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ABSTRACT 

All newly constructed wastewater treatment ponds and existing ponds undergoing 
upgrades in Minnesota are required to assess the seepage rate of the pond seal 
by the Minnesota Water Balance Test. A Water Balance Task Force consisting of 
representatives from the Consulting Engineers Council and the Minnesota 
Pollution Control Agency (MPCA) was formed in June 1987 to evaluate the test. 

The purpose of the Task Force was to (1) provide guidance for evaluation and 
review of water balances, (2) generate improvements in materials and techniques 
for operation of the test, (3) evaluate the test in a statistical manner to 
determine its reliability, (4) consider the implications of combining a 
performance test with prescriptive specifications, and (5) study the impacts of 
freezing on the water balance. 

To accomplish these goals, the Task Force reviewed data from six previous water 
balance tests, conducted two field water balances, sent questionnaires to other 
regulatory agencies in the United States and Canada, and sought legal counsel 
for assessing the contractual implications of combined specifications. 

The Task Force concluded that the Minnesota Water Balance Test is an effective 
tool for evaluating seepage loss from ponds and that the methods used to analyze 
the data collected during the test have an accuracy to within +/- 1,000 
gallons/acre/day. 

Recommendations developed by the Task Force for modification and standardization 
of the test are presented in this report. The recommendations address both 
physical changes in testing procedures and modifications of the analytical 
evaluation of test data. 
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1. INTRODUCTION 

The Minnesota Water Balance test for determining seepage loss from ponds was 
developed to determine whether newly constructed or existing stabilization 
ponds were properly sealed. The test was seen as an inexpensive and effective 
method of assessing the integrity of the lining seal. 

Over the last 30 years, design requirements for wastewater stabilization ponds 
have become progressively more restrictive. The changes in design criteria 
reflect the broadening of concerns related to stabilization ponds. 

Initially, the prime concern defining design requirements was the need to 
maintain adequate water levels. An early theory held that, over time, the 
cells would seal themselves with the solids loading if the original seal was 
sufficient to maintain water. 

Later the design standard called for the removal of porous topsoil and 
compaction of the subgrade to enhance sealing; a liner was required only in 
areas where porosity was "excessive." These requirements were meant to avoid 
nuisance conditions and weed growth in the bottom of the cells that provided 
prime conditions for mosquito breeding. 

A heightened awareness of the potential for ground water contamination was the 
impetus for the next development in pond design. The 1975 Recommended Design 
Criteria for Stabilization Ponds by the Minnesota Pollution Control Agency 
(MPCA) included the best available technology to achieve a sealed pond with a 
seepage loss of less than of 500 gallons/acre/day. This seepage rate was 
interpreted by the MPCA as meeting its nondegradation standard. 

The Agency contracted a study to determine the effectiveness of this standard 
in protecting the ground water in the vicinity of several existing 
stabilization ponds. The study was conducted by Eugene A. Hickok and 
Associates and showed that where ponds leaked approximately 3,000 
gallons/acre/day some localized contamination of ground water resulted. The 
500 gallon per acre per day seepage limit was determined to be acceptable and 
remains in effect to ensure that localized contamination does not occur. 

In 1987, a Water Balance Task Force (VBTF) was formed to evaluate the accuracy 
of the Minnesota Vater Balance test and to see if any changes could be made to 
improve the test without significantly increasing its cost. The WBTF consisted 
of staff from the MPCA and representatives of the Consulting Engineers Council 
(CEC). At their first meeting on June 16, 1987, Task Force members outlined 
the scope of work for the WBTF: 

1. Provide guidance for MPCA staff reviewing new stabilization pond 
systems. 

2. Develop a data sheet for uniform recording of information. 

3. Study the issue of water balances extending into a freeze-up period, 
versus deferring the test until the spring thaw. 

4. Generate improvements in testing techniques. 
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S. Review water balance data in a statistical manner to determine if 
reliability and confidence can be obtained from the number 
of readings currently specified. 

6. Recommend contract specification requirements in regard to the 
water balance test. 

7. Identify any substitute standard method tests that may be utilized. 

8. Assess implications associated with using both prescriptive and 
performance style specifications in a contract. 

9. Collect information from other states on how they protect ground water 
from pond seepage and how they determine pond seepage rates. 

The Task Force met on a monthly basis. In order to address a range of issues, 
it conducted water balances at two new sewage stabilization ponds sites. One 
system was located in Cleveland, Minnesota; the tests there went from 
October 14, 1987, to November 13, 1987. The second test was conducted at 
Kettle River, Minnesota, from Hay 10, 1988, to June 24, 1988. The Kettle River 
test was interrupted on Hay 20 for construction repairs and restarted on 
Hay 23. 

Participants in the Yater Balance Task Force were: 

Consulting Engineering Council members 

Hike Zagar, P.E. Rieke, Carroll, Mueller Associates, Inc. 
Tom Noyes, P.E. HcCombs-Frank, Roos and Associates, Inc. 
Tom Barron Mccombs-Frank, Roos and Associates, Inc. 
Bob Callery, P.E. Toltz, King, Duvall, Anderson, Inc. 
Terry Huntrods, P.E. Tojtz, King, Duvall, Anderson, Inc. 
Rob Yahlstrom, P.E. Twin City Testing, Inc. 
Kelly Yahnke, P.E. ' Bolton and Henk, Inc. 
Don Burgardt, P.E. · Bonestroo, Rosene, Anderlik and Associates 
Keith Bachman, P.E. Bonestroo, Rosene, Anderlik and Associates 
Cameron Kruse, P.E. Braun Engineering Testing Company 

Minnesota Pollution Control Agency Staff 

John F. McGuire P.E. 
Jorja DuFresne 
Steve Kollodge 
Pat Hanson 
Jim Klang, P.E. 
Don Smith, P.E. 
Joe Jubert 

Michael Scott, P.E. 
Jim Lungstrom 
Jeff Ubl, P.E. 
Bruce Yeaver, P.E. 
Alex Piper, P.E. 
Sylvia McCollor 
Anne Jackson, P.E. 

The following chapters outline the work, conclusions and recommendations of the 
Yater Balance Task Force. 
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2. CONCLUSIONS AND RECOMMENDATIONS 

Conclusions 

The Water Balance Task Force reached the following conclusions: 

1. The Minnesota Water Balance Test is adequate to determine if newly 
constructed ponds are properly sealed to achieve a seepage loss of less 
than 500 gallons/acre/day with a 95 percent confidence interval of plus or 
minus 1, 000 gallon/acre/day if the test is run according to the criteria 
contained in this report. This barrel test is only acceptable for 
insuring an adequate seal if the installation of the pond seal is done 
with adequate inspection as outlined in the prescriptive specifications. 

2. Although the task force did not study testing of seepage from existing 
ponds extensively, it concluded that, with some changes, this test can be 
applied to them. Test accuracy may not be as good with existing ponds 
because of the problems of dealing with incoming sewage, settling of 
barrels and uneven pond floors. Evaluation of the seepage from existing 
ponds may be done by the Minnesota Water Balance or other methods that can 
be demonstrated to Minnesota Pollution Control Agency staff as being 
acceptable. 

Recommendations 

The Water Balance Task Force recommended that the Minnesota Water Balance test 
should continue to be required for the evaluation of the performance of newly 
constructed sewage stabilization ponds (both aerated and nonaerated). The 
task force made recommendations for changes in the test and in the evaluation 
of the data. 

The following recommendations for physical changes in the test are also 
included in the recommended criteria in Chapter 8: 

1. The color of the barrels should be standardized to pure white. 

2. The baffle that protects the barrel from splash-over of water from wave 
action should be standardized. 

3. The barrels should be firmly attached to a concrete pad to minimize 
movement during the test. 

4. A minimum of three evaporation-rainfall barrels should be placed in each 
pond. 

5. To reduce errors in reading measurements, the ruler for measuring water 
level in the barrels should be in millimeters and securely attached to the 
inside of the barrels for the entire test. 

3 



6. All test barrels shall be made of steel with a capacity of 55 gallons. 
Barrels whether new or used, should have an inside diameter dimension of 
22.5, inches plus or minus one inch, and a height a of 35 inches, plus or 
minus two inches. The barrels dimensions must not be reduced for the 
test. 

7. The water depth and concrete pad in the ponds should be such that the 
water depth on the outside of the barrels is about two-thirds of the 
barrel height at the beginning of the test. 

8. Because of the uncertainty of weather conditions, the bidding documents 
for conducting the test should cover costs for a test period of four 
weeks. 

9. The test can be continued into the freeze up period if ice has not 
permanently formed in the barrels for the winter. In any case the test 
must be started so as to be concluded by November 20. 

10. Evaporation pans are not recommended to be used to measure evaporation. 
If this is the only method available, a pan evaporation coefficient of 0.6 
shall be used. 

11. The number of perforated barrels should be increased to a minimum of 
three. 

The following recommendations are for changes in the evaluation of the test 
and described more fully in Chapters 7 and 8: 

1. The minimum number of readings allowable for any water balance test will 
be nine. The readings may be made up of combinations of barrel data from 
different barrels. However, for a barrel to be included in a combined 
analysis, that barrel must contribute at least five readings to the 
analysis. 

2. The water balance test periods should be run concurrently for all newly 
constructed stabilization pond cells on a project. This is due to the 
seasonal fluctuations of the mean seepage rate. In dry, hot summers, 
infiltration rates of up to 2,000 gallons/acre/day and higher have been 
recorded. This is thought to be due to accelerated evaporation from the 
water in the barrel when compared to the pond evaporation. By checking 
pond against pond, localized conditions can be accounted for on a broad 
scale. 

3. The water balance should be evaluated using the least squares analysis. 
The confidence interval band given by the least squares analysis is to be 
used in combination with the mean seepage rate. Passing the water 
balance test requires: that the sum of the estimated mean seepage rate 
plus the confidence interval not exceed 1500 gallons/acre/day, and the 
correlation coefficient for each of the two estimated slopes be greater 
than 0.8. Only one properly evaluated data set is needed to meet this 
criteria in order for a pond to pass the Minnesota Yater Balance test. 
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4. Ice in the barrel or the pond makes it impossible to make accurate 
readings. When free of ice the barrel may again be read, and the time 
between readings recorded. In order for the time span during freezing 
conditions to be used, a reading before the ice occurred and after the 
ice melted must be recorded. 

5. Although the contract for the test must cover a period of four weeks, 
actual evaluation of the test may only require a two-week period, 
depending upon variability of the readings collected. 

6. Dike runoff should be considered in the data analysis if major storms 
occur during the test. The smaller the pond, the greater the effect and 
the more intense the storm, the greater the effect. 

The task force also recommended that: 

1. The HPCA staff develop and maintain a data file of future water balance 
tests. Additional refinement of the standardized test is foreseeable and 
a good data base will be required to support that effort. 

2. To avoid biases in design or evaluation of the liner, a soils engineer 
must be retained by the pond owner, preferably hired through the 
consulting engineer, for both the predesign and construction testing. 
Soils testing during construction should not be the responsibility of the 
contractor. Further, selection of the engineer by the pond owner should 
be based on qualifications, rather than price or a combination of 
qualifications and price. Typically at the time a soils engineer is 
selected, there is not enough information available for reasonable pricing 
of the design investigation, so no valid price comparisons are possible. 
Selection of a firm with the best qualifications should result in the 
lowest overall cost for design and construction. 
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3. TASK FORCE STUDIES AT CLEVELAND AND KETTLE RIVER 

The Yater Balance Task Force (YBTF) set up and operated two water balance tests 
to collect information. The first test was conducted on the Cleveland 
wastewater stabilization ponds from October 20, 1987 to November 13, 1987. The 
Cleveland ponds were designed by Bolton and Menk, Incorporated. The three ponds 
are approximately six (6) acres each and are sealed with 18 inches of clay. 
Additional information of the Cleveland water balance study is contained in a 
report entitled "Report of Yater Balance Study, Wastewater Stabilization 
Ponds, Cleveland, Minnesota" by Twin City Testing, dated December 9, 1987. 

The second water balance test was conducted on the Kettle River wastewater 
stabilization ponds from May 10, 1988 to June 20, 1988. It was interrupted on 
May 20th for repairs to pipes and the subsequent lowering of the water levels 
in the cells. It was restarted on May 23, 1988. The Kettle River pond system 
was designed by John Baker Engineering, Incorporated. Additional information 
on the Kettle River water balance study is contained in a report entitled 
"Vater Balance Study, Vastewater Treatment Pond Project, Kettle River, 
Minnesota" by Braun Engineering Testing, Incorporated dated August 3, 1988. 
The Kettle River ponds are sealed with 30 mil polyvinyl chloride liner. Each 
of the three cells are approximately two acres. 

A special thanks is given to Braun Engineering Testing, Incorporated, Bolton 
and Menk, Incorporated and Twin City Testing Corporation for assisting the 
Agency staff by donating time and equipment to conduct these tests. 

Cleveland 

The following is a discussion of the tasks that were performed at the Cleveland 
wastewater stabilization ponds. Bolton and Menk, Inc. collected daily readings 
for the water balance test and MPCA staff was onsite several times per week to 
take independent readings. Comparisons between the readings taken by Bolton 
and Henk, Inc. and the HPCA were used to determine a level of accuracy for the 
readings. The water balance test was conducted as outlined in the MPCA 1985 
Recommended Design Criteria for Stabilization Ponds and revisions published in 
the Construction Grants Memorandum dated March 1986. The results were used as 
the basis of control for the investigation. 

Three metal barrels were placed in the corners of each pond (Figure 3.6). A 
fourth barrel was placed near the center of each pond. The center barrel was 
used to determine if proximity to the dikes affects the amount of evaporation. 

One stock tank was placed in each pond near one of the three barrels used for 
control. Comparisons between the barrels and the stock tanks were used to 
determine if the size of the barrel's or stock tank's opening affects 
evaporation. It appeared that the size of the container used to measure 
evaporation and rainfall could affect the test. In ponds 1 and 2, the stock 
tanks indicated more seepage from the ponds than the barrel. Since the stock 
tanks in pond 3 showed the opposite effect, it is not possible to draw any 
conclusion. It should be noted that the confidence interval for the stock 
tank in pond 3 is more than 20 percent greater than that of any of the pond 3 
barrels. This indicates that other outside variables may have had a greater 
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impRrt on the res11lts fnr ponrl 3. RRsed on thts informRtion, additional 
experiments could be conducted to evaluate how the size of the barrel opening 
affects evaporation. 

Continuous measurements of the temperature of the water in the barrel, stock 
tank, and pond were recorded. This was done to find out if the surface 
temperatures of the water in the barrels, tanks or pond were significantly 
different, which could explain varying evaporation rates. Temperature readings 
were taken in the top inch of water. These tests, were taken from the stock 
tank, barrel, and pond all located in the northwest corner of pond 1 (Table 
3.1). Although there were differences found in the temperatures measured in 
the pond, barrel and stock tank they do not appear to be significantly 
different. Figure 3.1 is a plot of the maximum and minimum daily temperatures 
recorded in the pond, barrel, and stock tank. Figures 3.2, 3.3, and 3.4 are 
plots of hourly temperature readings for four days (October 28 and 30 and 
November 10 and 11, 1987). These field observations showed that the barrels 
and stock tanks warmed up and cooled down slightly faster than the pond. This 
could have an effect on evaporation rates. On some mornings ice had formed in 
the barrel and stock tank but did not form on the pond. This indicates that the 
barrel and stock tank cooled faster than the pond or that wave action prevented 
the ponds from freezing. 

It was concluded that during periods of freezing weather the barrel would 
typically freeze first (Figure 3.4). It was not determined whether this is due 
to energy storage by the pond, wind action on the pond or other factors. It is 
clear that the majority of energy is expended in melting the ice in the barrel 
or stock tank. It is assumed that the temperature of the water in the barrel 
remained close to freezing because the available energy was used melting the 
ice, much the same way ice is used to cool drinks. The pond, however, shows 
fluctuation in its surface temperature until the presence of ice on its 
surface. Therefore, this inaccurate modeling of the pond with barrels 
containing ice should be accounted for. As a side note, other tests have 
indicated that the type of material used to make the barrel may affect 
temperatures. 

Evaporation out of the barrels and stock tanks were measured from the top rim 
with a hand-held scale. The pond level was measured on the outside of the 
barrels and in the control structures to find out what, if any, effect the wind 
has on the pond surface. Pond levels in cell #1 were also measured using a 
perforated barrel near the center of the cell. 

The most useful benefit of this experiment came from observing the way the 
water balance was performed. It appeared that stricter quality control 
measures were needed. During these tests, the barrels rocked noticeably and 
settling of the barrels was possible, which could cause errors in reading water 
levels. Another possible source of error can be in the actual reading of water 
levels. A ruler was used to measure from the rim of the barrels down to the 
water surface. Errors can occur using this method. It is difficult to hold 
one end of the ruler at the water surface while reading the ruler at the rim of 
the barrel. To improve quality, the following changes are suggested: 

Specifications should be more precise on how the test is to be 
conducted. 
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R;:irn•ls sho11lrl be placPo on solirl surfaces surh as spl;:ish parls to 
prevent settling. If this is not possible, the elevation of the barrel 
rims should be determined at the start of the test and checked again at 
the conclusion of the test. If the barrels settle, this could be taken 
into account when evaluating the results. 

The scale used to measure the water levels should be permanently 
mounted. It is also easier to read a millimeter scale instead of 
reading 1132nd of an inch. 

Two evaporation pans were set up on the dikes to determine the correlation 
between the evaporation pans and the barrels. The data that was collected at 
Cleveland from the evaporation pans was inconsistent and determined not 
reliable, therefore no conclusions can be made. 

One automatic recording and five manual rain gauges were installed at the pond 
site. Rain data were used to estimate the amount of runoff from the dikes and 
to determine if barrel location had an effect on how the barrel performed as a 
rain gauge. There was a total of 0. 96 inches of rainfall during the study 
period. Wind directions and speed were also recorded. 

The following are the seepage rates calculated from the data in the Cleveland 
water balance study. 

(upper 

Pond 

1 
2 

3 

Statistical Method 

Seepage Rate Maximum 
Using 

Barrels 
limit of 95% 

Gal/Acre/Day 

117 
410 
752 

Using 
Stock Tanks 

confidence interval) 

Gal/Acre/Day 

580 
556 
743 

End Point Method 

Average Seepage Rate 
Using Using 

Barrels Stock Tanks 

Gal/Acre/Day 

-355 
-310 

323 

Gal/ Acre/Day 

94 
-255 
-967 

Negative numbers indicate the pond gained water 
Positive numbers indicate the pond lost water 

The statistical method consists of performing a linear regression to find the 
best fit line describing the data for each pond and barrel. The slopes of 
these lines are compared to determine a mean seepage rate and the 95% 
confidence interval is calculated assuming a t-distribution. The maximum 
seepage rate is obtained by adding the confidence interval to the mean seepage 
rate. 

NOTE: The confidence interval equation used to determine these Cleveland 
intervals is different than that used in the proposed criteria. Chapter 
3's values reflect a purely additive band width derived from the 95 
percent level of the evaporation barrels added to the 95 percent band 
width of the pond barrels. The criteria formula takes into account that 
two worse case scenarios will not occur within the 95 percent band 
width. The new numbers are found in Table 6. 3. 
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Kettle River 

This section outlines the data and conclusions made from the water balance 
study performed at Kettle River, Minnesota in May and June of 1988. The Kettle 
River study was intended to gather information on various methods of conducting 
water balances. Starting the week of May 9, 1988, Braun Engineering Testing 
provided a staff person to check readings of the barrels every Monday and 
Thursday. The MPCA provided staff to take barrel readings, evaporation pan 
readings and check wind/run recorders and temperature recorders every Tuesday 
and Friday. The test ran until June 21, 1988. Water levels were altered on 
May 20 to allow for pond piping repairs and the test was restarted on May 23, 
1988. 

The test equipment supplied was as follows: 

1. Six metal evaporation barrels. 
2. Six plastic evaporation barrels. 
3. Three stock tanks. 
4. Three perforated metal control barrels. 
5. Two evaporation pans. 
6. Two rain gauges (manual reading) 
7. One wind/run measuring recorder. 

Approximate equipment locations are shown on Figure 3. 7. 
The analysis used in the study is as follows: 

1. Use the unpaired t-Test to determine if the evaporation/rainfall 
rate, (i. e. , the average daily change in water level) varies 
significantly between the metal barrels, plastic barrels and stock 
tanks. 

a. Check for significant differences between the two common 
evaporation barrels in each pond. If there are no significant 
differences within ponds then check for: 

(1) significant differences among all six metal barrels. 
(2) significant differences among all six plastic barrels. 
(3) significant differences among all three stock tanks. 

B. If the rates do not vary significantly over the whole pond 
system, then there is no need to analyze the vessels within each 
individual cell (i. e. , if the rates among all six metal 
evaporation barrels do not vary significantly then all six may 
be used when calculating seepage rates for each cell). 

(1) Check for significant differences between the metal barrels 
and the plastic barrels for each pond (or for the system as 
a whole if the above note is applicable). 
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(2) Check for significant differences between the metal barrels 
and the stock tanks. 

(3) Check for significant differences between the plastic 
barrels and the stock tanks. 

2. Use the Paired t-Test to determine if the use of a hook gauge gives 
significantly different results from the metal ruler. Calculate the 
confidence interval for the mean of the average daily water level 
change for both methods. 

3. Determine if the average daily evaporation/rainfall rate varies 
significantly between the two evaporation pans. Determine if the 
rate varies significantly between the evaporation pans and the 
plastic barrel on the dike. Determine if the rate varies 
significantly between the plastic barrel on the dike and those in the 
ponds. 

4. Calculate the seepage rate for each pond using the metal barrels, 
plastic barrels, stock tanks and evaporation pans. Calculate the 
confidence interval for each. 

5. Determine if the hourly temperatures of the pond, metal barrel, 
plastic barrel and stock tank vary significantly. If so, determine 
which vessel most closely approximates the pond temperature. 

The Kettle River Stabilization Ponds passed the water balance and accepted for 
use. The Braun report indicated the end point method results as follows: 

ALL UNITS IN GALLONS PER ACRE PER DAY 

Pond I Dike Run Off End Point Seepage Adjusted Seepage 
I 
I 

Braun's Readings 
I 

Cell A I 299 -447 -148 
I 

Cell B I 405 -228 177 
I 

Cell C I 405 420 825 
I 

MPCA's Readings 
I 

Cell A I 299 -324 -25 
I 

Cell B I 482 -248 234 
I 

Cell C I 482 -97 385 
I 
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Rraun's �taff suspected that the first  10 dRys of their readings were 
inaccurate for cell C. Comparing the data from the MPCA and the remainder of 
the 18 day period of Braun's test, shows that a disproportionately large amount 
of seepage occurred in the first ten days, from Braun's data. This aids as a 
demonstration of the variability in tests due to operation methods since the 
same time period and same equipment resulted in two different findings. 

The following are the results of the statistical analysis proposed. 

NOTE: All test data were run using like time period windows. Since Braun and 
MPCA alternated readings, a data set that had only MPCA readings 
available was compared to the other sets using only MPCA dates of 
record. The least squares correlation uses day rates and the sample 
variance to estimate a best fit line. Slopes of the means of the 
different data sets can be compared for seepage loss rates. 

A. Observations on the above calculated results 

1. The Unpaired t-Test demonstrates there are no significant differences 
among all three cells for: 

a. metal barrels. 
b. plastic barrels. 
c. stock tanks. 
d. metal barrels and stock tanks. 
e. stock tanks and plastic barrels. 
f. evaporation pan one and evaporation pan two. 
g. the plastic barrel loss, on the dike, when compared with the 

evaporation pans. 

2. The Paired t-Test demonstrates no significant differences between the 
readings collected using the hook gauge and the readings collected 
using the mm rule. 

3. The least squares analysis for the water balance indicates: 

a. Cell A 

Metal barrels had a gain of 460 gallons/acre/day and a loss of 
345 gallons/acre/day (this barrel had a dead bird removed from 
it during the test period). The plastic barrel had a gain of 
1292 gallons/acre/day and the stock tank had a gain of 661 
gallons/acre/day. 

The confidence interval for 95% was approximately+/- 730 
gallons/acre/ day, +/- 7 10 gallons/acre/day, +/- 695 
gallons/acre/day, respectively, for metal, plastic and stock 
tank readings. 
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b. Cell B 

The metal barrel seepage average was 27 gallons/acre/day loss 
and 182 gallons/acre/day gain. The plastic barrel results were 
1412 and 1542 gallons/acre/day gain. The stock tank in Cell B 
indicated a 603 gallon/acre/day gain. 

The 95% confidence interval as approximately +/-650 
gallons/acre/day, +/-645 gallons/acre/day and +/-603 
gallons/acre/day for the metal, plastic and stock tank readings, 
respectively. 

c. Cell C 

The metal barrel seepage rates were 465 and 450 gallon/acre/day 
loss. The plastic barrel seepage rates were a 59 gallon/acre/day 
loss and a 914 gallon/acre/day gain. The stock tank had a 380 
gallon/acre/day gain. 

The 95% confidence interval is approximately +/-675 
gallons/acre/day, +/- 630 gallons/acre/day and +/-670 
gallons/acre/day for the metal, plastic and stock tank readings, 
respectively. 

[Note: The confidence interval bands are calculated using the additive 
equation discussed in the Cleveland results. The confidence interval data on 
the metal barrels calculated by the criteria method are found in Table 7.1) 

4. Temperature Measurements 

Temperature measurements were taken during the survey of the top one 
inch of water in the pond, steel barrel, plastic barrel, and stock 
tank. Figure 3.5 is a plot of the 4-hour temperature readings in the 
steel barrel, plastic barrel, stock tank and the pond from June 1 
through the June 15th. The surface water temperatures do not appear 
to be signficantly different in the four vessels. Compared to the 
variations that can occur due to wind, precipitation and scale of the 
test, effects of surface water temperatures may be slight. 

5. The Evaporation Pan Data 

The least square analysis was run on cell A using the two evaporation 
pans to check against the pond level. Evaporation pan coefficients 
of 0.6, 0.7 and 0.8 were used to correct the pan data for shallow 
reservoir results. Results using the first pan varied between a 
seepage rate of 1098 gallons/acre/day loss to a gain of 316 
gallons/acre/day. The 95% confidence interval is +/- ~ 820. The 
second pan varied between a loss of 1033 gallons/acre/day to a gain 
of 402 gallons/acre/day. The 95% confidence interval is +/- ~ 800. 
The wider confidence interval for pans, as opposed to barrel tests, 
can be attributed to the fact that pan readings were taken only by 
MPCA staff (i.e., the sample size is one half of the other sets). 
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ThP lPVPl nf �rr11r�ry fnr thp tp�t limit nf son R�llon/�rre/<l�y W�S not 
obtained. Also, the confidence interval did not significantly improve by use 
of one type of equipment instead of another. However, the seepage rates show 
large differences in the results of projected gallons/acre/day of each pond. 
This shows that the variance of the results may not show a detectable 
improvement in testing methods until the test is standardized. 

The remaining question is which barrel more truly reflects the pond's actual 
seepage rate? Kettle River's data seems to indicate that the metal barrels 
came the closest. Deleting the data from the barrel with the dead bird, the 
metal barrels gave closer seepage rates to each other than the plastic barrels; 
and the metal barrels had lower gain rates. Gain rates above ground water 
tables may be attributed to evaporation of the barrel exceeding evaporation of 
the pond. Assuming the synthetic seal to be above the ground water table, the 
metal barrels depict pond evaporation better in this test. 

Vind/run data was gathered during the test period. Exact time and duration of 
wind storm events was not defined. However, the levels of winds or average 
wind speeds may be determined for the months in question. Approximately six 
wind events occurred during the test period ranging from 15 to 30 miles per 
hour. The remainder of recordings showed that the month had equal parts of 0 
to 5 mile per hour winds and 5 to 10 mile per hour winds. 

Method Observations 

Several MPCA staff members commented on their observations made during the 
test. These observations are presented below for information and future 
reference. 

Plastic barrels required a large area (half the submerged volume of the 
barrel) to be filled with rock for stability. It is not known if this 
amount of rock mass has a significant effect on evaporation. 

Plastic barrel sidewalls were extremely sensitive to deflection. The waves 
set up by wading to the barrel for a reading, created a problem with 
accurately reading the water level in the barrel. 

High winds were not visually observed at Kettle River, however it is 
questioned if the plastic barrels (with rock in them) would be stable 
enough to withstand a wind storm. 

One problem associated with both plastic and metal barrels was the 
difficulty in reading the ruler when the water level was down deep inside 
the barrel. 

The sun's reflection from the water surface to the ruler increased the 
difficulty of water level readings. Attaching the ruler on the south side 
of the barrel should help. 

Three different types of baffles were used during the test: the metal 
baffle welded to the top of the metal barrels, the pallets tied together 
around the barrel and a snow fence arrangement similar to pallet baffles. 
Both wood products sank after seven to ten days. If used in the future, 
flotation devices such as bleach bottles should be affixed to the baffles. 
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The hook gauge was easier to read. 

To quantify possible settling, elevation of the perforated barrels should 
be taken at the beginning and end of the test. 

Also due to settling, level measurements of the top rim of the barrel 
should be required before each reading. 
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0 c - Cleveland - Stock Tank 
Date Table 3.1 

Time 
(hr.) 10/14 10/15 10/16 10/17 10/18 10/19 10/20 10/21 10/22 10/23 
1 9.5 10. 5 9. 5 9. 5 7. 5 7. 5 2. 5 5 5 
2 9. 5 10. 5 9. 5 9. 5 7. 5 7. 5 2 5 5 
3 9. 5 10. 5 9 9 7 7 1 5 5 
4 9. 5 10. 5 9 9 7 7 1. 5 4. 5 5 
5 9. 5 10. 5 9 9 7 6. 5 1. 5 4. 5 5. 5 
6 9. 5 10 9 8. 5 6. 5 6. 5 1. 5 4 5. 5 
7 9. 5 10 8. 5 8. 5 6. 5 6 1. 5 4 5. 5 
8 9. 5 10 8. 5 7. 5 7 6 2 3. 5 5. 5 
9 9. 5 10 8. 5 8. 5 7. 5 6 3 2 5. 5 
10 9. 5 10. 5 9 8. 5 8. 5 6 ? 1. 5 5. 5 
11 10 10. 5 10 9 9 6 ? 4. 5 5 
12 10. 5 10. 5 11 9. 5 9. 5 6 ? 4. 5 5 
13 10. 5 10. 5 11. 5 9. 5 9. 5 6 5 5. 0 5 
14 10 10. 5 11 12 9. 5 9 6 5 5. 0 5 
15 10. 5 10. 5 11 12 9. 5 9 6 5. 5 5. 5 5 
16 11 10. 5 11 12 9. 5 9 6 5. 5 5. 5 5 
17 10. 5 11 11 11. 5 9. 5 9 5. 5 5. 5 5. 5 5 
18 10 11 11 11 9. 5 8. 5 5. 5 5. 5 5. 5 5. 5 
19 10 11 10. 5 11 9 8. 5 5 5. 5 5. 5 5. 5 
20 10 11 10. 5 11 9 8. 5 5 5. 5 5. 5 5 
21 10 11 10 11 8. 5 8 4. 5 5. 5 5. 5 5 
22 10 11 10 10. 5 8. 5 8 4. 5 5. 5 5 5 
23 10 11. 5 10 10 8 8 4 5 5 5 
24 10 10. 5 9. 5 10 8 8 3. 5 5 5 5 

Date 
Time 
_(hr.) 10/24 10/25 10/26 10/27 10/28 10/29 10/30 10/31 11/1 11/2 
1 5 2 4. 5 4 1. 5 4 6 6. 5 8. 5 7. 5 
2 4. 5 1 4. 5 4 1 4 6 6 9. 5 10 
3 4. 5 1 4. 5 3. 5 0. 5 4 5. 5 6 8. 5 10. 5 
4 4 1 4. 5 3. 5 0 4 5. 5 6 8. 5 10. 5 
5 4. 5 1 4 3 -0. 5 4 5. 5 6 8. 5 10. 5 
6 4. 5 1 4 3 -1 3. 5 5 6 8 11 

7 4 1 4 2 0. 5 3. 5 5 5. 5 8 11 

8 3. 5 1 4. 5 1. 5 0. 5 3 5. 5 5. 5 8 11 

9 3. 5 1 4. 5 3. 5 1. 5 3. 5 7. 5 6 8 12 
10 3 2 4. 5 4 1. 5 4 8 6. 5 8. 5 12. 5 
11 3. 5 3 5 4. 5 2 4. 5 9 7. 5 9 13 
12 3. 5 3. 5 5. 5 5 4 5 10 7. 5 9 13. 5 
13 3. 5 4 6 5. 5 5 6 10. 5 8 9 14 
14 4 4. 5 6 5. 5 5. 5 6. 5 10. 5 8. 5 9. 5 14. 5 
15 4 5 6. 5 5. 5 5. 5 7 10 8. 5 9. 5 14 
16 4. 5 5 6. 5 5. 5 5 7 9. 5 9 9. 5 14 
17 4. 5 5 6. 5 5 5 7. 5 8. 5 9 9. 5 14 
18 4 5. 5 6. 5 5 5 7 8 8. 5 9. 5 13 
19 4 5 6 5 5 7 8 8. 5 9. 5 13. 5 
20 4. 5 5 6 4. 5 4. 5 7 7. 5 8. 5 9. 5 13. 5 
21 4 5 5. 5 3 4. 5 7 7. 5 8. 5 9. 5 14 
22 4 5 5. 5 2 4 6. 5 7 8. 5 9. 5 14 
23 3. 5 4. 5 5 1. 5 4 6. 5 7 8. 5 9. 5 13 
24 2. 5 4. 5 4. 5 2 4 6. 5 6. 5 8. 5 9. 5 12. 5 
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0c - Cleveland - Stock Tank 

Time 
(hr.) 11/3 11/4 11/5 
1 12.5 12 6 
2 12.5 11.5 5.5 
3 12.5 11.5 5 
4 12.5 11 4.5 
5 12.5 11 4 
6 12.5 10.5 3 
7 12.5 10.5 3.5 
8 12.5 10.5 4.5 
9 12.5 10.5 5 
10 13 11 5.5 
11 13 11 6 
12 14 11 6.5 
13 13.5 11 7 
14 13.5 11 7 
15 13 11 7 
16 12.5 10 6 
17 12.5 10 6 
18 12.5 9.5 5.5 
19 12.5 9 5 
20 12.5 8.5 5 
21 12 8 4.5 
22 12 7.5 4 
23 12 7 4 
24 12 6.5 3.5 

0c - Cleveland - Stock Tank 

Time 
(hr.) 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

11/12 
0.5 
0.5 
0.5 
1 
1 
1.5 
2 
5 
7 
8.5 

10 
10.5 
9 
8.5 
6.5 
5.5 
5 
4.5 
4 
3.5 
3 
3 
2.5 
2.5 

11/13 
2.5 
2 
1.5 
1.5 
1 
1.5 
2 
5 
8 
? 

Date Table 3.1 

11/6 11/7 11/8 11/9 11/10 11/11 
3 4 7.5 0 0.5 0 
3 4 7.5 0 0.5 0 
3 4 7.5 0.5 0.5 0.5 
3 3.5 7 0.5 0 0 
3 3.5 6.5 0.5 0 0 
3 4 6 0.5 0 0 
3.5 4.5 6 0.5 0.5 0.5 
4.5 5 5.5 0.5 0.5 2.5 
5 5.5 6 1.5 1.5 4 
5.5 6 6 3.5 4 6 
6.5 6.5 6.5 5 5.5 6 
7 6.5 7 6 5 6.5 
8 7 7 4.5 4.5 5 
8 7 6.5 2 2 4.5 
8 7.5 5.5 1 1 3.5 
6.5 7.5 5 0 0.5 1.5 
6 7.5 4 0.5 1 2 
6 7 3 0 1 1.5 
6 7 2.5 0 1 2.5 
5.5 7 1.5 0 0.5 1 
5 7 1 0 0 1 
4.5 7 -0.5 0 0.5 1 
4.5 7.5 0 0.5 0.5 0.5 
4 7.5 0 0.5 0.5 1 

Date 
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BARREL TEMPS. 
(OC) Table 3.1 

Date 10/14/87 10/15/87 10/16/87 10/17/87 10/18/87 
Time 
0100 9.5 10.0 9.0 9.25 
0200 9.0 10.0 9.0 9.0 
0300 9.0 10.0 9.0 8.75 
0400 9.0 10.0 9.0 8.5 
0500 9.0 9.5 8.5 8.5 
0600 9.0 9.5 8.5 8.0 
0700 9.0 9.5 8.5 8.0 
0800 9.0 9.5 8.5 8.0 
0900 9.0 9.5 8.5 8.0 
1000 9.0 10.0 8.5 8.2 
1100 9.5 10.0 9.0 8.4 
1200 10.0 10.5 10.0 8.5 
1300 10.0 10.5 10.5 9.0 
1400 10.0 10.0 10.5 11.0 9.0 
1500 10.0 10.0 10.5 11.0 9.0 
1600 10.0 10.5 10.5 11.0 9.0 
1700 10.0 10.5 10.5 11.0 9.0 
1800 9.5 10.5 10.0 10.5 9.0 
1900 9.5 10.5 10.0 10.5 8.75 
2000 9.5 10.5 10.0 10.5 8.5 
2100 9.5 10.5 10.0 10.0 8.25 
2200 9.5 10.5 9.5 10.0 8.0 
2300 9.5 10.5 9.5 9.75 8.0 
2400 9.5 10.0 9.0 9.5 7.5 

Date 10/19/87 10/20/87 10/21/87 10/22/87 10/23/87 
Time 
0100 7.5 7.1 3.25 4.5 4.5 
0200 7.0 7.0 2.5 4.0 4.25 
0300 7.0 6.75 1.5 3.5 4.5 
0400 6.5 6.5 1.0 3.5 4.4 
0500 6.5 6.25 1.0 3.0 4.4 
0600 6.3 6.0 0.9 2.5 4.0 
0700 6.0 5.75 0.75 2.0 3.8 
0800 6.00 5.5 1.0 1.5 3.8 
0900 6.2 5.5 1.5 2.0 4.0 
1000 7.0 5.5 2.5 3.0 4.0 
1100 7.5 5.5 5.0 4.8 
1200 8.0 5.5 2.5 5.0 5.0 
1300 8.5 5.5 3.0 5.5 5.0 
1400 8.5 5.5 5.0 5.5 5.0 
1500 8.5 5.5 5.0 5.5 5.0 
1600 8.5 5.4 5.0 5.2 5.0 
1700 8.5 5.0 5.0 5.1 5.0 
1800 8.3 5.0 5.0 5.0 4.6 
1900 8.0 4.5 5.0 5.0 4.6 
2000 8.0 4.0 5.0 5.0 4.6 
2100 7.5 4.1 4.5 5.0 4.6 
2200 7.5 4.0 4.5 4.8 4.5 
2300 7.5 3.5 4.5 4.6 4.3 
2400 7.4 3.0 4.5 4.6 4.0 

17 



Tab l e  3 . 1  

10/24/87 10/25/87 10/26/87 10/27/87 10/28/87 10/29/87 
0100 4 . 0  0 . 4  3 . 9  4 . 0  o . o  2 . 9  
0200 3 . 9  0 . 1 3 . 8  3 . 7  0 . 2  2 . 5  
0300 2 . 8  0 . 5  3 . 8  3 . 3  o . o  2 . 0  
0400 4 . 0  0 . 5  3 . 4  3 . 0  o . o  2 . 0  
0500 3 . 5  0 . 5  3 . 4  2 . 5  o . o  2 . 0  
0600 3 . 0  0 . 5  3 . 4  2 . 6  o . o  2 . 8  
0700 2 . 5  o .  7 3 . 6  3 . 3  0 . 2  3 . 6  
0800 2 . 4  1 . 0  4 . 0  3 . 5  1 . 0  4 . 0  
0900 2 . 5  1 . 9  5 . 0  4 . 0  1 . 5  4 . 5  
1000 2 . 5  3 . 0  4 . 7  4 . 0  2 . 6  5 . 5  
1 100 3 . 0  3 . 6  5 . 0  4 . 9  4 . 0  6 . 0  
1 200 3 . 1  4 . 0  5 . 1  4 . 9  4 . 5  6 . 9  
1 300 3 . 2  4 . 2  5 . 5  5 . 0  4 . 1  7 . 1  
1400 3 . 2  4 . 5  6 . 0  5 . 0  4 . 1  6 . 0  
1500 3 . 2  4 . 5  6 . 0  4 . 8  4 . 0  6 . 5  
1600 3 . 2  4 . 5  6 . 0  4 . 5  3 . 9  6 . 5  
1 700 3 . 1  4 . 3  5 . 5  4 . 5  3 . 0  6 . 2  
1800 3 . 0  4 . 5  5 . 4 3 . 8  2 . 8  6 . 1  
1 900 3 . 0  4 . 4  5 . 1 2 . 8  3 . 0  6 . 1  
2000 2 . 6  4 . 3  5 . 0  2 . 0  3 . 0  6 . 0  
2100 2 . 1  4 . 0  4 . 8  2 . 1  3 . 0  5 . 9  
2200 1 . 4  3 . 9  4 . 8  2 . 0  2 . 9  5 . 5  
2300 1 . 0 3 . 9  4 . 3  1 . 3  3 . 0  5 . 5  
2400 0 . 9  3 . 9  4 . 0  1 . 0  2 . 9  5 . 4  

10/30/87 10/ 3 1 /87 1 1 / 1 /87 1 1 / 2 /87 1 1 / 3/87 1 1 /4/87 
0100 5 . 1  5 . 5  7 . 6  10 . 6  12 . 0  10 . 5  
0200 5 . 0  5 . 5  7 . 5  10 . 5  12 . 0  10 . 4  
0300 5 . 0  5 . 2  7 . 5  10 . 6  12 . 0  10 . 0  
0400 4 . 5  5 . 0  7 . 5  1 1 . 0  1 2 . 0  10 . 0  
0500 4 . 5  5 . 0  7 . 5 1 1 . 5  1 2 . 0  10 . 0  
0600 5 . 5  5 . 4  7 . 6  12 . 0  1 2 . 4  10 . 0  
0700 6 . 1 6 . 0  7 . 7  12 . 4  12 . 5  10 . 0  
0800 7 . 0  7 . o  8 . 2  12 . 8  1 2 . 9  10 . 2  
0900 8 . 0  7 . 5  8 . 5  1 3 . 5  13 . 0  10 . 5  
1000 8 . 5  8 . 0  8 . 5  14 . 0  1 3 . 0  10 . 5  
1100 9 . 0  8 . 5  9 . 0  13 . 5  1 2 . 2  10 . 3  
1200 9 . 0  8 . 5  9 . 0  13 . 5  12 . 0  9 . 9  
1 300 9 . 0  8 . 2  9 . 0  13 . 5  12 . 0  9 . 1 
1400 8 . 5  8 . 2  8 . 9  13 . 4  1 1 . 9  8 . 9  
1500 7 . 6  8 . 0  8 . 9  1 3 . 0  1 1 . 8  8 . 4  
1600 7 . 4  8 . 0  8 . 9  1 3 . 2  1 1 . 5  8 . 0  
1 700 7 . 0  7 . 8  8 . 8  13 . 2  1 1 . 5  7 . 5  
1800 7 . 0  7 . 8  8 . 8  13 . 5  1 1 . 5  7 . 0  
1900 6 . 75 7 . 9  8 . 9  13 . 0  1 1 . 5  6 . 4  
2000 6 . 5  7 . 9  9 . 1  12 . 5  1 1 . 5  6 . 0  

. 2 100 6 . 4  7 . 9  9 . 4  1 2 . 4  1 1 . 4  5 . 0  
2200 6 . 0  7 . 8  9 . 5  12 . 0  1 1 . 2  4 . 5  
2300 5 . 9  7 . 6  9 . 8  12 . 0  1 1 . 0  4 . 0  
2400 5 . 6  7 . 6  10 . 5  12 . 0  10 . 6  4 . 6  
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T ab l e  3 . 1  

1 1 /5/87  1 1 /6/87  1 1 / 7 /87 1 1 /8/87  1 1 /9/87 1 1 / 10/87  
0 100 4 . 3  1 . 0 2 . 0  5 . 5  -2 . 4  
0200 3 . 5  1 . 0  2 . 1  5 . 0  -2 . 2  
0300 2 . 6  1 . 5  2 . 5  4 . 5  -2 . 0  
0400 2 . 5  3 . 5  3 . 4  4 . 6  - 1 . 0  
0500 3 . 0  4 . 0  5 . 0  4 . 6  o . o  
0600 4 . 0  4 . 6  5 . 8  5 . 0  1 . 0  
0700 4 . 5  5 . 6  6 . 5  5 . 0  1 . 5 
0800 4 . 8  6 . 2  7 . 0  5 . 2  1 . 9  
0900 5 . 3  7 . 0  7 . 0  5 . 2  2 . 0  
1000 5.5 7 . 2  7 . 4  5 . 0  1 .  2 
1 100 5 . 6  7 . 2  7 . 0  4 . 5  o . o  
1200 5 . 5  7 . 0  7 . 0  3 . 3  -0 . 2  
1 300 5 . 0  5 . 6  7 . 2  3 . 0  - 1 . 0  
1400 5 . 0  5 . 2  7 . 0  2 . 2  - 1 . 0  
1500 4 . 9  5 . 0  7 . 0  1 . 5  - 1 . 0  
1 600 3 . 4  4 . 5  7 . 0  0 . 5  -1 . 2  
1 700 3 . 0  4 . 2  7 . 0  -0 . 2  - 1 . 2  
1800 2 . 4  4 . 0  7 . 0  -2 . 0  - 1 . 0  
1900 2 . 5  4 . 0  7 . 0  - 1 . 3  -0 . 8  
2000 3 . 0  3 . 5  7 . 0  - 1 . 2  -0 . 8  
2 100 2 . 0  3 . 0  7 . 0  -2 . 0  - 1 . 0  
2 200 2 . 0  3 . 0  7 . 2  -2 . 0  - 1 . 2  
2 300 1 . 5  2 . 5  7 . 2  -2 . 0  - 1 . 2 
2400 1 . 0  2 . 2  7 . 0  -2 . 1  -2 . 0  

