306.1461 0.5603144 9.729566 0.3330534 1
20080830 MCLEOD LAK 1 actual TRUE 7.8 TRUE 88 TRUE 45 TRUE 6.8 TRUE 2.52 45.75591 3.503409 310.5541 0.1299895 6.814626 6.44E‐02 1
20080831 MCLEOD LAK 1 actual TRUE 11.7 TRUE 70 TRUE 200 TRUE 2.1 TRUE 0.25 59.52925 4.296162 315.6641 0.4415334 8.309591 0.241584 1
20080901 MCLEOD LAK 1 actual TRUE 12.4 TRUE 62 TRUE 186 TRUE 9.4 TRUE 0 73.36259 5.209486 319.6001 1.135249 10.01102 0.6852474 2
20080902 MCLEOD LAK 1 actual TRUE 8.4 TRUE 91 TRUE 240 TRUE 7.2 TRUE 0.25 74.11614 5.361707 322.8161 1.051838 10.2959 0.6446466 2
20080903 MCLEOD LAK 1 actual TRUE 12.3 TRUE 64 TRUE 151 TRUE 5.1 TRUE 1.26 72.06017 6.220553 326.7341 0.8676456 11.87586 0.5756167 2
20080904 MCLEOD LAK 1 actual TRUE 12.6 TRUE 67 TRUE 231 TRUE 6.5 TRUE 0 78.05834 7.025454 330.7061 1.313589 13.3423 0.931594 2
20080905 MCLEOD LAK 1 actual TRUE 15.1 TRUE 60 TRUE 65 TRUE 5.4 TRUE 0.25 82.16547 8.179127 335.1281 1.909335 15.41755 2.362404 2
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20080906 MCLEOD LAK 1 actual TRUE 14.5 TRUE 63 TRUE 51 TRUE 3.7 TRUE 0 83.36942 9.206751 339.442 2.040608 17.24421 2.834569 2
20080907 MCLEOD LAK 1 actual TRUE 14.7 TRUE 64 TRUE 164 TRUE 7 TRUE 0.25 83.8599 10.21942 343.7921 2.570182 19.02501 4.006307 2
20080908 MCLEOD LAK 1 actual TRUE 17 TRUE 72 TRUE 175 TRUE 6.5 TRUE 2.03 69.56771 9.357373 348.5561 0.8561223 17.5377 0.7150806 2
20080909 MCLEOD LAK 1 actual TRUE 16.5 TRUE 42 TRUE 156 TRUE 4.4 TRUE 0 81.80618 11.17476 353.2301 1.738238 20.71146 2.668591 2
20080910 MCLEOD LAK 1 actual TRUE 13.1 TRUE 62 TRUE 202 TRUE 10.9 TRUE 0 83.34921 12.13545 357.2921 2.925388 22.37129 5.116044 2
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