1 1 / 1 1 /87  1 1 / 1 2 /87  1 1 / 1 3/87 1 1 / 14/87 1 1 / 15/87 1 1 / 16/87 
0100 -2 . 0  - 1 . 0  1 . 0  2 . 0  
0200 - 1 . 2  o . o  2 . 1  4 . 0  
0300 -0 . 8  2 . 0  4 . 9  5 . 0  
0400 o . o  3 . 5  7 . 4  
0500 0 . 2  5 . 0  9 . 0  
0600 1 . 0  6 . 0  10 . 5  
0700 1 . 0  6 . 5  1 1 . 2  
0800 1 . 0  7 . 0  1 1 . 3  
0900 1 . 0  6 . 0  9 . 0  
1000 1 . 0  4 . 5  6 . 2  
1 100 -0 . 5  2 . 0  5 . 6  
1 200 -0 . 3  2 . 1  4 . 3  
1300 -0 . 2  2 . 0  4 . 3  
1400 0 . 2  2 . 1  I+ .  0 
1500 o . o  1 . 2  3 . 0  
1 600 -0 . 2  1 . 0  2 . 5  
1 700 -0 . 3  1 . 0  2 . 8  
1800 -0 . 3  0 . 9  2 . 2  
1900 -0 . 4  1 . 0  2 . 2  
2000 -0 . 6  o . o  2 . 2  
2 100 - 1 . 0  o . o  1 . 0  
2200 - 1 . 5  -0 . 5  1 . 4  
2300 -1 . 5  -0 . 1  0 . 5  
2400 -1 . 4  0 . 2  1 . 0  
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TEMPERATURE RECORD OF 
CLEVELAND ' S  PONDS Tab l e  3 . 1  

Da t e  Time Temp°C Date  T i me Temp°C Date  T ime Temp°C 
Ioil4!87 1 : 00 AH 10/16/87 1 : 00 AH 10 . 3  10/18/87 1 : 00 AH 9 . 5  

2 : 00 2 : 00 10 . 2  2 : 00 9 . 4  
3 : 00 3 : 00 10 . 1  3 : 00 9 . 3  
4 : 00 4 : 00 10 . 1  4 : 00 9 . 0  
5 : 00 5 : 00 10 . 1  5 : 00 8 . 9  
6 : 00 6 : 00 10 . 0  6 : 00 8 . 8  
7 : 00 7 : 00 9 . 9  7 : 00 8 . 6  
8 : 00 8 : 00 9 . 9 8 : 00 8 . 5 
9 : 00 9 : 00 9 . 9  9 : 00 8 . 5  
10 : 00 10 : 00 10 . 0  10 : 00 8 . 7  
1 1 : 00 1 1 : 00 10 . 3  1 1 : 00 9 . 0  
Noon Noon 10 . 5  Noon 9 . 6  

10/14/87 1 : 00 PH 10/16/87 1 : 00 PH 10 . 6  10/18/87 1 : 00 PH 9 . 7  
2 : 00 PH 9 . 7  2 : 00 10 . 7  2 : 00 9 . 7  
3 : 00 9 . 9  3 : 00 10 . 7  3 : 00 9 . 7  
4 : 00 9 . 9  4 : 00 10 . 7  4 : 00 9 . 7  
5 : 00 10 . 0  5 : 00 10 . 7  5 : 00 9 . 5  
6 : 00 10 . 0  6 : 00 10 . 6  6 : 00 9 . 3  
7 : 00 9 . 9  7 : 00 10 . 6  7 : 00 9 . 1 
8 : 00 9 . 8  8 : 00 10 . 4  8 : 00 9 . 0  
9 : 00 9 . 8  9 : 00 10 . 1  9 : 00 8 . 8  
10 : 00 9 . 8  10 : 00 10 . 0  10 : 00 8 . 5  
1 1 : 00 9 . 6  1 1 : 00 9 . 9  1 1 : 00 8 . 2  
Midnigh t 9 . 6  Midnigh t  9 . 8  Midn igh t  8 . 0  

10/15/87 1 : 00 AH 9 . 5  10/17/87 1 : 00 AH 9 . 5  10/19/87 1 : 00 AM 7 . 8  
2 : 00 9 . 5  2 : 00 9 . 3  2 : 00 7 . 5  
3 : 00 9 . 3 3 : 00 9 . 1 3 : 00 7 . 5  
4 : 00 9 . 1 4 : 00 9 . 0  4 : 00 7 . 1 
5 : 00 9 . 1 5 : 00 9 . 0  5 : 00 7 . 0  
6 : 00 9 . 2  6 : 00 8 . 8  6 : 00 6 . 9  
7 : 00 9 . 2  7 : 00 8 . 6  7 : 00 6 . 6  
8 : 00 9 . 2  8 : 00 8 . 5  8 : 00 6 . 6  
9 : 00 9 . 1 9 : 00 8 . 4 9 : 00 6 . 8  
10 : 00 9 . 0  10 : 00 8 . 7  10 : 00 7 . 5  
1 1 : 00 9 . 5  1 1 : 00 9 . 2  1 1 : 00 8 . 0  
Noon 9 . 9  Noon 10 . 1  Noon 8 . 7  

10/15/87 1 : 00 PM 10 . 0  10/17/87 1 : 00 PM 10 . 5 10/19/87 1 : 00 PM 9 . 1 
2 : 00 10 . 0  2 : 00 1 1 . 3  2 : 00 9 . 2 
3 : 00 10 . 1  3 : 00 1 1 . 5  3 : 00 9 . 0  
4 : 00 10 . 3  4 : 00 1 1 . 3  4 : 00 8 . 9  
5 : 00 10 . 3  5 : 00 1 1 . 2  5 : 00 8 . 9  
6 : 00 10 . 5  6 : 00 1 1 . 1  6 : 00 8 . 7  
7 : 00 10 . 4 7 : 00 1 1 . 0  7 : 00 8 . 5  
8 : 00 10 . 4  8 : 00 10 . 5  8 : 00 8 . 3  
9 : 00 10 . 4  9 : 00 10 . 2  9 : 00 8 . 1  
10 : 00 10 . 4 10 : 00 10 . 1  10 : 00 8 . 0  
1 1 : 00 10 . 4 1 1 : 00 10 . 0  1 1 : 00 7 . 8  
Midnigh t 10 . 4  Midnigh t 9 . 8  Midnigh t  7 . 5  
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TEMPERATURE RECORD OF 
CLEVELAND ' S  PONDS T ab l e  3 .1 

Da t e  T i me TemE0c Date Time Teme °C Date Ti me Temp°C 
10/20/87 1 : 00 AM 7. 4 10/22/87 1 : 00 AM 4. 3 10/ 24/87 1 : 00 AM 4. 7 

2 : 00 7. 2 2 : 00 4. 1 2 : 00 4 . 4  
3 : 00 7. 1 3 : 00 4. 0 3 : 00 4 . 3  
4 : 00 7. 0 4 : 00 3. 9 4 : 00 4 . 3  
5 : 00 6. 6 5 : 00 3. 8 5 : 00 4. 1 
6 : 00 6. 3 6 : 00 3. 4 6 : 00 3. 9 
7 : 00 6. 0 7 : 00 3. 3 7 : 00 3 . 8  
8 : 00 5. 9 8 : 00 3. 0 8 : 00 3. 6 
9 : 00 5. 8 9 : 00 3. 1 9 : 00 3. 6 
10 : 00 5. 8 10 : 00 3. 8 10 : 00 3. 6 
11 : 00 5. 8 11 : 00 4. 3 11 : 00 3. 6 
Noon 5. 8 Noon 4. 9 Noon 3. 8 

10/20/87 1 : 00 PH 5. 8 10/22/87 1 : 00 PH 5. 1 10/ 24/87 1 : 00 PH 3. 9 
2 : 00 5 . 8  2 : 00 5. 3 2 : 00 4. 0 
3 : 00 5. 9 3 : 00 5. 3 3 : 00 4. 0 
4 : 00 5. 9 4 : 00 5. 3 4 : 00 4. 0 
5 : 00 5. 6 5 : 00 5. 3 5 : 00 4. 0 
6 : 00 5. 3 6 : 00 5. 3 6 : 00 4. 0 
7 : 00 5. 2 7 : 00 5. 2 7 : 00 3 . 9 
8 : 00 4. 9 8 : 00 5 . 1  8 : 00 3. 8 
9 : 00 4. 8 9 : 00 5. 1 9 : 00 3. 8 
10 : 00 4. 6 10 : 00 5. 1 10 : 00 3. 7 
11 : 00 4. 4 11 : 00 5. 0 11 : 00 3. 2 
M idnight 4. 3 M idnight 4. 9 M idnight 3. 2 

10/2 1/87 1 : 00 AH 4. 1 10/ 23/87 1 : 00 AH 4. 9 10/25/87 1 : 00 AM 1. 9 
2 : 00 3. 9 2 : 00 4. 8 2 : 00 0. 5 
3 : 00 3. 8 3 : 00 4. 8 3 : 00 0. 6 
4 : 00 3. 3 4 : 00 4. 7 4 : 00 1. 9 
5 : 00 3. 3 5 : 00 4. 7 5 : 00 2. 0 
6 : 00 3. 1 6 : 00 4. 7 6 : 00 1 . 9  
7 : 00 2. 9 7 : 00 4. 5 7 : 00 1. 9 
8 : 00 3. 3 8 : 00 4. 5 8 : 00 1. 9 
9 : 00 3. 7 9 : 00 4. 5 9 : 00 2. 1 
10 : 00 4. 5 10 : 00 4. 5 10 : 00 2. 7 
11 : 00 4. 5 11 : 00 4. 5 11 : 00 3. 1 
Noon 4. 5 Noon 4. 8 Noon 3. 5 

10/21/87 1 : 00 PH 4. 9 10/23/87 1 : 00 PH 5. 0 10/25/87 1 : 00 PM 3. 8 
2 : 00 5. 5 2 : 00 5. 0 2 : 00 4 . 1  
3 : 00 5. 6 3 : 00 5. 0 3 : 00 4. 3 
4 : 00 5. 7 4 : 00 5. 0 4 : 00 4. 4 
5 : 00 5. 6 5 : 00 5. 0 5 : 00 4. 5 
6 : 00 5. 4 6 : 00 5. 0 6 : 00 4 . 5 
7 : 00 5. 1 7 : 00 4. 9 7 : 00 4. 4 
8 : 00 5. 0 8 : 00 4. 9 8 : 00 4 . 3  
9 : 00 4. 9 9 : 00 4. 9 9 : 00 4. 2 
10 : 00 4. 8 10 : 00 4. 9 10 : 00 4. 1 
11 : 00 4. 8 11 : 00 4. 9 11 : 00 4. 0 
M idnight 4. 5 M i dnight 4. 8 M idnight 3. 9 
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TEMPERATURE RECORD OF 
CLEVELAND ' S  PONDS Tab l e  3 . 1  

Oa t e  T i me Temp°C Da te  T ime TemE°C Da te  T i me Temp ° C 
iu/26/87  1 : 00 AH 3. 9 10/28/87 1 : 00 AH 3. 7 10/ 30/87 1 : 00 AH 5. 4 

2 : 00 3. 8 2 : 00 1. 4 2 : 00 5. 3 
3: 00 3. 7 3: 00 1. 0 3: 00 5. 1 
4: 00 3. 6 4: 00 o . o  4: 00 5. 0 
5: 00 3. 5 5 : 00 o . o  5 : 00 5. 0 
6: 00 3. 5 6: 00 0. 2 6: 00 4. 9 
7: 00 3. 6 7: 00 0. 2 7: 00 4. 9 
8: 00 3. 8 8 : 00 0. 4 8: 00 5. 0 
9: 00 3. 8 9: 00 1. 6 9: 00 5. 5 
10: 00 4. 0 10: 00 2. 6 10: 00 6. 0 
11: 00 4. 5 11: 00 3. 0 11: 00 6. 5 
Noon 4. 9 Noon 3. 3 Noon 7. 0 

10/26/87 1: 00 PH 5. 0 10/28/87 1: 00 PH 3. 7 10/30/87 1: 00 PH 7. 8 
2: 00 5. 5 2 : 00 4. 0 2 : 00 8. 0 
3: 00 5. 9 3: 00 4. 2 3: 00 8. 0 
4 : 00 6. 1 4 : 00 4. 3 4 : 00 8 . 0  
5 : 00 6. 1 5: 00 4. 4 5: 00 7. 9 
6 : 00 5. 9 6 : 00 4. 4 6 : 00 7. 3 
7 : 00 5. 6 7 : 00 4. 3 7 : 00 7. 1 
8 : 00 5. 4 8 : 00 4. 1 8 : 00 7. 0 
9: 00 5. 3 9 : 00 3. 9 9 : 00 7. 0 
10: 00 5. 5 10: 00 3. 7 10 : 00 6. 4 
11 : 00 4. 9 1 1: 00 3. 7 11 : 00 6. 7 
Midnight 4 . 8  M idnight 3. 6 Midnight 6. 5 

10/27/87 1: 00 AH 4. 8 10/29/87 1: 00 AH 3. 7 10/31/87 1: 00 AH 6. 4 
2: 00 4. 4 2: 00 3. 6 2: 00 6. 0 
3: 00 4. 3 3: 00 3. 5 3: 00 5. 8 
4: 00 5. 1 4 : 00 3. 3 4: 00 5. 7 
5: 00 3. 9 5 : 00 3. 2 5: 00 5. 3 
6: 00 3. 6 6: 00 3. 0 6 : 00 5. 0 
7: 00 3. 5 7: 00 2. 9 7: 00 5. 0 
8 : 00 3. 4 8: 00 2. 9 8: 00 5. 3 
9 : 00 3. 4 9 : 00 3. 3 9 : 00 5. 8 
10: 00 3. 7 10: 00 3. 7 10: 00 6. 4 
11 : 00 4. 1 11: 00 4. 5 11 : 00 7. 0 
Noon 4. 4 Noon 5. 0 Noon 7. 2 

10/27/87 1: 00 PH 4 . 8  10/29/87 1: 00 PH 5. 7 10/31/87 1: 00 PH 7. 5 
2 : 00 5. 0 2 : 00 6. 2 2 : 00 7. 6 
3 : 00 5. 0 3 : 00 6 . 5  3 : 00 7. 8 
4 : 00 4. 9 4: 00 6. 7 4: 00 7. 8 
5 : 00 4. 7 5 : 00 6. 6 5: 00 7. 8 
6 : 00 4. 5 6 : 00 6. 2 6 : 00 7. 8 
7: 00 4. 4 7: 00 6. 3 7: 00 7. 8 
8 : 00 4. 2 8 : 00 6. 2 8 : 00 7 . 8  
9: 00 4. 0 9 : 00 6. 1 9: 00 7. 7 
10: 00 3. 8 10 : 00 6. 0 10 : 00 7. 7 
1 1: 00 3. 7 11 : 00 5. 9 11 : 00 7. 7 
M i dn ight  3. 7 M i dn ight 5. 9 M i dn ight 7. 7 

2 2  



TEMPERATURE RECORD OF 
T ab l e  3 . 1  CLEVELAND ' S  PONDS 

Da te  Ti me Temp°C Da te  Time Temp °C Da te  Ti me Temp°C 
l fi l/87 1: 00 AH 7.7 11/3/87 1: 00 AH 11 : 7 11/5/87 1: 00 AH 6 . 1  

2: 00 7.7 2: 00 11.6 2: 00 6 . 0  
3: 00 7 . 7  3: 00 11.6 3: 00 5 . 3  
4: 00 7 . 7  4: 00 11 . 6  4: 00 5 . 1 
5: 00 7 .'7 5: 00 11 . 6  5: 00 5 . 0  
6: 00 7.7 6: 00 11. 5 6: 00 4 . 9 
7: 00 7 . 6  7: 00 11 . 5 7: 00 4 . 9  
8: 00 7 . 6 8: 00 11.7 8: 00 5 . 0  
9: 00 7 . 6 9: 00 11 . 8  9: 00 5 . 3  
10: 00 7.8 10: 00 11. 9 10: 00 5. 9 
11: 00 8 . 0  11: 00 12 . 0  11: 00 6 . 1  
Noon 8.1 Noon 12.1 Noon 6 . 6  

11/ 1/87 1 : 00 PM 8.2 11/3/87 1 : 00 PH 12.2 11/5/87 1: 00 PH 6 . 8  
2: 00 8 . 4  2: 00 12 . 1  2: 00 6 . 9  
3: 00 8 . 5  3: 00 12 . 1  3: 00 6 . 4  
4: 00 8.5 4: 00 12 . 1 4: 00 6 . 2  
5: 00 8.5 5: 00 12 . 0  5: 00 6 . 0  
6: 00 8.5 6: 00 12 . 0  6: 00 6 . 0  
7: 00 8.5 7: 00 11 . 9  7: 00 5 . 2  
8: 00 8 . 5  8: 00 11 . 8  8: 00 4 . 9 
9: 00 8.6 9: 00 11 . 8  9: 00 4 . 9 
10: 00 8.6 10: 00 11.7 10: 00 4 . 9 
11: 00 8 . 7  11: 00 11 . 7  11: 00 4 . 9 
M i dn ight 8.8 Midnight 11 . 7  M idnight 4 . 8  

11/2/87 1: 00 AM 8.9 11/4/87 1 : 00 AH 11 . 4  11/6/87 1: 00 AH 4 . 1 
2: 00 9.0 2: 00 11.1 2: 00 4 . 0  
3: 00 9.4 3: 00 11 . 0  3: 00 4. 0 
4: 00 9.2 4: 00 10 . 8  4 : 00 3.8 
5: 00 9.3 5: 00 10.6 5: 00 3 . 3  
6: 00 9 . 4  6: 00 10.4 6: 00 3 . 6  
7: 00 9.4 7: 00 10.4 7: 00 3 . 8  
8: 00 9.6 8: 00 10.4 8: 00 4.0 
9: 00 10.1 9: 00 10.7 9: 00 4.9 
10: 00 10.8 10: 00 10.8 10: 00 5.6 
11: 00 10.7 11: 00 11.0 11: 00 6 . 1  
Noon 10.9 Noon 11.1 Noon 6 . 5  

1 1 / 2/87  1 : 00 PH 11.3 11/4/87 1: 00 PH 11.1 11/6/87 1: 00 PH 7 . 0  
2: 00 11.6 2: 00 10 . 8  2: 00 7.1 
3: 00 11 . 7  3: 00 10.4 3: 00 6 . 7  
4: 00 11.9 4: 00 10 . 0  4: 00 6 . 3  
5: 00 12 . 2  5: 00 9 . 4  5 : 00 6. 0  
6: 00 12 . 3  6: 00 9.0 6: 00 6 . 1  
7: 00 12.6 7: 00 8.8 7: 00 5 . 9 
8: 00 12.6 8: 00 8. 4 8: 00 5 . 7  
9: 00 12.2 9: 00 7 . 8  9: 00 5 . 6  
10: 00 12.1 10: 00 7.5 10: 00 5 . 4  
11: 00 12 . 0  11: 00 7.0 11: 00 5 . 3  
Midn ight 11. 9 M i dnight 7 . 5  M i dnight 5 . 1 
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TEMPERATURE RECORD OF 
CLEVELAND ' S  PONDS Tabl e 3 . 1  

Date Time Teme°C Date Time TemE°C Date T ime Temp °C 
1 1 1 7 /87  1 : 00 AH 4 . 9  11/9/87  1 : 00 AH 3. 4 1 1 / 1 1 /87  1 : 00 AH 1. 9 

2 : 00 4. 7 2 : 00 0. 1 2 : 00 1. 7 
3 : 00 4. 6 3 : 00 o . o  3 : 00 1. 6 
4 : 00 4. 4 4 : 00 o . o  4 : 00 1. 4 
5 : 00 4. 2 5 : 00 o . o  5 : 00 1 . 1  
6 : 00 4. 1 6 : 00 o . o  6 : 00 1. 2 
7 : 00 4. 8 7 : 00 2. 1 7 : 00 1. 5 
8 : 00 4. 5 8 : 00 3. 4 8 : 00 2. 0 , 
9 : 00 4. 7 9 : 00 3. 5 9 : 00 2. 7 
10 : 00 5. 1 10 : 00 3. 9 10 : 00 3. 3 
1 1 : 00 5. 4 1 1 : 00 4. 2 1 1 : 00 3. 7 
Noon 5. 7 Noon 4. 2 Noon 4. 0 

1 1 / 7 /8 7  1 : 00 PH 5. 9 1 1 /9/87  1 : 00 PH 4. 4 1 1 / 1 1 /87  1 : 00 PH 4. 3 
2 : 00 5. 9 2 : 00 4. 0 2 : 00 3. 9 
3 : 00 6. 0 3 : 00 2. 1 3 : 00 3. 0 
4 : 00 6. 0 4 : 00 1. 7 4 : 00 3. 2 
5 : 00 5. 9 5 : 00 2. 0 5 : 00 3. 2 
6 : 00 6. 0 6 : 00 0. 5 6 : 00 3. 2 
7 : 00 6. 0 7 : 00 o . o  7 : 00 3. 1 
8 : 00 6. 1 8 : 00 o . o  8 : 00 3. 0 
9 : 00 6. 2 9 : 00 o . o  9 : 00 2. 9 
10 : 00 6. 4 10 : 00 o . o  10 : 00 2. 8 
1 1 : 00 6. 5 1 1 : 00 -0. 2 1 1 : 00 2. 7 
M idn ight 6. 5 Midnight -0. 2 Midnight 1. 1 

1 1 /8/87  1 : 00 AH 6. 5 1 1 / 10/87 1 : 00 AH -0. 2 1 1 / 12/87 1 : 00 AH 1. 8 
2 : 00 6. 3 2 : 00 -0. 2 2 : 00 1. 7 
3 : 00 6. 2 3 : 00 -0. 5 3 : 00 2. 0 
4 : 00 6. 0 4 : 00 -0. 8 4 : 00 1 . 6  
5 : 00 5. 8 5 : 00 -0. 9 5 : 00 1. 8 
6 : 00 5. 6 6 : 00 -0. 6 6 : 00 2. 0 
7 : 00 5. 6 7 : 00 -0. 1 7 : 00 2. 3 
8 : 00 5. 5 8 : 00 o . o  8 : 00 3. 2 
9 : 00 5. 8 9 : 00 0. 1 9 : 00 4. 0 
10 : 00 6. 1 10 : 00 1. 0 10 : 00 4. 9 
1 1 : 00 6. 4 1 1 : 00 2. 1 1 1 : 00 5. 1 
Noon 6. 7 Noon 2. 8 Noon 5. 2 

1 1 /8/87 1 : 00 PH 6. 8 1 1 / 10/87 1 : 00 PH 4. 7 1 1 / 1 2 /87  1 : 00 PH 5. 4 
2 : 00 6. 5 2 : 00 4. 1 2 : 00 5. 3 
3 : 00 5. 9 3 : 00 2. 5 3 : 00 5 . 1  
4 : 00 5. 4 4 : 00 3. 3 4 : 00 5. 0 
5 : 00 5. 1 5 : 00 3. 3 5 : 00 4 . 8  
6 : 00 4. 9 6 : 00 3. 0 6 : 00 4 . 7  
7 : 00 4. 5 7 : 00 3. 1 7 : 00 4 . 1 
8 : 00 4. 1 8 : 00 2. 9  8 : 00 4. 0 
9 : 00 3. 8 9 : 00 2. 9 9 : 00 3. 7 
10 : 00 3. 5 10 : 00 2. 8 10 : 00 3 . 9  
1 1 : 00 3. 0 1 1 : 00 2. 5 1 1 : 00 3. 6 
M idnight 3. 0 Midnight 2. 1 M idn ight 4 . 0  
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TEMPERATURE RECORD OF 
CLEVELAND'S PONDS Tab l e  3 . 1  

Da te T i me Temp°C Date T ime Temp°C Da te T i me Temp°C 
Ti713/87  1 : 00 AH 3.7 1 : 00 AH 1 : 00 AH 

2 : 00 3.8 2 : 00 2 : 00 
3 : 00 2.5 3 : 00 3 : 00 
4 : 00 3.0 4 : 00 4 : 00 
5 : 00 3.8 5 : 00 5 : 00 
6 : 00 3.7 6 : 00 6 : 00 
7 : 00 4.4 7 : 00 7 : 00 
8 : 00 5.1 8 : 00 8 : 00 
9 : 00 9 : 00 9 : 00 
10 : 00 10 : 00 10 : 00 
1 1 : 00 1 1 : 00 1 1 : 00 
Noon Noon Noon 

2 5  
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Water Balance Data from Kettle River, Mn F i g u re 3 . 8  
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KETTLE R I VER  WATER  BALAN CE  DATA R ESULTS 
FROM THE  STUDENT T TEST CALCULAT I ONS  

WATER  BALANCE  TASK  FORCE  DECEMBER  1 988 Tab l e  3 . 2  

POND , I I I I I I 
PAN BARREL I T TEST n 1 ! DEGREE S I GMA I t ! ASSUME ! N UMBER  
DATA TYPE I II UMBER n 2 I OF t a l pha / 2  T I NULL I OF I 

I ! FREEDOM I + / - I HYPOTH I BAR R ELS I 
I I I I I I 

I I I I I I 
POND  A I I I I I I 

METAL I • 3 4 3  I 64 0 I 2 . 0 0 0  3 , 3 1 6  I N O  I 4 I 
EVAP I 23 I I I I I 
P/\NS ' 1  I I I I I 

l I I I I I I ' PLAST I C : # 3 22 I 4 3  0 I 2 . 02 1  1 . 0 3 3  I YES 3 I 
2 I 2 3  I I I I 

r I I I 

0 . 6  I I I I 
RESV . STOCK i # 3 2 3  4 4  0 I · 2 . 020  1 . 8 09 YES  3 I 
COEF . I I 2 3  I I 

I I I I 
PON D B I I I 

I HETilL I # 3 4 3  6 -!  0 I 2 . 0 0 0  I 3 . 90 5  tl O 4 I 

EVilP I I 2 3  I I I 

Pl.NS I I I I 

1 I I I I I 
& I PLAST I C  I • 3 4 2  63  0 I 2 . 0 0 0  0 . 5932  YES . 

I .,, 
2 I 2 3  I I 

I I I 
0 . 6  I I 
RESV , ! STOCK # 3 2 3  4 4  0 2 . 02 0  2 . 1 7 3  N O  3 I 
<;:OEF . I 2 3  I 

I I 

PON D C I I 
! METAL # 3 4 6  67 0 1 . 999 3 . 570 NO 4 I 

EVAP I 23 I 
PANS ' I  I 

l I I 
' ! PLASTI C  • 3 f 4  6S  0 2 . 00 0  2 . 4 4 4  N O  4 I 

2 I 2 3  I 

I I 
0 . 6  I I 
R ESV , STOCK • 3 2 3  4 4  0 2 . 02 0  1 . 96 1  YES 3 I 
COEF , 23 I 

I 
I 

PLAST I C  POND • 3 2 3  4 4  0 2 . 020  - 0 . 6S37 YES 2 I 
BARREL A 23 I 

I 
VERSUS I 

I 
PLAST I C  I 

D I K E  I 
BARREL I 

I 
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XETTLE R I VER WATER BALANCE DATA RESULTS  
FROM THE STUDENT  T TEST  CALCULAT I ONS  

WATER BALANCE TASK FORCE DECEMBER 1 988 Tab le 3 . 2  

I I I I I I I I 
POND BARREL T TEST I n l ! DEGREE S I GMA t I ASSUME I N U HBER  

TYPE NUMBER I n 2 I OF a l ph a / 2  T NULL I OF  I 
I FREEDOM + / - HYPOTH I BJ.R R ELS I 
I I I 

I I I 
I I I 

J. & C METAL • 4 I 46  90 0 1 , 990 0 . 1 4 1  YES I 4 I 

I 46 I I 

I I I 
I I I 

PLAST I C  # 3 I 22 6 5  0 1 . 999 - 0 . 4 97 YES I 3 I 
I 4 5  I I 
I I I 
I I I 

STOCK # 4 I 2 3  4 4  0 I 2 . 0 2 0  - 0 . 0 76 1 YES 2 I 
I 23  I I 
I I I ' 
I I I I 

B & C I METJ.L I t 4 I 4 6  9 0  0 1 , 990 - 0 . 32 8 1 YES 4 I 
I I I 4 6  I 

I I I I 
I I I I 
I PLAST I C  I # 3 I 4 2  8 5  0 1 . 995  - 0 . 2 0 9 1 YES 4 
I I -1 s I 

I I I 

I I I 
STOCK # 4 I 2 3  4 4  0 2 . 020  - 0 . 3 1 5 1  YES 2 

I 2 3  I 
I I 
I I 

A , B  & C METAL # 2 1 38 2 4 4  0 1 . 960  z I N O  1 1  

PLAST I C  1 08 - 2 . 4 59 1  

I 

METAL # 2 1 38 2 0 5  0 1 , 960 z YES 9 
STOCK 69 - 1 . 006 

! PLAST I C  # 2 69 1 7 5  0 1 , 960 z YES 8 

I STOCK 1 08 - 1 . 174  

I 
I 0 . 6  

EVAP I COEF • 4 1 1  2 1  0 2 . 08 0  - 0 . 084  YES 2 

PANS I EVAP 1 2  

I 
l I 0 . 7  

& I COEF • 4 1 1  2 1  0 2 . 08 0  - 0 . 084 YES 2 

2 I EVAP 1 2  

I 
I 0 . 8  

I COEF • 4 1 1  2 1  0 2 . 08 0  - 0 . 084 YES 2 

I EVAP 12 
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KETTLE R I VER WATER BALANCE DATA RESULTS 
FROM THE STUDENT T TEST CALCULAT I ONS 

WATER BALANCE TASK FORCE DECEMBER 1 988 Tab l e  3 . 2  

I I I I I 
POID BARREL I T  TEST n l DEGREE SIGMA t I ASSUME ! N UMBER  

TYPE I IUNBER n 2 OF a l pha / 2  T I NULL I OF  I 
I FREEDOM + / - HYPOTH I BARRELS I 
I I 
I I 
I I 

A METAL I • 4 23 u 0 2 . 020 0 . 566 YES 2 I 

I 2 3  I 
I I 
I I 

PLAST I C  I YES l I 
I 
I 
I 

STOCK YES l I 
I 
I 
I 

B HETAL U 4 23  4 4  0 2 . 020  0 . 0 8 0  YES 2 I 

2 3  I 

I I 

I I 
! PLAST I C  • 4 2 1  4 0  0 2 . 0 2 1  0 . 26 1  YES 2 I 
I 2 1  I 
I I 
I I 
! STOCK YES l I 
I I 

I I 
I I 

C I METAL • 4 2 3  4 4  0 2 . 020 - 0 . 0 1 9  YES 2 I 

I 2 3  I 
I I 

I 
I PLASTIC  • 3 2 3  4 3  0 2 . 020 - 1 . 1 68 YES 2 

I 22 

I 
I 

I STOClt YES l 

I 
I 
I 

A & B ! METAL • 4 4 3  8 4  0 1 , 970 0 . 46 1  YES 4 

I 4 3  

I 
I 
! PLAST IC  • 4 22 62 0 2 . 0 0 0  0 . 4 69 YES 3 

I 4 2  

I 
I 
! STOCK # 4 2 3  4 4  0 2 . 020  - 0 . 3 1 5 YES 2 

I 2 3 
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4 . S UMMARY O F  R E S PONS ES TO QUEST I ONNA I R E 

A q ue s t i o n na i re fo r determ i na t i o n of wha t  other  regu l a tory agenc i e s a re do i n g to 
e s t i ma te s eepage  from wa s tewa ter tre a tme n t  ponds , wa s s e n t  to the 48 con t i g u o u s . 
s ta tes , A l a s ka a nd  the twe l v e prov i n ces  of  Canada .  After a n  i n i t i a l  res ponse  
per i od ,  the  ta s k  force  members c o n ta c ted a l l n o n re s pon d i n g  agenc i e s to ma ke s u re 
they h ad  rece i v ed the q ue s t i onna i re a nd  to a s k  whe ther the agency s t i l l  w i s hed 
to part i c i pa te i n  the s u rvey . Some q u e s t i o n na i res were f i l l ed o u t  by the  ta s k  
force s u bg rou p by phone . A to ta l of  4 1  res po n s e s  were rece i ved , i n c l ud i ng 
M i n ne s o ta . 

Due to the n a tu re of  s ome o f  the  q u e s t i on s  a n d  the fa c t  t hat  some s ta tes  a n d  
p rov i n ce s  do n o t  bu i l d pond s o r  do  n o t  pa rt i c i pa te t o  mu c h  degree i n  eva l u a t i ng  
s eepage  ra te s , a l l the s ta tes  do n o t  have  re s po n s e s  to  a l l the que s t i on s . The  
s umma ry genera l l y  counts  a pos i t i v e  res pon se . O t her  n o tes  a re made  fo r each  
i tem i n  t he  q u e s t i onn a i re .  Cop i e s o f  the q ue s t i o n n a i res  rec e i ved a re a va i l abl e 
for rev i ew a t  the  MPCA . • The fo l l ow i ng  a re the q ue s t i o n s  a s ked , w i t h  a s umma ry 
of  the re s po n s e s  rece i ved . 

# 1  What  i s  the cu rre n t  max i mum a l l owab l e  s eepage  ra te fo r new 
s ta b i l i z a t i on ponds ? Ex i s t i n g po n d s ?  

The fo l l ow i n g  was  reported i n  ga l l o n s/acre/day o r  i n  i n c hes  equ i va l en t  to t h i s :  

g a l l o n s / acre/ day 

n o . o f  a ge n c i e s 

2 2 7  500 850 1000 1 7 00 3400 4300 6800 

1 1 0  1 2 1 3 1 3 

F i ve  r�, ponded by s pec i fy i n g  a pe rmea b i l i ty o r  hydrau l i c conduc t i v i ty ( K )  o f  
1 x 1 0  cm/ s e c  a n d  do n o t  s pec i fy a m i n i mum l i n e r  t h i c kn e s s . O ne  of the s e  a l s o 
s pec i f i ed a m i n i mum l i n e r  t h i c k n e s s  o f  2 feet  i n  conj u n c t i on w i th  the K .  S i x  
res ponded by s ta t i n g  tha t they do n o t  bu i l d  pon d s . The o ther  seven  res po n s e s  
ra nged from none , t o  v a r i e s  w i th g round  wa ter q u a l i ty ,  a n d  2 0%  of  t he i n f l ow .  

Res pon se s  abo u t  ex i s t i n g  po nd s  we re i n  th ree groups : The fi rs t g ro up  ( twen ty )  
c ou l d  be c h a ra c te r i zed by t h e  re s po n se  of  no  max i mum a l l owabl e s eepage  ra te 
s pec i f i ed/ c a s e  by c a s e  bas i s  determ i n a t i on/or  non - degrada t i on requ i reme n ts . A 
s econd  g roup  ( fo u rteen ) re s ponded wi t h  the s ame requ i reme n t s  a s  new pon d s . The 
th i rd g ro u p  ( f i ve )  a l l owed seepage  g rea ter than  new pond s  - u s u a l l y  1/4 to 1 / 1 6  
of  a n  i nc h  wh i c h i s  a pprox i ma te l y  1700  t o  3400 ga l .  per a c re per day .  

# 2  I s  th i s  rate ba sed  o n  s ta te ru l e s a n d  regu l a t i o n s  or  agency po l i cy?  

No . o f Agenc i es 

Ru l es a n d  
Regu l a t i on s  

9 

Both  

1 

Agency P o l i cy 
( des i gn s ta ndard s  & gu i de l i ne s )  

2 3  

# 3  Wha t tes t i n g  methods  d o  y o u  a l l ow a n d/ o r  req u i re t o  dete rm i ne 
whether  the s eepage ra te h a s  bee n  prope r l y  obta i ne d ?  What  party 
condu c t s  these te s ts . . .  e n g i neers , contra c tor , s o i l s  tes t i n g  f i rm ,  
etc . ? 
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The res ponses  can  be d i v i ded i n to the fo l l ow i n g  c a tego r i e s : Of the Water  
B a l a n c e  type ( mea s u r i ng  i n f i l tra t i on over  t h e  who l e  a rea ) , we h a v e  Barre l  o r  
E vapo ra t i o n pa n a n d  me teoro l ogi ca l da ta c o l l ec t i on . E i g h t  re s po n s e s  i nd i c a ted 
they wou l d  use or a l l ow t he  ba rre l tes t a nd  1 4  wou l d  use the e vapora t i on pan 
method . Two of  these  i nd i c a ted  they wou l d  use a f l oa t i n g  pan . 

For ASTM tes t i ng me thods , there were 1 6  fav o ra b l e re s po n s e s . Other  me thods  
men t i oned were i n - s i tu permeame ter , and  g ro u nd  wa ter mon i to r i ng . Two re s po n s e s  
i nd i ca ted noth i n g s pec i f i c  wa s u s ed . Two o t her  res pon se s  i nd i c a ted  i t  wa s u p  t o  
t h e  e n g i neer a n d  s ta ted  i n  the s pec i f i ca t i o n s . 

The  second  pa r t  o f  th i s  q ue s t i on i nd i ca ted tha t f i v e  agen c i e s have  the e n g i neer  
a s s i s te d  by the con tra c to r , do the te s t i n g .  S i xteen had  the e n g i neer i n  
conj u n c t i on w i th  a n  i ndependen t s o i l f i rm do the tes t i ng .  O ne  a gency res ponded 
that  the  owner/cont ra c to r  do  the te s t i n g . 

# 4  & #5  I f  wa ter ba l a n ce s  a re u sed , h ow  a re ra i n fa l l a n d  e v a po ra t i on 
determ i ned a n d  u sed i n  determ i n i n g the  s eepage ra te ? I f  the  
ba rre l me thod  i s  u s ed to mea s u re evapora t i on/ ra i n fa l l ,  wha t  type 
of c orrec t i on , i f  any , i s  u sed between the ba rre l a n d  the pon d to 
determ i ne the seepage ra te? 

The s e  two i tems a re g rou ped together bec a u s e  of the n a t u re of  the  res pon s e s . A s  
i nd i ca ted i n  #3 , i t  seemed t h a t  t h e  wa ter ba l a n ce  wa s taken  t o  mea n t h e  u s e  of 
the barre l  or c o l l ec t i on of meteoro l og i ca l  d a ta . Ten re s po n s e s  i nd i c a ted  they 
wou l d  u s e  s ome vers i on of  co l l ec t i o n  of  prec i p i ta t i on a n d  e vapora t i on da ta u s i n g 
evapora t i on pan s . I da ho  s en t  very de ta i l ed req u i remen ts a n d  a de s c r i p t i o n  o f  
how t o  ca l cu l a te res u l ts .  N i ne agenc i es wou l d  u s e  o r  a l l ow t h e  u s e  o f  the 
ba rre l method . F i ve a ge n c i e s i nd i ca ted d i rect  corre l a t i on for e i ther method . 

# 6  Wha t i s  you r  agency ' s ro l e  i n  q ua l i ty con tro l re l a t i n g  t o  t h e  tes t 
and the tes t i n g  techn i qu e s ? 

Genera l l y ,  the  res po n s e  to  th i s  i tem i nd i cates  n o  ro l e  i n  q u a l i ty con tro l . A 
few responses  i nd i c a ted  t h a t  they h ave  s ome q u a l i ty contro l  by rev i ewi n g  a n d  
a pprov i ng t h e  p l a n s  a n d  s pec i fi ca t i o n s . Three re s ponded  t h a t  s ome observ a t i on  
o f  tes t i n g  wa s done  t hrou g h  constru c t i on i n s pec t i on . 

# 7  D o  you a l l ow o r  requ i re e n g i neers t o  u s e  pe rforma nce s pec i f i ca t i o n s , 
pres c r i p t i ve s pec i f i ca t i o n s , o r  both  fo r new s ta b i l i za t i on pond s  
wh i c h mus t  n o t  exceed a s pec i f i c  s eepage  ra te? 

We fe l t  the a n swers  to th i s  q u e s t i on were d i ff i c u l t to i n terpre t .  I n  genera l , 
the  cho i ce wa s n o t  made between the wo rds a l l ow o r  requ i re .  Requ i re wa s u s e d  i n  
1 1  res pon se s . T hey were d i v i ded  a s  fo l l ows : performance  - 7 ,  p re s cr i pt i ve 
( des i gn )  - 1 ,  bo t h  - 3 .  When  the word req u i re wa s n ot  s ta ted , we i n terpreted  
th i s  to mean a l l ow .  The  res u l ts were  performa nce  - 1 1 , pre s c r i pt i ve ( des i g n )  -
5 ,  a n d  bo t h  - 1 3 .  

#8 Approx i ma te l y  h ow many n ew pond sys tems a re i n s ta l l ed each  yea r ?  
Approx i ma te l y  wha t perc e n tage  of these  fa i l  to mee t  t h e  proper  s eepage  
ra te ? 
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Under th i s  q ue s t i o n , s ome a g enc i e s i n c l u ded  l a goon s  fo r l i ves toc k  ma n u re o r  
s ta ted " a l l c a tego r i e s , "  wh i c h wou l d  i n c l ude  i n d u s t r i a l . Some separa te d  g ra n t  
from n o n g ra n t .  W e  c rea ted s ome g roup s  o f  ra n g e s  fo r these  n umbe rs of  ponds  
c o n s truc ted per yea r .  

No . o f  Ponds  1 -3 4 - 1 0  1 1 - 20  25 1 00 - 1 25 

Agen c i e s  9 1 0  9 2 2 

O f  t he se , the ra nge  g i ve n  fo r fa i l u re ra te wa s : 

No . o f  Ponds  Fa i l i n g  0- 10%  1 0 - 25 %  30-50% U n k nown --

Agen c i e s 7 3 3 1 3  

Other  res pon se s  i nc l uded  were : a ny fa i l ures  a re corre c ted , 15 - 30% need 
effort , and a 1 1  a re syn the t i c .  

# 9 Approx i ma te l y  how many ex i s t i n g  po n d s  a re tes ted each  yea r ?  

ex t ra 

Approx i ma te l y  what  pe rce ntage  o f  the s e  fa i l  to mee t  the  proper  seepage 
ra te ? 

There was l i t t l e res pon s e  to th i s  q u e s t i on . I t  wou l d  a ppea r n o t  much  i s  done  i n  
the l i ne o f  tes t i n g  o l de r  ponds  fo r s eepage . 

# 1 0  Do you  have  s tr i c t  g u i de l i ne s  for you r  agency ' s  s ta ff to u se when  
rev i ew i n g  s eepage ra te d a ta to  determ i ne whe ther  the proper ra te s 
have  been obta i n e d ?  Who  rev i ews the  s eepage repo rts ? Do  these  
rev i ewers  have  f l ex i b i l i ty to u se t he i r d i s c ret i on , j u d geme n t  or  
r i s k  a n a l ys i s  i n  determ i n i n g i f  the s eepage rate wa s prope r l y  met ?  

Fou r  agenc i e s  do  a n d  n i n e teen  d o  n o t  have s tr i c t  gu i de l i ne s  for rev i ew o f  
re ports . 

Fou rtee n  i nd i ca ted rev i ews done  by the  agency ' s  proj ec t e n g i neer  o r  f i e l d  
s ta ff/ i n s pec t i o n  depa rtmen t .  Three s ta ted tha t n o  one d i d  rev i ews . Two had  
rev i ews done by c o n s u l t i n g e n g i neers . Two o ther s ta ted  i t  v a r i e s . 

Seventeen  i n d i c a ted s ta ff h a d  d i s c ret i on , wh i l e one rep l i ed they d i d  not .  

# 1 1 Wha t  c orrec t i ve mea s u re s  mu s t  be ta ken i f  the  s eepage ra te fa i l s  
to mee t  the pre s c r i bed l i m i ts ?  P l e a s e  l i s t  some examp l e s  o f  wha t  
h a s  been done t o  co rrec t a prob l em s i tu a t i on . 

The fo l l ow i n g  res po n s e s  were g i ve n : 

a dd i t i on a l s eepage  con tro l /whatever  i s  neces s a ry to mee t  s pec i f i c a t i o n s  
- N/A - l i tt l e regu l a tory con t ro l  
- e n g i n eers d i s c re t i on 
- negot i a t i on 
- n o  f i na l  paymen t  
- n o  mea s u re s  s pec i f i ca l l y  req u i red  
- depends  on  the s pec i f i c  s i tu a t i on  
- s eams a re corrected after fa i l i n g  
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Examp l e s of me thods u s ed to correct  a prob l em were : 

- dewa ter and re l i ne 
ben ton i te s l u r ry or  d ra i n  a nd m i x  ben ton i te i n  s o i l 

- d ra i n ,  recompa c t  and cover wi th a s p ha l t  
- cement/conc rete 
- a dd i t i ona l s o i l o r  s o i l i mpo rta t i on 
- dra i nage i n terceptor  trenches  wi th pump i ng  
- c u toff wa l l s  
- chem i ca l  sea l a n t  
- a bandon l agoon  
- syn thet i c  co l l a rs around  s truc tu res 

a t tempt  by eng i neer to s how tha t fractured bedrock  i n  a s teep s i ded 
l a goon wa s i mpermeab l e  

- i mproved s u rface dra i nage  
- p u rchase  a dj o i n i n g l a n d  

# 1 2  Have a ny court c a s e s  res u l ted d u e  t o  a pond n o t  mee t i n g  t h e  proper 
seepage ra te ? I f  s o , wh a t  wa s the ou tcome of the c a s e ( s ) ?  

No Court 
Case 

Have Court 
Case  Set t l ed O u t  o f  Court  

23  5 6 

Fou r  o f  the 5 re s pond i ng 1 1yes , 1 1  i n d i c a ted pend i ng dec i s i on s  or s t i l l  i n  court , 
wh i l e  one  s ta ted the eng i neer had to d i s perse  the costs . 

The Tas k Force wa s i n teres ted i n  the  l ega l a s pects  w i th  regard to performa nce 
a nd/o r  des cr i pt i ve ( pres c r i pt i ve )  s pec i f i c a t i o n s . I n tere s t  i n  th i s  a s pec t of 
pond cons truct i on by the MPCA s tems from o u r  requ i rement s  for u s i ng both 
descr i p t i ve a n d  performa nce s pec i f i ca t i on s . I n  other  word s , i f  both are u sed , 
how i s  t h i s  treated i n  cou rt i f  a con tractor mee ts one a nd  not  the o ther?  We 
were a b l e to contact  f i ve of the s i x  agenc i e s re port i ng  cases , however ,  none  of 
the ca se s  perta i ned to de s c r i p t i ve a n d/or  performa nce s pec i fi ca t i o n s . So , t he  
s ta tes  and  prov i n ces wh i c h s ta ted they had a cou rt case  were conta c ted aga i n .  

I n  the case  for wh i c h i t  wa s s ta ted that  the eng i neer had  to d i s perse  the c o s ts , 
the ponds v i s i b l y  l ea ked . 

# 1 3  Do you have  s pec i f i c  gu i de l i n es on how the te s ts mu s t  be r un , 

No 

3 

data co l l ected , a nd  re s u l ts s u bm i tted ?  I f  you have any wr i tten ru l es ,  
gu i de l i nes  or c r i ter i a  re l a ted to s eepage ra te s , seepage tes t 
p rocedu res , s pec i f i c  s o i l requ i rements  for l i ner  co n s t ruc t i on , e tc . 
P l ea se  enc l ose  cop i es of  them when you re tu rn the s u rvey . 

Yes 

18  

Some 

1 
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The fo l l owi n g  i s  a l i s t  of  the  s ta tes  a n d  prov i n ce s  re s pond i n g to the 
ques t i onna i re .  

Utah 
Co l orado 
V i rg i n i a  
I l l i n o i s 
B r i t i s h  C o l umb i a  
A l a s ka 
M i c h i g a n  
Ma n i toba 
Rhode I s l a nd  
Ke n t u c ky 
Ma s s a c h u setts  

Sas katchewa n 
New Hamps h i re 
Ma i ne 
I da h o  
New Yor k  
W i s co n s i n  
M i s s o u r i  
F l o r i da  
Mon tana 
A l a bama 
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Georg i a 
Texa s 
Kan s a s  
O k l a h oma 
Quebec 
North Dakota 
A l berta 
I owa 
Wyom i n g  
New Brun sw i c k  

Pe n n sy l v a n i a  
North  C a ro l i n a 
Nebra s ka 
We s t  V i rg i n i a  
M i s s i s s i pp i  
De l awa re 
Connec t i c u t  
Newfou nd l a n d/ 

Labrador  
Nevada 



5. ASSESSMENT OF COMBINATION PERFORMANCE/PRESCRIPTIVE SPECIFICATIONS 

Introduction 

In the 1960 1 s and early 1970's, stabilization pond design criteria required only 
that pond seal maintain a satisfactory water level in the pond. Since 1975, 
Minnesota stabilization pond design criteria has required that pond liners limit 
seepage to a maximum rate of 500 gallons per acre per day. This seepage rate 
was set in an attempt to minimize groundwater contamination. This current 
allowable maximum seepage rate is equivalent to one inch of seepage every 54 
days. 

Historically, stabilization pond designers have written combination 
performance/prescriptive specifications (i.e., simultaneous use of performance 
and prescriptive specifications). The performance specification required the 
completed stabilization ponds to meet the maximum allowable seepage rate, with 
the rate determined by the Minnesota  Ya ter Balance Tes t. The prescr iptive 
specification, also known as a "design" or "detail" specification, specifically 
established minimum work procedures and tasks necessary to construct the 
stabilization pond seals. Unfortunately, when both performance and prescriptive 
requirements are cited, the potential for conflict is present. 

The Yater Balance Task Force completed a study of the implications of using 
combination performance/prescriptive specifications for stabilization pond 
liners. The major issues researched included: 

Evaluation of responsible parties involved in stabilization pond 
construction. 
Potential problems associated with simultaneous use of performance and 
prescriptive specifications. 
Legal implications of using combination specifications. 
Alternatives to simultaneous use of performance and prescriptive 
specifications. 
Identification of possible improvements to the current practice. 

The following contains a discussion of each of these major issues. 

Evaluation of Responsible Parties 

In a typical stabilization pond situation, many parties share responsibility for 
a project's success or failure. Obviously, the Engineer that designs and the 
Contractor that builds a stabilization pond share primary project 
responsibility. However, the Engineer typically will rely upon a goetechnical 
subconsultant to provide specialized expertise - especially on clay sealed pond 
projects. The Contractor, likewise, may use subcontractors to construct 
portions of the work. Typically, an earthwork subcontractor may construct a 
clay liner or an experienced synthetic membrane liner installer may construct 
ponds sealed with man-made materials. In addition, the MPCA is indirectly 
involved in the design of stabilization ponds through creation of design 
guidelines and review of project plans and specifications. And, of course, the 
City, as the owner and permit holder, is always responsible for achieving a 
properly constructed project. 
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Po t en t j a l Problems 

Generally , there are only two types of stabilization pond performance tests -
comprehensive tests , such as the Minnesota Yater Balance Test , and spot tests , 
such as permeability tests for clay liners and seam tests for synthetic membrane 
liners. Unfortunately , both types of performance tests have good as well as bad 
points. 

The most significant bad aspect of the water balance test is that a large number 
of factors may combine to yield a large standard deviation. The factors which 
contribute to the deviation include water level measurement errors , rainfall 
runoff assumption errors , and evaporation rate differences between the ponds and 
the barrels. The most significant good aspect of the water balance test is that 
the entire liner is tested. 

Spot tests do not test the entire seal but the deviation range is much smaller 
at the spot tested. The margin for error is reduced as the the number of spot 
tests is inc reased , but some potential margin for error is inherent with all 
spot test methods. Spot test errors are typically due to the non-homogeneous 
nature of clay soil liners and the non-uniform seam quality typically found on 
synthetic membrane liners. 

Therefore , both types of stabilization pond performance testing have a deviation 
range and for this reason , it is possible for proj ects to appear to exceed 
specified performance limit - even though the proj ect is designed , specified ,  
and constructed properly. Conversely , it is also possible for proj ects to 
appear to meet the specified performance limit - even though the pond system may 
be leaking. Due to the margin of error of pond performance tests , as described 
in the above scenarios , the potential for conflict between performance and 
prescriptive tests always exists. 

Legal Implications 

The primary concern of all responsible parties is whether corrective work is 
legally enforceable in the following situation. A Contractor may perform all 
prescriptive requirements perfectly , all interim testing may indicate acceptable 
work , all inspections may look good , and the Engineer ' s  specification may not be 
faulty , but still the final water balance test may indicate that the ponds 
appear to exceed the maximum allowable pond seepage rate. The Contractor at 
this point would not have met the performance requirements of the specification , 
would be required to correct the problem , and would need to retest the pond to 
prove compliance with the performance specification. The source of the 
excessive seepage is unknown (and possibly may no t be present ) ,  the cost of 
trying to locate , correct , and retes t a failing pond may be very grea t. 

Attorneys David Sand and Thomas Larson , of the law firm of Briggs and Morgan , 
addressed this specific question at the November 18 , 1987 meeting of the 
CEC/MPCA Yater Balance Task Force. They stated that in cases where both 
prescriptive and performance requirements were specified , the tendency of the 
legal system is to provide relief to a Contractor who had properly met all 
detailed requirements of the contract , but was unable to meet the performance 
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req , , i remen t. A l �o , in cases o f  spec i fication amb i gu i ty, rel i e f  i R  generAl ly 
provided to the Contractor, because he did not prepare the specifications. The 
remaining parties, the City, Engineer, Geotechnical Subconsultant, and MPCA, may 
then become directly responsible for correcting pond systems which appear to be 
leakidg . 

The legal implications, therefore, of simultaneously using performance and 
prescriptive specs, are undesirable. This is especially true for stabilization 
ponds, because the reliability of the various performance test methods 
unquestionable . Therefore, the simultaneous use of both performance and 
prescriptive specifications on stabilization pond proj ects could create a 
situation that is difficult to enforce. The question remains is there on 
acceptable alternative? 

Alternatives 

The most apparent alternatives to the simultaneous use of performance and 
prescriptive specifications is exclusive use of one or the other. 

A performance specification without prescriptive requirements is not an 
acceptable alternative because we lack suitable performance tests and it 
provides the Contractor too many options and doesn't provide the 
Engineer/Owner/MPCA adequate control over the proj ect. Contractors faced only 
with a performance specification may have the option to construct a liner from 
on-site soils, borrow materials, or synthetic membrane materials. The risk is 
too great that a contractor selected by the low bid system would build a proj ect 
that didn ' t  work, then go bankrupt and result in loss of time and money for the 
City, MPCA and EPA. As the construction progressed and/or as the construction 
was completed, performance tests would be conducted to determine whether the 
project met the specified performance criteria. Due to the margin of error of 
water balance testing methods, the performance testing may not accurately 
reflect the actual seepage rate of the pond system. For the above reasons, 
exclusive use of performance specifications would not be acceptable. 

Contractors faced only with a prescriptive specification would be required to 
follow specified steps and/or procedures during construction of the proj ect. 
Continuous inspection would be provided to ensure that each of the steps and 
procedures is performed properly. This type of specification would not require 
performance test criteria to be met. 

The basic problem with this type of specification is an inability of the 
responsible parties to prove that the completed pond system does not negatively 
impact the underlying groundwater. State rules require non-degradation of 
ground water and the success of a proj ect is determined to a large extent by 
verification of non-degradation. Exclusive use of prescr iptive spec ifications 
is not an acceptable alternative because only a small percentage of the total 
proj ect is spot tested. 

Therefore, since exclusive use of either per formance or prescriptive 
specifications does not appear to be a viable alternative , the responsible 
parties associated with pond proj ects must attempt to reduce the possible 
problems associated with simultaneous use of performance and prescriptive 
specifications. 
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Pos s j ble Improvements to Current Practice 

Assuming that the current practice of specifying both performance and 
prescriptive requirements will continue, it is important that steps be taken to 
minimize the possibility of incorrectly assessing success or failure of 
stabilization pond projects. To reduce this possibility, it is imperative that 
the current pond seal performance criteria be evaluated and revised as 
necessary. 

Currently, pond seal performance is evaluated by use of the Minnesota Yater 
Balance Test. Therefore, an obvious first step toward accurately evaluating 
pond seal performance would be to increase the accuracy of all component factors 
involved in water balance tests. Methods for standardizing the test are 
contained in Chapter 8. 

Some prescriptive specifications spot indicators of pond seepage rates include 
gradation tests, moisture content tests, field density tests, plasticity 
indices, Atterburg Limits, lab or field permeability tests, and visual 
inspection of clay liner installations. Synthetic membrane liners, spot 
indicators include physical property tests on the liner, lab or field seam 
tests, and visual inspections. The minimum spot indicators, as recommended by 
the MPCA, are contained in other publications concerning pond design. 
Improvements in these spot indicators can be made as deficiencies are 
identified. 

In summary, many parties share responsibility for successful stabilization 
ponds, either directly or indirectly. It is possible for projects to appear to 
exceed the maximum allowable seepage rate, even though the project is designed, 
specified, and constructed properly. Conversely, it is also possible for 
projects to appear to meet the specified performance limit, even though the pond 
system may be leaking. 

The legal implications of using combination performance/prescriptive 
specifications are undesirable, but no viable alternatives have been identified. 
Therefore, it is essential to improve the accuracy of the water balance tests, 
carefully analyze the reliability of the test, and develop spot testing methods 
to evaluate stabilization pond performance. 

4 5 



Purpose 

6. STATISTICAL ANALYSIS FOR SIX WATER BALANCES 

The purpose of this analysis is to estimate the relative effect of several 
factors on the outcome of the water balance test. Factors selected for the 
study �nclude precipitation, temperature, wind speed, number of days in the 
test period and variation among barrels in the same pond and among ponds at the 
same location. 

Historically seepage for the Minnesota Water Balance has been calculated as: 

S = - WL + R 

where: 

WL is the change in the pond level minus the change in the barrel level 
over the test period, and 

R is runoff into the ponds from the pond dikes due to rainfall calculated 
over the test period. 

WL is the element of the equation which varies among barrels within the same 
pond and among ponds. There may be some variation in runoff among ponds due to 
differences in water and runoff areas, but since runoff is calculated only once 
for a pond, there is no variation in runoff among barrels within the same pond. 
Each day pond levels were corrected for runoff. 

A statistical procedure called Analysis of Variance (ANOVA) was used to analyze 
the relative importance of each of several factors (independent variables) to 
explain variations in the dependent variable, WL. 

The focus of the analysis was to explain the variation in calculated "WL ' s" as 
a function of variation among ponds, variation among barrels within each pond, 
cumulative precipitation, and cumulative days of the test. 

Pond and barrel within pond are called class variables. Cumulative 
precipitation and cumulative days of the test are continuous ; they are called 
covariates. 

Questions to be addressed include 1) Vas there a significant difference in VL 
among barrels and if so, how many barrels were needed to provide a 
statistically reliable estimate of VL, and 2) Vas there a significant 
difference in VL depending on how many days were used and, if so, how many days 
were needed to provide a statistically reliable estimate of VL . 

Data Used 

Data from water balance studies at six locations were coded onto a standardized 
coding sheet and en tered into the computer. These locations were Cleveland, 
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Onam i a ,  Carver C i ty , El ko-New Marke t ,  B l ack duck  and  Tower-Bre i t 11ng. DRta 
elements entered for each location were 1 )  dates on which any information was 
collected , 2) daily precipitation , if any , 3) daily wind speed , if available 
and 4) daily temperature. Data elements entered for each date , for each pond , 
were 1) pond number , 2) level of wa ter in the pond expressed as inches and 
32nds of an inch and 3) pond temperature. At Elko-New Market and Blackduck , 
there were two control structures and thus two sets of measurements for level 
of water in the ponds. Data elements entered for each date , for each barrel , 
were 1) barrel number and 2) level of water in the barrel expressed as inches 
and 32nds of an inch. 

After the data was entered , a series of calculations was done. All water level 
measurements were changed from inches and 32nds of an inch to inches expressed 
as decimal values. Pond levels for each day were corrected for runoff into the 
ponds from the pond dikes. This correction took into account all estimated 
runoff up to that day. The runoff correction was a function of precipitation , 
dike area , pond area , and runoff coefficient. For each water level 
measurement , the change in water level since the most recent measurement and 
the change since the initial measurement were calculated. The number of days 
since the most recent measurement and since the initial measurement were also 
calculated , as was the cumulative precipitation to date. The variable YL was 
defined for the purpose of this analysis to be , for any given date , the most 
recent change in pond level minus the most recent change in barrel level. The 
variable CUMYL was cumulative YL , that is the change in the pond level minus 
the change in the barrel level over the period of the study. Since the runof f  
correction is incorporated in each day ' s pond level measurement , the variable 
CUMYL is equivalent to YL - R in terms of the above formula for calculating 
seepage. 

A listing of this complete data set for Cleveland , with definitions of the data 
elements , is found in Appendix C. Data for the other locations is available 
from the MPCA. 

Testing Analysis of Variance Assumptions 

The data representing the dependent variable must be normally distributed if 
the Analysis of Variance procedure is to be used. The Statistical Analysis 
System (SAS) UNIVARIATE procedure was used to test for normal distribution of 
CUMYL values. For those locations where there were two control structures , 
there were two sets of CUMYL values ; whereas for those locations with only one 
set of pond measurements , there was one set of CUMYL values. Neither the CUMYL 
values nor the log transformations of these values were normally distributed. 

Since there were some negative CUMWL values for which log transformations could 
not be done , the next step was to adj ust CUMWL by adding a constant to all 
values so that there were no negative values. Neither the adj usted values nor 
the log transformation of the adj usted values were normally distributed. 

The next step was to separately test for normality of CUMYL values each 
location. This approach was slightly more successful , as described in the next 
section. 
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The or i g i n � l  �nal y s i s p l � n  a l so aA sume<l tha t  the n11mber o f  harrels  per pon<l, 
number of  days per pond and the dates used for the test would be the same for 
all ponds at any given location. As can be seen in Table 6.1, this was not the 
case. Also, the data from Carver City, which had only one barrel per pond, 
will give no information about variation among barrels. 

Analysis by Location 

As indicated above, CUHYL values were tested for normality and separately for 
each location. These values were first adjusted to remove negative values and 
then the adjusted values and the log transformations of the adjusted values 
were tested for normality. Two tests for normality were done. Both the 
adjusted CUHYL and the log transformation of the adjusted CUHYL at Cleveland 
were normally distributed according to at least one of these tests. These 
values were not normally distributed at any other locations. 

An analysis of variance was performed to explain the variation in adjusted 
CUHYL and log adjusted CUHYL as a function of several factors of interest. 
Results of this analysis are given in Table 6.2. 

The Analysis of Variance procedure is used to explain the variation in adjusted 
YL as a function of the four independent variables 1 )  variation among ponds, 2 )  
variation among barrels within each pond, 3 )  cumulative precipitation and 4) 
cumulative days of the test. The sum of squares total, in this case 43.6214, 
is a measurement of variation in adjusted YL. The sum o f  squares model, in this 
case 26.5120 , is a measurement of variation in adjusted YL which can be 
explained by the model (that is, by the four independent variables). The 
proportion of variance in adjusted YL which is explained by the model is the 
R-square value, in this case 0.6078. In general, the larger the R-square 
value, the better the model fits. The F value on the top line Of table 6.2 how 
well the model, as a whole, accounts for variation in the dependent variable. 
The value under PR > F gives the significance level. In this case, the model 
variables as a group have a significant effect on adjusted YL at the p=0.0001 
level. This is a very significant effect. 

The portion of the table for ADJYL (below the first line) examines the effect 
of each of the independent variables or sources of variation. The values in 
the Type I SS (sum o f  squares) column add up to the model sum of squares. The 
PR > F gives the significance level for each effect. In this case, variation 
among ponds, among barrels and due to cumulative precipitation are all 
significant at the 0.01 level. That is, they are all very significant 
contributors to the variation in adjusted YL. The effect of cumulative days is 
not significant at the 0.05 level. This may be because days were included in 
which there was precipitation, but no barrel or pond level measurements . The 
adjusted YL used in this analysis does use the pond level wh i ch has been 
corrected for estimated runoff from the dikes . 

The columns in Table 6.2, headed type III SS (sum of squares), F and PR > F 
(probability of an F-statistic greater than the given value, i.e., sign ificance 
level ) give analogous information "adjusted" for var iation in cumulative days. 
The effects of variation among ponds and among barrels are still very 
significant. The effect of cumulative precipitation is no longer significant. 
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L o c a t i o n 

B l a c k d u c k 

C a r ver  C i ty 

C l e v e l a n d  

E l k o - New Ma r k e t  

O n am i a  

Tower - B r e i t u n g  

TAB L E  6 . 1 WAT E R  BALAN C E  T E S T DATA 

P o n d s B a r r e l s  
Per  P o n d  

1 3 
2 v a l u e s  e a c h  

3 1 

3 3 , 4 , 4 

3 3 
2 v a l u e s  e a c h  

3 3 

1 6 

T o t a 1 
P r e e  i p i t a t  i o n 

0 . 4 4 

D i f f e r e n t  1 . 0 2 
mo nt h s  5 . 5 1 

0 . 4 5 

0 . 9 6 

( a v e r age  of  
f i ve gauge s ) 

2 . 63 

D i f f e r e n t  6 . 8 2 
mo n t h s  2 . 8 7 

2 . 3 2 
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T o t a l 
D ay s  

2 8  

3 2  

3 0  f o r  
2 8  f o r  

3 barre l s  
4 t h  ba r r e l 

3 1 - - po n d s 1 , 2 
28 - - po n d  3 

34 - - po n d  1 
2 7 - - po n d s  2 , 3  
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TABLE 6 . 2  ANALYS I S  OF VAR IANCE RESULTS 

CLEVELAND 
. ADJUSTED WL 

DEPENDENT VAR I ABLE : AOJWL 

SOURCE OF SIM OF' SQUARES MEAN SQUARE F VALUE PR > F R-SQUARE C V  

..«)OEL 1 2  26 . 5 1 204973 2 . 20933748 42 . 35 0 . 0001 0 . 607776 2 4350 

ERROR 328 1 7 .  1 0938336 0 . 052 1 6275 ROOT MSE AOJWL MEAN 

CORRECTED TOTAL 340 43 . 62 1 43309 0 . 22839 1 67 9 . 37934327 

SOURCE OF TYPE I SS F' VALUE PR > F' OF TYPE 1 1 1  SS F VALUE PR > F 

PONDNO 2 3 . 495022 1 6  33 . 50 0 . 000 1 2 3 . 495022 1 6  33 . 50 0 . 000 1 
BNO(PONONO) 8 2 1 . 898776 1 5  52 . 48 0 . 000 1 8 2 1  . 898776 1 5  52 . 48 0 . 000 1 
CUMPREC2 1 1 . 0241 5407 1 9 . 63 0 . 000 1 1 0 . 04 1 1 7922 9 . 79 0 . 3749 
CIM)AY 1 9 . 09499734 1 . 80 9 .  1 802 1 0 . 09499734 1 . 80 0 . 1 802 

<.Tl LOG TRANSFORMAT ION OF ADJUSTED WL 0 

DEPENDENT VAR I ABLE : LADWL 

SOURCE OF' SIM OF SQUARES MEAN SQUARE F VALUE PR > F R-SQUARE c . v .  

..«)OEL 1 2 0 . 30363765 0 . 025303 1 4  43 . 04 0 . 000 1 0 . 6 1 1 605 1 .  0835 

ERROR 328 0 . 1 9282308 0 . 00058788 ROOT MSE LAOWL MEAN 

CORRECTED TOTAL 340 0 . 49646073 0 . 024246 1 4  2 . 23778227 

SOURCE OF TYPE I SS F' VALUE PR > F OF TYPE 1 1 1  SS F' VALUE PR > F 

PONONO 2 0 . 039 1 02 1 6  33 . 26 0 . 000 1 2 0 . 039 1 02 1 6  33 . 26 0 . 000 1 
BNO(PONONO) 8 0 . 25298450 53 . 79 0 . 000 1 8 0 . 25298450 53 . 79 0 . 000 1 
CUMPREC2 1 0 . 0 1 05730 1 1 7 . 99 0 . 000 1 1 0 . 00042 1 3 1  0 . 72 0 . 3979 
CUMOAY 1 0 . 00097797 1 , 66 0 .  1 980 1 0 . 00097797 1 . 66 0 .  1 980 
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Th i s  rp f l er t s  t he  fa c t  tha t once  thP  n 1 1mher o f  cumula t i ve d ays i s  known for  a 
gi ven loca t i on , the cumulat ive prec i p i t a t i on i s  also known-- i t  expla ins no 
add i t i onal var i a t i on .  

The resul t s  o f  the analys i s  o f  var iance us ing log t rans forma t i on o f  the 
adj us ted �L gives s im i lar resul ts . The R-square value i s  s l igh t ly larger , 
0 . 6 1 1 6 , ind i ca t i ng tha t  the model us i ng the log t rans forma t ion shows a s l igh t ly 
be t t er  f i t .  

Although the analys i s  o f  var iance for Cleveland ind i cates  that  there i s  a 
s igni f i can t d i f ference among barrels wi thin  a pond , i t  s t i l l does no t provide 
the in format ion needed to  de t ermine how many barrels are needed for a rel iable 
es t ima te . Thi s  is t rue s ince none of  the o ther fac tors  are held cons tant . The 
recommended number of barrels wi l l  be d i s cussed later  in the chap ter . 

Tes t i ng Regress i on Assump t i ons 

The next s t ep was to es t ima te  the seepage ra te  and the prec 1 s 1on of thi s 
es t i ma te , us ing the leas t squares regress i on me thod . Thi s  me thod uses barrel 
level measuremen t s  and pond level measuremen ts . Use of  t h i s  regress i on me thod 
also assumes tha t  the data  used i s  normally d i s t r i bu t ed . S ince the regress ion 
i s  done for  each barrel and pond separa tely ,  the normali ty o f  barrel level 
measurement s  and of  pond level measuremen t s  i s  done for  each barrel and pond 
separately . At four o f  t he s ix loca t i ons , Cleveland , Onamia , Blackduck , and 
Tower-Brei t ung , barrel level measurement s  are normally d i s t r i bu t ed and pond 
level measuremen t s  are normally d i s t r i bu ted . At  Carver Ci ty and Elko-New 
Marke t , there are mixed resul t s . S ince i t  appeared tha t  usually the 
measuremen t s  were normally d i s t r i bu t ed , the dec i s ion was made to  perform the 
regres s i on analys i s . 

Es t i ma t ion o f  Regress i on Lines 

The leas t squares regress i on me thod ( also called the slope me thod) , for 
es t ima t ing mean seepage ra te  calculates 1) a leas t squares regress i on l i ne for 
pond level ( correc t ed for  runo f f) over t i me and a confi dence in t erval for that  
l i ne and 2)  a leas t squares regress i on l ine for  barrel level over t i me and a 
confidence i n t erval for  tha t  l i ne . The d i f ference be tween the s lopes o f  the 
two regress i on l i nes  t imes a convers ion fac tor  gives the es t i ma t e  o f  mean 
seepage ra te . The conf i dence i n t e rval for  the d i f ference be tween the s lopes 
t imes a convers ion fac tor  provides the es t ima te  of  confidence in terval for the 
mean seepage rate . The de tai ls for these calculat i ons are found in  Appendix  D .  

The bes t f i t t i ng regress i on l i ne for barrel level by day was calcula ted  f i rs t  
us ing each barrel separa tely . Next , a t -Tes t was done t o  de t ermine wh i ch 
barrels wi th in  the same pond had regres s i on l ine s lopes that  we re no t 
s igni f i can t ly d i f ferent . The regres s i on l i nes for  barrel level by day , were 
then calcula ted for the expanded combina t i ons of bar rels . Us ing these 
combina t i ons o f  barrels , the seepage ra te  and the con fi dence in terval of  the 
seepage ra te  were calcula ted . The confi dence in terval i s  a measuremen t of how 
preci sely the seepage rate can be calculated . 
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Table 6.3 gi ves the es t i ma tes of  the seepage ra te and the corresponding 
confidence intervals for each barrel in each pond. Results are also given 
across barrels , for those comb inat ions of barrels wh i ch resulted in a reduction 
o f  the confidence interval. The smaller the confidence interval , the more 
precise the estimate. 

As shown in Table 6.3 , there were eleven ponds with more than one barrel per 
pond. Of  these eleven ponds , three had two or more barrels wh ich could be 
combined and whi ch resulted in an improvement in the confidence interval. 
These were Onamia (pond 1 ) , Blackduck ( only one pond ) and Tower-Breitung ( only 
one pond ). Even in  these cases , the confidence interval for combined barrels 
was only about +/- 100 less than the smallest confidence interval for a single 
barrel in that pond. 

Vhenever a t-Test ind i cates that the slope of  the regression lines for two 
d i f ferent barrels are not s ign i f i cantly d i f ferent , the information for the two 
barrels can be combined. The results from the single barrel and from the 
combined barrels should be compared and the results whi ch show the smallest 
conf idence interval , that is , the most precise estimate of seepage rate , should 
be used. Variation among barrels may be due to a number of  factors includ ing 
location ,  wind and measurement procedures. It does emphasi ze the importance of 
standardiz ing measurement procedures , as one way of  controlling the variation. 

Table 6.3 also shows the correlation coeff icients for 1 )  barrel level w ith time 
and 2 )  pond level w ith time. This value is an indi cation of  how well the least 
squares regression line reflects the data. A value of  1.0 reflects a perfect 
straight l ine relationship between level and time ; a value of  0.0 reflects no 
relati onship  between level and time. As a rule of thumb , i f  the correlation 
coe f f i c ient is less than .80 , the data should be further examined to determine 
possible reasons for the lack of relationship. Vhen results from barrels in 
the same pond d i f fer , the results from those barrels w ith the higher 
correlation coef f i c ients should be used. 

Using the guideline of  an acceptable seepage lim it of 500 and an acceptable 
confidence interval of +/- 1000 , the upper l imit of  the confidence interval 
should not exceed 500 + 1000 , or 1500. Using all of the information in Table 
6.3 , we can determine whether these ponds would pass or fail the water balance 
test as follows : 

In Blackduck , the upper limit of  the conf idence interval for the seepage rate 
is never greater than +1500 , and the correlation coeff i c ients are h igh. The 
pond passes. 

In Carver City's pond 1 ,  the upper limit of the confidence interval is 754 + 

1060 , or 1814. The correlation coefficient is acceptable , so the data can be 
used. Th is pond would fa i l. The decision to  fai l  the pond , us ing the me thod 
described in this report , agrees with the decision that was actually made for 
this pond. 

In Carver City's pond 2 ,  the test passes , but the correlation coefficient is a 
little lower than desirable. Unfortunately , there were measurements for only 
one barrel in th is pond , so it was not possible to select barrels with higher 
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T AB L E  6 . 3  E S T I MAT E S  O F  S E E PAG E  RAT E S  WI T H  C O N F I D E N C E  I N T E R VAL S O F  T H E  E S T I MAT E S  
F O R  S I X  L OCAT I O N S  

B L AC K DU C K  

O n l y  p o n d  me a s u r eme n t  2 wa s u s e d , s i n c e  t h e r e  wa s no  p o n d  me a s u r eme nt  1 o n  s ome 
d ay s  when  t h e r e  wa s a ba r r e l me a s u r ement  

P o n d  1 
B a r r e l 1 B a r r e l 2 B a r r e  1 3 

S e e p a ge  R a t e  - 5 90 . 9 2 - 2 3 7 . 5 8 - 1 0 0 4 . 8 8 

C o n f i d e n c e  
I n t e r v a l + / - 7 88 . 5 1 + / - 7 1 7 . 9 8 + / - 8 2 5 . 7 7  

C o r r e l at i o n of  
b a r r e l l ev e l . 99 . 99 . 9 9 
w i t h  t i me 

C o r r e l a t i o n  of p o n d  l eve l w i t h  t i me . 99 

Pond  1 

S e e p a g e  R a t e  7 5 4 . 4 3 

C o n f i d e n c e  
I n t e r v a l + / - 1 0 5 9 . 9 5 

C o r r e l a t i o n of  
b a r r e l l ev e l . 9 5 
w i t h  t i me 

CAR V E R  C I T Y 

O n l y  o n e  b a r r e l pe r  pond  

C o r r e l at i o n  of  pond  l eve l w i t h  t i me . 9 5 

P o n d  2 

S e e p a ge R a t e  - 1 0 9 . 0 9 

C o n f i d e n c e  
I n t e r v a l + / - 1 1 7 2 . 04 

C o r r e l a t i o n of  
b a r r e l l ev e l . 7 6  
w i t h  t i me 

C o r r e l a t i o n  of  p o n d  l eve l 

P o n d  3 

S e e p a ge  R a t e  - 7 88 . 7 1  

C o n f i d e n ce 
I n t e r v a l + / - 4 0 0 . 1 7 

C o r r e l a t i o n of 
b a r r e l l eve l . 9 7  
w i t h  t i me 

C o r r e l a t i o n  of  p o n d  l eve l 

w i t h  t i me . 7 5 

w i t h t i me . 9 5 
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B a r r e l s  1 a n d  2 c omb i n ed  

- 4 1 4 . 2 5 

+ / - 640 . 5 4 

. 99 



T AB L E  6 . 3 .  c o n t i n u ed 

P o n d  1 
B a r r e l 1 

E s t i ma t e s  
S e e p a ge R a t e  - 5 7 5  

C o n f i d e n c e  
I n t e r v a l + / - 294 . 1 4 

C o r r e l a t i o n of 
b a r r e l l e ve l 
w i t h  t i me 

. 9 8 

C L E V E LAND  

Ba r r e l 2 B a r r e l 3 

- 3 64 . 3  - 360 . 5 7 

+ / - 3 7 9 . 5 2 + / - 2 9 5 . 4 1  

. 9 3 . 9 7 

C o r r e l a t i o n of pond  l e ve l w i t h  t i me . 9 1 

Pond  2 

S e e p a g e  R a t e  - 67 . 68 -454 . 5 5 - 583 . 7 9 

C o n f i d e n c e  
I n t e r v a l + /  -436 . 1 1  + / -409 . 33 + / - 3 7 8 . 7 5 

C o r r e l a t i on of  
b a r r e l l eve l . 90 . 9 5 . 9 7 
w i t h  t i me 

C o r r e l a t i o n of pond  l e ve l w i t h  t i me . 88 

P o n d  3 

S e e p a ge R a t e  85 . 8 1 4 1 6 . 50 3 08 . 0 8 

C o n f i d e n c e  
I n t e r v a l + / - 3 08 . 3 5 + / - 34 6 . 56 + / - 3 28 . 1 2 

C o r r e l a t i o n of  
b a r r e l l e ve l . 9 7 . 90 . 93 
w i t h  t i me 

C o r r e l a t i o n of  pond  l e ve l w i t h  t i me . 93 
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B a r r e l 4 

3 3 . 2 1 

+ / - 3 84 . 1 2 

. 93 

- 6 3 . 1 6 

+ / - 3 0 1 . 2 0  

. 98 



TAB L E  6 . 3 .  c o n t i n u e d  

E L K O - N E W  MAR K E T  

P ond  1 
Ba r r e l  1 B a r r e l 2 

P o nd l e v l  P o n d l ev2  P o n d l e v l  P o n d l e v 2  
E s t i ma t e s  
Seep a g e R a t e  - 5 60 . 3 7 - 1 3 3 . 8 9 1 1 7 0 . 2 1 1 5 96 . 6 9 

C o n f i d e n c e  

B a r r e l 3 
P o n d l e v l  P o n d l e v 2  

- 64 . 9 3 3 6 1 . 5 2 

I n t e r v a l + / -809 . 7 9 + / - 844 . 96 + / - 7 24 . 7 0 + / - 7 6 3 . 8 1 + / - 7 1 8 . 9 8 + / - 7 5 8 . 3 8 

C o r r e l a t i o n of  
b a r r e l l e v e l 
w i t h  t i me 

. 8 2 . 4 3 

C o r r e l a t i o n of  pond  l e v e l w i t h  t i me P o n d l e v l  . 7 8 P o n d l ev2  . 8 2 

P o n d  2 

S eep a g e R a t e  3 5 1 9 . 7 0 3 9 2 3 . 7 2 

C o n f i d e n c e  

280 1 . 4 8 3 2 0 5 . 5 0 - 7 0 5 . 8 1 

. 8 2 

- 3 0 1 . 7 8  

I n t e r v a l + / - 7 2 1 . 1 7 + / - 7 6 7 . 74 + / - 1 0 23 . 2 5 + / - 1 0 5 6 . 5 9 + / - 7 8 1 . 8 1 + / - 8 24 . 96 

C o r r e l a t i o n of  
b a r r e l l e v e l 
w i t h  t i me 

. 8 7 . 5 6 

C o r r e l a t i o n of  pond  l e v e l w i t h  t i me P o n d l e v l  . 6 2 P o n d l e v2  . 6 9 

P o n d  3 

S e e p a g e  R a t e  1 1 3 2 . 7 2 1 4 5 2 . 92 

C o n f i d e n c e  

2 1 7 3 . 3 4 2493 . 5 4 - 20 8 . 84 

. 7 7  

1 1 1 . 3 5  

I n t e r v a l + / -4 1 3 . 5 9 + / - 4 3 3 . 7 5 + / - 5 80 . 9 0 + / - 5 9 5 . 4 0 + / - 349 . 44 + / - 3 7 3 . 0 5 

C o r r e l a t i o n of  
b a r r e l l e v e l 
w i t h  t i me 

. 9 2 . 60 

C o r r e l a t i o n o f  pond l e v e l w i t h  t i me P o n d l e v l  . 9 8 P o n d l ev2  . 9 8 

5 5 

. 9 8 



TAB L E  6 . 3 ,  c o n t i n u ed 

P o n d  1 
B a r r e  1 1 

E s t i ma t e s  
Seepage  R a t e  - 4 24 . 08 

C o n f i d e n c e  
I n t e r v a l + / - 1 8 7 5 . 04 

C o r r e l a t i o n of 
b a r r e l l e ve l 
w i t h  t i me 

. 23 

ONAM IA  

Ba r r e l  2 

3 5 9 . 89 

+ / - 1 1 8 9 . 29 

. 6 1 

B a r r e  1 3 

- 5 8 5 . 9 1 

+ / - 1 1 90 . 26 

. 3 9 

C o r r e l a t i o n of  po n d  l eve l w i t h  t i me . 5 7 

Po nd  2 

Seepage  R a t e  2 8 7 . 03 1 0 . 3 7 6 2 3 . 62 

C o n f i d e n c e  
I nt e r v a l + / - 1 0 9 7 . 29 + / - 9 5 8 . 1 6 + / - 1 1 3 2 . 86 

C o r r e l a t i o n of  
b a r r e l l e ve l . 3 3 . 60 . 0 7 
w i t h  t i me 

C o r r e l a t i o n of  p o n d  l eve l w i t h  t i me . 56 

P o n d  3 

Seepage  R a t e  - 7 0 9  . 1 6 - 5 2 3 . 0 2 - 5 7 0 . 5 8 

C o n f i d e n c e  
I n t e r v a l + / - 8 7 4 . 20 + / - 9 7 1 . 5 9 + / - 8 96 . 8 5 

C o r r e l a t i o n of  
b a r r e l l e ve l . 7 8 . 8 2 . 8 1 
w i t h  t i me 

C o r r e l a t i o n of p o n d  l eve l w i t h  t i me . 5 5 

56 

A l l 3 b a r r e l s  c omb i n ed  

- 1 7 6 . 96 

+ / - 1 0 68 . 54 

. 3 7 



T AB L E  6 . 3 .  c o n t i n u e d  

P o n d  1 
B a r r e l 1 

S ee p a g e  R a t e  - 1 7 4 2 . 8 9 

C o n f i d e n c e  
I n t e r v a l + / - 80 4 . 2 8 

C o r r e l a t i o n of  
b a r r e l l e v e l 
w i t h  t i me 

. 9 8 

T O WE R - B R E I  T U N G  

B a r r e l 2 B a r r e l 3 B a r r e l 4 

- 1 7 7 9 . 8 3 - 2 1 1 9 . 4 1 - 1 3 2 4 . 0 6 

+ / - 8 1 6 . 1 4 + / - 8 0 9 . 26 + / - 8 6 0 . 0 8 

. 9 8 . 99 . 9 7 

A l l b a r r e l s  c omb i n ed  

S e e p a ge R at e  - 1 74 9 . 5 1 

C o n f i d e n c e  
I n t e r v a l + / - 7 26 . 40 

C o r r e l a t i o n o f  
b a r r e l l e ve l . 9 2 
w i t h  t i me 

C o r r e l a t i o n o f  p o n d  l e ve l w i t h  t i me . 96 
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B a r r e l 5 B a r r e l 6 

- 1 4 9 0 . 1 1 - 2 040 . 7 6 

+ / - 8 3 6 . 8 0 + / - 8 1 8 . 4 5 

. 9 8 . 98 



�orrela t i on coe f f i � i en t s. A t  C� rver C i ty , ea ch pond was tested dur ing a 
different month. As shown in Table 6.1, there was a large amount of 
precipitation during the month that pond 2 was tested. 

In Carver City's pond 3, the upper limit of the confidence interval and the 
correlation coefficient are both acceptable. The data can be used and the pond 
passes. 

In Cleveland, for all three ponds, the correlation coefficients are acceptable, 
so the data can be used. The upper limit of the confidence interval never 
exceeds 1500, so all the ponds pass the test. 

In Elko-New Market ' s  pond 1, the correlation coefficient of barrel level with 
time is acceptable for barrels 1 and 3, but not for barrel 2. The results for 
barrel 2 should not be used. Using the results for barrels 1 and 3 would 
indicate that the pond passes. 

In pond 2 at Elko-New Market, the correlation coefficient for barrel 1 is the 
best. The results using barrels 1 and 2 all indicate very high seepage rates, 
rangi ng from 2801 + 1023 = 3824 for barrel 2 and pond level measurement 1 to 
3923 + 767 = 4690 for barrel 1 and pond level measurement 2. An examination of 
the data, however, revealed that this test was done during a very windy period 
and there were several days that there was splash-over into the barrel, and one 
day on which the barrel was reset. The adj ustments for the reset were not 
incorporated into the data used to produce Table 6.3. The correlation of pond 
level with time is also lower than desirable. Graphing of barrel level over 
time and pond level over time should first be done to help determine what days, 
not affected by rainfall, can be used. Yhen adj ustments for the reset were 
made and a period with no rainfall was used, we get quite different results. 

For instance, for pond 2 and barrel 2, the correlation of barrel level with 
time is .98, rather than .56. The correlation of pond level, measurement 2, 
with time is .95, rather than .69. Using the non-rainfall days and the data 
adj usted for reset, the estimate of the seepage rate is -1489.61 with a 
confidence interval of +/-592.22. The upper limit of the confidence interval 
is less than 1500 ; the test passes. 

In pond 3 at Elko-New Market, barrels 1 and 3 show acceptable correlation 
coefficients. Using the results from barrel 1 would indicate that the test 
fails ; using results from barrel 3 indicates that the test passes. Examining 
the data more closely again indicates that there were also splash-over days and 
rain-days. These days should be eliminated and the analysis redone, as it was 
for pond 2, to get more consistent results . 

At Onamia, all correlations for ponds 1 and 2 were unacceptably low . For pond 
3, the correlation of pond level with time is unacceptably low . There were 
several rainy days which should have been deleted before the analysis was done. 
In order to determine which days should be deleted , the values for barrel level 
and the values for pond level should f irst be graphed over time. This 
procedure is further discussed in the chapter on recommended method . 
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Fnr exAmpl e ,  i f  the  val ,1e� fnr h� rrPl  J i n  pond 1 arP uRed on l y  for  dayR no t 
affec ted by rainfall, the correlation coefficien t for barrel level wi th time 
becomes . 98, rather than . 23. The correlation coefficient for pond level wi th 
time becomes . 96, rather than . 57. The estimate of the seepage rate is 
-1416. 03 and the confidence interval is +/-1129. 67. 

A t  Tower-Breitung, the upper limit of the confidence interval for the seepage 
rate is never greater than +1500, and the correlation coefficients are high. 
The pond passes the test. 

Table 6. 4 examines the size of confidence interval in comparison to the number 
of observations during the test period and total precipitation for the month. 
It appears that, for these locations, there is no clear relationship between 
either number of observations or total precipitation and the confidence 
interval of the seepage rate. However, the analysis done on the Kettle River 
data directly examines the effect of using different numbers of days. 

If the end-point method is used, it does not matter how many intermediate 
points there are. There is, however, value in having some intermediate points, 
to use as a check. If the least squares regression method is used, the 
analysis done on the Kettle River data examines the effect of using different 
numbers of days. The least squares regression method is recommended because it 
uses more information. 

Because of the variation in seepage rates within a pond, as shown in Table 6. 3, 
it is recommended that each pond have at least three barrels. Vhenever the 
estimated seepage rates for any two barrels in the same pond are significantly 
different from each other, possible reasons for this difference should be 
investigated. 
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TAB L E  6 . 4  RAN G E S  O F  E S T I MAT E D  S E E PAG E RAT E S . P R E C I S I O N O F  E S T I MA T E S .  

L o c a t i o n 

B l a c k d u c k  

C a r v e r  C i t y 
P o n d  1 
P o n d  2 
P o n d  3 

C l ev e l a n d  

E l k o -
N ew Ma r ket 
P o n d s  1 - 2  
P o n d  3 

O n am i a  
P o n d  1 
P o n d s 2 - 3  

Towe r ­
B r e i t u n g  

DA Y S  O F  OB S E R VAT I ON S  AND P R E C I P I TAT I ON 
B Y  L O CAT I O N 

R a n ge  of E s t i mated  
See p a ge R a t e s  

- 1 0 04 t o  - 2 38  

+ 7 54 
- 1 09  
- 7 89 

- 5 84 t o  +4 1 7  

- 7 06 t o  + 3924 
- 2 09  t o  + 2494 

- 5 86 to +360  
- 7 0 9  t o  +624 

- 1 3 24 t o  - 2 1 1 9  

R a n ge of P r e c i s i o n of 
E s t i ma t ed Seepage  R a t e s  

+ / - 7 1 8  t o  + / - 8 26 

+ / - 1 060  
+ / - 1 1 7 2  
+ / -400  

+ / - 294 t o  + / - 4 3 6  

+ / - 7 1 9  to  + / - 1 0 5 6  
+ / - 3 4 9  t o  + / - 5 9 5  

+ / - 1 1 8 9  t o  + / - 1 8 7 5  
+ / - 8 7 4  to  + / - 1 1 3 2  

+ / -804  t o  + / - 86 0  

60 

D ay s  o f  P r e c i p i t at i o n 
O b s e r va t i o n s  

9 

1 7  
1 4  
25  

2 0 - 2 1  

3 2  
29 

3 1 - 3 2  
1 4  

1 4  

0 . 44 

1 . 0 2  
5 . 5 1  
0 . 4 5 

0 . 96 

2 . 63 

6 . 82 
2 . 8 7 

2 . 3 2 



7. Suggested Method for Yater Balance Analysis 

Presently the water balance is the only method of testing the overall success 
of entire pond liner placement. However, some indication is available prior 
to the water balance test on the performance of the intended seal. Therefore, 
this chapter is developed to propose a uniform guidance for the review 
engineer to use in applying the appropriate emphasis on the water balance test 
given a proj ects compliance with the prescriptive portion of the 
specifications. 

The reviewer of liner test data should be cognizant that spot testing is 
instrumental for predesign and construction of liners. For example on clay 
liners there are five purposes for conducting soil tests prior to design and 
again during actual construction: 

To find adequate quantities of suitable soils for the clay liner ; 

To determine the depth of the groundwater in relation to the proposed 
cells ; 

To evaluate the soils so that a suitable liner thickness can be 
determined so that placement specifications can be written ; 

To evaluate the soils actually used, comparing them to the soils on 
which the design is based ; 

To evaluate the contractor ' s  placement to see if the liner conforms 
with the plans and specifications. 

There are a number of factors which must be included in the soil testing 
program for it to be a satisfactory predictor of successful placement of a 
clay liner. 

First, prior to the design, there must be an extensive investigation 
to evaluate the soil types and variability. This limits the risk of 
unexpected conditions at the time of construction ; 

Second, there must be full-time inspections during construction by a 
person who is qualified to identify soils and evaluate contractor 
operations. This person must be able to recognize the small changes in 
soil gradations which is important in obtaining suitable permeabilities . 
This person must also understand the process of soil compaction and be 
able to conduct the tests necessary to evaluate the processes . 

Third, as a check on the original design and the contractor's 
performance, permeability tests should be conducted on samples taken from 
the compacted liners. 
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To avoid biases of evaluation of the liner the soils engineer must be retained 
independently of the contractor. This soils engineer, hired by the owner, 
preferably through the the consultant, should also be retained for both the 
predesign and construction testing. 

A limited study of recently constructed ponds shows that when the above 
procedures are followed the soils tests can then predict whether the water 
balance will pass or fail. Failures occur when one or more of the items in 
the recommended approach are not followed. 

The MPCA uses the water balance as a final verification of liner performance. 
Vhen good prescriptive specifications are not written or the contractor 
chooses not to follow them, and the City/Engineer choose not to enforce them, 
one must consider a number of factors. Some of these factors on soil liners 
are: nonhomogeneous soils, multiple borrow sites, varying moisture contents 
and varying numbers of compaction passes. However, on large scale projects 
many o f  these factors make spot check testing susceptible to false indications 
of passing, on liners that should have failed. This also may occur on 
synthetic liners. The factors for synthetic liners are the risk of damage to 
the material from placing, seaming and covering equipment and operations. A 
final comprehensive test is necessary to ensure the integrity of the placed 
liner. 

Since a comprehensive test is necessary, does the historic Minnesota Vater 
Balance test suffice? Considering the history of the seepage limit 
development as outlined in the introduction to this report, reviewing the 1985 
MPCA "Recommended Design Criteria for Stabilization Ponds " Appendix C and 
after observing the results from the two test water balances the Vater Balance 
Task Force concludes that: 

A. The historic Minnesota Vater Balance method is not capable of 
accurately testing for 500 gallons/acre/day on a pass/fail basis. 
The confidence interval on a test for 95 percent assurance is 
approximately +/- 1000 gallons/acre/day. 

B. Many factors limit the accuracy of the water balance test results. 
These factors include but are not limited to: precipitation, solar 
radiation, wind speed, freezing temperatures, magnitudes of scale, 
relative humidity, the current non-standardized testing methods and 
runoff coefficients. 

Therefore, the Task Force recommends that the end point method currently 
specified in the MPCA Stabilization Pond Design Criteria (Appendix C) be 
replaced with the least squares analysis of slopes. The least squares method 
o f fers an es timate of  the mean seepage rate plus the advantage of  a confidence 
interval to indicate the precision of the estimate. A step by step procedure 
is given in Appendix B. The MPCA has this procedure on the VAX computer. The 
Task Force further recommends the Agency make staff time available to run this 
program with data points selected by the consulting engineer. The program 
would be available at the end of the 30 day test period. If weekly updates 
are done by the consultant it is recommend the firm place the formulas into an 
acceptable program which the MPCA staff would verify upon submittal of the 
test results. 
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Multiple barrel readings may be compared with the unpaired t-Test, to check 
for significant differences in the data. If not significant, the data may 
then be combined for the least squares analysis. (The t-Test procedure is 
outlined in Appendix B) . This method is used, when possible, to decrease the 
band width given by the confidence interval. The confidence interval is 
impacted by changes in the number of readings, number of evaporation barrels, 
and number of pond rulers. Also elimination of rainfall periods and widely 
varying points can decrease the confidence interval significantly. 

The examples given in Table 7. 1 are from the Kettle River water balance at 
varying points of time. All twelve of the tests were run using the VAX-2020 
program. The Kettle River data when graphed, indicates a good test. The 
slope of all evaporation lines are closely fit to one another (Figure 7. 1). 
Therefore, this test was used to selectively remove reading dates (from the 
end of the data string) to demonstrate the effects on the confidence 
interval. The Kettle River test data was taken four times per week with two 
metal barrels per pond (i. e. , the number of readings per month is twice the 
required amount). The data collected had nine readings without rainfall, the 
minimum statistically allowable. This compares to a month without rain if two 
readings per week were taken. It is interesting that combining certain 
barrels may "increase " the band width of the confidence interval for the 
group. Of the six metal barrels in Kettle River, at least two have variances 
large enough to provide an increase in the confidence interval band width. 
Hence, the duplication of barrels in a cell will not ensure tight confidence 
intervals. Review of the mean seepage rates and confidence intervals numbers 
is to be on an individual and combined data basis. Figure 7. 2 shows how 
selection of different barrel sets impacts the confidence interval ' s  results 
for the same testing time period in Kettle River. (It must be pointed out 
that statistical limitations of the least squares analysis require nine 
points, minimum, to be statistically reliable. Also, if a barrel contributes 
data to the analysis in a group set , it must contribute a minimum of five data 
points for the regression line. ) 

Table 7. 1 data suggests that time could be saved if the data is analyzed 
weekly. MPCA staff should not be expected to run the calculations on the VAX 
weekly, but the consultant could duplicate the program by using the Appendix B 
flow chart. A minimum of two weeks is required for any test period to allow 
for graphical trends to become apparent. A clay seal, for instance, may be in 
the process of saturating itself during the initial portion of the test and 
show a trend toward a higher seepage rate. This effect would give better 
results in the latter portion of the test. 
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NUMBER 
or 
BARRELS 

CONF" 

I N T ERVAL 

MEAN 

SEEPAGE 

COM8 1 NED 

RAT E 

NUMBER 
or 
BARRELS 

CONF" 

B 

I NT ERVAL 

MEAN 

SEEPAGE 

COMB I NED 

RAT E 

9 
8 

READ I NG 6 
5 
4 
J 

9 
8 

READ I NG 6 
5 
4 
J 

9 
8 

READ I NG  6 
5 
4 
3 

C D 

9 
8 

READ I NG 6 
5 
4 

3 

9 
8 

READ I NG 6 
5 
4 

3 

9 
8 

READ ! �  6 

5 
4 
3 

6 

589 
605 
69 3 
796  

1 288 
1 3 78 

-707 
-649 

4 1 7  
57  

-33 
-2096 

- 1 1 8  
- 4 4  

1 1 1 0 
853 

1 255 
-7 1 8  

E r 

6 

482 
553 
886 

1 054 
2 1 80 

8 1 5 

-707 
-74 1 
-658 

- 1 0 1 1 
- 1 307  
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Water Balance Data from Kettle River, Mn Figure 7 . 1  
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Trends toward inaccurate seepage rate estimates may also be weather related 
(F igures 7. 5 and 7. 6) these graphs show fluctuations of mean seepage rates in 
Kettle River (a synthetic pond liner) from one week to the next. During dry, 
hot periods, evaporation of the barrel may exceed the evaporation of the pond 
by as much as three times the current test limit. Therefore, a pond 
indicating a passing water balance mean seepage rate of -100 gallons per acre 
per day (infiltration of 100 gallons per acre per day) may actually be a 
failed pond. If other ponds in the state, with similar climatic conditions, 
indicate an infiltration rate of 1800 gallons/acre/day is more reflective of a 
good seal, then this pond may actually be leaking 1700 gallons per acre per 
day. Therefore, the Yater Balance Task Force recommends that all three cell ' s  
water balance tests, on new construction, be run at the same time to give 
comparative pond seepage rates. If one cell is significantly different than 
the remaining two, more investigation may be required on that particular cell. 
It must be stressed that the pond ' s  evaporation rate and the barrel ' s  
evaporation rate must be evaluated by some means other than the 500 
gallon/acre/day mean seepage rate during dry, hot periods. Should 
simultaneous operation of the water balance on all three cells not be 
possible, options for evaluating this condition are: contacting the HPCA to 
check on other ponds operating the water balance in  the area, operating the 
water balance at a later time if the dry conditions are thought to be over 
soon or accurately documenting detailed weather information. Three other 
factors of significance are localized wind speed, relative humidity and vapor 
pressure. These factors can greatly impact test results during mid-summer. 

The HPCA should assign one review engineer from each of the three Community 
Assistance Units to track current water balances in their units. The three 
could exchange information and develop refinements of the test numbers for 
passing levels, weather related floating mean seepage rates and testing 
techniques if conditions and weather cycle records are kept. 

The Yater Balance Task Force (WBTF ) recommends the engineer follow this list 
of procedures when evaluating the water balance results for a given proj ect: 

Guidance for Yater Balance Analysis 

1. The engineer graphs the barrel data (date versus depth of reading). The 
graph will provide a visual check for change in  seepage rates and problem 
barrels. A change in the seepage rate is an indicator of a wider band in 
the confidence interval. A varying rate of seepage will increase the 
least square ' s  confidence interval substainally. This is  due to the 
linear assumption of the least square regression. By forcing a curve or 
two lines to be estimated by a single line equation the variation of each 
point from an estimated straight line increases , therefore , the confidence 
interval expands. 

2. Run the unpaired t-Test to ensure no significant difference exists between 
barrels. This will allow multiple barrels to be combined (if beneficial) 
when comparing the confidence intervals. 

3. Run the least squares analysis on the individual barrels and/or the 
combined set to use as an indicator of success of the test. 
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4. Compare the total combined numbers from the mean seepage rate and 
confidence interval to 1500 gallons/acre/day. 

5. Check the correlation coef f i c ient. It wi l l  range f rom zero to one. One 
ind i ca tes perfect correlation ,  zero ind i cates no correlation. A high 
correlation i s  requi red , approximately 0.8 or better. 

6. Compare results for all cells  run during the same time per iod. I f  all  
three cell  tests were per formed at the same time ,  the mean seepage rates 
should be comparable. I f  one cell  out of three ind i cate an inf i ltra t ion 
rate of 100 gallons/acre/day whi le the other two cells  ind i cate an 
inf i ltration rate of 1500 gallons/acre/day , prescri ptive spec i f i cation 
compliance should be reviewed and questioned. 

I f  the water balance results appear questionable , the following provides 
d i recti on in detec t i ng areas of concern with the performance test or in  
documenting areas o f  non-compl iance wi th  prescri ptive spec i f i cat ions : 

A. Vas the water balance conducted over an acceptable duration and , i f  
so , were there any days during whi ch f reez ing o f  pond o r  barrel water 
may have occurred. Vere there any rainfall events , or other reasons 
why the test may be non-representative? 

B. Vere the prescr iptive tests performed sat i s factori ly and were there a 
suf f i c ient  number conducted? For soi l  seals thi s  wi l l  mean moisture 
contents , dens ities and permeabi l ities. For syntheti c  l iners thi s  
wi l l  involve a l l  non-destructive and destructive testing done on s ite 
and in  the laboratory. Vere the tests conducted with equ i pment that 
had not been properly cal i brated. For syntheti c  l iners , review the 
factory certi f i cation of the l iner , the manufacturer ' s  warranty , and 
the certi f i cation letters f rom the manufacturer and contractor ( plus 
the c ity for MPCA engineers) stating acceptance of  the subgrade , cover 
mater ial and compliance with the spec i f i cations. 

C. The records of the full time l iner inspector ( so i ls or manufacturer ) 
should be reviewed for working and weather conditions that may have 
hindered or j eopard i zed the process. 

D. Vas the l iner ( o r  a portion of it) exposed through a winter and , i f  
so , was i t  protected? Thi s  i s  parti cularly important for clay seals. 
Syntheti c  l iners wi ll requi re a letter f rom the manufacturer stating 
that  exposure to a win ter season wi thou t was tewa ter wi l l  no t cause any 
of  the warranty to be null  and vo id  or impac t the per formance of  the 
seal. 

E. Vhat is the qual i ty of the clay ma terial tha t  make up the l iner? The 
percent of clay in the seal should be as sessed from the so i l s  tes t ing 
f i rm ' s reports. Compari sons should be made wi th  the des ign-proj ected 
so ils  and those ac tually used in the f ield. Del ineat i on of  borrow 
s ites not spec i f ied in the planning stage and compaction techniques 
used by the contractor should also be evaluated. 
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F. Is the groundwater affecting the water balance? MPCA criteria call 
for a four foot separation between the pond bottom elevation and high 
groundwater. Is there possible infiltration into the ponds due to 
high groundwater? Is the hydraulic gradient enhancing the sealing 
capabilities? This is a site specific evaluation that may require 
planning for piezometers. 

The limits indicated in this chapter reflect current evaluation of several 
test sites (Chapter 6). The data demonstrates the capability of the analysis 
to estimate mean seepage rates within 1000 gallons/acre/day confidence 
intervals. 

Then the MPCA staff will forward the program results to the consultant and 
city for their evaluation and recommendations. A turnaround time for a 
evaluation and response will be agreed to and, if necessary, a j ustification 
process will determine if the test will be retaken or the original decision on 
criteria level relaxed. 

Selection of Minimum Number of Readings Required 

Note: This analysis was done in two sections. Section 1 used current 
confidence intervals as calculated per current criteria. Section 2 adds the 
95 percent confidence interval of the barrel to the 95 percent confidence 
interval of the pond (i.e., a worse-case scenario with both band widths 
occurring simultaneously). This method was the original method considered for 
the least squares analysis and work was completed in Section 2 of Table 7.1 
prior to switching confidence interval formulas now recommended. The work is 
left in this chapter as it still reflects general trends in the confidence 
interval analysis, j ust at a magnified scale. 

Analysis for development of the minimum number of points to be used in the 
least squares analysis begins with the Kettle River Data. Using the dates and 
data from May 23 through June 7, 1988, gives the task force nine (9) readings 
without rainfall. This is equivalent to the standard test length for previous 
water balances. A minimum of nine points is necessary to achieve statistical 
confidence for normal distributions. Therefore, all data sets were combined 
always keeping at least nine points in the population. Barrel sets, with nine 
readings, were calculated. The data set was then reduced to eight readings 
by removing the data point of the last date. The new data set was then 
recalculated. This process was done for seven readings, six readings, five 
readings, four readings and three readings per barrel. The a ttached Table 7. 1 
gives a breakdown of the number of readings, barrels , confidence interval and 
mean seepage results. 
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NOTE: Section 1 of Table 7.1 assumes the confidence interval formula that is 
applied in the guidelines, using a nine point data set for the pond over all 
test runs. Section 2 of Table 7.1 assumes a worse-case confidence interval 
formula where the extreme end occurrences of the linear slope proj ections 
compound to provide the wider confidence interval band proj ection. Section 2 
data, also, uses duplicated pond level readings to provide the minimum number 
of pond measurements over the same period of barrel measurements. In other 
words, if three readings are used in three evapora tion barrels, the first 
three pond level readings are all used three times to maintain the minimum 
number requirement ( nine). This duplication may have shortened the confidence 
interval band for the pond level slope proj ection, which reduces the overall 
confidence interval band width. However, if Section 1 data is graphed with 
Section 1 comparisons and Section 2 data is graphed with only Section 2 data, 
general trends in the least squares analysis can be detected. 

From Figures 7.3 and 7.4, it can be shown that a fluctua tion exists with the 
reduction of readings per barrel. The confidence interval expands when the 
number of readings is reduced unless lines estimated with three points were 
evaluated. If three points are used, a sharp increase in the level of 
confidence often occurs. This may be due to the line being determined by two 
points and the error estimated by the third point's variance from that line. 
This false confidence could be eliminated by requiring each barrel to have a 
minimum of four points. However, as is also shown by these graphs four points 
will not provide an adequate confidence interval required when seepage rates 
are approximately 500 gallons/acre/day. Therefore, a minimum of five readings 
per barrel is necessary. 

The mean seepage rate fluctuates from approximately -400 to -1150 
gallons/acre/day ( Figures 7.5 and 7.6). This is important when water balances 
are conducted under varying weather conditions. Again, if it is assumed that 
actual seepage is zero gallons per acre per day, then a shorter data base in 
Kettle River shows an accelerated evaporation by the barrels. This could be 
caused by less relative humidity, more wind, more solar radiation or any 
combination of the above during the first week of the test. Yeather is not 
controllable, however, it re-enforces the proposed requirement that all three 
pond cell water balance tests be run at the same time and for a minimum of two 
weeks, all to aid in indicating the reliability of the estimated seepage rate. 

Example Applications 

Example Number One: A synthetically lined newly-constructed pond i s  tested 
for seepage in late fall. Information submitted by the consultant documents 
manufacturer i nspect ion hours by date and hour. Thi s  compares to the 
contractor documentation for date and hour of work done on seaming. The 
manufacturer was present 95% of the application time. All seaming field tests 
pass, however, one 250 foot seam was redone due to cold temperatures during 
the initial sealing. The manufacturer's tests pass. The certification and 
warranty are present and complete. Ground water is not present in the soil 
until a depth of 28 feet. 
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The water balance data had readings on days: 1, 3, 5, 9, 12, 15, 17, 19 and 21 
and evaporation barrels showed ice on days 12, 19 and 21. Total pond ice 
occurred by the 21st day. The test dates used were 1, 3, 5, 9, 15 and 17 and 
the unpaired student t-Test allows all three barrels to be combined. The test 
period has the required minimum of 9 readings and a two week period. The mean 
seepage rate indicated by the combined readings was 650 gallons/acre/day with 
a confidence interval of +/- 800 gallons/acre/day. Statistically, the 
correlation is 0. 93. 

Therefore, example number one's actual pond test indicates 650 
gallons/acre/day plus 800 gallons/acre/day or 1450 gallons/acre/day. 

This test passes. 

Example Number Two: A clay seal in good soil with no ground water present six 
feet below pond bottom is tested. Field testing indicates all permeablities 
pass, however, 15 percent of the moisture density tests do not meet 
specifications the first round of testing. The soil inspector was on site 
every third day for soil testing and was able to correct the failed moisture 
density areas. Seal was not over wintered. However, the consultant is 
submitting results after two weeks of testing with five readings per barrel. 
Data from one barrel is deleted due to a low correlation coefficient (0. 4). 
The estimated mean seepage rate for the two barrels combined is 450 
gallons/acre/day with a confidence interval of +/- 1200 gallons/acre/day and a 
correlation of 0. 90. 

This procedure requires a mean seepage rate and confidence interval of 1500 
gallons/acre/day. After two weeks the result is 1650 gallons/acre/day with 
two barrels, so the test must continue. There is concern over the moisture 
content of the soil during placement. 

As testing continues, the seepage rate is raised to 500 gallons/acre/day with 
one barrel and twelve readings. The confidence interval is +/- 800 
gallons/acre/day. The other good barrel indicates 550 gallons/acre/day with 
+/- 911 gallons/acre/day as the confidence interval band. Therefore, the 
totals for the two barrels are 1300 gallons/acre/day and 1461 
gallons/acre/day. 

This test passes. 

7 5  



Example Number Three: A synthetically lined cell with full time inspection 
from the manufacturer ' s  representative is tested. The prescriptive testing 
all passes. The warranty and certification of the liner are submitted. The 
in house manufacturer ' s  testing looks adequate and the cells are not over 
wintered or in areas with high groundwater. The water balance was run 32 days 
and had storm cycles at least once a week. The test operator recorded 
readings one day after each storm event, when possible. Each barrel has 14 
readings and the following break down: 

Data 
Adj usted Adj usted Adj usted 

Barrel Mean Confidence Correlation Mean Confidence Correlation 
SeeEas:e Interval SeeEas:e Interval 

A 1410 gpad +/- 1400 gpad 0.80 540 gpad +/- 670 gpad 

B 1450 gpad +/- 1550 gpad 0.77 600 gpad + / - 850 gpad 

C 1800 gpad + / - 1450 gpad 0.55 

A & B 1490 gpad + / - 1575 gpad 0.75 680 gpad +/- 920 gpad 

Data from barrel C is deleted since the correlation coefficient was not 
representative of linear regression with normal distribution. 

0.95 

0.91 

0.85 

The criteria require that the test meet 1500 gallons/acre/day when combining 
both the mean seepage rate and confidence intervals. The test information 
passes on both good barrels when calculated independently, but not when 
combined. 

This test passes. 
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8. WATER BALANCE STUDY 

Introduction 

These Water Balance Criteria apply to all newly constructed ponds. They also 
apply to existing ponds that are required to perform a water balance. These 
criteria are written in normal type for newly constructed stabilization ponds 
and capitalized �ype for modifications to accommodate aerated or existing 
cells. The only method that is acceptable for a new pond is a water balance by 
the barrel method which is discussed in this criteria. 

Recommended Criteria 

All parties involved in the proj ect (grantee, engineer, inspector, contractor, 
testing labs, etc.) must be aware of the procedures, constraints and 
expectations related to the prefill and the water balance. The details of 
these items should be spelled out in the various contracts listed below: 

1. Plans and specifications. (Contract between grantee and contractor). 

2. Engineer's contract with the grantee. 

3. Independent testing laboratory's contract with the grantee or 
consultant. 

4. Independent soil laboratory's contract with the grantee or consultant. 

The requirements for the water balance itself should be put into the contract 
of the party conducting the water balance (engineer or independent testing 
laboratory). The requirements for soils testing should be included in the 
independent soil laboratory's contract. Also, at the preconstruction 
conference the grantee should make sure that all parties, including the 
synthetic liner manufacturer when a synthetic liner is being used, are made 
aware of these items. All of the requirements that follow should be included 
in the plans and specifications. 

Requirements For Prefill 

A. For Clay Seals 

1. The grantee must submit a let ter to the review engineer indica ting 
that they have accepted the work necessary to conduct a prefill and 
water balance and are requesting MPCA to conduc t a prefill 
inspection. 

2. Included with the above letter, if not previously submitted to the 
MPCA, must be the following: 

a. A copy of soil test results (density, permeability, etc. on 
both the pond bottom and pond dikes). 
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b .  A sign-off or certification from the onsite independent soils 
inspector stating the clay seal was installed per plans and 
specifications and the correct materials were used for the clay 
seal construction . 

c .  The results of a survey of the pond bottom indicating that the 
level is within the proper tolerances . 

B .  For Synthetic Liners 

1 .  The grantee must submit a letter indicating that they have accepted 
the work necessary to conduct the prefill and complete the water 
balance and are requesting HPCA to conduct a prefill inspection . 

2 .  Included with the above letter, if not previously submitted to the 
HPCA, must be the following: 

a .  The contractor and liner manufacturer certification that the 
liner was installed per the plans and specifications . 

b .  The contractor and liner manufacturers ' certification that the 
cover material was placed per the plans and specifications . 

c .  The liner manufacturer ' s  certification that the installation 
was in conformance with all warranty provisions and that no 
provisions of the warranty have been voided . 

d .  A copy of all liner test results for seam strength, strength of 
liner material, mil thickness, etc . 

e .  A copy of the liner warranty . 

f .  A copy of the soil test results (density, etc . ,  on both subbase 
and dikes) . 

g .  The written results of the pond bottom survey indicating 
the level is within the proper tolerances . 

If all of the above information is in order during the site inspection , 
verbal approval by the HPCA may be given to prefill the pond . If items 
are pending at the time of the prefill inspection , these items must be 
resolved before any approval to prefill can be issued . The MPCA will 
send a prefill approval letter to the grantee when all items are 
resolved . The prefill approval is only an approval to put enough water 
(clear or chlorinated treated sewage) into the pond to conduct the water 
balance . No addi t ional wa ter or sewage (raw or t reated)  may be added to 
the cells until the water balance is approved (unless more clear water is 
required as part of the test) and the city is notified of the approval in 
writing . 
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At the MPCA prefill inspection , the ponds will be inspected for (at a 
minimum) the following: 

1. Adequate erosion protection (i. e. , proper grass growth , proper 
riprap material and placement) . 

2. Proper seal placement (for clay) . 

3. Proper completion of any other items necessary to approve the 
prefill or to conduct the water balance (piping placement , gates , 
controls) . 

Requirements For Water Balance 

The following items relating to the water balance must be described in the 
specifications and in the contract of the firm conducting the water balance 
test. 

A. Who will conduct the water balance (consultant , independent test 
laboratory or owner) . 

B. Where the prefill water will come from (river , lake , city water , treated 
ef fluent , etc. ).  If necessary has DNR permit been obtained? 

C. The depth of water will water balance be run (2 feet of water 
should be used for non-aerated ponds. NORMAL OPERATING DEPTH SHOULD BE 
USED FOR AERATED PONDS) . 

D. Where the barrels will be located and how many will be used per pond 
(three pond barrel pads placed during construction in compliance with the 
Diagram 8. 1). 

E. Where the pond water elevation will be measured (minimum of three 
perforated barrels per pond. A PERMANENTLY MOUNTED SCALE , TO READ IN 
MILLIMETERS , IN THE CONTROL STRUCTURE OR IN SEPARATE PERFORATED 
BARREL(S) ).  

F. Where and how the rainfall will be measured (at pond site , type of 
recorder , etc. ).  

G. How often the barrels will be measured (twice a week , after rainfall 
events , if multiple barrels are used the minimum readings per barrel 
will be 5 ,  etc. ).  

H. How often the pond water levels will be measured (twice a week , after 
rainfall events , minimum of 5 measurements per barrel if multiple barrel 
sets are used , IF ONLY ONE SCALE IS READ FOR CONTROL MEASUREMENTS THEN 
NINE READINGS MUST BE TAKEN FROM THAT ONE SCALE , etc. ) .  
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I .  How often the rainfall will be measured (twice a week, when it 
rains, etc . ) . 

J .  Requirements for fixed measuring devices to be placed in all barrels 
AND CONTROL STRUCTURES . Describe measuring system to be used . 

K .  Yater level measurements in barrels and control structures will be 
measured to the nearest millimeter (perforated barrel readings averaged 
over a time span of at least a minute) . 

L .  Location of the ground 
will it be during the 
elevation determined? 
elevation readings?) 

water table . (i . e . ,  Is it near liner elevation or 
course of water balance? How was ground water 
Yho is responsible fer further ground water 

The grantee is responsible for submitting the water balance results to the 
HPCA . The transmittal letter should indicate if the consultant calculated the 
least squares analysis, shortened the length of the test, operated the test 
with ice occurring in any of the barrels or combined two non-rainfall event 
periods . Measurements, observations and a diagram of the actual pond layout 
designating the barrels numbers and placement shall also be submitted . For the 
least squares analysis the transmittal letter should identify which sets of 
barrels indicate passing and the respective correlation numbers of the least 
squares test . 

In order to statistically evaluate whether the 500 gpad mean seepage rate plus 
or minus the 1000 gpad confidence interval has been met, all raw data 
collected (barrel levels, pond levels, rainfall and runoff measurements, etc . )  
must be evaluated independently and combined . All calculations and 
assumptions used to evaluate the raw data should be included in the submittal . 
If the 500 gpad +/- 1000 gpad requirements have not been met, a recommendation 
should accompany the water balance analysis detailing one of the following: 

A .  That the water balance(s) will be redone . 

B .  Identify the problem or possible source of the problem . 

C .  The corrective actions that will be taken to resolve the problem . 

D .  Justification as to why a higher seepage rate is acceptable . Improper or 
poor monitoring procedures which are not in accordance with Agency 
guidelines will not be accepted as j ustificati on for not meeting the 500 
gpad mean seepage rate +/- 1000 gpad confidence interval limit . 
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The following items are the general requirements for conducting a water 
balance: 

A. Recordable Data 

1. Study Period 

Data should be obtained at least twice weekly for a period of four 
consecutive weeks during a period of time when no permanent freezing 
can occur. To prevent the possible problem of freeze up, the water 
balance should be started so that it will be completed no later than 
November 20th. The city should inform the contractor of this 
restriction and coordinate the construction schedule accordingly. 
Water balance results may not be recorded if ice cover occurs in the 
barrel. After the ice melts, it is possible to resume water 
balances readings. Water balances which do not have nine (9) total 
readings from the data set without freezing will be returned. The 
nine readings must be made up of individual barrel results 
containing a minimum of five (5) readings per barrel (i.e., if ten 
readings are taken per barrel and two barrels are used to contribute 
data, then each barrel data set may be adj usted to give the optimum 
five (5) points. The five (5) adj usted readings must be input as 
continuous graphical points over an identical period for the 
graphically continuous pond readings). Although the data does not 
have to be continuous the method for combining data sets outlined at 
the end of Appendix B under data preparation must be followed. Also, 
the minimum time span of the data must cover a two week period for 
verification of the linear regression assumption. 

2. Cell Sizing 

De t ermine the square footage of cells. Calculate  this area a t  the 
height of the water level used during the water balance study. 

3. Inflow to System 

No inflow to the pond, except as allowed in Section A.7., will be 
allowed until the test has been completed and approved. Any inflow 
of water to the pond occurring during the test period will 
invalidate the entire water balance test , and subsequently must be 
redone. 
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4. Total Rainfall 

Rainfall measurement must be taken from a reliable rain gauge 
installed at the pond site. The minimum required rain gauge will 
have a four inch diameter outer cylinder with an inner receiver. The 
gradation shall be 0.01 inches. Capacity of the overflow cylinder 
and inner receiver shall be 11 inches. It is advised that rainfall 
measurements and test readings be taken after each rainfall event to 
provide as many dry daily recordings as possible. One day should be 
allowed prior to recording the pond level after a storm event due to 
slow percolation of dike runoff into the pond. 

5. Discharger/Transfer From Pond Cells 

In order to provide the highest degree of accuracy for the water 
balance test, no discharges should be made from the cells during the 
tes t period. All gates valves, e t c., should be ver i f ied to be wa ter 
tight (no leaks) before beginning the test. If any discharges do 
occur during the test period, it may be necessary to conduct the 
water balance again. 

6. Pond Yater and Depth Mea3urements 

The water level of each cell should be recorded to the nearest 
millimeter. The measurements should be made from a fixed measuring 
device within the perforated barrels located by each evaporation 
barrel (MANHOLE CONTROL STRUCTURES MAY BE USED FOR AERATED CELLS). 
The measuring device for both the barrels (AND THE CONTROL 
STRUCTURE) should be situated such that the zero end of the scale of 
the measuring device is down in the barrel or STRUCTURE and the high 
end of the scale is up. If this is not done, the signs in the 
following calculations will not work out properly. The measurement 
devices shall be a metric ruler in one millimeter gradations. 
Measurements should be taken twice per week at a minimum. The 
measurement recording should be an average of two readings taken 
over at least one minute to check for fluctuation of the pond. 
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7. Barrel Method (Rainfall and Evaporation) 

A large (approximately 55 gallon) barrel measuring 35 inches high 
plus or minus two (2) inches and having a diameter of 22.5 inches 
across plus or minus one (1) inch shall be used to determine 
rainfall and evaporation in a pond cell. The barrel will be free of 
defects and must be leak proof. Also, the barrels will be coated 
with a minimum 3-4 mil of DFT, white high solids epoxy paint (no oil 
or grease film). At least three barrels must be strategically 
located within each pond cell with a surrounding baffle on each to 
avoid possible splash-over. The baffle shall be 20 gauge metal 
welded to the top of the barrel at a 45 degree angle as shown in 
Diagram 8.2. The welds shall not perforate the barrel exterior and 
shall be two inches in length spaced eight inches center to center. 
The spacing is to allow the rainfall on the baffle to pass down the 
exterior of the barrel without upsetting the true rainfall 
occurrence in the barrel itself. Barrels shall be placed as shown 
in Diagrams 8.1 and 8.2. The top of the barrel (not the baffle) 
should extend at least twelve inches and no more than fifteen inches 
above the water in pond at the start of the test. If the pond water 
level falls more than six inches during the period of the test, 
consideration shall be given to stopping the test, filling the pond 
back to the initial point, and restarting the test. Yeather 
projections, length of time remaining in the test and time 
constraints are factors to be considered when refilling is an issue. 
The purpose of refilling is to provide as stable a hydraulic head on 
the liner as possible while maintaining a limited factor of 
variation due to the barrel ' s  metal exposure and its impact on 
evaporation. If the barrel water level differs greater than six 
inches from the pond water level, the reading will be recorded then 
water in the barrel shall be brought back to the pond water level 
and recorded again for adjustment. A measuring device shall  be 
fixed to the inside of the barrel to facilitate accurat� water depth 
measurement to the nearest millimeter. The measuring device shall 
preferably be a metal metric ruler in one millimeter gradations. 
The device and method of fixing it to the barrel should not impair 
the rainfall into or evaporation from the barrel. 

The barrel must be on a four inch 
AERATION PONDS OR EXI STING CELLS) 
of the barrel shimmed for level. 
remain level throughout the test . 
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If possible, every newly constructed cell should run the water 
balance at the same time. Factors such as precipitation or wind 
combined with low relative humidity can alter test results 
significantly. Operating the tests during the same period will 
provide a check for the localized conditions at each cell. Also, 
results may be improved by contacting the MPCA to find other ponds 
operating the water balance in the area or if time is available 
avoiding operation of the test during dry hot periods and extremely 
moist months. 

8. Seepage Calculation for the Barrel Method 

The test results must provide three items: (1) the mean seepage rate 
in gallons/acre/day, (2) the confidence interval for the mean 
seepage rate also in gallons/acre/day and (3) the correlation 
coefficients for the least squares analysis (factors from zero to 
one with zero being n correlation and one being perfect correlation 
to a linear relationship). A passing test will have high 
correlation approximately 0. 8 or better with a combined mean seepage 
rate and confidence interval of 1500 gals/acre/day. The net 
seepage rate(s) are calculated for each cell over the cell bottom 
and dike areas by using the following equations : 

s = 

where 

- (B 
p 

- B 
b 

) * 27225 

S = Net seepage rate from a cell should be calculated to inches of 
water elevation and converted to gallons per acre per day. A 
positive number equals the amount of seepage the pond 
experiences whereas a negative number would indicate a negative 
seepage rate which is a net gain of water in the pond(s). "S"  
should be calculated separately for each cell. 

B The slope of the pond data figured from the least squares 
p analysis. 

B = The slope of the evaporation barrel da ta figured from the leas t 
b squares analysis. 
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27225 = A multiplier to obtain units of gallons / acre / day. 
X inches divided by 12 inches in one foot times 43560 feet 
squared in ·one acre times 7. 5 gallons per foot cubed. 

The 

Sxx 

slopes of the readings are 
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n 
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estimated as follows : 
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) 

� \  

Sxx, Syy, Sxy are tools used to prepare the data to estim�te slopes 
by the least squares analysis. 

X = The day the event was recorded. Beginning from one a nd 
continuing chronological ly. 

Y = The evaporation barrel reading in inches. Or the pond level 
reading in inches adjusted for dike run off. 

n = The number of data points used in the analysis. 

B the Slope is then estimated by 

Sxy 
B = 

Sxx 

The standard error of the estimate ( Se) can be calcula ted by : 

2 
Se 

2 
Sxx * Syy - (Sxy) 

n * (n-2) * Sxx 
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The confidence interval of this line then may be estimated by: 

Beta = B +/- t
«/2 * Se * SQRT ( -

n
_ \  * 27225 

Sxx ) 

The t«/2 factor is a coefficient based on the degrees of freedom and 
the stuaent t-Test. The degrees of freedom for this equat ion is n-2. 
The confidence interval for the two slopes combined may be calculated 
by: 

Be ta  • S + / - ' �, 2 
* SQRT ( Se: 

n 
b 

Sxx 
b 

2 
+ Se 

p 

n 
p � *27225 

Sxx 
p 

S = the difference in slopes as calculated above times the 27225 
multiplier. 

n = the number of data points used for the evaporation barrels. 
b 

n = the number of data points used for the pond level barrels. 
p 

The t «/2 factor is a coefficient based on the degrees of freedom and 
the stuaent t-Test. The degrees of freedom for this equation is 

n + n - 2. 
b P 

The correlation coefficient rho is estimated by: 

Sxy 
r = 

SQRT ( Sxx * Syy) 

This coefficient is applied to each data set for an indicator 
of that data sets correlation with a linear regression (i. e. two 
correlation coefficients one for the pond data and one for the 
evaporation data). 
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Adjus tmen t for Dike Runof f  

To adj us t for rainfall runoff , pond barrel measuremen ts are reduced 
as follows : 

ydi 
= Yi -r_R

i 

i=l  

Y = Pond level read ing .  
i 

n = number of  days dur ing the tes t period . 

R = Runoff  in to  t he ponds f rom the pond d ikes due to  rainfall a t  the 
pond s i te  mus t be calcula ted during t he s tudy per iod . Rainfall of  
any magni tude during the s tudy per iod , mus t be  iden t i f ied and i t s 
impac t mus t be included in the calcula t i ons when determining the 
seepage ra te . Rainfall on the s ide  s lopes of  the d ikes may cause a 
s igni f i can t r i se  in  the pond wa ter  level during the wa ter balance . 
The ne t gain i s  calculated by f iguring the square foo tage of  d ike 
s lope and d ike road sur face whi ch con t r i bute  to  runof f  and 
mul t i plying th is  area by the rainfall measuremen t and a coe f f i c ien t 
for the amount o f  rain  tha t  i s  no t : ( 1 )  bound by rock or soi l ,  or 
( 2 )  evapora ted back into the atmosphere . Thi s  f igure is then 
d ivided by the square foo tage of water  surface in t he pond at the 
high water mark . 

Appl i ca t i ons During I ce Over 

To use per iods of i ce format ion on the wa ter  in the barrels a read ing before and 
af ter  the presence of ice  i s  requi red . No permanen t i ce forma t i on i s  allowable 
as readings may no t be t aken f rom the barrel when i ce is present . The leng th of 
days the i ce is present may be recorded and used due to  the conservat ive error 
this would in t roduce . However ,  the to tal tes t minimum number of  nine ( 9 )  
read ings mus t be obtained . As well  as any one barrel ' s  minimum readings 
to tal ing f ive ( 5 ) . 

Please refer to Append ix D for example calcula t i on .  

Ques t i ons on prefi lls or water  balances should be d i rec ted t o  J i m  Klang a t  ( 6 1 2 )  
296-8280 . 
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Stabi l ization Pond 

50 ft . 

© 

E = Evaporation Barrel 
P = Perforated Barrel 

50 ft. 

Diagram 8 . 1  

Aeration Pond 

Control 
Structure 

Pond level measurements 
recorded from control 
structure at the locations 
marked with an X. 
Evaporation barrels at 
pond water level i n  
corners. Perfo rated 
barrels may be used if 
desi red . 



4 feet 

4 inI 

23 in  
± 1 i n  

4 inl 

1 .  
2 .  

3 . 

1 3 

i � inches ""f 8 
�nches 
-. 

27 
i nches 
± 2  in .  

4 in .  

Diag ram 8.2 

20 gauge metal : 
55 gal lon metal barrel ,  
leak proof, 3-4 mi l  OFT 
wh ite , h igh solid epoxy 
paint. 

2" welds, 8" off center, 
free space to al low 
drainage. 

4. 

5. 

4' x 8' x 4" concrete pad J 

4, 1 /4" perforations at 90° 

i ntervals , 4 i nches off 
bottom .  

0 

22.5 i n .  ± 1 i n .  22.5 i n .  ± 1 i n .  4 in .  
� ►I ,.,,,....� -----►I 

8 feet. � 

35 
inches 
± 2 in .  

4 i n .  



Wa t e r  Ba l ance Tas k Fo rce - S t a t i s t i ca l  Ana l y s i s  Da t o  En t ry Fo rm 

W i nd Code s : A =  Ca l m  {0 - 5 MPH) 
B s B reezy ( 6  - 1 5  MPH) 
C = W i ndy ( 1 6  - 25 MPH ) 
D = Ve ry W i ndy ( > 25 MPH) 

BARREL MEASUREMENTS 

LOCAT ION DAT E PREC I P  W I ND , LEVEL - I N  T EMP 
YYMMDD (0 . 0 1 " ) CODE M I LL IMETERS 
--- --- --- ---

--- --- --- ---
--- --- --- ---

--- --- --- ---
--- --- --- ---

--- --- --- ---

--- --- --- ---

--- --- --- ---
--- --- --- ---

--- --- --- ---

--- --- --- ---

--- --- --- ---

--- --- --- ---

--- --- --- ---
--- --- --- ---
--- --- --- ---

--- --- --- ---
--- --- --- ---
--- --- --- ---

---

--- --- --- ---

POND MEASUREMENTS 
--

, LEVEL - CONTROL LEVEL - PERF T EMP 
I N  M I L L I METERS BARREL  M I L L I METERS C COMMENTS 

---
---

---
---
---
---
---
---

---
---

---
---
---
----
---

---
---

--
---

--

---



9. EVALUATION OF ALTERNATIVE TEST METHODS 

In our evaluation of the water balance test, we looked at alternatives to the 
water balance test and at variations of the specific methods of conducting the 
water balance test. Liners have been evaluated by most states. Thus, a number 
of different methods have been looked at and are being used. This basic 
information was obtained through our survey of states. We also looked briefly 
at information and methods suggested by researchers and evaluated various 
procedures for conducting the water balance test to try to find a balance 
between accuracy and cost. 

Clay Liners 

From the available test methods, we picked two alternatives for further 
evaluation -- sealed double-ring infiltrometer and reliance on pre-design and 
construction testing of soils. 

Sealed Double Ring infiltrometer: The sealed double-ring infiltrometer is 
basically a field test of the permeability of the liner. The rings have an 
approximate diameter of 5 feet to evaluate a larger area than the 3-inch thin 
walled tube samples that are currently being used. The rings are sealed to 
prevent evaporation and eliminate that cause of test inaccuracy. The sealed 
double-ring infiltrometer is generally at the stage of practical research and 
development. It has not been used on many projects in the United States to 
evaluate permeabilities. However, it does hold considerable promise for 
accuracy of the measurements of the permeability at the ring test site. 

In spite of the potential for accuracy, it was concluded that the costs and time 
required for the test and the number of tests which would be required to 
evaluate a liner make this test method undesirable. 

Reliance on Soil Tests: The predictability of the successful completion of a 
clay liner based on evaluation of the pre-design and construction testing of the 
soils was evaluated for six pond sites. Of the six sites, two had liners which 
had to be reconstructed. Both of these ponds had pre-design and construction 
soils tests which indicated potential problems or marginal construction. The 
four suitable sites also had soils tests which predicted success. 

However, the Water Balance Task Force felt that the use of these soils tests as 
the only criteria would not be acceptable to the Agency because of failures of 
liners in the past when lesser forms of soil testing were required. 

Synthetic Liners 

Electrical Resistivity: Only one alternative procedure was discussed : the use 
of electrical resistivity to identify areas of leaks . This testing technique is 
relatively new, particularly to the State of Minnesota. However, it appears to 
have considerable potential for evaluating synthetic liners. It appears that 
additional experience is needed before electronic resistivity can be used to 
replace water balance testing. Electrical resistivity has been used, with some 
limited success, to pinpoint leaks in one small pond in Minnesota. Additional 
experience will likely be gained in evaluating ponds that appear to be leaking. 

9 1  



VARIATIONS OF WATER BALANCE METHOD 

Evaporation Pan Location: A primary source of inaccuracy in the water balance 
test is measuring evaporation from the pond surfaces. Evaporation is currently 
measured by using three barrels in each pond. We studied the use of evaporation 
pans on the dikes of the pond because this is easier to measure accurately. 

However, it is well recognized that the evaporation of a pan placed on land is 
significantly different than the evaporation of a large body of water. Thus, a 
cor rection factor must be applied. These correction factors, to date, are quite 
approximate since there is no good way to accurately determine the relationship. 
Unfortunately, the variation in the factor is so great that it destroys the 
necessary accuracy for the water balance test. Therefore, this approach does 
not have much promise. 

Hook Gauges: In one of the trials that the committee conducted, hook gauges 
were used to measure the level of the water in the barrels. These hook gauges 
were used in  lieu of the millimeter rulers. It was determined that there was no 
statistically significant difference between the readings taken by hook gauge 
and those taken with a ruler graduated in millimeters. Thus, the additional 
cost and time of using a hook gauge does not appear warranted. It is possible 
that if other variables in the water balance test could be minimized, the 
difference would be statistically significant and use of hook gauges could be 
j ustified. 

Types of "Barrels": During the two test proj ects different kinds of evaporation 
barrels were evaluated. These included the typical steel barrels, plastic 
barrels, and stock tanks. The steel barrels were generally SO-gallon barrels. 
In the second test these barrels were modified with a splash guard that extends 
above the typical lip of the barrel. The plastic barrels were chosen to 
evaluate the effects of different material. They were similar in size to the 
steel barrels. Stock tanks were used to evaluate the effect of a different size 
and shape of barrel. There were approximately 30 inches wide and 60 inches 
long. 

In the raw data it appeared that there were differences between these types of 
barrels. However, statistically there was no significant difference between the 
steel barrels and the stock tanks but there was a statistically significant 
difference between the steel barrels and the plastic barrels. The plastic 
barrels recorded higher evaporation rates. The steel barrels are thought to be 
most representative of the true condition. 

Protecting Barrels From Wave Action: Three different me thods were tes ted to 
protect the barrels from splashing and wave ac tion. The two me thods which 
utilized floating wood, snow fence and palle t s , did no t work well  s ince they 
became water-logged and sank before the end of the tes t period. Bar rels  wi th 
steel splash guards extending upward f rom the lip of the barrel in a cone shape 
did the best j ob of protecting from water splashing into the barrels. 

Rain, Wind, and Temperature Measurements: Since weather is a significant factor 
in the accuracy of the testing, a number of methods were evaluated to measure 
weather conditions at the site during the test period. These included 

9 2  



con t i nun 1 1 � l y reco rrl i ng g;:rnges for  ra i n ,  wi nd , ,r n d  tempera t 1 1 re measuremen t s  and  
non-recording gauges which had to be checked at the time that other survey 
measurements were taken. 

The continuously recording gauges did provide additional information on weather 
conditions which was helpful in analyzing the amount of rainfall at the site. 
However, the question of runoff and runoff coefficients is still a bigger 
contributor to error in the final calculations than the difference in accuracy 
between the self-recording and non-recording gauges. Thus, the cost for 
continuously recording gauges does not appear warranted. 
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APPEND IX  A 

DATA E L EME N T S  ON T H E  WATER BALANC E  STAT I ST I CAL ANAL YS I S DATASE T - - S I X C I T I E S  

L i s ted  be l ow a re  def i n i t i on s  f or each  o f  t he d a t a  e l emen t s  i n  t he d a t a set u s ed 
for t he s t a t i s t i c a l a na lys i s  of s i x  wa t e r  ba l a n c e s . The d a t a  u s ed for  the 
C l eve l and water  ba l a n ce i s  pr i nted out , a s  a n  e x amp l e .  D a t a  for the ot her 
wa te r  ba l a n ce s  are a v a i l ab l e  f r om the  MPCA . 

The def i n i t i on s  a r e  g i ven i n  t he s ame or der  a s  t he e l ement s  a r e  l i s ted  on t he 
a t t a ched  C l eve l a nd  data  l i s t i n g .  

OBS-ob servat i on n umber , there  i s  one obser vat i on for e a c h  b a r r e l wi t h i n  
e a ch  pond for e a c h  date  on wh i ch t here a r e  any b a r re l mea s u r ement s mad e  
at  that locat i on 

THE FOL L OWING  E L EMENTS AR E TAKEN FROM THE DATA FORM FOR  MEASUREME N T S  

LOCAT I ON - c i ty whe re  water b a l a n ce  i s  done  

DAT E -date  of me a s u r ement 

PR E C I P - d a i l y prec i p i t at i on 

WI ND-w i nd speed ( MP H ) 

TEMPC - a i r  temper at ure  ( Cent i gr ade ) 

PONDNO- code for pon d  n umber 

POND I N - l eve l i n  the pond , who l e  i n ches , f i r s t  contro l s t r u c t u r e  

POND3 2 - l eve l i n  t h e  pond , f r a c t i on a l por t i on i n  3 2 n d s  of  a n  i nc h , 
f i r s t  cont ro l s t r u c t ur e  

PO�DL I N - l eve l i n  t he pond , who l e  i nches , s e c o n d  contro l s t r u c t u r e  

POND L 3 2 - l eve 1 i n  t he pond , f r a c t i ona l port i on i n  32nds  o f  a n  i n ch , 
second  cont r o l s t r u ctu re  

POND T C - pond  t empe r a t u re  ( Cent i gr ade ) 

BNO - c ode  for bar re l n umber 

S L E V I N - l eve l i n  t h e  barre l , who l e  i n c he s  

B L E V 32 - l eve l i n  the  barre l , fr act i ona l por t i on i n  32nd s of a n  i n c h  

T H E  FOL LOWI NG  E L EMENTS  AR E TAKEN F ROM T H E  DATA FORM F OR POND D E SC R I P T I ON S  

WAR EA-water  a rea o f  pond 

RAR EA- d i ke area  

COEF F - r unoff coeff i c i ent 

D E P T H - pref i l l  dept h i n  feet 

T Y P E - l i ner  type 

T H E  FO L LOWI N G  E L EMEN T S  AR E CALCULAT ED  E L EME N T S  

RUNCORR -d a i l y r u noff  correct i on 



BNOPNO- i d  code for b a r re l by pond , e . g .  l l = l s t b a r r e l J n  1 s t pond 

MN P R E C -mean  da i l y prec i p i t at i on ( i n c he s ) over the s t u dy per i od 

MN TEMPC -mean  d a i l y t empera tu re  ( Cent i g r a de ) over t he  st udy per i od 

MNWI NDS-mea n  d a i l y w i nd  s peed ( MPH ) over  the  s t udy per i od 

CUMPREC - tot a l prec i p i t a t i on over t he  s t udy per i od 

BAR L EVR - l eve l i n  t h e  barre l , converted t o  dec i ma l va l ues , for days  o n  wh i ch 
b ar r e l mea s ur ement  wa s done 

POND L EV l - l eve l i n  the  pond , converted  to  dec ima l v a l ues , f i r s t  cont r o l 
s t r u c t u re  

PONDL E V2 - l eve l i n  t h e  pond , converted  t o  dec ima l v a l ue s , s e cond c o nt r o l 
s t ructure  

P ND L EV - PON D L E V l  i f  i t  e x i s t s , otherw i s e  PONDLEV2 , for  days  on wh i c h pond  
l eve l mea s u r ement wa s done 

BAR L E Y-mo s t  recent  BAR L E VR 

CUMRUN - c umu l a t i ve r u noff correct i on 

BAR LAG - bar r e l l eve l f or t he  prev i ou s  me a s ur emen t  

BAR C H - c h a nge i n  bar r e l l eve l s i n ce t he prev i ou s  me a s u rement , 
BAR C H =BAR L E V - BAR LAG 

POND L EV-mo s t  r e cent  P ND L E V  

PONDLAG - PON D L E V  ( pond  l eve l ) for t he  p rev i ou s  mea s ur ement  

PONDCH - c h a n ge i n  pond  l eve l s i n ce t h e  prev i ous  mea s ur ement , 
PONDCH = PONDL EV-PONDLAG 

DATE LAG -da te  v a l ue for the  prev i ou s  me a s u r ement , e x p r e s s ed i n  n umber of  
days between January 1 ,  1 960 and  that  d a t e  

DAYD I F - n umber o f  d ays  s i nce  t he prev i ou s  me a su r eme nt 

CUMDAY - c umu l a t i ve d ays , n umber  of d ays s i n ce  the f i r s t  me a s urement  
i n  the  s t udy per i od 

WL - c h an ge i n  t he  pond  l eve l m i n u s  c h a n ge i n  the b a r r e l l eve l , for t h a t  d a te , 
WL =PONDC H -BARC H  

CUMBAR C H - c umu l at i ve b a r re l c h ange , c h a n ge i n  t he  b a rr e l  l eve l s i n ce  t he 
f i r s t  mea s u rement i n  the  s t udy per i od · 

CUMPONDC - c umu l at i ve pon d c h ange , change i n  the pond l eve l s i nce  t he  f i r s t  
me a s urement . i n  t he s t udy per i od 

CUMPR E C 2 - c umu l at i ve prec i p i t a t i on ,  t o t a l prec i p i t a t i on s i n c e  the  f i r s t  
me a s urement  i n  the  s t udy per i od ,  for  d ays  w i t h  b a r r e l l eve l me a s ur ement s 

C UMWL - c umu l a t i ve WL , tot a l c h a n ge i n  t h e  barre l l e ve l m i n u s  change i n  t he pond  
l e ve l s i n ce t h e  f i r s t  me a s u r ement  i n  t h e  s t udy per i od 



SAS 1 8 : 5 1 WEDNESDAY , F'EBRUARY 8 ,  1 989 

OBS LOCA T l  ON DATE PREC I P  W IND TEMPC P0NDN0 POND IN  POND32 PONOL I N  PONDL32 PONDTC BNO BLEVIN  BLEV32 WAREA RAREA COEF'F' 

1 c l eve l and 87 1 8 1 4  0 . 88 1 1  9 . 7  1 1 1  3 1  9 . 8  1 6  7 262 1 38 4558 1 . 96 
2 c l eve l and 871 0 1 5  0 . 37 6 9 . 7  1 9 . 8  262 1 38 4558 9 . 96 
3 c l eve l and 87 1 8 1 6  8 . 00 9 9 . 9  1 1 2  9 1 0 . 2  1 6  g 262 1 38 4558 1 . 96 
4 c l eve l and 871 0 1 7 0 . 00 1 0  9 . 6  1 9 . 9  262 1 38 4550 0 . 96 
5 c l eve l and. 87 1 0 1 8  8 . 00 9 8 . 5  1 9 . 8  262 1 38 4550 1 . 98 
6 c l eve l and 87 1 0 1 9  8 . 02 7 7 . 4  1 7 . 9  2621 38 4551 8 . 96 
7 c l eve l and 87 1 020 8 . 00 1 1  5 . 0  1 1 2  8 5 . 8  1 6  e 262 1 38 4558 1 . 96 
8 c l eve l and 87 1 02 1  8 . 00 9 2 . 9  1 1 2  4 4 . 3  1 5  22 262 1 38 4551 9 . 96 
9 c l eve l and 87 1 022 8 . 00 1 0  3 . 5  1 1 2  4 4 . 1 1 5  24 262 1 38 4551 8 . 96 

1 0  c l eve l and 87 1 023 8 . 00 6 4 . 4  1 1 2  0 4 . 7 1 6  2 262 1 38 4551 t . 96 
1 1  c l eve l and 87 1 024 8 . 82 9 2 . 5  1 3 . 9 262 1 38 4558 t . H  
1 2  c l eve l and 87 1 025 0 . 00 1 2  2 . 8  1 2 . 5 262 1 38 4550 0 . 96 
1 3  c l eve l and 87 1 026 0 . 00 1 9  4 . 7  1 1 1  27 4 . 8  1 5  24 262 1 38 4550 8 . 96 
1 4  c l eve l and 87 1 027 0 . 00 1 3  3 . 0  1 1 1  22 4 . 2  1 5  1 3  262 1 38 4550 8 . 96 
1 5  c l eve l and 87 1 028 0 . 00 5 2 . 2  1 1 1  2 1  2 . 2  1 5  1 3  262 1 38 4550 e . 96 
1 6_ C l eve l and 871 829 8 . 00 1 2 4 . 6  1 1 1  1 8  4 . 8 1 5  1 8  262 1 38 4550 0 . 96 

OBS DEPTH TYPE RUNCORR 8NOPNO MNPREC MNTEMPC MNWI NDS Ctu>REC BARLEVR PONOLEV1 PONOLEV2 PNDLEV BARLEV CI.MRUN 

1 2 SO I L  0 . 88000000 1 1  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 6 . 2 1 88 1 1 . 9688 1 1  . 9688 1 8 . 2 1 88 0 . 0000000 
2 2 SO I L  e . eee 1 esJe 1 1  t . 1389677 5 . 62333 9 . 83226 t . H 

1 2 : 28u 
1 1 . 9888 1 8 . 2 1 88 t . 186 1 653 

3 2 SO I L  e . eeee0000 1 1  1 . 0309677 5 . 62333 9 . 83226 8 . 96 Hl . 28 1 3  1 2 . 28 1 3  1 6 . 28 1 3  1 . 006 1 653 
4 2 SO I L  0 . 00000000 1 1  0 . 8309677 5 . 62333 9 . 83226 0 . 96 1 2 . 28 1 3  1 6 . 28 1 3  8 . 006 1 653 
5 2 SO I L  0 . 00000000 1 1  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 2 . 28 1 3 1 6 . 28 1 3  0 . 006 1 653 
6 2 SO I L  0 . 00033326 1 1  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 2 . 28 1 3  1 6  28 1 3 0 0064986 
7 2 SO I L  0 . 00000000 1 1  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 6 . 8800 1 2 . 2508 1 2 . 2500 1 6 . 0000 0 . 0064986 
8 2 SO I L  0 . 00000000 1 1  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 5 . 6875 1 2 .  1 250 1 2 . 1 250 1 5 . 6875 0 . 0064986 
9 2 SO I L  0 . 00000000 1 1  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 5 . 7500 1 2 . 1 250 1 2 .  1 250 1 5 . 7508 0 0064986 

1 0  2 SO I L  0 . 00800000 1 1  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 6 . 0625 1 2 . 8808 1 2 . 0800 1 6 . 1625 1 . 8064986 
1 1  2 SO I L  0 . 80033326 1 1  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 2  . 0000 1 6 . 0625 0 . 00683 1 8  
1 2  2 SO I L  0 . 00000000 1 1  0 . 0309677 5 . 62333 9 . 03226 0 . 96 

1 1 : 8438 
1 2 . 0808 1 6 . 0625 0 . 80683 1 8  

1 3  2 SO I L  e . 00000000 1 1  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 5 . 7588 1 1 . 8�38 1 5 . 7501 0 . 00683 1 8  
1 4  2 SO I L  0 . 00000000 1 1  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 5 . 4063 1 1 . 6875 1 1 . 6875 1 5 . 4063 0 . 00683 1 8  
1 5 2 SO I L  0 . 00000000 1 1  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 5 . 4063 1 1 . 6563 1 1 . 6563 1 5 . 4063 0 . 00683 1 8  
1 6  2 SO I L  0 . 00000000 1 1  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 5 . 3 1 25 1 1 . 5625 1 1 . 5625 1 5 . 3 1 25 0 . 00683 1 8  

OBS BARLAG BARCH PONOLEV PONDLAG PONDCH DATELAG DAYO I F'  ClM)AY WL CIMBARCH ClU'ONDC ClU'REC2 CUMWL 

1 1 1  . 9688 0 0 . 0000 1 . 0000 8 . ee 8 . 80000 
2 1 6 . 2 1 88 0 . 00000 1 1  . 9626 1 1 . 9688 -e . 886 1 7  1 0 1 48 1 -e . 0062 0 . 0000 -e . 0062 8 . 37 -8 . 006 1 7  
3 1 6 . 2 1 88 0 . 06250 1 2 . 2751  1 1 . 9626 0 . 3 1 250 1 0 1 49 2 0 . 2500 0 . 0625 8 . 3063 0 . 37 0 . 24383 
4 1 6 . 28 1 3  0 . 00000 1 2 . 2751 1 2 . 2751  0 . 00000 1 0 1 50 3 0 . 0000 8 . 0625 0 . 3063 0 . 37 0 . 24383 
5 1 6 . 28 1 3 0 . 00000 1 2 . 275 1 1 2 . 2751 0 . 00000 1 0 1 5 1  4 0 . 0000 0 . 0625 0 . 3063 0 . 37 8 . 24383 
6 1 6 . 28 1 3  0 . 00000 1 2 . 2748 1 2 . 2751 -0 . 00033 1 0 1 52 5 -8 . 0003 0 . 0625 0 . 3068 0 . 39 0 . 24350 
7 1 6 . 28 1 3  -0 . 28 1 25 1 2 . 2435 1 2 . 2748 -0 . 03 1 25 1 0 1 53 6 0 . 2500 -8 . 2 1 88 8 . 2748 0 . 39 8 . 49350 
8 1 6 . 0000 -0 . 3 1 250 1 2 .  1 1 85 1 2 . 2435 -9 . 1 2500 1 0 1 54 7 0 . 1 875 -0 . 53 1 3  8 . 1 498 0 . 39 0 . 68 1 00 
9 1 5 . 6875 0 . 06250 1 2 .  1 1 85 1 2 .  1 1 85 0 . 00000 1 0 1 55 8 -0 . 0625 -0 . 4688 8 . 1 498 8 . 39 0 . 6 1 850 

1 0  1 5 . 7500 0 . 3 1 250 1 1 .  9935 1 2 .  1 1 85 -e . 1 2500 1 0 1 56 9 -0 . 4375 -0 . 1 563 8 . 8248 0 . 39 8 . 1 8 1 00 
1 1  1 6 . 0625 0 . 00000 1 1 . 9932 1 1  . 9935 -0 . 00033 1 0 1 57 1 0  -0 . 0003 -0 . 1 563 8 . 0244 0 . 4 1 8 . 1 8067 
1 2  1 6 . 0625 0 . 00000 1 1 .  9932 1 1 .  9932 0 . 00000 1 0 1 58 1 1 0 . 0000 -0 . 1 563 8 . 0244 0 . 4 1 0 . 1 8067 
1 3  1 6 . 0625 -e . 3 1 250 1 1 . 8369 1 1 .  9932 -e . 1 5625 1 0 1 59 1 2  0 .  1 563 -0 . 4688 -8 . 1 3 1 8  8 . 4 1 0 . 33692 
1 4  1 5 . 7500 -e . 34375 1 1 . 6807 1 1 . 8369 -e . 1 5625 1 0 1 60 1 3  0 .  1 875 -0 . 8 1 25 -8 . 288 1 0 . 4 1 0 . 52442 
1 5  1 5 . 4063 0 . 00000 1 1 . 6494 1 1 . 6807 -0 . 03 1 25 1 0 1 6 1  1 4  -0 . 03 1 3  -0 . 8 1 25 -8 . 3 1 93 0 . 4 1 0 . 493 1 7  
1 6  1 5 . 4063 -e . 09375 1 1 . 5557 1 1 . 6494 -0 . 09375 1 0 1 62 1 5  0 . 0000 -0 . 9063 -e . 4 1 3 1  0 . 4 1 0 . 493 1 7  



SAS 1 8 : 5 1 WEDNESDAY , FEBRUARY 8 ,  1 989 2 

OBS LOCAT ION DATE PREC JP  W IND TEMPC PONDNO POND IN  POND32 POND L I N  PONDL32 PONDTC BNO BLEV J N  BLEV32 WAREA RAREA COEFF 

1 7  c I eve I and 87 1 030 0 . ee  6 7 . 8  1 1 1  1 7  6 . 4  1 1 5  1 0  262 1 38 4550 0 . 96 
1 8  c l eve l and 87 1 03 1  0 . 00 8 6 . 7  1 6 . 4  1 262 1 38 4550 8 . 96 
1 9  c l eve l and 87 1 1 0 1  0 . 00 8 9 . 0  1 8 . 2  1 262 1 38 4550 0 . 96 
20 c l eve l and 87 1 1 02 0 . 00 7 1 2 . 2  1 1 1  1 5  1 0 . 7  1 1 5  1 8  262 1 38 4550 0 . 96 
2 1  c l eve l and 87 1 1 03 0 . 28 1 0  1 1 . 8 1 1 1  1 8  1 1  . 8 1 1 5  7 262 1 38 4550 0 . 96 
22 c l eve l and 87 1 1 04 0 . 0 1 1 5  8 . 4  1 1 1  1 5  9 . 8  1 1 5  3 262 1 38 4550 0 . 96 
23 c I eve I and 87 1 1 05 0 . 00 1 3 1 1 1  1 9  5 . 8  1 1 4  27 262 1 38 4550 0 . 96 
24 c l eve l and 87 1 1 06 0 . 00 9 3 . 3  1 1 1  5 5 .  1 1 1 4  24 262 1 38 4550 0 . 96 
25 c l eve l and 87 1 1 07 0 . 00 7 4 . 1 1 5 . 3  1 262 1 38 4550 0 . 96 
26 c I eve I and 87 1 1 08 0 . 00 8 6 . 2  1 5 . 4  1 262 1 38 4550 0 . 96 
27 c l eve l and 87 1 1 09 0 . 26 7 1 .  7 1 1 1  3 1 .  6 1 1 4  23 262 1 38 4550 0 . 96 
28 c l eve l and 87 1 1 1 0 0 . 00 4 0 . 6  1 1 1  3 1 .  6 1 1 4  20 262 1 38 4550 0 . 96 
29 C l eve l and 87 1 1 1 1  0 . 00 4 0 . 5  1 1 1  20 2 . 6  1 1 4  1 8  262 1 38 4550 0 . 96 
30 c l eve l and 87 1 1 1 2 0 . 00 9 2 . 2  1 1 0  3 1  3 . 7  1 1 4  1 7  262 1 38 4550 0 . 96 
31  c l eve l and 87 1 1 1 3 0 . 00 7 4 . 6  1 1 1  0 3 . 6  1 1 4  1 5  262 1 38 4550 0 . 96 
32 c l eve l and 87 1 0 1 4  · 0 . 00 1 1  9 . 7  2 1 8  23 9 . 8  1 1 7  26 25909 1 4809 0 . 96 

OBS DEPTH TYPE RUNCORR BNOPNO MNPREC MNTEMPC � I NDS CIJMPREC BARLEVR PONDLEV 1  PONDLEV2 PNDLEV BARLEV CUMRUN 

1 7  2 SO I L  0 . 00000000 1 1  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 5 . 3 1 25 1 1 . 53 1 3  1 1 . 53 1 3  1 5 . 3 1 25 0 . 00683 1 8  
1 8  2 SO I L  0 . 00000000 1 1  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 1 . 53 1 3  1 5 . 3 1 25 0 . 00683 1 8  
1 9  2 SO I L  0 . 00000000 1 1  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 1 . 53 1 3  1 5 . 3 1 25 0 . 00683 1 8  
20 2 SO I L  0 . 00000000 1 1  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 5 . 3 1 25 1 1 . 4688 1 1 . 4688 1 5 . 3 1 25 0 . 00683 1 8  
2 1  2 SO I L  0 . 00466563 1 1  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 5 . 2 1 88 1 1 . 5625 1 1 . 5625 1 5 . 2 1 88 0 . 0 1 1 4975 . 
22 2 SO I L  0 . 000 1 6663 1 1  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 5 . 0938 1 1 . 4688 1 1 . 4688 1 5 . 0938 0 . 0 1 1 664 1 
23 2 SO I L  0 . 00000000 1 1  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 4 . 8438 1 1 . 5938 1 1 . 5938 1 4 . 8438 0 . 0 1 1 664 1  
24 2 SO I L  0 . 00000000 1 1  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 4 . 7500 1 1 .  1 563 1 1  . 1 563 1 4 . 7500 0 . 0 1 1 664 1 
25 2 SO I L  0 . 00000000 1 1  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 1 . 1 563 1 4 . 7500 0 . 0 1 1 664 1 
26 2 SO I L  0 . 00000000 1 1  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 1 . 1 563 1 4 . 7500 0 . 0 1 1 6641  
27  2 SO I L  0 . 00433237 1 1  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 4 .  7 1 88 1 1 . 8938 1 1 . 0938 1 4 .  7 1 88 0 . 0 1 59965 
28 2 SO I L  0 . 00000000 1 1  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 4 . 6250 1 1 . 0938 1 1 . 0938 1 4 . 6250 0 . 0 1 59965 
29 2 SO I L  0 . 00000000 1 1  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 4 . 5625 1 1 . 6258 1 1 . 6250 1 4 . 5625 0 . 0 1 59965 
30 2 SO I L  0 . 00000000 1 1  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 4 . 53 1 3  1 0 . 9688 1 0 . 9688 1 4 . 53 1 3  0 . 0 1 59965 
31 2 SO I L  0 . 00000000 1 1  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 4 . 4688 1 1 . 0000 1 1  . 0000 1 4 . 4688 0 . 0 1 59965 
32 2 SO I L  0 . 00000000 1 2  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 7 . 8 1 25 1 8 .  7 1 88 1 8 .  7 1 88 1 7  . 8 1 25 0 . 0000000 

OBS BARLAG BARCH PONDLEV PONDLAG PONDCH DATELAG OAYO I F  CUMOAY WL CUMBARCH CUMPONDC CI.JMPREC2 CUMWL 

1 7  1 5 . 3 1 25 0 . 00000 1 1 . 5244 1 1 . 5557 -0 . 031 25 1 0 1 63 1 1 6  -0 . 03 1 3  -8 . 9063 -8 . 4443 0 . 4 1 0 . 46 1 92 
1 8  1 5 . 3 1 25 0 . 00000 1 1 . 5244 1 1 . 5244 0 . 00000 1 0 1 64 1 1 7  0 . 0000 -0 . 9063 -0 . 4443 0 . 4 1 0 . 46 1 92 
1 9  1 5 . 3 1 25 0 . 00000 1 1 . 5244 1 1 . 5244 0 . 00000 1 0 1 65 1 1 8  0 . 0000 -0 . 9063 -8 . 4443 0 . 4 1 0 . 46 1 92 
20 1 5 . 3 1 25 0 . 00000 1 1 . 46 1 9  1 1 . 5244 -0 . 06250 1 0 1 66 1 1 9  -0 . 0625 -0 . 9063 -e . 5068 0 . 4 1 0 . 39942 
21 1 5 . 3 1 25 -0 . 09375 1 1 .  55 1 0  1 1 .  46 1 9  0 . 08908 1 0 1 67 1 20 0 .  1 828 -1 . 0000 -8 . 4 1 77 0 . 69 0 . 58225 
22 1 5 . 2 1 88 -0 . 1 2500 1 1  . 457 1 1 1 .  55 1 0  -0 . 09392 1 0 1 68 1 2 1  0 . 03 1 1 -1 . 1 250 -e . 5 1 1 7  8 . 79 0 . 6 1 334 
23 1 5 . 0938 -0 . 25000 1 1 . 582 1 1 1  . 457 1 0 . 1 2500 1 0 1 69 1 22 0 . 3750 -1 . 3750 -0 . 3867 0 . 70 0 . 98834 
24 1 4 . 8438 -8 . 09375 1 1 . 1 446 1 1 . 582 1 -0 . 43750 1 0 1 70 1 23 -0 . 3438 -1 . 4688 -8 . 8242 0 . 70 0 . 64459 
25 1 4 . 7500 0 . 00000 1 1 .  1 446 1 1 .  1 446 0 . 00000 1 0 1 7 1  1 24 0 . 0000 -1 . 4688 -8 . 8242 0 . 70 0 . 64459 
26 1 4 . 7500 0 . 00000 1 1  . 1 446 1 1  . 1 446 0 . 00000 1 0 1 72 1 25 0 . 0000 -1 . 4688 -8 . 8242 0 . 70 0 . 64459 
27 1 4 . 7500 -0 . 03 1 25 1 1 . 0778 1 1 .  1 446 -0 . 06683 1 0 1 73 1 26 -0 . 0356 -1 . 5000 -8 . 89 1 0  0 . 96 0 . 60900 
28 1 4 . 7 1 88 -8 . 09375 1 1 . 0778 1 1 . 0778 0 . 00000 1 0 1 74 1 27 0 . 0938 -1 . 5938 -8 . 89 1 0  0 . 96 0 . 70275 
29 1 4 . 6250 -8 . 06250 1 1  . 6090 1 1 . 0778 0 . 53 1 25 1 0 1 75 1 28 0 . 5938 -1 . 6563 -8 . 3597 0 . 96 1 . 29650 
30 1 4 . 5625 -0 . 031 25  1 0 . 9528 1 1 . 6090 -0 . 65625 1 0 1 76 1 29 -0 . 6250 -1  . 6875 -1 . 0 1 60 0 . 96 0 . 67 1 50 
31  1 4 . 53 1 3  -8 . 06250 1 0 . 9840 1 0 . 9528 0 . 031 25 1 0 1 77 1 30 0 . 0938 -1 . 7500 -0 . 9847 0 . 96 0 . 76525 
32 1 8 . 7 1 88 0 0 . 0000 0 . 0000 0 . 00 0 . 00000 



SAS 1 8 : S 1 WEDNESDAY , FEBRUARY 8 ,  1 989 3 

OBS LOCAT ION DATE PREC IP  WIND TEMPC PONDNO POND I N  POND32 PONDL I N  PONDL32 PONDTC BNO BLEVIN  BLEV32 WAREA RAREA COEFF 

33 c eve  I and 87 1 0 1  S 0 . 37 6 9 . 7  2 9 . 8  1 25909 1 4809 8 . 915  
34 c eve l and 87 1 0 1 6 0 . 00 9 9 . 9  2 1 9 1 1  1 0 . 2  1 1 8  4 25909 1 4809 8 . 96 
35 c eve l and 871 01 7 0 . 00 1 0  9 . 6  2 9 . 9  1 25999 1 4809 0 . 96 
36 c eve l and 87 1 0 1 8  0 . 00 9 8 . 5  2 9 . 0  1 25909 1 4809 8 . 96 
37 c eve l and 87 1 0 1 9  0 . 02 7 7 . 4  2 7 . 9  1 25909 1 4809 0 . 96 
38 C eve l and 871 020 0 . 00 1 1  5 . 0  2 1 9  1 2  5 . 8  1 1 7  28 25909 1 4809 8 . 96 
39 C eve l and 87 1 02 1  8 . 00 9 2 . 9  2 1 8  27 4 . 3  1 1 8  1 3  25909 1 4889 8 . 96 
48 C eve l and 87 1 022 8 . 00 1 8  3 . 5  2 1 9  2 4 . 1 1 1 8  8 25989 1 4889 8 . 96 
4 1  C eve I and 87 1 023 0 . 00 6 4 . 4  2 1 8  28 4 . 7  1 1 8  4 25999 1 4809 8 . 96 
42 C eve l and 87 1 024 0 . 82 9 2 . 5  2 3 . 9  1 25909 1 4809 0 . 96 
43 C eve l and 87 1 825 8 . 00 1 2  2 . 8  2 2 . 5  1 25999 1 4809 0 . 96 
44 C eve I and 871 026 8 . 00 1 9  4 . 7  2 1 8  30 4 . 8  1 1 7  1 5  25909 1 4809 8 . 96 
45 C eve l and 87 1 027 0 . 00 1 3  3 . 8  2 1 8  24 4 . 2  1 1 7  4 25909 1 4809 8 . 96 
46 C eve l and 87 1 028 0 . 00 5 2 . 2  2 1 8  1 4  2 . 2  1 1 7  22 25909 1 4889 8 . 96 
47 c eve l and 871 829 8 . 00 1 2  4 . 6  2 1 8  1 0  4 . 8  1 1 7  1 5  25909 1 4809 8 . 96 
48 c eve l and 87 1 030 0 . 00 6 7 . 8  2 1 8  1 3  6 . 4  1 1 7  1 2  25909 1 4809 0 . 96 

OBS DEPTH TYPE RUNCORR BNOPNO MNPREC MNTEMPC MNWINDS CUMPREC BARLEVR PONDLEV1 PONDLEV2 PNDLEV BARLEY CUMRUN 

33 2 SOI L  8 . 00659288 1 2  8 . 0309677 5 . 62333 9 . 03226 8 . 96 1 8 . 7 1 88 1 7 . 8 1 25 8 . 8065929 
34 2 SO I L  0 . 00000000 1 2  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 8 . 1 258 1 9 . 3438 1 9 . 3438 1 8 . 1 250 8 . 0065929 
35 2 SO I L  0 . 00000000 1 2  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 9 . 3438 1 8 . 1 250 0 . 0065929 
36 2 SO I L  0 . 00000000 1 2  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 9 . 3438 1 8 . 1 250 0 . 0065929 
37 2 SO I L  0 . 00035637 1 2  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 9 . 3438 1 8 . 1 250 0 . 0069493 
38 2 SOI L 0 . 00000000 1 2  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 7 . 8750 1 9 . 3750 1 9 . 3750 1 7 . 8750 0 . 0069493 
39 2 SOI L  0 . 00000000 1 2  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 8 . 4063 1 8 . 8438 1 8 . 8438 1 8 . 4063 0 . 0069493 
40 2 SO I L  0 . 00000000 1 2  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 8 . 0000 1 9 . 0625 1 9 . 0625 1 8 . 0000 0 . 0069493 
4 1  2 SO I L  0 . 00000000 1 2  0 . 0309677 5 . 62333 9 . 03226 8 . 96 1 8 . 1 250 1 8 . 8750 1 8 . 8750 1 8 . 1 250 0 . 0069493 
42 2 SO I L  0 . 00035637 1 2  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 8 . 8750 1 8 . 1 250 0 . 0073056 
43 2 SO I L  0 . 00000000 1 2  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 8 . 8750 1 8 . 1 250 0 . 0073056 
44 2 SO I L  0 . 00000000 1 2  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 7 . 4688 1 8 . 9375 1 8 . 9375 1 7 . 4688 0 . 0073056 
45 2 SO I L  0 . 00000000 1 2  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 7 .  1 250 1 8 . 7500 1 8 . 7500 1 7  . 1 250 0 . 0073056 
46 2 SOI L  0 . 00000000 1 2  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 7 . 6875 1 8 . 4375 1 8 . 4375 1 7 . 6875 0 . 0073056 
47 2 SO I L  0 . 00000000 1 2  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 7 . 4688 1 8 . 3 1 25 1 8 . 3 1 25 1 7 . 4688 0 . 0073056 
48 2 SOI L  0 . 00000000 1 2  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 7 . 3750 1 8 . 4063 1 8 . 4063 1 7 . 3750 0 . 0073056 

OBS BARLAG BARCH PONDLEV PONDLAG PONDCH DATELAG DAYO I F  CIM>AY WL CUMBARCH CUMPONDC ClWREC2 Cl.MR 

33 1 7 . 8 1 25 0 . 00000 1 8 .  7 1 22 1 8 .  7 1 88 -0 . 00659 1 0 1 48 1 1 -0 . 0066 0 . 0000 -0 . 00659 0 . 37 -0 . 00659 
34 1 7 . 8 1 25 0 . 3 1 250 1 9 . 3372 1 8 .  7 1 22  0 . 62500 1 0 1 49 1 2 0 . 3 1 25 0 . 3 1 25 0 . 6 1 84 1  0 . 37 0 . 3059 1 
35 1 8 . 1 250 0 . 00000 1 9 . 3372 1 9 . 3372 0 . 00000 1 0 1 50 1 3 0 . 0000 0 . 3 1 25 8 . 6 1 84 1  0 . 37 0 . 3059 1 
36 1 8 . 1 250 0 . 00000 1 9 . 3372 1 9 . 3372 0 . 00000 1 0 1 5 1  1 4 0 . 0000 0 . 3 1 25 8 . 8 1 84 1  0 . 37 8 . 3059 1 
37 1 8 . 1 250 0 . 00000 1 9 . 3368 1 9 . 3372 -0 . 00036 1 0 1 52 1 5 -0 . 0004 0 . 3 1 25 0 . 6 1 805 0 . 39 0 . 30555 
38 1 8 . 1 250 -0 . 25000 1 9 . 368 1 1 9 . 3368 0 . 03 1 25 1 0 1 53 1 6 0 . 28 1 3 0 . 0625 8 . 64930 0 . 39 0 . 58680 
39 1 7 . 8750 0 . 53 1 25 1 8 . 8368 1 9 . 368 1 -0 . 53 1 25 1 0 1 54 1 7 -1 . 0625 0 . 5938 0 . 1 1 805 0 . 39 -0 . 47570 
40 1 8 . 4063 -0 . 40625 1 9 . 0556 1 8 . 8368 0 . 2 1 875 1 0 1 55 1 8 0 . 6250 0 .  1 875 0 . 33680 0 . 39 0 . 1 4930 
41 1 8 . 0000 0 . 1 2500 1 8 . 868 1 1 9 . 0556 -0 . 1 8750 1 0 1 56 1 9 -0 . 3 1 25 0 . 3 1 25 8 . 1 4930 8 . 39 -0 . 1 6320 
42 1 8 . 1 250 0 . 00000 1 8 . 8677 1 8 . 868 1 -0 . 00036 1 0 1 57 1 1 0  -0 . 0004 0 . 3 1 25 8 . 1 4894 8 . 41 -8 . 1 6356 
43 1 8 . 1 250 0 . 00000 1 8 . 8677 1 8 . 8677 0 . 00000 1 0 1 58 1 1 1  0 . 0000 0 . 3 1 25 8 . 1 4894 8 . 41 -0 . 1 6356 
44 1 8 . 1 250 -0 . 65625 1 8 . 9302 1 8 . 8677 0 . 06250 1 0 1 59 1 1 2  0 .  7 1 88 -0 . 3438 8 . 2 1 1 44 8 . 4 1 0 . 555 1 9  
45 1 7 . 4688 -0 . 34375 1 8 . 7427 1 8 . 9302 -0 . 1 8750 1 0 1 60 1 1 3  0 .  1 563 -0 . 6875 8 . 82394 8 . 4 1 0 . 7 1 1 44 
46 1 7 . 1 250 0 . 56250 1 8 . 4302 1 8 . 7427 -0 . 3 1 250 1 0 1 6 1  1 1 4  -0 . 8750 -0 . 1 258 -8 . 28856 0 . 4 1 -e .  1 6356 
47 1 7 . 6875 -0 . 2 1 875 1 8 . 3052 1 8 . 4302 -0 . 1 2500 1 0 1 62 1 1 5  0 . 0938 -0 . 3438 -0 . 4 1 356 0 . 4 1 -0 . 06981  
48 1 7 . 4688 -0 . 09375 1 8 . 3989 1 8 . 3052 0 . 09375 1 0 1 63 1 1 6  0 . 1 875 -0 . 4375 -0 . 3 1 98 1  0 . 4 1 0 . 1 1 769 



SAS 1 8 : 5 1 WEDNESDAY , FEBRUARY 8 ,  1 989 4 

OBS LOCAT ION DATE PREC I P  W INO TEMPC PONONO PONO IN  PON032 PONOL I N  PONOL32 PONDTC BNO BLEV I N  BLEV32 WAREA RAREA COEFF 

49 c l eve l and 87 1 03 1  0 . 09 
50 C l eve l and 871 1 0 1  0 . 00 
5 1  C l eve l and 871 1 02 0 . 00 
52 c l eve l and 871 1 03 0 . 28 
53 c l eve l and 87 1 1 04 0 . 0 1 
54 c l eve l an� 871 1 05 0 . 00 
55 C l eve l and 87 1 1 06 0 . 00 
56 c l eve l and 87 1 1 07 0 . 00 
57 c l eve l and 87 1 1 08 0 . 00 
58 c l eve l and 87 1 1 09 0 . 26 
59 c l eve l and 871 1 1 0 0 . 00 
60 c l eve l and 87 1 1 1 1  0 . 00 
6 1  c l eve l and 871 1 1 2 0 . 00 
62 c l e ve l and 87 1 1 1 3 0 . 00 
63 c l eve l and 87 1 0 1 4  0 . 00 
64 c l eve l and 87 1 0 1 5  0 . J7 

8 6 . 7  
8 9 . 0  
7 1 2 . 2  
1 0  1 1 . 8 
1 5  8 . 4  
1 3 
9 J . 3  
7 4 .  1 
8 6 . 2  
7 t .  7 
4 9 . 6  
4 9 . 5 
9 2 . 2 
7 4 . 6  
1 1  9 .  7 
6 9 . 7  

2 
2 

2 
2 
2 

2 

2 
2 
2 
2 
2 

2 
2 
2 
3 
3 

1 8 
1 8  
1 8  
1 8  
1 8 

1 7  
1 7  
1 8  
1 7  
1 7  
1 6  

1 4  
1 8  
8 

20 
5 

27 
28 

3 
25 
29 
1 8  

6 . 4  
8 . 2  

1 0 . 7  
1 1 .  8 
9 . 8  
5 . 8  
5 .  1 
5 . J  
5 . 4  
1 . 6 
t . 6 
2 . 6  
J . 7  
3 . 6  
9 . 8  
9 . 8  

1 7  
1 7 
1 7 
1 7  
1 6  

1 6 
1 6  
1 6 
1 6 
1 6  
1 4  

7 
1 4  
5 
1 

J 1  

26 
29 
3 1  
25 
26 
1 5  

25909 1 4809 0 . 96 
25909 1 4809 0 . 96 
25909 1 4809 0 . 96 
25909 1 4809 0 . 96 
25909 1 4809 0 . 96 
25909 1 4809 0 . 96 
25909 1 4809 0 . 96 
25909 1 4809 0 . 96 
25909 1 4809 0 . 96 
25909 1 4809 0 . 96 
25909 1 4809 0 . 96 
25909 1 4809 0 . 96 
25909 1 4809 0 . 96 
25909 1 4809 9 . 96 
260547 4993 0 . 96 
260547 4993 0 . 96 

OBS DEPTH TYPE RUNCORR BNOPNO MNPREC MNTEMPC MJ,MINDS CUMPREC BARLEVR PONOLEV1 PONOLEV2 PNOLEV BARLEV CUMRUN 

49 
50 
5 1  
52 
SJ 
54 
55 
56 
57 
58 
59 
60 
6 1  
62 
63 
64 

2 
2 

2 
2 
2 
2 
2 

2 

2 

2 
2 
2 
2 
2 

2 
2 

OBS BARLAG 

49 1 7 . 3750 
50 1 7 . 3750 
5 1  1 7  . 3750 
52 1 7  . 2 1 88 
53 1 7 . 4375 
54 1 7  . 1 563 
55 1 7 . 03 1 3  
56 1 6 . 9688 
57 1 6 . 9688 
58 1 6 . 9688 
59 1 6 . 8 1 25 
60 1 6 . 9063 
61 1 6 . 9688 
62 1 6 .  78 1 3  
63 
64 1 4 . 4688 

SO I L  0 . 09000000 
SO I L  0 . 00000000 
SO I L  0 . 00000000 
SO I L  0 . 0049892 1  
SO I L  0 . 000 1 78 1 9  
SO I L  0 . 00000000 
SO I L  0 . 00000000 
SO I L  0 . 00000000 
SO I L  0 . 00000000 
SO I L  0 . 00463284 
SO I L  0 . 00000000 
SO I L  0 . 00000000 
SO I L  0 . 00000000 
SO I L  0 . 00000000 
SO I L  0 . 00000000 
SO I L  0 . 00680689 

1 2  
1 2 
1 2  
1 2  
1 2  
1 2  
1 2  
1 2  
1 2  
1 2  
1 2  
1 2  
1 2  
1 2  
1 J  
1 J  

0 . 0309677 5 . 62333 9 . 03226 
0 . 0309677 5 . 62333 9 . 03226 
0 . 0309677 5 . 62333 9 . 03226 
0 . 0309677 5 . 62333 9 . 03226 
0 . 0309677 5 . 62333 9 . 03226 
0 . 0309677 5 . 62333 9 . 03226 
0 . 0309677 5 . 62333 9 . 03226 
0 . 0309677 5 . 62333 9 . 03226 
0 . 0309677 5 . 62333 9 . 03226 
0 . 0309677 5 . 623JJ 9 . 03226 
0 . 0309677 5 . 62JJJ 9 . 03226 
0 . 0309677 5 . 623JJ 9 . 03226 
9 . 0309677 5 . 62333 9 . 03226 
0 . 0309677 5 . 62333 9 . 03226 
0 . 0309677 5 . 62333 9 . 03226 
0 . 0309677 5 . 623JJ 9 . 03226 

0 . 96 
0 . 96 
0 . 96 
0 . 96 
0 . 96 
0 . 96 
0 . 96 
0 . 96 
0 . 96 
0 . 96 
0 . 96 
0 . 96 
0 . 96 
0 . 96 
0 . 96 
0 . 96 

BARCH 

0 . 00000 
0 . 00000 

PONDLEV PONOLAG PONOCH DATELAG DAYD I F  CUMOAY 

-0 . 1 5625 
0 . 2 1 875 

-0 . 28 1 25 
-0 . 1 2500 
-0 . 06250 

0 . 00000 
0 . 00000 

-0 . 1 5625 
0 . 09375 
0 . 06250 

-0 . 1 8750 
0 . 03 1 25 

0 . 00000 

1 8 . 3989 
1 8 . 3989 
1 8 . 4302 
1 8 . 5502 
1 8 . 2375 
1 8 . 6 1 25 
1 8 .  1 438 
1 8 .  1 438 
1 8 . 1 438 
1 7 . 8266 
1 7 . 8579 
1 8 . 0766 
1 7 . 764 1 
1 7 . 889 1 
1 6 . 5625 
1 6 . 5557 

1 8 . 3989 
1 8 . 3989 
1 8 . 3989 
1 8 . 4302 
1 8 . 5502 
1 8 . 2375 
1 8 . 6 1 25 
1 8 . 1 438 
1 8 . 1 438 
1 8 . 1 438 
1 7 . 8266 
1 7 . 8579 
1 8 . 0766 
1 7 . 764 1 

0 . 00090 
0 . 00000 
0 . 03 1 25 
0 .  1 200 1 

-0 . 3 1 268 
0 . 37500 

-0 . 46875 
0 . 00000 
0 . 00000 

-0 . 3 1 7 1 3  
0 . 03 1 25 
0 . 2 1 875 

-0 . 3 1 250 
0 . 1 2500 

1 6 . 5625 -0 . 0068 1 

1 0 1 64 
1 0 1 65 
1 0 1 66 
1 0 1 67 
1 0 1 68 
1 0 1 69 
1 0 1 70 
1 0 1 7 1  
1 0 1 72 
1 0 1 73 
1 0 1 74 
1 0 1 75 
1 0 1 76 
1 0 1 77 

1 0 1 48 

1 7  
1 8  
1 9  
20 
2 1  
22 
23 
24 
25 
26 
27 
28 
29 
30 

0 

1 

1 7 . 2 1 88 1 8 . 4375 
1 7 . 4375 1 8 . 5625 
1 7 .  1 563 1 8 .  2500 
1 7 . 03 1 3  1 8 . 6250 
1 6 . 9688 1 8 . 1 563 

1 6 . 8 1 25 1 7 . 8438 
1 6 . 9063 1 7 . 8759 
1 6 . 9688 1 8 . 0938 
1 6 . 78 1 3 1 7 . 78 1 3  
1 6 . 8 1 25 1 7 . 9063 
1 4 . 4688 1 6 . 5625 

1 8 . 4063 1 7 . 3750 0 . 0073056 
1 8 . 4063 1 7 . 3750 0 . 0073056 
1 8 . 4375 1 7 . 2 1 88 0 . 0073056 
1 8 . 5625 1 7 . 4375 0 . 0 1 22948 
1 8 . 2500 1 7 . 1 563 0 . 0 1 24730 
1 8 . 6250 1 7 . 03 1 3  0 . 0 1 24730 
1 8 . 1 563 1 6 . 9688 0 . 0 1 24730 
1 8 . 1 563 1 6 . 9688 0 . 0 1 24730 
1 8 . 1 563 1 6 . 9688 0 . 0 1 24730 
1 7 . 8438 1 6 . 8 1 25 0 . 0 1 7 1 059 
1 7 . 8750 1 6 . 9963 0 . 0 1 7 1 059 
1 8 . 0938 1 6 . 9688 0 . 0 1 7 1 059 
1 7 . 78 1 3  1 6 . 78 1 3  0 . 0 1 7 1 059 
1 7 . 9063 1 6 . 8 1 25 0 . 0 1 7 1 059 
1 6 . 5625 1 4 . 4688 0 . 0000000 
1 6 . 5625 1 4 . 4688 0 . 0068069 " 

WL 

0 . 00000 
0 . 00000 
0 . 1 8750 

CUMBARCH CUMPONDC CUMPREC2 CUMWL 

-0 . 09874 
-0 . 03 1 43 

0 . 50000 
-0 . 40625 

0 . 00000 
0 . 00000 

-0 . 1 6088 
-0 . 06250 

0 . 1 5625 
-e . 1 2500 

0 . 09375 

-0 . 0068 1 

-0 . 4375 
-0 . 4375 
-0 . 5938 
-0 . 3750 
-0 . 6563 
-0 . 78 1 3 
-0 . 8438 
-0 . 8438 
-0 . 8438 
-1 . 0000 
-0 . 9063 
-0 . 8438 
-1  . 03 1 3  
- 1  . 0000 

0 . 0000 
0 . 0000 

-0 . 3 1 98 
-0 . 3 1 98 
-0 . 2886 
-0 . 1 685 
-0 . 48 1 2  
-0 . 1 062 
-0 . 5750 
-0 . 5750 
-0 . 5750 
-0 . 892 1  
-0 . 8609 
-0 . 642 1 
-0 . 9546 
-0 . 8296 

0 . 0000 
-0 . 0068 

0 . 4 1 
0 . 4 1 
8 . 4 1  
0 . 69 
0 . 70 
0 . 70 
0 . 70 
0 . 70 
8 . 78 
0 . 96 
0 . 96 
0 . 96 
0 . 96 
0 . 96 
0 . 00 
0 . 37 

0 .  1 1 769 
8 . 1 1 769 
8 . 305 1 9  
0 . 20646 
0 . 1 7503 
0 . 67503 
0 . 26878 
0 . 26878 
0 . 26878 
0 . 1 0789 
0 . 04539 
0 . 20 1 64 
0 . 07664 
0 .  1 7039 
0 . 00000 

-0 . 0068 1 
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OBS LOCAT ION DATE PREC IP  W INO TEMPC PONONO PONO IN PON032 PONDL IN  PONOL32 PONOTC BNO BLEV I N  BLEV32 WAREA RAREA COEFF 

65 c l eve l ond 87 1 8 1 6  0 . 00 9 9 . 9  3 1 7  4 1 8 . 2  1 4  28 268547 4993 1 . 98 
66 c l eve l and 87 1 8 1 7  0 . ee 1 8  9 . 6  3 9 . 9  268547 4993 8 . 96 
67 c l eve l ond 87 1 8 1 8  0 . 00 9 8 . 5  3 9 . 8  268547 4993 8 . 96 
68 c l eve l ond 87 1 0 1 9  0 . 82 7 7 . 4  3 7 . 9  268547 4993 0 . 96 
69 c l eve l on� 871 828 0 . 00 1 1  5 . 8  3 1 6  28 5 . 8  1 4  2 1  268547 4993 8 . 96 
78 c l eve l ond 87 1 82 1  8 . 00 9 2 . 9  3 1 6  1 8  4 . 3  1 4  1 5  260547 4993 8 . 96 
7 1  c l eve l ond 87 1 822 0 . 00 1 0  3 . 5  3 1 6  1 5  4 .  1 1 4  1 5 260547 4993 0 . 96 
72 c l eve l ond 87 1 023 0 . 00 6 4 . 4  3 1 6  1 4  4 . 7  1 4  8 260547 4993 0 . 96 
73 c l eve l ond 871 024 0 . 02 9 2 . 5  3 3 . 9  260547 4993 0 . 96 
74 c l eve l ond 871 025 0 . 00 1 2  2 . 8  3 2 . 5  260547 4993 0 . 96 
75 C l eve l and 87 1 026 0 . 00 1 9  4 . 7  3 1 6  1 0  4 . 8  1 4  9 260547 4993 8 . 96 
76 c l eve l ond 871 827 0 . e0 1 3  3 . 0  3 1 6  1 0  4 . 2  1 3  3 1  260547 4993 0 . 96 
77 c l eve l ond 87 1 028 0 . 00 5 2 . 2  3 1 6  4 2 . 2  1 4  4 260547 4993 8 . 96 
78 c l eve l ond 87 1 029 0 . 00 1 2  4 . 6  3 1 6  6 4 . 8  1 3  3 1  260547 4993 0 . 96 
79 c l eve l ond 87 1 030 0 . 00 6 7 . 0  3 1 5  27 6 . 4  1 3  31 260547 4993 1 . 96 
80 c l eve l ond 871 83 1 . 8 . 00 8 6 . 7  3 6 . 4  268547 4993 8 . 96 

OBS DEPTH TYPE RUNCORR BNOPNO MNPREC MNTEMPC MNW I NDS Ctu>REC BARLEVR PONDLEV1 PONDLEV2 PNOLEV BARLEV CUMRUN 

65 2 SO I L  8 . 00000000 1 3  1 . 8389677 5 . 62333 9 . 83226 8 . 96 1 4 . 8 1 25 1 7  . 1 258 1 7  . 1 259 1 4 . 81 25 8 . 8868069 
66 2 SO I L  0 . 00000000 1 3  0 . 0389677 5 . 62333 9 . 03226 0 . 96 1 7  . 1 250 1 4 . 8 1 25 0 . 0068069 
67 2 SO I L  0 . 00000000 1 3  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 7  . 1 250 1 4 . 8 1 25 0 . 0068069 
68 2 SO I L  0 . 00036794 1 3  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 7  . 1 250 1 4 . 8 1 25 0 . 007 1 748 
69 2 SO I L  0 . 00000000 1 3  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 4 . 6563 1 6 . 8750 1 6 . 8750 1 4 . 6563 0 . 007 1 748 
70 2 SO I L  0 . 00000000 1 3  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 4 . 4688 1 6 . 5625 1 6 . 5625 1 4 . 4688 0 . 007 1 748 
7 1  2 SO I L  0 . 00000000 1 3  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 4 . 4688 1 6 . 4688 1 6 . 4688 1 4 . 4688 0 . 007 1 748 
72 2 SO I L  0 . 00000000 1 3  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 4 . 2500 1 6 . 4375 1 6 . 4375 1 4 . 2500 0 . 007 1 748 
73 2 SO I L  0 . 00036794 1 3  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 6 . 4375 1 4 . 2500 0 . 0075428 
74 2 SO I L  8 . 00090000 1 3  8 . 0309677 5 . 62333 9 . 03226 8 . 96 1 8 . 4375 1 4 . 2500 8 . 0075428 
75 2 SO I L  0 . 00000000 1 3  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 4 . 28 1 3  1 6 . 3 1 25 1 6 . 3 1 25 1 4 . 28 1 3  0 . 0075428 
76 2 SO I L  0 . 00000000 1 3  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 3 . 9688 1 6 . 3 1 25 1 6 . 3 1 25 1 3 . 9688 0 . 0075428 
77 2 SO I L  0 . 00000000 1 3  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 4 . 1 250 1 6 . 1 250 1 6 . 1 250 1 4 . 1 250 0 . 0075428 
78 2 SO I L  0 . 00000000 1 3  0 . 0309677 5 . 62333 9 . 03226 8 . 96 1 3 . 9688 1 6 . 1 875 1 6 . 1 875 1 3 . 9688 0 . 0075428 
79 2 SO I L  0 . 00000000 1 3  0 . 0309677 5 . 62333 9 . 03226 8 . 96 1 3 . 9375 1 5 . 8438 1 5 . 8438 1 3 . 9375 0 . 0075428 
80 2 SO I L  0 . 08000000 1 3  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 5 . 8438 1 3 . 9375 0 . 0075428 

OBS BARLAG BARCH PONOLEV PONOLAG PONOCH DATELAG OAYD I F  CUMDAY WL CUMBARCH CUMPONDC CUMPREC2 CUMWL 

65 1 4 . 4688 0 . 34375 1 7 .  1 1 82 1 6 . 5557 0 . 56250 1 0 1 49 1 2 8 . 2 1 875 0 . 3438 9 . 5557 8 . 37 9 . 2 1 1 94 
66 1 4 . 8 1 25 0 . 00000 1 7 .  1 1 82 1 7 . 1 1 82 0 . 00000 1 0 1 50 1 3 0 . 00000 0 . 3438 0 . 5557 8 . 37 8 . 2 1 1 94 
67 1 4 . 8 1 25 0 . 00000 1 7 .  1 1 82 1 7 .  1 1 82 0 . 00000 1 0 1 5 1  1 4 0 . 00000 8 . 3438 8 . 5557 8 . 37 0 . 2 1 1 94 
68 1 4 . 8 1 25 0 . 00000 1 7 .  1 1 78 1 7 .  1 1 82 -0 . 00037 1 0 1 52 1 5 -0 . 00037 8 . 3438 8 . 5553 8 . 39 8 . 2 1 1 58 
69 1 4 . 8 1 25 -0 . 1 5625 1 6 . 8678 1 7 . 1 1 78 -0 . 25008 1 0 1 53 1 6 -8 . 89375 0 . 1 875 0 . 3853 0 . 39 8 . 1 1 783 
70 1 4 . 6563 -0 . 1 8750 1 6 . 5553 1 6 . 8678 -0 . 3 1 250 1 0 1 54 1 7 -0 . 1 2500 0 . 0008 -0 . 8872 0 . 39 -0 . 007 1 7  
7 1  1 4 . 4688 8 . 00000 1 6 . 46 1 6  1 6 . 5553 -0 . 09375 1 0 1 55 1 8 -0 . 09375 0 . 8000 -e .  1 009 0 . 39 -0 . 1 0092 
72 1 4 . 4688 -0 . 2 1 875 1 6 . 4303 1 6 . 46 1 6  -0 . 03 1 25 1 0 1 56 1 9 0 . 1 8750 -0 . 2 1 88 -0 . 1 322 0 . 39 0 . 08658 
73 1 4 . 2500 0 . 00000 1 6 . 4300 1 6 . 4303 -0 . 00037 1 0 1 57 1 1 0  -0 . 00037 -0 . 2 1 88 -0 . 1 325 0 . 4 1 0 . 0862 1 
74 1 4 . 2500 0 . 00000 1 6 . 4300 1 6 . 4300 0 . 00000 1 0 1 58 1 1 1  8 . 80000 -0 . 2 1 88 -0 . 1 325 8 . 4 1 0 . 0862 1 
75 1 4 . 2500 0 . 03 1 25 1 6 . 3050 1 6 . 4308 -e . 1 2500 1 0 1 59 1 1 2  -0 . 1 5625 -0 . 1 875 -0 . 2575 8 . 4 1 -0 . 07004 
76 1 4 . 28 1 3 -0 . 3 1 250 1 6 . 3050 1 6 . 3050 0 . 00000 1 0 1 60 1 1 3  0 . 3 1 250 -0 . 5000 -8 . 2575 8 . 4 1 0 . 24246 
77 1 3 . 9688 8 . 1 5625 1 6 .  1 1 75 1 6 . 3850 -8 . 1 8750 1 0 1 6 1  1 1 4  -0 . 34375 -0 . 3438 -0 . 4458 8 . 4 1 -0 . 1 0 1 29 
78 1 4 . 1 250 -0 . 1 5625 1 6 . 1 800 1 6 . 1 1 75 0 . 06250 1 0 1 62 1 1 5  0 . 2 1 875 -0 . 5000 -0 . 3825 0 . 4 1 0 . 1 1 746 
79 1 3 . 9688 -0 . 031 25 1 5 . 8362 1 6 .  1 800 -0 . 34375 1 0 1 63 1 1 6  -0 . 3 1 250 -0 . 53 1 3  -0 . 7263 0 . 4 1 -0 . 1 9504 
80 1 3 . 9375 0 . 00000 1 5 . 8362 1 5 . 8362 0 . 00000 1 0 1 64 1 1 7  0 . 00000 -0 . 53 1 3  -0 . 7263 0 . 4 1 -e . 1 9504 
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OBS LOCAT ION DATE  PREC I P  W INO TEMPC PONONO POND I N  POND32 PONDL IN  PONDL32 PONDTC BNO BLEV I N  BLEV32 WAREA RAREA COEFF 

8 1  c l eve l and 87 1 1 8 1  0 . 00 8 9 . 8  3 8 . 2  1 268547 4993 8 . 96 
82 c l eve and 87 1 1 02 0 . 00 7 1 2 . 2  3 1 5  3 1  1 0 . 7  1 1 3  29 260547 4993 0 . 96 
83 c l eve and 87 1 1 03 0 . 28 1 8  1 1 . 8 3 1 5  28 1 1 . 8 1 1 3  3 1  260547 4993 0 . 96 
84 c l eve and 87 1 1 04 0 . 0 1  1 5  8 . 4 3 1 5  23 9 . 8  1 1 3  28 260547 4993 0 . 96 
85 c l eve and 87 1 1 05 0 . 00 1 3  3 1 5  22 5 . 8  1 1 3  1 9 260547 4993 0 . 96 
86 c l eve ond 87 1 1 06 8 . 00 9 3 . 3  3 1 5  26 5 . 1 1 1 3  1 6  260547 4993 0 . 96 
87 c l eve and 87 1 1 07 8 . 00 7 4 .  1 3 5 . J  1 260547 4993 0 . 96 
88 c l eve and 87 1 1 08 0 . 00 8 6 . 2  3 5 . 4  1 260547 4993 0 . 96 

89 c l eve ond 87 1 1 09 . 0 . 26 7 1 .  7 3 1 5  27 1 .  6 1 1 3  1 3  260547 4993 0 . 96 
90 C l eve ond 871 1 1 0 0 . 00 4 0 . 6  3 1 5  23 1 .  6 1 1 3  1 3  260547 4993 0 . 98 
9 1  c l eve ond 87 1 1 1 1  0 . 00 4 8 . 5  3 1 5  1 4  2 . 6  1 1 3  1 2  260547 4993 8 . H  
92 c l eve ond 87 1 1 1 2 0 . 00 9 2 . 2  3 1 5  0 3 . 7  1 1 3  1 0  260547 4993 8 . 96 
93 c l eve ond 87 1 1 1 3 0 . 00 7 4 . 6  3 1 5  1 3  3 . 6  1 1 3  8 260547 4993 0 . 96 
94 c l eve and 87 1 0 1 4  8 . 00 1 1  9 . 7  1 1 1  3 1  9 . 8  2 1 5  25  262 1 38 4550 8 . 96 
95 c l eve ond 87 1 0 1 5  0 . 37 6 9 . 7  1 9 . 8  2 262 1 38 4550 0 . 96 
96 c l eve ond 87 1 01 6  0 . 00 9 9 . 9  1 1 2  9 1 0 . 2  2 1 6  5 262 1 38 4550 0 . 96 

OBS DEPTH TYPE RUNCORR BNOPNO MNPREC MNTEMPC � I NDS CUMPREC BARLEVR PONDLEV1 PONOLEV2 PNOLEV BARLEY CUMRUN 

8 1  2 SO I L  0 . 80000000 1 3  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 5 . 8438 1 3 . 9375 0 . 0075428 
82 2 SO I L  0 . 00000000 1 3  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 3 . 9063 1 5 . 9688 1 5 . 9688 1 3 . 9063 0 . 0075428 
83 2 SO I L  0 . 005 1 5 1 1 6  1 3  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 3 . 9688 1 5 . 8750 1 5 . 8750 1 3 . 9688 0 . 0 1 26939 
84 2 SO I L  0 . 000 1 8397 1 3  0 . 0309677 5 . 82333 9 . 03226 0 . 96 1 3 . 8750 1 5 . 7 1 88 1 5 .  7 1 88 1 3 . 8750 0 . 0 1 28779 
85 2 SO I L  0 . 00000000 1 3  0 . 8309677 5 . 62333 9 . 03226 0 . 96 1 3 . 5938 1 5 . 6875 1 5 . 887, 1 3 . 5938 8 . 0 1 28779 
86 2 SO I L  0 . 00000000 1 3  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 3 . 5000 1 5 . 8 1 25 1 5 . 8 1 25 1 3 . 5000 0 . 0 1 28779 
87 2 SO I L  0 . 00000000 1 3  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 5 . 8 1 25 1 3 . 5000 0 . 0 1 28779 
88 2 SO I L  0 . 00000000 1 3  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 5 . 8 1 25 1 3 . 5000 0 . 0 1 28779 
89 2 SO I L  0 . 00478322 1 3  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 3 . 4063 1 5 . 8438 1 5 . 8438 1 3 . 4063 0 . 0 1 7661 1 
90 2 SO I L  0 . 00000000 · 1 3  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 3 . 4063 1 5 . 7 1 88 1 5 .  7 1 88 1 3 . 4063 0 . 0 1 766 1 1 
9 1  2 SO I L  0 . 00000000 1 3  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 3 . 3750 1 5 . 4375 1 5 . 4375 1 3 . 3750 0 . 0 1 766 1 1 
92 2 SO I L  0 . 00000000 1 3  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 3 . 3 1 25 1 5 . 0000 1 5 . 0000 1 3 . 3 1 25 0 . 0 1 766 1 1 
93 2 SO I L  0 . 00000000 1 3  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 3 . 2500 1 5 . 4063 1 5 . 4063 1 3 . 2500 0 . 0 1 766 1 1 
94 2 SO I L  0 . 00000000 2 1  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 5 . 78 1 3  1 1 ·. 9688 1 1 . 9688 1 5 . 78 1 3  0 . 0000000 
95 2 SO I L  0 . 0061 6530 2 1  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 1 . 9688 1 5 . 78 1 3 0 . 006 1 653 
96 2 SO I L  0 . 00000000 2 1  0 . 0389677 5 . 62333 9 . 03226 0 . 96 1 6 .  1 563 1 2 . 28 1 3  1 2 . 28 1 3  1 6 . 1 563 0 . 006 1 653 

OBS BARLAG BARCH PONOLEV PONDLAG PONOCH DATELAG DAYD I F CIJMDAY WL CUMBARCH CI.MPONDC CUMPREC2 CUMWL 

81  1 3 . 9375 0 . 00000 1 5 . 8362 1 5 . 8362 0 . 00000 1 0 1 65 1 8  0 . 00000 -0 . 53 1 3  -0 . 7263 0 . 4 1 -0 . 1 9504 
82 1 3 . 9375 -0 . 03 1 25 1 5 . 96 1 2  1 5 . 8362 0 . 1 2500 1 0 1 66 1 9  0 . 1 5625 -0 . 5625 -0 . 60 1 3  0 . 4 1 -0 . 03879 
83 1 3 . 9063 0 . 06250 1 5 . 8623 1 5 . 96 1 2  -0 . 09890 1 0 1 67 20 -0 . 1 6 1 40 -0 . 5000 -0 . 7002 0 . 69 -0 . 200 1 9  
84 1 3 . 9688 -0 . 09375 1 5 . 7059 1 5 . 8623 -0 . 1 5643 1 0 1 68 2 1  -0 . 06268 -0 . 5938 -0 . 8566 0 . 70 -0 . 26288 
85 1 3 . 8750 -0 . 28 1 25  1 5 . 6746 1 5 . 7059 -0 . 03 1 25 1 0 1 69 22 0 . 25000 -0 . 8750 -0 . 8879 0 . 70 -0 . 0 1 288 
86 1 3 . 5938 -0 . 09375 1 5 . 7996 1 5 . 6746 0 . 1 2500 1 0 1 70 23 0 . 2 1 875 -0 . 9688 -0 . 7629 0 . 70 0 . 20587 
87 1 3 . 5000 0 . 00000 1 5 . 7996 1 5 . 7996 0 . 00000 1 0 1 7 1  24 0 . 00000 -0 . 9688 -0 . 7629 0 . 70 0 . 20587 
88 1 3 . 5000 0 . 00000 1 5 . 7996 1 5 . 7996 0 . 00000 1 0 1 72 25 0 . 00000 -0 . 9688 -0 . 7629 0 . 70 0 . 20587 
89 1 3 . 5000 -0 . 09375 1 5 . 8261 1 5 . 7996 0 . 02647 1 0 1 73 26 0 . 1 2022 -1 . 0625 -0 . 7364 0 . 96 0 . 32609 
90 1 3 . 4063 0 . 00000 1 5 .  70 1 1  1 5 . 8261 -0 . 1 2500 1 0 1 74 27 -0 . 1 2500 -1 . 0625 -0 . 86 1 4  0 . 96 0 . 20 1 09 
9 1  1 3 . 4063 -0 . 03 1 25 1 5 . 4 1 98 1 5 .  701 1 -0 . 28 1 25 1 0 1 75 28 -0 . 25000 -1 . 0938 -1 .  1 427 0 . 96 -0 . 0489 1 
92 1 3 . 3750 -0 . 06250 1 4 . 9823 1 5 . 4 1 98 -0 . 43750 1 0 1 76 29 -0 . 37500 -1 . 1 563 -1 . 5802 0 . 96 -0 . 4239 1 
93 1 3 . 3 1 25 -0 . 06250- 1 5 . 3886 1 4 . 9823 0 . 40625 1 0 1 77 30 0 . 46875 -1 . 2 1 88 - 1  . 1 739 0 . 96 0 . 04484 

94 1 1 .  9688 0 0 . 0000 0 . 0000 0 . 00 0 . 00000 
95 1 5 . 78 1 3  0 . 00000 1 1 . 9626 1 1 .  9688 -0 . 006 1 7  1 0 1 48 1 -0 . 006 1 7  0 . 0000 -0 . 0062 0 . 37 -0 . 006 1 7  
96 1 5 . 78 1 3  0 . 37500 1 2 . 275 1 1 1 .  9626 0 . 3 1 250 1 0 1 49 2 -0 . 06250 0 . 3750 0 . 3063 0 . 37 -0 . 06867 
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OBS LOCAT ION DATE PREC I P  W I ND TEMPC PONDNO POND I N  POND32 PONDL I N  PONDL32 PONDTC BNO BLEV I N  BLEV32 WAREA RAREA COEF'F' 

97 c l eve l ond 87 1 0 1 7 0 . 99 1 0  9 . 6  1 9 . 9  2 262 1 38 4550 9 . 96 
98 c l eve l ond 87 1 0 1 8 0 . 00 9 8 . 5  1 9 . 0 2 262 1 38 4550 0 . 96 
99 c l eve l ond 871 0 1 9  0 . 02 7 7 . 4  1 7 . 9  2 262 1 38 4550 0 . 96 

1 00 c l eve l ond 87 1 020 0 . 00 1 1  5 . 0  1 1 2 8 5 . 8 2 1 6 1 262 1 38 4550 0 . 96 
1 0 1  c l eve l ond . 87 1 02 1 0 . 99 9 2 . 9  1 1 2 4 4 . 3  2 1 5 1 9  262 1 38 4550 0 . 96 
1 02 c l eve l ond 87 1 022 0 . 00 1 0  3 . 5  1 1 2 4 4 . 1 2 1 5 22 262 1 38 4550 0 . 96 
1 03 c l eve l ond 87 1 023 0 . 00 6 4 . 4  1 1 2 0 4 . 7  2 1 5  2 262 1 38 4550 9 . 96 
1 04 c l eve l ond 87 1 024 0 . 82 9 2 . 5  1 3 . 9  2 262 1 38 4558 8 . 96 
1 05 c l eve l ond 87 1 025 0 . 00 1 2  2 . 8 1 2 . 5  2 262 1 38 4558 8 . 96 
1 06 c l eve l ond 87 1 026 8 . 00 1 9 4 . 7  1 1 1 27 4 . 8 2 1 5  1 6  262 1 38 4550 8 . 96 
1 07 c l eve l ond 87 1 027 0 . 80 1 3 3 . 0  1 1 1  22 4 . 2 2 1 5 9 262 1 38 4550 9 . 96 
1 08 c t eve l and 87 1 028 0 . 99 5 2 . 2  1 1 1 2 1 2 . 2  2 1 5 1 1  262 1 38 4559 9 . 96 
1 09 c l eve t and 87 1 029 8 . 00 1 2 4 . 6  1 1 1  1 8 4 . 8 2 262 1 38 4550 8 . 96 
1 1 0 c l eve l ond 87 1 030 0 . 00 6 7 . 0  1 1 1  1 7  6 . 4  2 1 5 1 1  262 1 38 4550 8 . 96 
1 1 1  c l eve l and 87 1 03 1 9 . 99 8 6 . 7  1 6 . 4  2 262 1 38 4559 9 . 96 
1 1 2 c l eve l ond 87 1 1 0 1 9 . 00 8 9 . 0  1 8 . 2  2 262 1 38 4550 0 . 96 

OBS DEPTH TYPE RUNCORR BNOPNO IN'REC W.TEMPC MNW I NDS CUMPREC BARLEVR PONDLEV1 PONDLEV2 PNDLEV BARLEY CUMRUN 

7 

97 

98 

99 
1 00 

1 0 1  

1 02 
1 03 
1 04 
1 05 
1 06 
1 07 

1 08 

1 09 
1 1 0 

1 1 1 
1 1 2 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

SOI L  0 . 99009900 
SO I L  0 . 00000000 
SO I L  0 . 00033326 
SO I L  9 . 00000000 
SO I L  9 . 00000000 
SO I L  0 . 00000000 
SOI L  0 . 00000000 
SO I L  9 . 00033326 
SO I L  0 . 00000000 
SO I L  9 . 00000000 
SO I L  0 . 00000000 
SOI L  0 . 00000000 
SO I L  0 . 00000990 
SOI L  0 . 00000000 
SO I L  0 . 00000000 
SO I L  0 . 00000000 

2 1 

2 1 

2 1 

2 1 

2 1 

2 1  
2 1 

2 1 

2 1 

2 1 
2 1 

2 1 
2 1  
2 1 

2 1 

2 1 

0 . 0309677 5 . 62333 9 . 03226 
0 . 0309677 5 . 62333 9 . 03226 
0 . 0309677 5 . 62333 9 . 03226 
0 . 0309677 5 . 62333 9 . 03226 
0 . 0309677 5 . 62333 9 . 03226 
0 . 0309677 5 . 62333 9 . 03226 
0 . 0309677 5 . 62333 9 . 03226 
8 . 8309677 5 . 62333 9 . 03226 
0 . 8309677 5 . 62333 9 . 03226 
0 . 0309677 5 . 62333 9 . 03226 
0 . 0309677 5 . 62333 9 . 03226 
8 . 8389677 5 . 62333 9 . 03226 
0 . 0309677 5 . 62333 9 . 03226 
8 . 0309677 5 . 62333 9 . 03226 
0 . 0309677 5 . 62333 9 . 03226 
0 . 030Q677 5 . 62333 9 . 03226 

0 . 96 
0 . 96 
0 . 96 
0 . 96 
0 . 96 
0 . 96 
0 . 96 
0 . 96 
0 . 96 
0 . 96 
0 . 96 
0 . 96 
0 . 96 
0 . 96 
0 . 96 
0 . 96 

1 6 . 03 1 3 
1 5 . 5938 
1 5 . 6875 
1 5 . 0625 

1 5 . 5090 
1 5 . 28 1 3 
1 5 . 3438 

1 5 . 3438 

1 2 . 2599 
1 2 . 1 250 

1 2 . 1 258 
1 2 . 8000 

1 1 . 8438 
1 1 . 6875 
1 1 . 6563 
1 1  . 5625 
1 1 .  53 1 3 

1 2 . 28 1 3  1 6 . 1 563 0 . 006 1 653 
1 2 . 28 1 3 1 6 . 1 563 0 . 006 1 653 
1 2 . 28 1 3 1 6 . 1 563 0 . 0064986 
1 2 . 2500 1 6 . 83 1 3  0 . 0864986 
1 2 . 1 250 1 5 . 5938 0 . 0064986 
1 2 . 1 258 1 5 . 6875 8 . 0064986 
1 2 . 0088 1 5 . 8625 8 . 8064986 
1 2 . 8008 1 5 . 8625 0 . 00683 1 8 

1 2 . 0088 1 5 . 0625 0 . 00683 1 8 

1 1 . 8438 1 5 . 5008 0 . 00683 1 8 

1 1 . 6875 1 5 . 28 1 3  0 . 00683 1 8  
1 1 . 6563 1 5 . 3438 8 . 80683 1 8  

1 1 . 5625 1 5 . 3438 8 . 00683 1 8  

1 1 . 53 1 3 1 5 . 3438 0 . 00683 1 8 

1 1 . 53 1 3 1 5 . 3438 8 . 00683 1 8  
1 1 . 53 1 3 1 5 . 3438 8 . 00683 1 8  

OBS BARLAG 

97 1 6 . 1 563 
98 1 6 . 1 563 
99 1 6 .  1 563 

1 00 1 6 . 1 563 
1 0 1 1 6 . 03 1 3  
1 02 1 5 . 5938 
1 03 1 5 . 6875 
1 04 1 5 . 0625 
1 05 1 5 . 0625 
1 06 1 5 . 0625 
1 07 1 5 . 5000 

1 08 1 5 . 28 1 3  
1 09 1 5 . 3438 
1 1 0 1 5 . 3438 
1 1 1  1 5 .  3438 

1 1 2  1 5 . 3438 

BARCH 

0 . 00800 
0 . 08000 

0 . 00000 

-8 . 1 2500 

-0 . 43750 
0 . 09375 

-e . 62500 

0 . 00000 

0 . 00000 

0 . 43750 

-0 . 2 1 875 
0 . 06250 
0 . 00000 

0 . 00000 
0 . 00000 

0 . 00000 

PONDLEV PONDLAG 

1 2 . 2751  
1 2 . 275 1 

1 2 . 2748 
1 2 . 2435 
1 2 . 1 1 85 
1 2 . 1 1 85 
1 1 . 9935 
1 1 . 9932 
1 1 .  9932 
1 1 . 8369 
1 1 . 6807 
1 1 . 6494 
1 1 . 5557 

1 1 . 5244 
1 1 . 5244 
1 1 . 5244 

1 2 . 275 1 
1 2 . 275 1 

1 2 . 275 1 

1 2 . 2748 
1 2 . 2435 
1 2 . 1 1 85 
1 2 . 1 1 85 
1 1 . 9935 
1 1 . 9932 
1 1 . 9932 

1 1 . 8369 
1 1 . 6807 
1 1 . 6494 
1 1 . 5557 

1 1 . 5244 
1 1 . 5244 

PONOCH 

8 . 00000 
0 . 00000 

-0 . 00033 
-0 . 031 25 
-0 . 1 2500 

0 . 00000 
-0 . 1 2500 

-0 . 00033 
0 . 00000 

-0 . 1 5625 
-0 . 1 5625 
�0 . 03 1 25 
-0 . 09375 
-0 . 03 1 25 

0 . 00000 
0 . 00000 

DATELAG DAYD I F'  CUMOAY 

1 0 1 50 
1 0 1 5 1 

1 0 1 52 
1 0 1 53 
1 0 1 54 
1 0 1 55 
1 0 1 56 
1 0 1 57 

1 0 1 58 
1 0 1 59 
1 0 1 60 
1 0 1 6 1  
1 0 1 62 
1 0 1 63 
1 0 1 64 
1 0 1 65 

3 
4 
5 
6 
7 
8 
9 

1 0  

1 1  
1 2 

1 3 
1 4  
1 5 
1 6  
1 7 
1 8  

WL 

0 . 00000 
0 . 00000 

-0 . 00033 
0 . 09375 
0 . 3 1 250 

-e . 09375 
0 . 50000 

-0 . 00033 
0 . 00000 

-0 . 59375 
0 . 06250 

-0 . 09375 
-0 . 09375 
-0 . 03 1 25 

0 . 00000 

0 . 00000 

CUMBARCH CUMPONDC 

8 . 3758 
0 . 3750 
0 . 3750 
0 . 2508 

-0 . 1 875 
-e . 8938 
-e . 7 1 88 

-e . 7 1 88 
-e . 7 1 88 

-0 . 28 1 3 
-0 . 5000 

-0 . 4375 
-0 . 4375 
-0 . 4375 
-8 . 4375 
-0 . 4375 

8 . 3863 
8 . 3863 
8 . 3068 
0 . 2748 

8 . 1 498 

8 . 1 498 
8 . 0248 
0 . 0244 
0 . 0244 

-0 . 1 3 1 8 
-0 . 288 1 

-e . 31 93 
-0 . 41 3 1 

-0 . 4443 
-0 . 4443 
-0 . 4443 

CIMPREC2 

8 . 37 
0 . 37 
0 . 39 
8 . 39 
0 . 39 
8 . 39 
8 . 39 
0 . 4 1 

0 . 41 
0 . 4 1 

8 . 4 1 
9 . 4 1 

8 . 41 
0 . 4 1 

0 . 4 1 

0 . 4 1 

CUMWL 

-0 . 068665 
-e . 068665 
-0 . 068999 

8 . 02475 1 

0 . 33725 1 

0 . 24359 1 
8 . 74350 1 
0 . 743 1 68 
0 . 743 1 68 
0 . 1 494 1 8 
0 . 2 1 1 9 1 8 
0 . 1 1 8 1 68 
0 . 0244 1 8 

-8 . 006832 
-0 . 006832 
-0 . 006832 



SAS 1 8 : 5 1 WEDNESDAY , FEBRUARY 8 ,  1 989 8 

OBS LOCA T l  ON DATE PREC I P  W INO TEMPC PONDNO POND I N  PON032 PONO L I N  PONOL32 PONDTC BNO BLEV I N  BLEV32 WAREA RAREA COEFF 

1 1 3 c l eve l and 87 1 1 02 0 . 00 7 1 2 . 2  1 1 1  1 5  1 0 . 7  2 1 5  1 0  262 1 38 4550 0 . 96 
1 1 4 c l eve l and 87 1 1 03 0 . 28 1 0  1 1 . 8 1 1 1  1 8  1 1 .  8 2 1 5  1 1  262 1 38 4550 0 . 96 
1 1 5 c l eve l and 871 1 04 0 . 0 1 1 5  8 . 4  1 1 1  1 5  9 . 8  2 1 5  3 262 1 38 4550 0 . 96 
1 1 6 c l eve l and 87 1 1 05 0 . 00 1 3  1 1 1  1 9  5 . 8  2 1 4  27 262 1 38 4550 0 . 96 
1 1 7 c l eve l and 87 1 1 06 0 . 00 9 3 . 3  1 1 1  5 5 .  1 2 1 4  22 262 1 38 4550 0 . 96 
1 1 8 c l eve l and 871 1 07 0 . 00 7 4 .  1 1 5 . 3  2 2621 38 4550 0 . 96 . 
1 1 9 c l eve l and 87 1 1 08 0 . 00 8 6 . 2  1 5 . 4  2 262 1 38 4550 0 . 96 
1 20 c l eve l and 871 1 09 0 . 26 7 1 .  7 1 1 1  3 1 . 6 2 1 4  1 7  262 1 38 4550 0 . 96 
1 2 1  c l eve l and 87 1 1 1 0 0 . 00 4 0 . 6  1 1 1  3 1 . 6 2 1 4  1 7  262 1 38 4550 0 . 96 
1 22 c l eve l and 87 1 1 1 1  0 . 00 4 0 . 5  1 1 1  20 2 . 6  2 1 4  1 4  262 1 38 ' 4550 0 . 96 
1 23 c l eve l and 87 1 1 1 2 0 . 00 9 2 . 2  1 1 0  3 1  3 . 7  2 1 4  1 2 262 1 38 4550 0 . 96 
1 24 c l eve l and 87 1 1 1 3 0 . 00 7 4 . 6  1 1 1  0 3 . 6  2 1 4  1 3  262 1 38 4550 0 . 96 
1 25 c l eve l and 871 0 1 4  0 . 00 1 1  9 . 7  2 1 8  23 9 . 8  2 1 6  1 3  25909 1 4809 0 . 96 
1 26 c l eve l and 87 1 0 1 5  0 . 37 6 9 . 7  2 9 . 8  2 25909 1 4809 0 . 96 
1 27 c l eve l and 87 1 01 6 0 . 00 9 9 . 9  2 1 9  1 1  1 0 . 2  2 1 6  27 25909 1 4809 0 . 96 
1 28 c l eve l and 87 1 0 1 7  0 . 00 1 0  9 . 6  2 9 . 9  2 25909 1 4809 0 . 96 

OBS DEPTH TYPE RUNCORR BNOPNO �REC MNTEMPC MNW I NDS CUMPREC BARLEVR PONDLEV1 PONDLEV2 PNOLEV BARLEV CUMRUN 

1 1 3  2 SO I L  0 . 00000000 2 1 0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 5 . 3 1 25 1 1 . 4688 1 1 . 4688 1 5 . 3 1 25 0 . 00683 1 8  
1 1 4 2 SO I L  0 . 00466563 2 1  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 5 . 3438 1 1 . 5625 1 1  . 5625 1 5 . 3438 0 . 0 1 1 4975 
1 1 5 2 SO I L  0 . 000 1 6663 2 1  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 5 . 0938 1 1 . 4888 1 1 . 4888 1 5 . 0938 0 . 0 1 1 664 1 
1 1 6 2 SO I L 8 . 08000000 2 1  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 4 . 8438 1 1  . 5938 1 1  . 5938 1 4 . 8438 0 . 0 1 1 664 1 
1 1 7 2 SO I L  0 . 00000000 2 1  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 4 . 6875 1 1 . 1 563 1 1 .  1 563 1 4 . 6875 0 . 0 1 1 6641  
1 1 8 2 SO I L  0 . 00000000 2 1  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 1 .  1 563 1 4 . 6875 0 . 0 1 1 664 1 
1 1 9 2 SO I L  0 . 00000000 2 1  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 1 . 1 563 1 4 . 6875 0 . 0 1 1 6641 
1 20 2 SO I L  0 . 00433237 2 1  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 4 . 53 1 3  1 1 . 0938 1 1  . 0938 1 4 . 53 1 3  0 . 0 1 59965 
1 2 1  2 SO I L  0 . 00000000 2 1  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 4 . 53 1 3  1 1 . 0938 1 1 . 0938 1 4 . 53 1 3  0 . 0 1 59965 
1 22 2 SO I L  0 . 00000000 2 1  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 4 . 4375 1 1 . 6250 1 1 . 6250 1 4 . 4375 0 . 0 1 59965 
1 23 2 SOI L  0 . 00000000 2 1  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 4 . 3750 1 0 . 9688 1 0 . 9688 1 4 . 3750 0 . 0 1 59965 
1 24 2 SO I L  0 . 00000000 2 1  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 4 . 4063 1 1 . 0000 1 1 . 0000 1 4 . 4063 0 . 0 1 59965 
1 25 2 SO I L  0 . 00000000 22 0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 6 . 4063 1 8 . 7 1 88 1 8 .  7 1 88 1 6 . 4063 0 . 0000000 
1 26 2 SO I L  0 . 00659288 22 0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 8 .  7 1 88 1 6 . 4063 0 . 0065929 
1 27 2 SO I L  0 . 00000000 22 0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 6 . 8438 1 9 . 3438 1 9 . 3438 1 6 . 8438 0 . 0065929 
1 28 2 SO I L  0 . 00000000 22 0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 9 . 3438 1 6 . 8438 0 . 0065929 

OBS BARLAG BARCH PONOLEV PONOLAG PONDCH DATELAG DAYD I F CUMOAY WL CUMBARCH CUMPONDC CUMPREC2 CUMWL 

1 1 3 1 5 . 3438 -0 . 031 25 1 1 .  46 1 9  1 1 . 5244 -0 . 06250 1 0 1 66 1 1 9  -0 . 03 1 25 -0 . 4688 -0 . 5068 9 . 4 1 -0 . 038082 
1 1 4 1 5 . 3 1 25 0 . 03 1 25 1 1 . 55 1 0  1 1 . 46 1 9  0 . 08908 1 0 1 67 1 20 0 . 05783 -0 . 4375 -0 . 4 1 77 0 . 69 0 . 0 1 9753 
1 1 5 1 5 . 3438 -0 . 25000 1 1 . 457 1 1 1 . 55 1 0  -0 . 09392 1 0 1 68 1 2 1  0 .  1 5608 -0 . 6875 -0 . 5 1 1 7  0 . 70 0 . 1 75836 
1 1 6 1 5 . 0938 -0 . 25000 1 1 . 582 1 1 1 . 457 1 0 . 1 2500 1 0 1 69 1 22 0 . 37500 -0 . 9375 -0 . 3867 0 . 79 0 . 550836 
1 1 7 1 4 . 8438 -0 . 1 5625 1 1 .  1 446 1 1  . 582 1 -0 . 43750 1 0 1 70 1 23 -0 . 28 1 25 - 1  . 0938 -0 . 8242 0 . 70 0 . 269586 
1 1 8 1 4 . 6875 0 . 00000 1 1  . 1 446 1 1 .  1 446 0 . 00000 1 0 1 7 1  1 24 0 . 00000 - 1 . 0938 -0 . 8242 0 . 70 0 . 269586 
1 1 9 1 4 . 6875 0 . 00000 1 1  . 1 446 1 1 .  1 446 0 . 00000 1 0 1 72 1 25 0 . 00000 - 1  . 0938 -0 . 8242 0 . 70 0 . 269586 
1 20 1 4 . 6875 -0 . 1 5625 1 1 . 0778 1 1 .  1 446 -0 . 06683 1 0 1 73 1 26 0 . 08942 - 1 . 2500 -9 . 89 1 9  0 . 96 0 . 359004 
1 2 1  1 4 . 53 1 3  0 . 00000 1 1 . 0778 1 1 . 0778 0 : 00000 1 0 1 74 1 27 0 . 00000 -1 . 2500 -0 . 89 1 0  0 . 96 0 . 359004 
1 22 1 4 . 53 1 3  -0 . 09375 1 1 . 6090 1 1 . 0778 0 . 53 1 25 1 0 1 75 1 28 0 . 62500 -1 . 3438 -0 . 3597 0 . 96 0 . 984004 
1 23 1 4 . 4375 -0 . 06250 1 0 . 9528 1 1 .  6090 -0 . 65625 1 0 1 76 1 29 -0 . 59375 -1  . 4063 -1 . 0 1 60 0 . 96 0 . 390254 
1 24 1 4 . 3750 0 . 03 1 25 1 0 . 9840 1 0 . 9528 0 . 03 1 25 1 0 1 77 1 30 0 . 00000 -1 . 3750 -0 . 9847 0 . 96 0 . 390254 
1 25 1 8 .  7 1 88 0 0 . 0000 0 . 0000 0 . 00 0 . 000000 
1 26 1 6 . 4063 0 . 00000 1 8 . 7 1 22 1 8 .  7 1 88 -0 . 00659 1 0 1 48 1 -0 . 00659 0 . 0000 -0 . 0066 0 . 37 -0 . 006593 
1 27 1 6 . 4063 0 . 43750 1 9 . 3372 1 8 .  7 1 22 0 . 62500 1 0 1 49 2 0 . 1 8750 0 . 4375 0 . 6 1 84 0 . 37 0 . 1 80907 
1 28 1 6 . 8438 0 . 00000 1 9 . 3372 1 9 . 3372 . 0 . ee000 1 0 1 50 3 0 . 0eeee 0 . 4375 1 . 6 1 84 1 . 37 1 . 1 80907 



SAS 1 8 : 5 1 WEDNESDAY , FEBRUARY 8 , 1 989 9 

OBS LOCAT ION DATE PREC I P  W INO TEMPC PONDNO PONOI N  POND32 POND L I N  PONDL32 PONDTC BNO BLEV I N  BLEV32 WAREA RAREA COEFF 

1 29 c l eve l ond 871 0 1 8  0 . 00 9 8 . 5  2 9 . 0  2 25999 1 4899 1 . 98 
1 30 c l eve l ond 87 1 0 1 9  0 . 02 7 7 . 4  2 7 . 9  2 25909 1 4809 0 . 96 
1 3 1  c l eve l and 871 020 e . 00 1 1  5 . 0  2 1 9  1 2  5 . 8  2 1 15 20 25909 1 4809 8 . 96 
1 32 c l eve l and 87 1 02 1  0 . 00 9 2 . 9  2 1 8  27 4 . 3  2 1 6  1 8  25909 1 4809 0 . 96 
1 33 c l eve l and 87 1 022 0 . 00 1 0  3 . 5  2 1 9  2 4 .  1 2 1 6 1 1  25909 1 4809 1 . 96 
1 34 C l eve l and 87 1 023 0 . 00 6 4 . 4  2 1 8  28 4 . 7  2 1 6  1 1  25909 1 4809 e . 98 
1 35 c l eve l and 871 024 0 . 02 9 2 . 5  2 3 . 9  2 25909 1 4809 1 . 96 
1 36 c l eve l and 87 1 025 0 . 00 1 2  2 . 8  2 2 . 5  2 25909 1 4809 8 . 96 
1 37 c l eve l ond 87 1926 8 . 00 1 9  4 . 7  2 1 8  30 4 . 8  2 1 5  27 25909 1 4809 8 . 96 
1 38 c l eve l and 871 027 0 . 00 1 3  3 . 0  2 1 8  24 4 . 2  2 1 5  22 25909 1 4809 1 . 96 
1 39 c l eve l and 87 1 028 0 . 00 5 2 . 2  2 1 8  1 4  2 . 2  2 1 5  26 25909 1 4809 8 . 96 
1 40 c l eve l and 87 1 029 0 . 00 1 2  4 . 6  2 1 8  1 0  4 . 8  2 1 5  1 1  25909 1 4809 8 . 96 
1 4 1 c l eve l ond 87 1 038 0 . 00 6 7 . 0  2 1 8  1 3  6 . 4  2 1 5  1 9  25909 1 4809 8 . 96 
1 42 c l eve l and 87 1 03 1  0 . 00 8 6 . 7  2 6 . 4  2 25909 1 4809 8 . 96 
1 43 c l eve l and 87 1 1 0 1  0 . 00 8 9 . 0  2 8 . 2  2 25909 1 4809 0 . 96 
1 44 c l eve l and 87 1 1 02 0 . 00 7 1 2 . 2  2 1 8  1 4  1 0 . 7  2 1 5  1 9  25909 1 4809 8 . 96 

OBS DEPTH TYPE RUNCORR BNOPNO MNPREC MNTEMPC MNWINOS CUMPREC BARLEVR PONDLEV1 PONDLEV2 PNOLEV BARLEV CUMRUN 

1 29 2 SOI L  8 . 00000100 22 0 . 0309677 5 . 62333 9 . 03226 8 . 96 1 9 . 3438 1 8 . 8438 8 . 8965929 
1 30 2 SO I L  0 . 00035637 22 0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 9 . 3438 1 6 . 8438 0 . 0069493 
1 3 1  2 SO I L  0 . 00000000 22 0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 6 . 6250 1 9 . 3750 1 9 . 3750 1 6 . 6250 0 . 0069493 
1 32 2 SOI L  0 . 00000000 22 0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 6 . 5625 1 8 . 8438 1 8 . 8438 1 6 . 5625 0 . 0069493 
1 33 2 SO I L  0 . 00000000 22 0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 6 . 3438 1 9 . 0625 1 9 . 0625 1 6 . 3438 0 . 0069493 
1 34 2 SO I L  0 . 00000000 22 0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 6 . 3 1 25 1 8 . 8750 1 8 . 8750 1 6 . 3 1 25 0 . 0069493 
1 35 2 SO I L  0 . 00035637 22 0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 8 . 8750 1 6 . 3 1 25 0 . 0073056 
1 36 2 SO I L  0 . 00000000 22 0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 8 . 8750 1 6 . 3 1 25 0 . 0073056 
1 37 2 SO I L  0 . 00000000 22 0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 5 . 8438 1 8 . 9375 1 8 . 9375 1 5 . 8438 0 . 0073056 
1 38 2 SO I L  8 . 00000000 22 0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 5 . 6875 1 8 . 7589 1 8 . 7500 1 5 . 6875 8 . 0073056 
1 39 2 SO I L  0 . 00000000 22 0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 5 . 8 1 25 1 8 . 4375 1 8 . 4375 1 5 . 8 1 25 0 . 0073056 
1 40 2 SO I L  0 . 00000000 22 0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 5 . 3438 1 8 . 3 1 25 1 8 . 3 1 25 1 5 . 3438 0 . 0073056 
1 4 1  2 SO I L  0 . 00000000 22 8 . 8389677 5 . 62333 9 . 03226 8 . 96 1 5 . 5938 1 8 . 4063 1 8 . 4183 1 5 . 5938 0 . 8873056 
1 42 2 SOI L  0 . 00000000 22 0 . 0309677 5 . 62333 9 . 03226 0 . 96 Ul . 4063 1 5 . 5938 0 . 0073056 
1 43 2 SO I L  0 . 00000000 22 0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 8 . 4063 1 5 . 5938 0 . 0073056 
1 44 2 SOI L  0 . 00000000 22 0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 5 . 5938 1 8 . 4375 1 8 . 4375 1 5 . 5938 0 . 0073056 

OBS BARLAG BARCH PONDLEV PONDLAG PONDCH OATELAG OAYO I F  CUMOAY WL CUMBARCH CUMPONDC CUMPREC2 CUMWL 

1 29 1 6 . 8438 8 . 00000 1 9 . 3372 1 9 . 3372 8 . 00000 1 8 1 5 1  1 4 8 . 00000 8 . 4375 8 . 8 1 84 1  8 . 37 8 . 1 809 1 
1 30 1 6 . 8438 0 . 00000 1 9 . 3368 1 9 . 3372 -0 . 00036 1 0 1 52 1 5 -0 . 00036 0 . 4375 8 . 6 1 805 8 . 39 0 . 1 8055 
1 3 1 1 6 . 8438 -0 . 2 1 875 1 9 . 368 1 1 9 . 3368 0 . 03 1 25 1 0 1 53 1 6 0 . 25000 8 . 2 1 88 8 . 64930 0 . 39 0 . 43055 
1 32 1 6 . 6250 -0 . 06250 1 8 . 8368 1 9 . 3681 -0 . 53 1 25 1 0 1 54 1 7 -0 . 46875 0 .  1 563 0 . 1 1 805 0 . 39 -0 . 03820 
1 33 1 6 . 5625 -0 . 2 1 875 1 9 . 0556 1 8 . 8368 0 . 2 1 875 1 0 1 55 1 8 0 . 43750 -0 . 0625 0 . 33680 0 . 39 0 . 39930 
1 34 1 6 . 3438 -0 . 03 1 25 1 8 . 868 1 1 9 . 0556 -0 . 1 8750 1 0 1 56 1 9 -0 . 1 5625 -0 . 0938 0 . 1 4930 0 . 39 0 . 24305 
1 35 1 6 . 3 1 25 0 . 00000 1 8 . 8677 1 8 . 8681 -0 . 00036 1 0 1 57 1 1 0 -0 . 00036 -0 . 0938 0 . 1 4894 0 . 4 1 0 . 24269 
1 36 1 6 . 3 1 25 0 . 00000 1 8 . 8677 1 8 . 8677 0 . 00000 1 0 1 58 1 1 1  0 . 00000 -0 . 0938 0 . 1 4894 0 . 4 1 0 . 24269 
1 37 1 6 . 3 1 25 -0 . 46875 1 8 . 9302 1 8 . 8677 0 . 06250 1 0 1 59 1 1 2  0 . 53 1 25 -0 . 5625 0 . 2 1 1 44 8 . 4 1 0 . 77394 
1 38 1 5 . 8438 -0 . 1 5625 1 8 . 7427 1 8 . 9302 -0 . 1 8750 1 0 1 60 1 1 3  -0 . 03 1 25 -0 . 7 1 88 9 . 82394 8 . 41 8 . 74269 
1 39 1 5 . 6875 0 . 1 2500 1 8 . 4302 1 8 . 7427 -0 . 3 1 250 1 0 1 6 1  1 1 4  -0 . 43750 -0 . 5938 -0 . 28856 0 . 4 1 0 . 305 1 9  
1 40 1 5 . 8 1 25 -0 . 46875 1 8 . 3052 1 8 . 4302 -0 . 1 2500 1 0 1 62 1 1 5  0 . 34375 -1 . 0625 -0 . 4 1 356 0 . 4 1 0 . 64894 
1 4 1 1 5 . 3438 9 . 25909 1 8 . 3989 1 8 . 3952 9 . 89375 1 9 1 63 1 1 6  -8 . 1 5625 -0 . 8 1 25 -0 . 3 1 98 1  9 . 4 1 0 . 49269 
1 42 1 5 . 5938 0 . 00000 1 8 . 3989 1 8 . 3989 0 . 00000 1 0 1 64 1 1 7  0 . 00000 -0 . 8 1 25 -0 . 3 1 98 1  0 . 4 1 0 . 49269 
1 43 1 5 . 5938 0 . 00000 1 8 . 3989 1 8 . 3989 0 . 00000 1 0 1 65 1 1 8  0 . 00000 -0 . 8 1 25 -0 . 31 98 1  0 . 4 1 0 . 49269 
1 44 1 5 . 5938 0 . 00000 1 8 . 4302 1 8 . 3989 0 . 03 1 25 1 0 1 66 1 1 9  0 . 03 1 25 -0 . 8 1 25 -0 . 28856 0 . 4 1 0 . 52394 



SAS 1 8 : 5 1 WEDNESDAY , FEBRUARY 8 ,  1 989 1 0  

OBS LOCAT ION DATE PREC IP  W INO TEMPC PONONO PONO I N  PON032 PONOL I N  PONOL32 PONDTC BNO SLEV I N  BLEV32 WAREA RAREA COEF'F' 

1 45 e l eve l ond 871 1 83 9 . 28 1 8  1 1 . 8 2 1 8  1 8  1 1 . 8 2 1 5  2 1  25909 1 4809 9 . 98 

1 46 e eve I ond 871 1 84 0 . 8 1 1 5  8 . 4  2 1 8  8 9 . 8  2 1 5  1 3  25989 1 4809 0 . 96 
1 47 e eve I ond 871 1 05 0 . 00 1 3  2 1 8  20 5 . 8  2 1 5  1 8  25989 1 4809 0 . 96 
1 48 e eve l ond 871 1 06 0 . 88 9 3 . 3  2 1 8 5 5 .  1 2 1 5 5 25909 1 4809 8 . 96 
1 49 e eve I ond 871 1 07 0 . 00 7 4 . 1 2 5 . 3  2 25909 1 4809 0 . 96 
1 50 e eve l ond 871 1 08 0 . 00 8 6 . 2  2 5 . 4  2 25909 1 4809 0 . 96 
1 5 1  e eve I ond 871 1 09 0 . 26 7 1 .  7 2 1 7  27 1 . 6 2 1 5 9 25909 1 4809 0 . 96 
1 52 e eve l ond 871 1 1 0 0 . 88 4 8 . 8  2 1 7  28 1 . 6 2 1 5  1 25909 1 4809 0 . 96 
1 53 e eve I ond 87 1 1 1 1  0 . 88 4 0 . 5  2 1 8  3 2 . 6  2 1 5 1 25909 1 4809 0 . 96 
1 54 e eve I ond 871 1 1 2 0 . 88 9 2 . 2  2 1 7  25 3 . 7  2 1 4  3 1  25909 1 4809 0 . 98 
1 55 e eve l ond 871 1 1 3 0 . 00 7 4 . 8  2 1 7  29 3 . 8  2 1 5  1 25909 1 4809 0 . 96 
1 56 e eve l ond 871 0 1 4  0 . 00 1 1  9 . 7  3 1 6  1 8  9 . 8  2 1 6  1 2 260547 4993 0 . 96 
1 57 e eve l ond 871 0 1 5 0 . 37 6 9 . 7  3 9 . 8  2 260547 4993 8 . 96 
1 58 e eve I ond 87 1 0 1 6  0 . 00 9 9 . 9  3 1 7  4 1 0 . 2  2 1 8  29 260547 4993 9 . 98 
1 59 e eve  I ond 87 1 01 7 0 . 00 1 0  9 . 6  3 9 . 9  2 260547 4993 0 . 96 
1 60 e eve l �nd 87 1 0 1 8  0 . 00 9 8 . 5  3 9 . 0  2 260547 4993 0 . 96 

OBS DEPTH TYPE RUNCORR BNOPNO MNPREC MNTEMPC MNW I NDS CUMPREC BARLEVR PONOLEV1 PONDLEV2 PNOLEV BARLEV CUMRUN 

1 45 2 SOI L  9 . 88498921 22 8 . 0309877 5 . 62333 9 . 03228 8 . 96 1 5 . 8583 1 8 . 5825 1 8 . 5825 1 5 . 8583 0 . 0 1 22948 

1 46 2 SO I L  0 . 088 1 78 1 9  22 8 . 0309677 5 . 62333 9 . 03228 0 . 96 1 5 . 4063 1 8 . 2588 1 8 . 2588 1 5 . 4883 8 . 8 1 24738 
1 47 2 SO I L  0 . 00000088 22 0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 5 . 3 1 25 1 8 . 6250 1 8 . 6258 1 5 . 3 1 25 0 . 0 1 24730 
1 48 2 SO I L  0 . 00000000 22 0 . 0309677 5 . 62333 9 . 03226  0 . 96 1 5 .  1 563 1 8 .  1 563 1 8 . 1 563 1 5 . 1 563 0 . 0 1 24730 
1 49 2 SO I L  0 . 00000000 22 0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 8 . 1 563 1 5 .  1 563 0 . 0 1 24730 
1 50 2 SO I L  0 . 00000000 22 0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 8 . 1 563 1 5 .  1 563 0 . 0 1 24730 
1 5 1  2 SO I L  0 . 00463284 22 0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 5 . 0000 1 7 . 8438 1 7 . 8438 1 5 . 0000 0 . 0 1 7 1 059 
1 52 2 SO I L  0 . 00000000 22 0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 5 . 03 1 3  1 7 . 8750 1 7 . 8750 1 5 . 03 1 3  0 . 0 1 7 1 059 
1 53 2 SO I L  0 . 00000000 22 0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 5 . 03 1 3  1 8 . 0938 1 8 . 0938 1 5 . 03 1 3  0 . 0 1 7 1 059 
1 54 2 SO I L  0 . 00000000 22 8 . 0309677 5 . 62333 9 . 03226 0 . 96 1 4 . 9688 1 7 . 78 1 3  1 7 . 78 1 3  1 4 . 9688 0 . 0 1 7 1 059 
1 55 2 SO I L  0 . 00000000 22 0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 5 . 03 1 3 1 7 . 9063 1 7 . 9063 1 5 . 03 1 3  0 . 0 1 7 1 059 
1 56 2 SO I L  0 . 00000000 23 0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 6 . 3750 1 6 . 5625 1 8 . 5625 1 8 . 3750 0 . 0000000 
1 57 2 SO I L  0 . 00680689 23 0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 8 . 5625 1 6 . 3750 0 . 0068069 
1 58 2 SO I L  0 . 00000000 23 0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 6 . 6250 1 7 .  1 250 1 7  . 1 250 1 6 . 6250 0 . 0068069 
1 59 2 SO I L  0 . 00000000 23 0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 7  . 1 250 1 6 . 6250 0 . 0068069 
1 60 2 SO I L  0 . 00000000 23 0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 7  . 1 250 1 6 . 6250 0 . 0068069 

OBS BARLAG BARCH PONOLEV PONDLAG PONOCH OATELAG DAYO I F'  CI.M>AY WL CUMBARCH CUMPONDC CUMPREC2 CUMWL 

1 45 1 5 . 5938 8 . 06250 1 8 . 5502 1 8 . 4302 0 .  1 200 1 1 0 1 67 1 20 0 . 0575 1 -0 . 7500 -0 . 1 885 8 . 89 8 . 58 1 46 

1 46 1 5 . 6563 -0 . 25088 1 8 . 2375 1 8 . 5502 -0 . 3 1 268 1 0 1 68 1 2 1  -0 . 06268 - 1 . 0000 -0 . 48 1 2 0 . 70 0 . 5 1 878 
1 47 1 5 . 4063 -0 . 09375 1 8 . 6 1 25 1 8 . 2375 0 . 37500 1 0 1 69 1 22 0 . 46875 - 1 . 0938 -0 . 1 062 8 . 70 0 . 98753 
1 48 1 5 . 3 1 25 -e . 1 5825 1 8 . 1 438 1 8 . 8 1 25 -9 . 48875 1 9 1 70 1 23 -9 . 3 1 259 -1 . 2588 -e . 5751 e . 1e 1 . 87583 

1 49 1 5 . 1 563 0 . 00000 1 8 . 1 438 1 8 . 1 438 0 . 00008 1 0 1 7 1  1 24 8 . 80000 - 1 . 2508 -0 . 5759 8 . 79 0 . 67503 
1 50 1 5 . 1 563 0 . 00000 1 8 . 1 438 1 8 . 1 438 0 . 00000 1 0 1 72 1 25 0 . 00000 -1 . 2500 -0 . 5750 0 . 78 0 . 67503 
1 5 1 1 5 . 1 563 -0 . 1 5625 1 7 . 8266 1 8 . 1 438 -0 . 3 1 7 1 3  1 0 1 73 1 26 -0 . 1 6088 - 1 . 4063 -0 . 892 1  0 . 96 0 . 5 1 4 1 4  
1 52 1 5 . 0000 0 . 03 1 25 1 7 . 8579 1 7 . 8266 0 . 03 1 25 1 0 1 74 1 27 0 . 00000 -1 . 3750 -0 . 8609 0 . 96 0 . 5 1 4 1 4  
1 53 1 5 . 03 1 3 0 . 00000 1 8 . 0766 1 7 . 8579 0 . 2 1 875 1 0 1 75 1 28 0 . 2 1 875 -1 . 3750 -0 . 642 1 0 . 98 0 . 73289 
1 54 1 5 . 03 1 3 -0 . 06250 1 7 . 7641 1 8 . 0766 -0 . 3 1 250 1 0 1 76 1 29 -0 . 25000 -1 . 4375 -0 . 9546 0 . 96 0 . 48289 
1 55 1 4 . 9688 0 . 06250 1 7 . 889 1 1 7 . 7641 0.  1 2500 1 0 1 77 1 30 0 . 06250 - 1 . 3750 -0 . 8298 8 . 96 0 . 54539 
1 56 1 6 . 5625 0 0 . 9000 0 . 8880 0 . 00 0 . 00000 
1 57 1 6 . 3750 0 . 00000 1 6 . 5557 1 6 . 5825 -0 . 0068 1 1 0 1 48 1 -0 . 8868 1 0 . 0000 -0 . 0068 0 . 37 -0 . 0068 1 
1 58 1 6 . 3750 0 . 25000 1 7 .  1 1 82 1 6 . 5557 0 . 56250 1 0 1 49 2 0 . 3 1 250 8 . 2500 0 . 5557 0 . 37 0 . 30569 
1 59 1 6 . 6250 0 . 00000 1 7 .  1 1 82 1 7 .  1 1 82 0 . 00000 1 0 1 50 3 0 . 00000 0 . 2500 0 . 5557 0 . 37 0 . 30569 
1 60 1 6 . 6250 0 . 00000 1 7 .  1 1 82 1 7 . 1 1 82 0 . 00000 1 0 1 5 1  4 0 . 00000 0 . 2500 0 . 5557 8 . 37 0 . 30569 



SAS 1 8 : 51 WEDNESDAY , FEBRUARY 8 ,  1 989 1 1  

OBS LOCAT ION DATE PREC IP  W IND TEMPC PONONO PONO I N  PON032 PONOL I N  PONDL32 PONOTC BNO BLEV I N  BLEV32 WAREA RAREA COEFF 

1 6 1  c l eve l and 87 1 0 1 9  0 . 02 7 7 . 4  3 7 . 9  2 289547 4993 8 . 98 

1 62 c eve l and 87 1 020 0 . 00 1 1  5 . 0  3 1 6  28 5 . 8  2 1 6  1 9  260547 4993 0 . 96 
1 63 c eve l and 87 1 02 1  0 . 00 9 2 . 9  3 1 6  1 8  4 . 3  2 1 6  1 4  260547 4993 0 . 96 
1 64 c eve l and 87 1 022 0 . 00 1 0  3 . 5  3 1 6  1 5  4 .  1 2 1 6  3 260547 4993 9 . 96 
1 65 c eve I and .87 1 023 0 . 09 6 4 . 4  3 1 6  1 4  4 . 7  2 1 5  30 260547 4993 9 . 96 
1 66 c eve l and 87 1 024 8 . 02 9 2 . 5  3 3 . 9  2 269547 4993 9 . 96 
1 67 c eve l and 871 025 9 . 00 1 2  2 . 8  3 2 . 5  2 260547 4993 0 . 96 
1 68 c eve l and 87 1 926 8 . 00 1 9  4 . 7  3 1 6  1 9  4 . 8  2 1 6  1 269547 4993 0 . 96 
1 69 c eve l and 87 1 927 0 . 80 1 3  J . 0  3 1 6  1 0  4 . 2  2 1 5  1 9  269547 4993 9 . 96 
1 70 c eve l and 87 1 028 9 . 09 5 2 . 2  3 1 6  4 2 . 2  2 1 5  3 1  269547 4993 9 . 96 
1 7 1 c eve l and 87 1 929 8 . 00 1 2  4 . 6  3 1 6  6 4 . 8  2 1 5  28 269547 4993 9 . 96 
1 72 c eve l and 87 1 039 9 . 99 6 7 . 9  3 1 5  27 6 . 4  2 1 5  28 269547 4993 9 . 96 
1 73 c eve l and 87 1 93 1  8 . 00 8 6 . 7  3 6 . 4  2 260547 4993 8 . 96 
1 74 c eve l and 87 1 1 0 1  8 . 00 8 9 . 8  3 8 . 2  2 269547 4993 0 . 96 
1 75 c eve l and 87 1 1 02 8 . 00 7 1 2 . 2  3 1 5  3 1  1 0 . 7  2 1 5  22 268547 4993 8 . 96 
1 76 c eve l an-d 87 1 1 03 . 9 . 28 1 0  1 1 . 8 3 1 5  28 1 1 . 8 2 1 5  27 269547 4993 0 . 96 

OBS DEPTH TYPE RUNCORR BNOPNO MNPREC MNTEMPC MNW I NDS CUMPREC BARLEVR PONOLEV1 PONDLEV2 PNDLEV BARLEY CUMRUN 

1 8 1  2 SOI L  l . lff38704 23 1 . 8399677 5 . 82333 9 . 83228 8 . te 1 7 .  1 2!51 1 1 . 12!58 8 . 897 1 748 
1 62 2 SO I L  9 . 99000009 23 8 . 9309677 !5 . 152333 9 . 93226 8 . 915 1 1 . !5938 1 6 . 87!58 1 8 . 8759 1 8 . !5938 8 . 007 1 748 
1 63 2 SOI L  9 . 99000000 23 0 . 9309677 5 . 62333 9 . 03226 9 . 98 1 6 . 4375 1 6 . 5625 1 6 . !5625 1 8 . 4375 8 . 001 1 148 
1 64 2 SO I L  9 :00000000 23 8 . 0309677 5 . 62333 9 . 03226 0 . 96 1 6 . 0938 1 6 . 4688 1 6 . 4688 1 6 . 9938 0 . 007 1 748 
1 65 2 SOI L  0 . 00000000 23 8 . 0309677 5 . 62333 9 . 03226 0 . 96 1 5 . 9375 1 6 . 4375 1 6 . 4375 1 5 . 9375 0 . 007 1 748 
1 66 2 SO I L  0 . 99036794 23 0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 8 . 4375 1 5 . 9375 0 . 0075428 · 
1 67 2 SO I L  0 . 00000000 23 0 . 0309677 5 . 62333 9 . 03226 8 . 96 1 6 . 4375 1 5 . 9375 9 . 8875428 
1 68 2 SO I L  0 . 99000990 23 0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 6 . 03 1 3  1 6 . 3 1 25 1 6 . 3 1 25 1 6 . 03 1 3  0 . 0075428 
1 69 2 SO I L  0 . 99000000 23 8 . 0309677 5 . 62333 9 . 03226 0 . 96 1 5 . 5938 1 6 . 3 1 25 1 6 . 3 1 25 1 5 . 5938 0 . 0075428 
1 70 2 SO I L  0 . 88000000 23 8 . 0309677 5 . 62333 9 . 83226 8 . 96 1 5 . 9688 1 6 . 1 258 1 6 . 1 258 1 5 . 9688 0 . 8075428 
1 7 1  2 SO I L  8 . 99000080 23 8 . 0309677 5 . 62333 9 . 03226 0 . 96 1 5 . 8 1 25 1 6 . 1 875 1 8 . 1 875 1 5 . 81 25 8 . 8875428 
1 72 2 SO I L  8 . 99000000 23 0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 5 . 8750 1 5 . 8438 1 5 . 8438 1 5 . 8750 0 . 0075428 
1 73 2 SO I L  0 . 00000000 23 8 . 0309677 5 . 62333 9 . 03226 0 . 96 1 5 . 8438 1 5 . 8750 0 . 0075428 
1 74 2 SO I L  0 . 00000000 23 0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 5 . 8438 1 5 . 8750 0 . 0075428 
1 75 2 SO I L  0 . 00000000 23 0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 5 . 6875 1 5 . 9688 1 5 . 9688 1 5 . 6875 0 . 0075428 
1 76 2 SO I L  0 . 005 1 5 1 1 6  23 0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 5 . 8438 1 5 . 8750 1 !5 . 8750 1 !5 . 8438 0 . 0 1 26939 

OBS BARLAG BARCH PONDLEV PONDLAG PONOCH DATELAG DAYD I F  CUMDAY WL CUABARCH CIMPONDC CUMPREC2 CUMWL 

1 6 1 1 6 . 6250 0 . 00000 1 7 . 1 1 78 1 7 .  1 1 82 -0 . 00037 1 0 1 52 5 -0 . 99037 0 . 2599 l . !5!553 0 . 39 8 . 30533 
1 62 1 6 . 6250 -0 . 03 1 25 1 6 . 8678 1 7 .  1 1 78 -0 . 25000 1 0 1 53 6 -0 . 2 1 875 0 . 2 1 88 0 . 3053 0 . 39 0 . 08658 
1 63 1 6 . 5938 -0 . 1 5625 1 6 . 5553 1 6 . 8678 -0 . 3 1 250 1 0 1 54 7 -e . 1 5625 0 . 0625 -0 . 9972 0 . 39 -0 . 06967 
1 64 1 6 . 4375 -0 . 34375 1 6 . 46 1 6  1 6 . 5553 -0 . 09375 1 0 1 55 8 0 . 25000 -0 . 28 1 3  -0 .  1 009 0 . 39 0 . 1 8033 
1 65 1 6 . 0938 -0 . 1 5625 1 6 . 4303 1 6 . 46 1 6 -0 . 03 1 25 1 0 1 56 9 0 . 1 2500 -0 . 4375 -0 . 1 322 0 . 39 0 . 30533 
1 66 1 5 . 9375 0 . 00000 1 6 . 4300 1 6 . 4303 -0 . 00037 1 0 1 57 1 0  -0 . 00037 -0 . 4375 -0 . 1 325 0 . 4 1 0 . 30496 
1 67 1 5 . 9375 0 . 00000 1 6 . 4300 1 6 . 4300 0 . 00000 1 0 1 58 1 1  0 . 00099 -0 . 4375 -0 . 1 32!5 0 . 4 1 0 . 30496 
1 68 1 5 . 9375 0 . 09375 1 6 . 3050 1 6 . 4300 -0 . 1 2500 1 0 1 59 1 2  -0 . 2 1 875 -0 . 3438 -0 . 257!5 0 . 4 1 0 . 0862 1 
1 69 1 6 . 03 1 3  -0 . 43750 1 6 . 3050 1 6 . 3050 0 . 00000 1 0 1 60 1 3  0 . 43750 -0 . 78 1 3  -0 . 2575 0 . 4 1 0 . 5237 1 
1 70 1 5 . 5938 0 . 37500 1 6 . 1 1 75 1 6 . 3050 -0 . 1 8750 1 0 1 6 1  1 4  -0 . 56250 -0 . 4063 -0 . 4450 8 . 4 1 -0 . 83879 
1 7 1  1 5 . 9688 -0 . 1 5625 1 6 . 1 800 1 6 .  1 1 75 8 . 86250 1 0 1 62 1 5  0 . 2 1 875 -0 . 5625 -8 . 3825 0 . 4 1 0 . 1 7996 
1 72 1 5 . 8 1 25 0 . 06250 1 5 . 8362 1 6 . 1 800 -8 . 34375 1 0 1 63 1 6  -0 . 40625 -8 . 5008 -8 . 7263 0 . 4 1 -8 . 22629 
1 73 1 5 . 8750 0 . 00000 1 5 . 8362 1 5 . 8362 0 . 00000 1 0 1 64 1 7  0 . 00008 -8 . 5000 -e . 7263 8 . 41 -8 . 22629 
1 74 1 5 . 8750 0 . 00000 1 5 . 8362 1 5 . 8362 0 . 00000 1 0 1 65 1 8  0 . 00000 -0 . 5000 -0 . 7263 0 . 4 1 -0 . 22629 
1 75 1 5 . 8750 -e . 1 8750 1 5 . 96 1 2  1 5 . 8362 0 . 1 2500 1 0 1 66 1 9  0 . 3 1 250 -8 . 6875 -8 . 60 1 3 0 . 4 1 0 . 0862 1 
1 76 1 5 . 6875 0 .  1 5625 1 5 . 8623 1 5 . 96 1 2  -0 . 09890 1 0 1 67 20 -0 . 255 1 5  -0 . 53 1 3  -8 . 7002 0 . 69 -8 . 1 6894 



SAS 1 8 : 5 1 WEDNESDAY , FEBRUARY 8 ,  1 989 1 2  

OBS LOCAT ION DATE PREC IP  WINO TEMPC PONDNO POND I N  POND32 POND L I N  PONDL32 PONOTC BNO BLEV I N  BLEV32 WAREA RAREA COEFF 

1 77 c l eve l ond 871 1 94 0 . 0 1 1 5  8 . 4  3 1 5  23 
1 78 e l eve l ond 871 1 95 0 . 00 1 3  3 1 5  22 
1 79 c l eve l ond 87 1 1 96 0 . 00 9 3 . 3  3 1 5  26 
1 80 c l eve l ond 871 1 07 0 . 00 7 4 .  1 3 
1 8 1  c l eve l ond 87 1 1 08 0 . ee 8 6 . 2  3 
1 82 c l eve l and 87 1 1 09 8 . 26 7 1 .  7 3 1 5  27 
1 83 c l eve l ond 871 1 1 9 0 . 09 4 0 . 6  3 1 5  23 
1 84 C l eve l and 871 1 1 1  0 . 00 4 0 . 5  3 1 5  1 4  
1 85 c l eve l ond 871 1 1 � 0 . 00 9 2 . 2  3 1 5  0 
1 86 c l eve l ond 871 1 1 3 0 . 00 7 4 . 6  3 1 5  1 3  
1 87 c l eve l ond 87 19 1 4 0 . 00 1 1  9 . 7  1 1 1  
1 88 c l eve l ond 87 1 0 1 5  0 . 37 6 9 . 7  1 
1 89 c l eve l ond 87 1 0 1 6  0 . 00 9 9 . 9  1 1 2  
1 98 c l eve l ond 87 1 0 1 7  0 . 00 , e  9 . 6  1 
1 9 1  c l eve l ond 87 1 0 1 8  0 . 00 9 8 . 5  1 
1 92 c l eve l ond 87 1 0 1 9  0 . 02 1 7 . 4 1 

OBS DEPTH TYPE RUNCORR BNOPNO MNPREC MNTEMPC MNWI NDS 

1 77 2 SO I L  0 . 000 1 e397 
1 78 2 SO I L  0 . 00000000 
1 79 2 SO I L  0 . 00000000 
1 80 2 SO I L  0 . 00000000 
1 8 1  2 SO I L  0 . 00000000 
1 82 2 SO I L  0 . 00478322 
1 83 2 SO I L  0 . 00000000 
1 84 2 SO I L  0 . 00000000 
1 85 2 SO I L  0 . 00000000 
1 86 2 SO I L  0 . 00000000 
1 87 2 SO I L  8 . 00000000 
1 88 2 SO I L  0 . 006 1 6530 
1 89 2 SO I L  0 . 00000000 
1 90 2 SO I L  0 . 00000000 
1 9 1  2 SO I L  0 . 00000000 
1 92 2 SO I L  0 . 00033326 

OBS BARLAG BARCH PONOLEV 

1 77 1 5 . 8438 0 . 06250 1 5 . 7059 
1 78 1 5 . 9063 -8 . 2 1 875 1 5 . 6746 
1 79 1 5 . 6875 -8 . 03 1 25 1 5 .  7996 
1 80 1 5 . 6563 0 . 00000 1 5 . 7996 
1 8 1  1 5 . 6563 0 . 00000 1 5 . 7996 
1 82 1 5 . 6563 -8 . 09375 1 5 . 8261 
1 83 1 5 . 5625 -8 . 03 1 25 1 5 .  70 1 1 
1 84 1 5 . 53 1 3  -0 . 09375 1 5 . 4 1 98 
1 85 1 5 . 4375 -8 . 2 1 875 1 4 . 9823 
1 86 1 5 . 2 1 88 0 . 25000 1 5 . 3886 
1 87 1 1 .  9688 
1 88 1 2 .  7500 0 . 00009 1 1 . 9626 
1 89 1 2 . 7500 0 . 3 1 250 1 2 . 275 1 
1 90 1 3 . 0625 0 . 00000 1 2 . 2751 
1 9 1  1 3 . 0625 0 . 00000 1 2 . 275 1 
1 92 1 3 . 0625 0 . 00000 1 2 . 2748 

23 0 . 0309877 5 . 62333 9 . 03226 
23 0 . 0309677 5 . 62333 9 . 03226 
23 0 . 0309677 5 . 62333 9 . 03226 
23 0 . 0309677 5 . 62333 9 . 03226 
23 0 . 0309677 5 . 62333 9 . 03226 
23 0 . 0309677 5 . 62333 9 . 03226 
23 0 . 0309677 5 . 62333 9 . 03226 
23 0 . 0309677 5 . 62333 9 . 03226 
23 0 . 0309677 5 . 62333 9 . 03226 
23 0 . 0309677 5 . 62333 9 . 03226 
31 0 . 0309677 5 . 62333 9 . 03226 
3 1  0 . 0309677 5 . 62333 9 . 03226 
3 1  0 . 0309677 5 . 62333 9 . 03226 
3 1 0 . 0309677 5 . 62333 9 . 03226 
3 1  0 . 0309677 5 . 62333 9 . 03226 
3 1  0 . 0309677 5 . 62333 9 . 03226 

PONOLAG PONDCH DATELAG DAYD I F  

1 5 . 8623 
1 5 . 7059 
1 5 . 6746 
1 5 . 7996 
1 5 . 7996 
1 5 . 7996 
1 5 . 8261  
1 5 . 70 1 1 
1 5 . 4 1 98 
1 4 . 9823 

1 1  . 9688 
1 1  . 9626 
1 2 . 2751 
1 2 . 275 1 
1 2 . 2751 

-0 . 1 5643 
-0 . 03 1 25 

0 . 1 2500 
0 . 00000 
0 . 00000 
0 . 02647 

-0 . 1 2500 
-0 . 28 1 25 
-0 . 43750 

0 . 40625 

-8 . 006 1 7  
0 . 3 1 250 
0 . 00000 
0 . 00000 

-0 . 00033 

1 0 1 68 1 
1 0 1 69 1 
1 0 1 70 1 
1 0 1 7 1  1 
1 0 1 72 1 
1 0 1 73 1 
1 0 1 74 1 
1 0 1 75 1 
1 0 1 76 1 
1 0 1 77 1 

1 0 1 48 
1 0 1 49 
1 0 1 50 
1 0 1 5 1  
1 0 1 52 

9 . 8  2 1 5  29 269547 4993 0 . H  

5 . 8  2 1 5  22 269547 4993 0 . 96 
5 .  1 2 1 5  2 1  268547 4993 0 . 96 
5 . 3  2 260547 4993 0 . 96 
5 . 4  2 2605"7 4993 9 . 96 
1 . 6 2 1 5  1 8 268547 4993 0 . 96 
1 . 6 2 1 5 1 7  268547 4993 0 . 96 
2 . 6  2 1 5  1 4  268547 4993 0 . 96 
3 . 7  2 1 5  7 268547 4993 0 . 96 
3 . 6  2 1 5  1 5  260547 4993 0 . 96 

3 1  9 . 8  3 1 2  24 262 1 38 4559 0 . 96 
9 . 8  3 282 1 38 4550 0 . 96 

9 1 8 . 2  J 1 3  2 262 1 38 4559 0 . 96 
9 . 9  J 262 1 38 4550 0 . 96 
9 . 0  J 262 1 38 4550 0 . 96 
7 . 9  3 262 1 38 4550 0 . 96 

Cl.MPREC BARLEVR PONOLEV1 PONOLEV2 PNDLEV BARLEV CUMRUN 

0 . 96 1 5 . 9063 1 5 .  7 1 88 1 5 .  7 1 88 1 5 . 9993 0 . 0 1 28779 
0 . 96 1 5 . 6875 1 5 . 6875 1 5 . 6875 1 5 . 6875 0 . 0 1 28779 
0 . 96 1 5 . 6563 1 5 . 8 1 25 1 5 . 8 1 25 1 5 . 6563 0 . 0 1 28779 
0 . 96 1 5 . 8 1 25 1 5 . 6563 0 . 0 1 28779 
0 . 96 1 5 . 8 1 25 1 5 . 6563 0 . 0 1 28779 
0 . 96 1 5 . 5625 1 5 . 8438 1 5 . 8438 1 5 . 5625 0 .  0 1 766 1 1 
0 . 96 1 5 . 53 1 3  1 5 .  7 1 88 1 5 .  7 1 88 1 5 . 53 1 3  0 . 0 1 766 1 1 
0 . 96 1 5 . 4375 1 5 . 4375 1 5 . 4375 1 5". 4375 0 . 0 1 766 1 1 
0 . 96 1 5 . 2 1 88 1 5 . 0000 1 5 . 0000 1 5 . 2 1 88 0 . 0 1 7661 1 
0 . 96 1 5 . 4688 1 5 . 4063 1 5 . 4063 1 5 . 4688 0 . 0 1 7661 1 
0 . 96 1 2 . 7500 1 1 . 9688 1 1  . 9888 1 2 . 7500 0 . 0000000 

0 . 96 1 1 . 9688 1 2 . 7500 0 . 006 1 653 
0 . 96 1 3 . 0625 1 2 . 28 1 3  1 2 . 28 1 3 1 3 . 0625 0 . 006 1 653 
0 . 96 1 2 . 28 1 3  1 3 . 0625 0 . 0061 653 
0 . 96 1 2 . 28 1 3 1 3 . 0625 0 . 006 1 653 
0 . 96 1 2 . 28 1 3  1 3 . 0625 0 . 0064986 

CUMOAY WL CUMBARCH CIMPONOC CUMPREC2 CLUWL 

2 1  -0 . 2 1 893 -8 . 4688 -8 . 8566 0 . 70 -8 . 38788 

22 0 . 1 8750 -e . 6875 -e . 8879 0 . 70 -8 . 20038 

23 0 . 1 5625 -0 . 7 1 88 -8 . 7629 0 . 70 -0 . 044 1 3 

24 0 . 00000 -8 . 7 1 88 -8 . 7629 0 . 70 -8 . 044 1 3  

25 0 . 00000 -0 . 7 1 88 -8 . 7629 0 . 70 -0 . 0441 3 

26 0 . 1 2022 -e . 8 1 25 -e . 7364 0 . 96 0 . 07609 
27 -0 . 09375 -0 . 8438 -e . 86 1 4  0 . 96 -8 . 0 1 766 
28 -0 . 1 8750 -0 . 9375 -1  . 1 427 0 . 96 -0 . 205 1 6  
29 -8 . 2 1 875 -1 . 1 563 - 1 . 5802 0 . 96 -0 . 4239 1 
39 0 . 1 5625 -8 . 9063 - 1 . 1 739 0 . 96 -8 . 26766 
0 0 . 0000 0 . 0000 0 . 00 0 . 00000 
1 -8 . 006 1 7  0 . 0000 -e . 0062 0 . 37 -e . 006 1 7  
2 0 . 00000 0 . 3 1 25 0 . 3063 0 . 37 -e . 006 1 7  
3 0 . 00000 0 . 3 1 25 0 . 3063 0 . 37 -0 . 006 1 7  
4 0 . 00000 0 . 3 1 25 0 . 3063 0 . 37 -0 . 0061 7 
5 -0 . 00033 0 . 3 1 25 0 . 3060 0 . 39 -0 . 00650 



SAS 1 8 : 5 1 WEDNESDAY , FEBRUARY 8 , 1 989 1 3 

OBS LOCA T l  ON DATE PREC I P  W IND To.Fe PONONO POND IN  PON032 PONDL I N  PONDL32 PONDTC BNO BLEVIN  BLEV32 WAREA RAREA COEFF 

1 93 c l eve l and 87 1 029 0 . ee 1 1 5 . 0  1 1 2  8 5 . 8  J 1 2  28 262 1 38 4550 0 . 98 
1 94 C eve I and 87 1 02 1  0 . 00 9 2 . 9  1 1 2 4 4 . 3  3 1 2  27 262 1 38 4550 0 . 96 
1 95 C eve l and 871 022 0 . 00 1 0  J . 5  1 1 2  4 4 . 1 3 1 2  1 8  262 1 38 4550 0 . 96 
1 96 C eve l and 87 1 023 0 . ee 6 4 . 4  1 1 2 0 4 . 7  J 1 2  20 262 1 38 4550 0 . 96 
1 97 C eve and 871 024 0 . 02 9 2 . 5  1 3 . 9  3 262 1 38 4550 0 . 96 
1 98 C eve and 87 1 025 0 . 00 1 2  2 . 8  1 2 . 5  3 262 1 38 4550 0 . 96 
1 99 C eve and 87 1 026 0 . 00 1 9  4 . 7  1 1 1  27 4 . 8  3 1 2 1 3  262 1 38 4558 8 . 96 
200 C eve and 871 027 8 . 00 1 3  3 . 8  1 1 1  22 4 . 2  3 1 2  7 282 1 38 4551 0 . 96 
201 C eve and 871 028 0 . 00 5 2 . 2  1 1 1  2 1  2 . 2 J 1 2 8 262 1 38 4558 8 . 96 
202 C eve and 87 1 029 0 . 00 1 2  4 . 6  1 1 1  1 8  4 . 8  3 1 2  J 262 1 38 4550 0 . 96 
203 C eve and 871 030 0 . ee 6 7 . 0  1 1 1  1 7  6 . 4  3 1 2  1 262 1 38 4550 0 . 96 
204 C eve and 87 1 83 1  0 . 00 8 6 . 7  1 6 . 4  3 262 1 38 4558 8 . 96 
205 C eve and 871 1 0 1  0 . 00 8 9 . 0  ' 8 . 2  3 262 1 38 4550 t . 96 
206 C eve and 87 1 1 02 0 . 00 7 1 2 . 2  1 1 I 1 5  1 0 . 7  J 1 2  2 262 1 38 4550 1 . 96 
207 C eve and 871 1 03 0 . 28 1 0  1 1 . 8  1 1 1  1 8  1 1 . 8 J 1 2  5 262 1 38 4550 8 . 96 
208 C eve and 87 1 1 04 0 . 0 1 1 5  8 . 4  1 1 1  1 5  9 . 8  3 1 1  JI 262 1 38 4550 0 . 96 

OBS DEPTH TYPE RUNCORR BNOPNO MNPREC MNTEJ.FC MNWINDS CUMPREC BARLEVR PONDLEV1 PONDLEV2 PNDLEV BARLEY CIMRUN 

. 1 93 2 SOI L  8 . ee80ee88 3 1  8 . 8309677 5 . 62333 9 . 83226 0 . 98 1 2 . 8750 1 2 . 2500 1 2 . 2500 1 2 . 8750 0 . 0064986 
1 94 2 SO I L  8 . 00000000 3 1  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 2 . 8438 1 2 . 1 250 1 2 . 1 250 1 2 . 8438 0 . 0064986 
1 95 2 SO I L  0 . 08000008 31  8 . 8309677 5 . 623J3 9 . 03226 0 . 96 1 2 . 5625 1 2 . 1 250 1 2 . 1 250 1 2 . 5625 0 . 8064986 
1 96 2 SO I L  e . 01000000 JI  0 . 0309677 5 . 62JJJ 9 . 03226 0 . 96 1 2 . 6250 1 2 . 0080 1 2 . 0000 1 2 . 6250 0 . 0064986 
1 97 2 SO I L  0 . 880JJJ26 3 1  0 . 0389677 5 . 62333 9 . 03226 0 . 96 1 2 . 0080 1 2 . 6250 8 . 00683 1 8  
1 98 2 SO I L  8 . 00000000 3 1  8 . 0309677 5 . 62333 9 . 03226 0 . 96 1 2 . 0000 1 2 . 6250 0 . 00683 1 8  
1 99 2 SO I L  0 . 00000000 31  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 2 . 4063 1 t . 8438 t t  . 8438 1 2 . 4063 0 . 00683 1 8  
200 2 SO I L  0 . 00000000 3 1  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 2 . 2 1 88 t t  . 6875 1 1 . 6875 1 2 . 2 1 88 0 . 00683 1 8  
201 2 SO I L  0 . 00000000 31  8 . 0309677 5 . 62333 9 . 03226 0 . 96 1 2 .  1 875 1 1 . 6563 1 t . 6563 1 2 .  1 875 0 . 00683 1 8  
202 2 SO I L  0 . 00000000 J 1  0 . 0309677 5 . 623JJ 9 . 03226 0 . 96 1 2 . 0938 1 1 . 5625 t t  . 5625 1 2 . 0938 0 . 00683 1 8  
203 2 SO I L  0 . 00088888 J I  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 2 . 03 1 3  1 t . 53 1 3  1 1 . 53 1 3  1 2 . 03 1 3  0 . 00683 1 8  
204 2 SO I L  0 . 00000880 31  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 t . 53 1 3  1 2 . 03 1 3  0 . 08683 1 8  
205 2 SO I L  0 . 00000000 31  0 . 0309677 5 . 62333 9 . 03226 0 . 96 t t  . 53 1 3 1 2 . 03 1 3  0 . 00683 1 8  
206 2 SO I L  0 . 00000000 31  0 . 0309677 5 . 62JJ3 9 . 03226 0 . 96 1 2 . 0625 t t  . 4688 1 t . 4688 1 2 . 0625 0 . 00683 1 8  
207 2 SO I L  8 . 00466563 31  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 2 . 1 563 1 1  . 5625 1 t .  5625 1 2 .  1 563 0 . 0 1 1 4975 
208 2 SOI L  0 . 088 1 6663 31  0 . 0309677 5 . 623JJ 9 . 03226 0 . 96 1 1 . 9375 t t  . 4688 t t  . 4688 1 t . 9375 0 . 0 1 1 6641  

OBS BARLAG BARCH PONDLEV PONDLAG PONOCH DATELAG DAYD I F  CIMDAY WL CUMBARCH CUMPONDC CUMPREC2 CUMWL 

1 93 1 3 . 0625 -e . 1 8759 1 2 . 2435 1 2 . 2748 -8 . 83 1 25 1 0 1 53 6 0 .  1 5625 0 .  1 250 8 . 2748 8 . 39 8 .  1 4975 
1 94 1 2 . 8750 -8 . 83 1 25 1 2 . 1 1 85 1 2 . 2435 -8 . 1 2500 1 0 1 54 7 -8 . 09375 0 . 0938 0 . 1 498 8 . 39 0 . 05600 

1 95 1 2 . 8438 -e . 28 1 25 1 2 .  1 1 85 1 2 .  1 1 85 0 . 00000 1 0 1 55 8 0 . 28 1 25 -e . 1 875 0 .  1 498 0 . 39 0 . 33725 
1 96 1 2 . 5625 0 . 06250 1 1 . 9935 1 2 . 1 1 85 -0 . 1 2500 1 0 1 56 9 -0 . 1 8750 -9 . 1 250 0 . 0248 0 . 39 0 . 1 4975 
1 97 1 2 . 6250 8 . 00000 1 1 . 9932 1 t . 9935 -0 . 00033 1 0 1 57 1 0  -0 . 00033 -8 . 1 250 0 . 0244 0 . 4 1 0 .  1 4942 
1 98 1 2 . 6250 0 . 00000 1 1 .  9932 t t  . 9932 0 . 00000 1 0 1 58 1 1  0 . 00000 -0 . 1 258 0 . 0244 0 . 41 0 .  1 4942 
1 99 1 2 . 6250 -9 . 2 1 875 t t  . 8369 t t  . 9932 -0 . 1 5625 1 0 1 59 1 2  0 . 06250 -8 . 3438 -8 . 1 3 1 8  0 . 4 1 0 . 2 1 1 92 
200 1 2 . 4063 -9 . 1 8750 1 1  . 6807 t t  . 8369 -0 . 1 5625 1 0 1 60 1 3  0 . 03 1 25 -e . 53 1 3  -e . 288 1 0 . 4 1 0 . 243 1 7  
20 1 1 2 . 2 1 88 -9 . 031 25 1 1  . 6494 1 1  . 6807 -9 . 03 1 25 1 0 1 6 1  1 4  0 . 00000 -8 . 5625 -8 . 3 1 93 0 . 4 1 0 . 243 1 7  
202 1 2  . 1 875 -8 . 09375 1 1 . 5557 1 1 . 6494 -0 . 09375 1 0 1 62 1 5  0 . 00000 -8 . 6563 -8 . 4 1 3 1  0 . 4 1 8 . 243 1 7  
203 1 2 . 0938 -8 . 06250 1 1 . 5244 1 1 . 5557 -0 . 03 1 25 1 0 1 63 1 6  0 . 03 1 25 -0 . 7 1 88 -8 . 4443 0 . 4 1 0 . 27442 
204 1 2 . 03 1 3  0 . 00000 1 1  . 5244 1 1 . 5244 0 . 00000 1 0 1 64 1 7  0 . 00000 -0 . 7 1 88 -8 . 4443 0 . 41 0 . 27442 
205 1 2 . 03 1 3  0 . 00000 1 1 . 5244 1 1 . 5244 0 . 00000 1 0 1 65 1 8 0 . 00000 -0 . 7 1 88 -0 . 4443 0 . 4 1 0 . 27442 
206 1 2 . 03 1 3  0 . 03 1 25 t t  . 46 1 9  t t  . 5244 -0 . 06250 1 0 1 66 1 9  -0 . 09375 -0 . 6875 -8 . 5068 0 . 4 1 0 . 1 8067 
207 1 2 . 0625 0 . 09375 1 1  . 55 1 8  1 1 .  46 1 9  0 . 08908 1 0 1 67 20 -0 . 00467 -8 . 5938 -0 . 4 1 77 0 . 69 0 . 1 7600 
208 1 2 .  1 563 -0 . 2 1 875 1 1  . 457 1 1 1 . 55 1 0  -0 . 09392 1 0 1 68 2 1  0 . 1 2483 -0 . 8 1 25 -0 . 5 1 1 7  0 . 70 0 . 30084 



SAS 1 8 : 5 1 WEDNESDAY , FEBRUARY 8 ,  1 989 1 4  

OBS LOCA T l  ON DATE PREC I P  W I ND TEMPC PONDNO POND I N  POND32 PONDL I N  PONDL32 PONDTC BNO BLEV IN  BLEV32 WAREA RAREA COEFF 

299 c l eve l and 871 1 95 9 . ee 1 3  1 1 1  1 9 5 . 8  3 1 1  27 2621 38 4559 9 . 96 
2 1 0  c l eve l and 871 1 06 9 . ee 9 3 . 3  1 1 1 5 5 .  1 J 1 1  2 1  262 1 38 4550 9 . 96 
2 1 1 c l eve l and 871 1 07 0 . ee 1 4 .  1 1 5 . 3  3 262 1 38 4550 0 . 96 
2 1 2  c l eve l and 87 1 1 08 0 . 00 8 6 . 2  1 5 . 4  3 ' 252 1 38 4550 0 . 96 
2 1 3  c l eve l and 871 1 09 0 . 26 7 1 .  7 1 . 1 1  J 1 . 6 3 1 1  29 262 1 38 4550 0 . 96 
2 1 4  c l eve l and 871 1 1 0 0 . 00 4 9 . 6  1 1 1  3 1 .  6 3 1 1  1 9  262 1 38 4550 0 . 96 
2 1 5  c l eve l and 871 1 1 1  0 . 00 4 0 . 5  1 1 1  20 2 . 6  3 1 1  1 4  262 1 38 4550 0 . 96 
2 1 6  c l eve l and 871 1 1 2 0 . 00 9 2 . 2  1 1 0  3 1  3 . 7  3 1 1  1 4  262 1 38 4559 0 . 96 
2 1 7  c l eve l and 87 1 1 1 3 0 . 00 1 4 . 6  1 1 1  0 3 . 6  3 1 1  1 5  262 1 38 4550 0 . 96 
2 1 8  c l eve l and 87 1 0 1 4  0 . 00 1 1  9 . 7  2 1 8  23 9 . 8  3 1 5  1 1  25909 1 4809 0 . 96 
2 1 9  c l eve l and 87 1 0 1 5  0 . 37 6 9 . 7  2 9 . 8  3 25909 1 4809 0 . 96 
220 c l eve l and 87 1 01 6  0 . 00 9 9 . 9  2 1 9 1 1  1 0 . 2  3 1 5  23 25909 1 4809 9 . 96 
221  C l eve l and 87 1 0 1 7  0 . 00 1 8  9 . 6 2 9 . 9  3 25909 1 4809 0 . 96 
222 c l eve l and 87 1 0 1 8  0 . 00 9 8 . 5  2 9 . 0  3 25909 1 4809 0 . 96 
223 c l eve l and 87 1 0 1 9  0 . 02 1 7 . 4  2 7 . 9  3 25909 1 4809 0 . 96 
224 C l e ve l and 87 1 029 · 0 . 00 1 1  5 . 0  2 1 9  1 2  5 . 8  3 1 5  1 7  25909 1 4899 0 . 96 

OBS DEPTH TYPE RUNCORR 8NOPNO MNPREC MNTEMPC MNW I NDS CUMPREC BARLEVR PONDLEV1 PON0LP:V2 PNDLP:V l!IAIRP:V Cl.MRUN 

209 2 SOI L  9 . 0ee0ee09 31  9 . 0309677 5 . 62333 9 . 03226 0 . 96 1 1 . 8438 1 1 . 5938 1 1 .  5938 1 1 . 8438 0 . 0 1 1 664 1 
2 1 0  2 SO I L  0 . 00000000 3 1  0 . 9309677 5 . 62333 9 . 03226 0 . 96 1 1 .  6563 1 1  . 1 563 1 1  . 1 563 1 1 . 6563 0 . 0 1 1 664 1 
2 1 1 2 SO I L  9 . 00000000 31  8 . 0309677 5 . 62333 9 . 03226 0 . 96 1 1 .  1 563 1 1 . 6563 0 . 8 1 1 664 1 
2 1 2  2 SO I L  0 . 00000000 3 1  8 . 0309677 5 . 62333 9 . 03226 0 . 96 1 1 .  1 563 1 1 . 6563 0 . 0 1 1 554 1 
2 1 3  2 SO I L  0 . 00433237 3 1  0 . 9309677 5 . 62333 9 . 03226 0 . 96 1 1 . 6250 1 1 . 9938 1 1  . 0938 1 1 . 6250 0 . 0 1 59965 
2 1 4  2 SO I L  0 . 00000000 3 1  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 1 . 5938 1 1 . 0938 1 1  . 0938 1 1 . 5938 0 . 0 1 59965 
2 1 5  2 SO I L  0 . 00000008 31 9 . 0309677 5 . 62333 9 . 03226 0 . 96 1 1 . 4375 1 1 .  6259 1 1 .  6250 1 1 . 4375 9 . 0 1 59965 
2 1 6  2 SOI L  0 . 00000009 31  8 . 0309677 5 . 62333 9 . 03226 0 . 96 1 1 . 4375 1 0 . 9688 1 9 . 9688 1 1 . 4375 0 . 0 1 59955 
2 1 7  2 SO I L  0 . 00000000 31  0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 1 . 4688 1 1 . 0000 1 1 . 0000 1 1 . 4688 0 . 9 1 59965 
2 1 8  2 SO I L  0 . 00000000 32 0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 5 . 3438 1 8 .  7 1 88 1 8 . 7 1 88 1 5 . 3438 0 . 0000000 
2 1 9  2 SO I L  0 . 00659288 32 0 . 0309677 5 . 62333 9 . 93226 0 . 96 1 8 . 7 1 88 1 5 . 3438 0 . 0065929 
220 2 SO I L  0 . 00000000 32 0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 5 . 7 1 88 1 9 . 3438 1 9 . 3438 1 5 . 7 1 88 0 . 0065929 
22 1  2 SO I L 0 . 00000000 32 0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 9 . 3438 1 5 . 7 1 88 0 . 0065929 
222 2 SO I L  0 . 00000000 32 0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 9 . 3438 1 5 .  7 1 88 0 . 0065929 
223 2 SO I L 0 . 00035637 32 0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 9 . 3438 1 5 . 7 1 88 0 . 0069493 
224 2 SO I L  0 . 00000000 32 0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 5 . 53 1 3 1 9 . 3750 1 9 . 3750 1 5 . 53 1 3  0 . 0069493 

OBS BARLAG BARCH PONDLEV PONDLAG PONDCH DATELAG DAYD I F'  CUMDAY WL CUMBARCH CUMPONDC CUMPREC2 CIMWL 

209 1 1 . 9375 -9 . 09375 1 1 . 5821  1 1 . 4571 0 . 1 2500 1 0 1 99 1 22 0 . 2 1 875 -e . 9063 -e . 3867 9 . 71 9 . 5 1 959 
2 1 0  1 1 . 8438 -e . 1 8750 1 1  . 1 446 1 1  . 582 1 -0 . 43750 1 0 1 70 1 23 -0 . 25000 -1 . 0938 -e . 8242 0 . 70 0 . 26959 
2 1 1 1 1 . 6563 0 . 00000 1 1  . 1 446 1 1 . 1 446 0 . 00000 1 0 1 7 1 1 24 0 . 00000 -1 . 0938 -0 . 8242 0 . 70 0 . 26959 
2 1 2  1 1 . 6563 0 . 00000 1 1 .  1 446 1 1  . 1 446 0 . 00000 1 0 1 72 1 25 0 . 00000 -1 . 0938 -0 . 8242 0 . 79 0 . 26959 
2 1 3  1 1 . 6563 -0 . 031 25  1 1 . 0778 1 1  . 1 446 -0 . 06683 1 0 1 73 1 26 -0 . 03558 - 1 . 1 250 -0 . 89 1 0  0 . 96 0 . 23400 
2 1 4  1 1 . 6250 -0 . 031 25 1 1 . 0778 1 1 . 8778 0 . 00000 1 0 1 74 1 27 8 . 03 1 25 -1 . 1 563 -0 . 89 1 8  0 . 96 0 . 26525 
2 1 5  1 1 . 5938 -0 . 1 5625 1 1 . 6090 1 1 . 0778 0 . 53 1 25 1 0 1 75 1 28 0 . 68750 - 1 . 3 1 25 -0 . 3597 0 . 96 0 . 95275 
2 1 6  1 1 . 4375 0 . 00000 1 0 . 9528 1 1 . 6090 -0 . 65625 1 0 1 76 1 29 -8 . 65625 -1 . 3 1 25 -1 . 0 1 60 0 . 96 0 . 29650 
2 1 7  1 1 . 4375 0 . 031 2 5  1 0 . 9840 1 0 . 9528 0 . 03 1 25 1 0 1 77 1 30 0 . 00000 - 1 . 28 1 3  -0 . 9847 0 . 96 0 . 29650 
2 1 8  1 8 . 7 1 88 0 0 . 0000 0 . 0000 0 . 00 0 . 00000 
2 1 9  1 5 . 3438 0 . 00000 1 8 .  7 1 22 1 8 . 7 1 88 -0 . 00659 1 0 1 48 1 -0 . 00659 0 . 0000 -9 . 0066 0 . 37 -0 . 00659 
220 1 5 . 3438 0 . 37500 1 9 . 3372 1 8 . 7 1 22 0 . 62500 1 0 1 49 2 0 . 25000 9 . 3759 8 . 6 1 84 9 . 37 9 . 2434 1 
22 1 1 5 .  7 1 88 8 . 00000 1 9 . 3372 1 9 . 3372 0 . 00000 1 0 1 50 3 0 . 00000 0 . 3750 0 . 6 1 84 0 . 37 0 . 2434 1 
222 1 5 .  7 1 88 0 . 00000 1 9 . 3372 1 9 . 3372 0 . 00000 1 0 1 5 1  4 0 . 00000 0 . 3750 0 . 6 1 84 0 . 37 0 . 24341 
223 1 5 .  7 1 88 0 . 00000 1 9 . 3368 1 9 . 3372 -9 . 00036 1 0 1 52 5 -0 . 00036 0 . 3750 9 . 6 1 8 1  9 . 39 0 . 24305 
224 1 5 . 7 1 88 -0 . 1 8750 1 9 . 368 1 1 9 . 3368 0 . 03 1 25 1 0 1 53 6 0 . 2 1 875 0 . 1 875 0 . 6493 0 . 39 0 . 46 1 80 



SAS 1 8 : 5 1 WEDNESDAY , FEBRUARY 8 ,  1 989 1 5 

OBS LOCAT I ON  DATE PREC I P  W INO TEMPC PONONO PONO I N  PON032 PONOL I N  PONOL32 PONOTC BNO SLEV I N  BLEV32 WAREA RAREA COEFF 

225 c l eve l and 871 02 1 0 . 00 9 2 . 9  2 1 8  27 4 . 3  3 1 5  1 9  25999 1 4809 0 . 96 
226 c l eve l and 87 1 022 0 . 00 1 0  3 . 5  2 1 9  2 4 .  1 3 1 4  3 1  25909 1 4809 8 . 96 
227 c l eve l and 87 1 023 0 . 00 6 4 . 4  2 1 8  28 4 . 7  3 1 4  28 25989 1 4889 8 . 96 
228 c l eve l and 871 824 0 . 02 9 2 . 5  2 3 . 9  3 25909 1 4889 8 . 96 
229 c l eve l and 871 025 0 . 00 1 2  2 . 8  2 2 . 5  3 25909 1 4889 8 . 96 
238 c l eve l and 871 026 8 . 80 1 9  4 . 7  2 1 8  38 4 . 8  3 1 4  23 25989 1 4809 0 . 96 
231 C l eve l and 871 027 0 . 00 1 3  3 . 0  2 1 8  24 4 . 2  3 1 4  1 6  25989 1 4809 8 . 96 
232 c l eve l and 87 1 028 0 . 00 5 2 . 2  2 1 8  1 4  2 . 2  3 1 4  1 6  25909 1 4809 8 . 96 
233 c l eve l ond 871 029 0 . 00 1 2  4 . 6  2 1 8  1 0  4 . 8  3 1 4  1 4  25909 1 4809 8 . 96 
234 c l eve l and 871 830 0 . 00 6 7 . 0  2 1 8  1 3  6 . 4  3 1 4  1 4  25909 1 4889 , 8 . 96 
235 c l eve l ond 87 1 83 1  0 . 00 8 6 . 7  2 6 . 4  3 25989 1 4889 t . 96 
236 c l eve l and 871 1 81 0 . 00 8 9 . 0  2 8 . 2  3 25909 1 4809 8 . 96 
237 c l eve l and 871 1 02 0 . 00 7 1 2 . 2  2 1 8  1 4  1 0 . 7  3 1 4  1 1  25909 1 4889 8 . 96 
238 c l eve l and 871 1 03 8 . 28 1 8  1 1 . 8 2 1 8  1 8  1 1 . 8 3 1 4  1 3  25989 1 4889 8 . 96 
239 c l eve l and 87 1 1 04 8 . 8 1 1 5  8 . 4  2 1 8  8 9 . 8  3 1 4  6 25909 1 4889 8 . 96 
240 c l eve l ond 87 1 1 05 8 . 80 1 3  2 1 8  20 5 . 8  3 1 3  3 1  25909 1 4809 8 . 96 

OBS DEPTH TYPE RUNCORR BNOPNO MNPREC MNTEMPC MNWINDS CUMPREC BARLEVR PONDLEV1 PONOLEV2 PNDLEV BARLEY CIMRUN 

225 2 SO I L  8 . 00000008 32 0 . 0309677 5 . 62333 9 . 03228 8 . 96 1 5 . 3 1 25 1 8 . 8438 1 8 . 8438 1 5 . 3 1 25 8 . 0069493 
226 2 SO I L  8 . 08000000 32 0 . 0309677 5 . 62333 9 . 83226 0 . 96 1 4 . 9688 1 9 . 8625 1 9 . 8625 1 4 . 9688 0 . 8069493 
227 2 SO I L  0 . 88800000 32 0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 4 . 8750 1 8 . 8758 1 8 . 8758 1 4 . 8758 0 . 0069493 
228 2 SO I L  8 . 80835637 32 0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 8 . 8758 1 4 . 8750 8 . 8873056 
229 2 SO I L  0 . 00800000 32 0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 8 . 8758 1 4 . 8758 8 . 0873056 
230 2 SO I L  8 . 00000000 32 0 . 0309677 5 . 62333 9 . 03226 8 . 96 1 4 .  7 1 88 1 8 . 9375 1 8 . 9375 1 4 .  7 1 88 8 . 0073056 
231 2 SO I L  8 . 00000000 32 0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 4 . 5000 1 8 . 7500 1 8 . 7500 1 4 . 5000 8 . 0073056 
232 2 SO I L  8 . 00000000 32 8 . 0309677 5 . 62333 9 . 03226 0 . 96 1 4 . 5000 1 8 . 4375 1 8 . 4375 1 4 . 5800 8 . 0073056 
233 2 SO I L  0 . 00000000 32 0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 4 . 4375 1 8 . 3 1 25 1 8 . 3 1 25 1 4 . 4375 8 . 0073056 
234 2 SO I L  0 . 00000000 32 8 . 0309677 5 . 62333 9 . 03226 0 . 96 1 4 . 4375 1 8 . 4063 1 8 . 4863 1 4 . 4375 8 . 0073056 
235 2 SO I L  0 . 00000000 32 8 . 0309677 5 . 62333 9 . 03226 8 . 96 1 8 . 4063 1 4 . 4375 0 . 0073056 
236 2 SO I L  8 . 00000000 32 0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 8 . 4063 1 4 . 4375 8 . 0073056 
237 2 SO I L  8 . 00000000 32 8 . 0309677 5 . 62333 9 . 03226 0 . 96 1 4 . 3438 1 8 . 4375 1 8 . 4375 1 4 . 3438 8 . 0073056 
238 2 SO I L  0 . 0049892 1 32 0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 4 . 4063 1 8 . 5625 1 8 . 5625 1 4 . 4863 0 . 0 1 22948 
239 2 SO I L  0 . 000 1 78 1 9  32 0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 4 . 1 875 1 8 . 2500 1 8 . 2508 1 4 . 1 875 0 . 0 1 24730 
240 2 SO I L  0 . 00000000 32 0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 3 . 9688 1 8 . 6250 1 8 . 6250 1 3 . 9688 0 . 0 1 24730 

OBS BARLAG BARCH PONDLEV PONDLAG PONOCH DATELAG DAYOI F CUMOAY WL CUMBARCH CIMPONOC CUMPREC2 CUMWL 

225 1 5 . 53 1 3  -e . 2 1 875 1 8 . 8368 1 9 . 368 1 -8 . 53 1 25 1 0 1 54 1 7 -8 . 3 1 258 -8 . 03 1 3  8 . 1 1 81 8 . 39 0 . 1 4930 
226 1 5 . 3 1 25 -e . 34375 1 9 . 0556 1 8 . 8368 0 . 2 1 875 1 0 1 55 1 8 8 . 56250 -0 . 3758 8 . 3368 8 . 39 8 .  1 1 1 80 
227 1 4 . 9688 -e . 09375 1 8 . 868 1 1 9 . 0556 -e .  1 8750 1 0 1 56 1 9 -e . 09375 -8 . 4688 8 . 1 493 0 . 39 0 . 6 1 805 
228 1 4 . 8750 0 . 00000 1 8 . 8677 1 8 . 868 1 -0 . 00036 1 0 1 57 1 1 0  -0 . 00036 -8 . 4688 8 . 1 489 0 . 4 1 0 . 6 1 769 
229 1 4 . 8750 0 . 00000 1 8 . 8677 1 8 . 8677 0 . 00000 1 0 1 58 1 1 1  0 . 00000 -8 . 4688 0 . 1 489 8 . 4 1 0 . 6 1 769 
230 1 4 . 8750 -0 . 1 5625 1 8 . 9302 1 8 . 8677 0 . 06250 1 0 1 59 1 1 2  0 . 2 1 875 -0 . 6258 8 . 2 1 1 4  8 . 4 1 0 . 83644 
231  1 4 . 7 1 88 -0 . 2 1 875 1 8 . 7427 1 8 . 9302 -0 . 1 8750 1 0 1 60 1 1 3  0 . 03 1 25 -0 . 8438 8 . 0239 0 . 4 1 0 . 86769 
232 1 4 . 5000 0 . 00000 1 8 . 4302 1 8 . 7427 -0 . 3 1 250 1 0 1 6 1  1 1 4  -0 . 3 1 250 -0 . 8438 -e . 2886 0 . 4 1 0 . 555 1 9  
233 1 4 . 5000 -e . 06250 1 8 . 3052 1 8 . 4302 -0 . 1 2500 1 0 1 62 1 1 5  -e . 06250 -8 . 9063 -e . 41 36 8 . 4 1 0 . 49269 
234 1 4 . 4375 0 . 00000 1 8 . 3989 1 8 . 3052 0 . 09375 1 0 1 63 1 1 6  0 . 09375 -8 . 9063 -8 . 3 1 98 0 . 4 1 0 . 58644 
235 1 4 . 4375 0 . 00000 1 8 . 3989 1 8 . 3989 0 . 00000 1 0 1 64 1 1 7  0 . 80000 -8 . 9063 -e . 31 98 8 . 4 1 0 . 58644 
236 1 4 . 4375 0 . 00000 1 8 . 3989 1 8 . 3989 0 . 00000 1 0 1 65 1 1 8  0 . 00000 -8 . 9063 -e . 3 1 98 8 . 4 1 0 . 58644 
237 1 4 . 4375 -e . 09375 1 8 . 4302 1 8 . 3989 0 . 03 1 25 1 0 1 66 1 1 9  0 . 1 2500 -1 . 0000 -e . 2886 0 . 4 1 0 . 7 1 1 44 
238 1 4 . 3438 0 . 06'250 1 8 . 5502 1 8 . 4302 0 .  1 200 1 1 0 1 67 1 20 0 . 0575 1 -8 . 9375 -e . 1 685 0 . 69 8 . 76896 
239 1 4 . 4063 -e . 2 1 875 1 8 . 2375 1 8 . 5502 -e . 3 1 268 1 0 1 68 1 2 1  -0 . 09393 -1 . 1 563 -8 . 48 1 2  0 . 78 8 ; 67503 
240 1 4 .  1 875 -8 . 2 1 875 1 8 . 6 1 25 1 8 . 2375 0 . 37500 1 0 1 69 1 22 0 . 59375 -1 . 3750 -e . 1 062 0 . 70 1 . 26878 



SAS 1 8 : 5 1 WEDNESDAY , FEBRUARY 8 ,  1 989 1 6  

OBS LOCA T l  ON DATE PREC IP  W IND TEMPC PONONO PONO I N  PON032 PONOL I N  PONOL32 PONOTC BNO BLEV I N  BLEV32 WAREA RAREA COEFF 

241 c l eve l and 871 1 06 0 . 00 9 3 . 3  2 1 8  5 5 .  1 3 1 3  28 25909 1 4809 0 . 96 
242 c l eve l and 87 1 1 07 0 . 00 7 4 . 1 2 5 . 3  3 25909 1 4809 0 . 96 
243 c l eve l and 87 1 1 08 0 . 00 8 6 . 2 2 5 . 4  3 25909 1 4809 0 . 96 
244 c l eve l and 87 1 1 09 0 . 26 7 1 .  7 2 1 7  27 1 . 6 3 1 3  26 25909 1 4809 0 . 96 
245 c l eve l and 871 1 1 0 0 . 00 4 0 . 6  2 1 7  28 1 . 6 3 1 3  26 25909 1 4809 0 . 96 
246 C l eve l and 87 1 1 1 1  0 . 00 4 0 . 5  2 1 8  3 2 . 6  3 1 3  24 25909 1 4809 0 . 96 
247 c l eve l and 871 1 1 2 0 . 00 9 2 . 2  2 1 7  25 3 . 7  3 1 3  2 1  25909 1 4809 9 . 96 
248 c l eve l and 87 1 1 1 3 0 . 00 7 4 . 6  2 1 7  29 3 . 6  3 1 3  2 1  259091 4809 9 . 96 
249 c l eve l and 87 1 0 1 4  0 . 90 1 1  9 . 7  3 1 6  1 8  9 . 8  3 1 6  30 260547 4993 9 . 96 
250 c l eve l and 87 1 0 1 5  9 . 37 6 9 . 7  3 9 . 8  3 269547 4993 0 . 96 
251 c l eve l and 87 1 0 1 6  9 . 00 9 9 . 9  3 1 7 4 1 0 . 2  3 1 7  1 3  260547 4993 9 . 96 
252 c l eve l and 87 1 0 1 7  9 . 90 1 0  9 . 6  3 9 . 9  3 269547 4993 9 . 96 
253 C l eve l and 87 1 9 1 8  9 . 99 9 8 . 5  3 9 . 9  3 260547 4993 0 . 96 
254 c l eve l and 871 9 1 9  0 . 02 7 7 . 4  3 7 . 9  3 268547 4993 9 . 96 
255 c l eve l and 87 1 020 0 . 00 1 1  5 . 0  3 1 6  28 5 . 8  3 1 7  1 1  260547 4993 9 . 96 
256 c l eve l and 87 1 02 1  9 . 00 9 2 . 9  3 1 6  1 8  4 . 3  3 1 6  22 260547 4993 9 . 96 

OBS DEPTH TYPE RUNCORR 8NOPNO MNPREC MNTEMPC MNW I NDS CUMPREC BARLEVR PONDLEV1  PONDLEV2 PNDLEV BARLEY CUMRUN 

241  2 SOI L  8 . 00000000 32 9 . 9309677 5 . 62333 9 . 03226 9 . 96 1 3 . 8750 1 8 . 1 563 1 8 . 1 563 1 3 . 8759 9 . 9 1 24739 
242 2 SOI L  0 . 00000000 32 9 . 0309677 5 . 62333 9 . 03226 0 . 96 1 8 .  1 563 1 3 . 8750 0 . 0 1 24730 
243 2 SOI L  0 . 00000000 32 0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 8 . 1 563 1 3 . 8750 0 . 0 1 24730 
244 2 SO I L  0 . 00463284 32 0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 3 . 8 1 25 1 7 . 8438 1 7 . 8438 1 3 . 8 1 25 0 . 0 1 7 1 059 
245 2 SOI L  0 . 00000000 32 0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 3 . 8 1 25 1 7 . 8750 1 7 . 8750 1 3 .  8 1 25 0 . 0 1 7 1 059 
246 2 SOI L  0 . 00000000 32 0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 3 . 7500 1 8 . 0938 1 8 . 0938 1 3 . 7500 0 . 0 1 7 1 059 
247 2 SOI L  0 . 00000000 32 0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 3 . 6563 1 7 . 78 1 3  1 7 . 78 1 3  1 3 . 6563 0 . 0 1 7 1 059 
248 2 SO I L  0 . 00000000 32 0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 3 . 6563 1 7 . 9063 1 7 . 9063 1 3 . 6563 0 . 0 1 7 1 059 
249 2 SOI L  0 . 00000000 33 0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 6 . 9375 1 6 . 5625 1 6 . 5625 1 6 . 9375 0 . 0000000 
250 2 SOI L  0 . 00680689 33 0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 6 . 5625 1 6 . 9375 0 . 0068069 
25 1 2 SO I L  0 . 00000000 33 0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 7 . 4063 1 7  . 1 250 1 7  . 1 250 1 7 . 4063 0 . 0068069 
252 2 SOI L  0 . 00000000 33 0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 7  . 1 250 1 7 . 4063 0 . 0068069 
253 2 SOI L  0 . 00000000 33 0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 7  . 1 250 1 7 . 4063 0 . 0068069 
254 2 SOI L  0 . 00036794 33 0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 7  . 1 250 1 7 . 4063 0 . 0071 748 
255 2 SOI L  0 . 00000000 33 0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 7 . 3438 1 6 . 8759 1 6 . 8750 1 7 . 3438 0 . 007 1 748 
256 2 SO I L  0 . 00000000 33 0 . 0309677 5 . 62333 9 . 03226 0 . 96 1 6 . 6875 1 6 . 5625 1 6 . 5625 1 6 . 6875 0 . 007 1 748 

OBS BARLAG BARCH PONOLEV PONDLAG PONOCH DATELAG DAYD I F  CUMOAY WL ClMBARCH CUMPONOC CI.WREC2 CUMWL 

241  1 3 . 9688 -8 . 09375 18 . 1 438 1 8 . 6 1 25 -8 . 46875 1 0 1 70 1 23 -0 . 37500 -1 . 4688 -8 . 5750 9 . 79 9 . 89378 
242 1 3 . 8750 0 . 00000 1 8 . 1 438 1 8 . 1 438 0 . 00000 1 0 1 7 1  1 24 0 . 00000 -1 . 4688 -8 . 5750 0 . 79 0 . 89378 
243 1 3 . 8750 0 . 00000 1 8 . 1 438 1 8 . 1 438 0 . 00000 1 0 1 72 1 25 0 . 00000 -1 . 4688 -8 . 5750 9 . 70 0 . 89378 
244 1 3 . 8750 -8 . 06250 1 7 . 8266 1 8 .  1 438 -0 . 3 1 7 1 3  1 0 1 73 1 26 -0 . 25463 -1 . 53 1 3  -e . 892 1 0 . 96 0 . 639 1 4 
245 1 3 . 8 1 25 0 . 00000 1 7 . 8579 1 7 . 8266 0 . 031 25 1 0 1 74 1 27 0 . 03 1 25 -1 . 53 1 3  -8 . 8609 0 . 96 0 . 67039 
246 1 3 . 8 1 25 -0 . 06250 1 8 . 0766 1 7 . 8579 0 . 2 1 875 1 0 1 75 1 28 0 . 28 1 25 -1 . 5938 -8 . 642 1 0 . 96 0 . 95 1 64 
247 1 3 . 7500 -8 . 09375 1 7 . 764 1 1 8 . 0766 -0 . 3 1 250 1 0 1 76 1 29 -0 . 2 1 875 -1 . 6875 -8 . 9546 0 . 96 0 . 73289 
248 1 3 . 6563 0 . 00000 1 7 . 889 1 1 7 . 764 1 0 . 1 2500 1 0 1 77 1 30 0 . 1 2500 - 1 . 6875 -8 . 8296 0 . 96 0 . 85789 
249 1 6 . 5625 0 0 . 0000 0 . 0000 0 . 00 0 . 00000 
250 1 6 . 9375 0 . 00000 1 6 . 5557 1 6 . 5625 -0 . 0068 1 1 0 1 48 1 -0 . 0068 1 0 . 0000 -9 . 0968 0 . 37 -9 . 0068 1 
251 1 6 . 9375 0 . 46875 1 7 .  1 1 82 1 6 . 5557 0 . 56250 1 0 1 49 2 0 . 09375 0 . 4688 0 . 5557 0 . 37 0 . 08694 
252 1 7 . 4063 0 . 00000 1 7 .  1 1 82 1 7 . 1 1 82 0 . 00000 1 0 1 50 3 0 . 00000 0 . 4688 0 . 5557 0 . 37 0 . 08694 
253 1 7 . 4063 0 . 0e000 1 7 .  1 1 82 1 7 .  1 1 82 0 . 00000 1 0 1 5 1  4 0 . 00000 0 . 4688 9 . 5557 0 . 37 0 . 08694 
254 1 7 . 4063 0 . 00000 1 7 .  1 1 78 1 7 . 1 1 82 -0 . 00037 1 0 1 52 5 -0 . 00037 0 . 4688 9 . 5553 0 . 39 0 . 08658 
255 1 7 . 4063 -8 . 06250 1 6 . 8678 1 7 .  1 1 78 -0 . 25000 1 0 1 53 6 -0 . 1 8750 0 . 4063 0 . 3053 0 . 39 -0 . 1 0092 
256 1 7 . 3438 -0 . 65625 1 6 . 5553 1 6 . 8678 -0 . 3 1 250 1 0 1 54 7 0 . 34375 -0 . 2500 -8 . 0072 0 . 39 0 . 24283 
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OBS LOCAT ION DATE PREC I P  WINO TEt.FC PONONO PONO I N  PON032 PONDLIN  PONOL32 PONOTC BNO BLEV IN  BLEV32 WAREA RAREA COErr 

257 e eve l and 87 1 022 0 . 00 
258 e eve l and 871 023 0 . 00 
259 c eve l ond 87 1 024 0 . 02 
260 e eve l ond 871 025 0 . 00 
261  e eve l and 87 1 026 0 . 00 
262 e eve l ond 87 1 027 0 . 00 
263 c eve l ond 87 1 028 0 . 00 
264 e eve l ond 87 1 029 0 . 00 
265 e eve l and 871 030 0 . 00 
266 e eve l and 87 1 03 1  0 . 00 
267 e eve l and 87 1 1 0 1  0 . 00 
268 c eve l and 871 1 02 0 . 00 
269 c eve l ond 871 1 03 0 . 28 
270 e eve l and 871 1 04 0 . 01 
271  c eve l and 871 1 05 8 . 00 
272 e eve l ond 871 1 06 0 . 00 

1 0  3 . 5  
6 4 . 4  
9 2 . 5  
1 2  2 . 8  
1 9  4 . 7  
1 3  3 . 0  
5 2 . 2  
1 2  4 . 6  
6 7 . 0  
8 6 . 7  
8 9 . 8  
7 1 2 . 2  
1 0  1 1 .  8 
1 5  8 . 4  
1 3  
9 3 . 3  

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

1 6  
1 6  

1 6  
1 5 
1 6  
1 6  
1 5  

1 5  
1 5  
1 5  
1 5  
1 5  

1 5  
1 4  

1 0  
1 0  
4 
6 

27 

31 
28 
23 
22 
26 

4 .  1 
4 . 7  
3 . 9  
2 . 5  
4 . 8  
4 . 2  
2 . 2  
4 . 8  
6 . 4  
6 . 4  
8 . 2  

1 0 . 7  
1 1 . 8 
9 . 8  
5 . 8  
5 .  1 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

1 6  
1 6  

1 6  
1 6  
1 6  
1 6  
1 6  

1 6  
1 6  
1 6  
1 6  
1 6  

31  
28 

. 

24 
22 
23 
22 
1 8  

1 8 
1 9  
1 5  
9 
7 

260547 4993 8 . 96 
260547 4993 8 . 96 
268547 4993 8 . 96 
268547 4993 8 . 96 
260547 4993 8 . 96 
260547 - 4993 8 . 96 
268547 4993 8 . 96 
260547 4993 8 . 96 
260547 4993 8 . 96 
268547 4993 8 . 96 
260547 4993 0 . 96 
260547 4993 8 . 96 
260547 4993 8 . 96 
260547 4993 0 . 96 
260547 4993 8 . 96 
260547 4993 8 . 96 

OBS DEPTH TYPE RUNCORR BNOPNO MNPREC MNTEt.FC MNWI NOS ClMPREC BARLEVR PONOLEV1 PONDLEV2 PNOLEV BARLEV CUMRUN 

257 
258 
259 
260 
261  
262 
263 
264 
265 
266 
267 
268 
269 
270 
271 
272 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

SO I L  8 . 00000980 
SO I L  8 . 00000000 
SO I L  0 . 00036794 
SO I L  0 . 00000000 
SO I L  0 . 00000000 
SO I L  0 . 00000000 
SO I L  0 . 00000000 
SO I L  0 . 00000000 
SO I L  0 . 00000000 
SO I L  0 . 00000098 
SO I L  0 . 00000000 
SO I L  0 . 00000000 
SO I L  0 . 005 1 5 1 1 6  
SO I L  0 . 000 1 8397 
SO I L 0 . 00000000 
SO I L  0 . 00000000 

33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 
33 

8 . 0309677 5 . 62333 9 . 03226 
8 . 0309677 5 . 62333 9 . 03226 
0 . 0309677 5 . 62333 9 . 03226 
0 . 0309677 5 . 62333 9 . 03226 
0 . 0309677 5 . 62333 9 . 03226 
0 . 0309677 5 . 62333 9 . 03226 
0 . 0309677 5 . 62333 9 . 03226 
0 . 0309677 5 . 62333 9 . 03226 
0 . 0309677 5 . 62333 9 . 03226 
0 . 0309677 5 . 62333 9 . 03226 
0 . 0309677 5 . 62333 9 . 03226 
0 . 0309677 5 . 62333 9 . 03226 
0 . 0309677 5 . 62333 9 . 03226 
0 . 0309677 5 . 62333 9 . 03226 
0 . 0309677 5 . 62333 9 . 03226 
0 . 0309677 5 . 62333 9 . 03226 

0 . 98 
0 . 96 
0 . 96 
0 . 96 
0 . 96 
0 . 96 
0 . 96 
0 . 96 
0 . 96 
0 . 96 
0 . 96 
0 . 96 
0 . 96 
0 . 96 
0 . 96 
0 . 96 

HI . 9688 1 6 .  4688 
1 6 . 8 1 25 1 6 . 4375 

1 6 . 7500 1 6 . 3 1 25 
1 6 . 6875 1 6 . 3 1 25 
1 6 . 7 1 88 1 6 . 1 250 
1 6 . 6875 1 6 . 1 875 
1 6 . 5625 1 5 . 8438 

1 6 . 5000 1 5 . 9688 
1 6 . 5938 1 5 . 8750 
1 6 .  4688 1 5 .  7 1 88 
1 6 . 281 3 1 5 . 6875 
1 6 . 2 1 88 1 5 . 8 1 25 

1 6 . 4688 1 6 . 9688 8 . 007 1 748 
1 6 . 4375 1 6 . 8 1 25 8 . 007 1 748 
1 6 . 4375 1 6 . 8 1 25 0 . 0075428 
1 6 . 4375 1 6 . 8 1 25 0 . 0075428 
1 6 . 3 1 25 1 6 . 7500 0 . 0075428 
1 6 . 3 1 25 1 6 . 6875 0 . 0075428 
1 6 . 1 250 1 6 . 7 1 88 0 . 0875428 
1 6 . 1 875 1 6 . 6875 0 . 0075428 
1 5 . 8438 1 6 . 5625 0 . 0075428 
1 5 . 8438 1 6 . 5625 8 . 0075428 
1 5 . 8438 1 6 . 5625 0 . 0075428 
1 5 . 9688 1 6 . 5008 0 . 0075428 
1 5 . 8750 1 6 . 5938 0 . 0 1 26939 
1 5 . 7 1 88 1 6 . 4688 0 . 0 1 28779 
1 5 . 6875 1 6 . 28 1 3  0 . 0 1 28779 
1 5 . 8 1 25 1 6 . 2 1 88 0 . 0 1 28779 

OBS BARLAG BARCH 

0 . 281 25 
-0 . 1 5625 

0 . 00000 
0 . 00000 

-0 . 06250 

PONDLEV PONOLAG PONOCH OATELAG OAYO I F  CUMOAY WL CUMBARCH CUMPONOC CUMPREC2 CUMWL 

257 
258 
259 
260 
261  
262 
263 
264 
265 
266 
267 
268 
269 
270 
27 1  
272 

1 6 . 6875 
1 6 . 9688 
1 6 . 8 1 25 
1 6 . 8 1 25 
1 6 . 8 1 25 
1 6 . 7500 
1 6 . 6875 
1 6 .  7 1 88 
1 6 . 6875 
1 6 . 5625 
1 6 . 5625 
1 6 . 5625 
1 6 . 5000 
1 6 . 5938 
1 6 . 4688 
1 6 . 28 1 3  

-0 . 06250 
0 . 031 25 

-0 . 03 1 25 
-0 . 1 2500 

0 . 00000 
0 . 00000 

-0 . 06250 
0 . 09375 

-0 . 1 2500 
-0 . 1 8750 
-0 . 06250 

1 6 . 46 1 6  
1 6 . 4303 
1 6 . 4300 
1 6 . 4300 
1 6 . 3050 
1 6 . 3050 
1 6 .  1 1 75 
1 6 . 1 800 
1 5 . 8362 
1 5 . 8362 
1 5 . 8362 
1 5 . 96 1 2  
1 5 . 8623 
1 5 . 7059 
1 5 . 6746 
1 5 . 7996 

1 6 . 5553 -0 . 09375 
1 6 . 46 1 6  -0 . 03 1 25 
1 6 . 4303 -0 . 00037 
1 6 . 4300 0 . 00000 
1 6 . 4300 -0 . 1 2500 
1 6 . 3050 0 . 00000 
1 6 . 3050 -0 . 1 8750 
1 6 . 1 1 75 0 . 06250 
1 6 . 1 800 · -0 . 34375 
1 5 . 8362 0 . 00000 
1 5 . 8362 0 . 00000 
1 5 . 8362 0 . 1 2500 
1 5 . 96 1 2  -0 . 09890 
1 5 . 8623 -0 . 1 5643 
1 5 . 7059 -0 . 03 1 25 
1 5 . 6746 0 . 1 2500 

1 0 1 55 
1 0 1 56 
1 0 1 57 
1 0 1 58 
1 0 1 59 
1 0 1 60 
1 0 1 6 1  
1 0 1 62 
1 0 1 63 
1 0 1 64 
1 0 1 65 
1 0 1 66 
1 0 1 67 
1 0 1 68 
1 0 1 69 
1 0 1 70 

8 
9 

1 0  
1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
20 
2 1 
22 
23 

-0 . 37500 
0 . 1 2500 

-0 . 00037 
0 . 00000 

-0 . 06250 
0 . 06250 

-0 . 2 1 875 
0 . 09375 

-0 . 2 1 875 
0 . 00000 
0 . 00000 
0 . 1 8750 

-0 . 1 9265 
-0 . 03 1 43 

0 . 1 5625 
0 . 1 8750 

0 . 03 1 25 
-0 . 1 2500 
-0 . 1 2500 
-0 . 1 2500 
-0 . 1 8750 
-0 . 25000 
-0 . 2 1 875 
-0 . 25000 
-0 . 37500 
-0 . 37500 
-0 . 37500 
-0 . 43750 
-0 . 34375 
-0 . 46875 
-0 . 65625 
-0 . 7 1 875 

-8 . 1 009 
-e .  1 322 
-8 . 1 325 
-e .  1 325 
-0 . 2575 
-8 . 2575 
-8 . 4450 
-8 . 3825 
-8 . 7263 
-8 . 7263 
-8 . 7263 
-8 . 60 1 3  
-8 . 7002 
-0 . 8566 
-0 . 8879 
-0 . 7629 

8 . 39 
0 . 39 
0 . 41 
0 . 4 1 
0 . 4 1 
0 . 4 1 
0 . 4 1 
0 . 4 1 
0 . 4 1 
0 . 4 1 
0 . 4 1 
0 . 4 1 
0 . 69 
8 . 78 
0 . 78 
0 . 70 

-8 . 1 32 1 7  
-0 . 007 1 7 
-0 . 00754 
-0 . 00754 
-0 . 07004 
-0 . 00754 
-8 . 22629 
-0 . 1 3254 
-0 . 35 1 29 
-8 . 35 1 29 
-0 . 35 1 29 
-0 . 1 6379 
-0 . 35644 
-0 . 38788 
-0 . 23 1 63 
-0 . 044 1 3  
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OBS LOCAT ION DATE 

273 c l eve l and 87 1 1 17 
274 c l eve l and 87 1 1 08 
275 c l eve l and 87 1 1 09 
276 C l eve l and 871 1 1 0 
277 c l eve l and 871 1 1 1  
278 c l eve l and 871 1 1 2 
279 c l eve l and 87 1 1 1 3 
280 c l eve l and 87 1 0 1 4  
281 c l eve l and 87 1 0 1 �  
282 c l eve l ond 87 1 0 1 6  
283 c l eve l and 871 0 1 7 
284 c l eve l and 87 1 0 1 8  
285 c l eve l and 87 1 0 1 9  
286 c l eve l and 87 1 020 
287 c l eve l and 87 1 02 1  
288 c l eve l and 87 1 022 

PREC IP  W INO TEMPC PONDNO POND I N  POND32 PONOL I N  PONDL32 PONDTC BNO BLEV I N  BLEV32 WAREA RAREA COErF 

0 . 00 7 4 . 1 3 5 . 3  3 260547 4993 0 . 98 
0 . 00 8 6 . 2  3 5 . 4  3 260547 4993 0 . 98 
0 . 26 7 1 . 7 3 1 5  27 1 . 6 3 1 6  2 260547 4993 0 . 96 
0 . 00 4 0 . 6  3 1 5  23 1 . 6 3 1 6  4 260547 4993 8 . 96 
0 . 00 4 0 . 5  3 1 5  1 4  2 . 6  3 1 6  0 260547 4993 0 . 96 
0 . 00 9 2 . 2  3 1 5  0 3 . 7  3 1 6  2 260547 4993 0 . 98 
0 . 00 7 4 . 6  3 1 5  1 3  3 . 6  3 1 6  0 260547 4993 0 . 96 
0 . 00 1 1  9 . 7  2 1 8  23 9 . 8  4 25909 1 4809 0 . 96 
8 . 37 6 9 . 7  2 9 . 8  4 25909 1 4809 0 . 96 
0 . 08 9 9 . 9  2 1 9  1 1  1 0 . 2  4 1 4  25 25909 1 4809 0 . 96 
0 . 00 1 8  9 . 6  2 9 . 9  4 25909 1 4809 0 . 98 
0 . 00 9 8 . 5  2 9 . 0  4 25909 1 4809 e . 96 
0 . 82 7 7 . 4  2 7 . 9  4 25909 1 4809 0 . 96 
0 . 00 1 1  5 . e  2 1 9  1 2  5 . 8  4 1 4  1 e  25969 1 4809 0 . 96 
0 . 00 9 2 . 9  2 1 8  27 4 . 3  4 1 4  16 · 25909 1 4889 0 . 96 
0 . 00 1 0  3 . 5  2 1 9  2 4 . 1 4 1 4  1 5  25909 1 4809 8 . 96 

OBS DEPTH TYPE RUNCORR BNOPNO MNPREC MNTEMPC MNWINOS CUMPREC BARLEVR PONOLEV1  PONOLEV2 PNOLEV BARLEY 

273 
274 
275 
276 
277 
278 
279 
280 
281 
282 
283 
284 

285 
286 
287 
288 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
i 
2 
2 
2 
2 

OBS BARLAG 

SOI L  
SO I L  
SO I L  
SO I L  
SO I L  
SO I L  
SO I L  
SO I L  
SO I L  
SO I L  
SO I L  
SOI L  
SO I L  
sc : ;_  
SOI L  
SOI L 

e . eee00eee 
e . 00000000 
1 . 00478322 
0 . 00000000 
e . 00000000 
0 . 00000000 
0 . 00000000 
0 . 00000000 
0 . 00659288 
0 . 00000000 
e . 00000000 
0 . 00000000 
8 . 0003�1}J7 
e . eee00000 
0 . 00000000 
0 . 00000000 

33 
33 
33 
33 
33 
33 
33 
42 
42 
42 
42 
42 
�2 
42 
42 
42 

0 . 0309677 
0 . 0309677 
0 . 0309677 
0 . 0309677 
0 . 0309677 
0 . 0309677 
0 . 0309677 
0 . 0309677 
0 . 0309677 
0 . 0309677 
0 . 0309677 
e . 0309677 
0 . 83095;, 
0 . 0309677 
9 . 0309677 
0 . 0309677 

5 . 62333 9 . 03226 
5 . 62333 9 . 03226 
5 . 62333 9 . 03226 
5 . 62333 9 . 03226 
5 . 62333 9 . 03226 
5 . 62333 9 . 03226 
5 . 62333 9 . 03226 
5 . 62333 9 . 03226 
5 . 62333 9 . 03226 
5 . 62333 9 . 03226 
5 . 62333 9 . 03226 
5 . 62333 9 . 03226 
• e � 1 1 1  n a 1 � � c  
� • Q4:,J,JJ ;, • V.J'-'-v 

5 . 62333 9 . 03226 
5 . 62333 9 . 03226 
5 . 62333 9 . 03226 

0 . 96 
0 . 96 
0 . 96 
0 . 96 
0 . 96 
0 . 96 
0 . 96 
0 . 96 
0 . 96 
0 . 96 
0 . 96 
0 . 96 
� . �6 
9 . 96 
9 . 96 
0 . 96 

PONDLEV PONDLAG PONOCH OATELAG DAYD l r  CUMDAY 

1 6 . 9625 1 5 . 8438 
1 6 . 1 259 1 5 .  7 1 88 
1 6 . 0000 1 5 . 4375 
1 6 . 0625 1 5 . 0000 
1 6 . 0000 1 5 . 4063 

1 8 . 7 1 88 

1 4 . 78 1 3  1 9 . 3438 

1 .; , 5000 1 9 . 3750 
1 4 . 5000 1 8 . 8438 
1 4 . 4688 1 9 . 0625 

1 5 . 8 1 25 
1 5 . 8 1 25 
1 5 . 8438 
1 5 . 7 1 88 
1 5 . 4375 
1 5 . 0000 
1 5 . 4063 
1 8 .  7 1 88 
1 8 .  7 1 88 
1 9 . 3438 
1 9 . 3438 
1 9 . 3438 
1 9 . 3438 
1 9 . 3750 
1 8 . 8438 
1 9 . 0625 

1 6 . 2 1 88 
1 6 . 2 1 88 
1 6 . 0625 
1 6 . 1 250 
1 6 . 8000 
1 8 . 0625 
1 8 . 0000 
1 3 . 6563 
1 3 . 6563 
1 4 . 78 1 3  
1 4 . 78 1 3  
1 4 . 78 1 3  
1 4 . 78 1 3  
1 4 . 5080 
1 4 . 5000 
1 4 . 4688 

CUMBARCH CUMPONOC CUMPREC2 CUMWL 

CUMRUN 

1 . 0 1 28779 
0 . 0 1 28779 
0 . 0 1 766 1 1 
0 . 0 1 766 1 1 
0 . 0 1 766 1 1 
0 . 0 1 766 1 1 
0 . 0 1 766 1 1 
0 . 0000000 
0 . 0065929 
0 . 0065929 
0 . 0065929 
8 . 0065929 
0 . 0069493 
0 . 0069493 
9 . 0069493 
0 . 0069493 

273 
274 
275 
276 
277 
278 
279 
280 
281 
282 
283 
284 
285 
286 
287 
288 

1 6 . 2 1 88 
1 6 . 2 1 88 
1 6 . 2 1 88 
1 6 . 0625 
1 6 . 1 250 
1 6 . 0000 
1 6 . 0625 

BARCH 

0 . 00000 
0 . 80808 

1 5 . 7996 
1 5 . 7996 
1 5 . 8261 
1 5 .  70 1 1 
1 5 . 4 1 98 
1 4 . 9823 
1 5 . 3886 
1 8 .  7 1 88 
1 8 . 7 1 22 
1 9 . 3372 
1 9 . 3372 
1 9 . 3372 
1 9 . 3368 
1 9 . 368 1 
1 8 . 8368 
1 9 . 0556 

1 5 . 7996 
1 5 . 7996 
1 5 . 7996 
1 5 . 826 1 
1 5 .  701 1 
1 5 . 4 1 98 
1 4 . 9823 

0 . 00090 
0 . 00000 
0 . 02647 

1 0 1 7 1  
1 0 1 72 
1 0 1 73 
1 0 1 74 
1 0 1 75 
1 0 1 76 
1 0 1 77 

1 
1 
1 
1 
1 
1 
1 

24 
25 
26 
27 
28 
29 
39 

WL 

0 . 00000 
0 . 00000 
0 . 1 8272 

-9 . 7 1 875 -8 . 7829 9 . 78 
9 . 78 
0 . 96 
0 . 96 
0 . 96 
0 . 96 
0 . 96 
0 . 00 
0 . 37 
0 . 37 
8 . 37 
e . 37 
0 . 39 
0 . 39 
0 . 39 
0 . 39 

-8 . 0441 3  

1 3 . 6563 
1 3 . 6563 
1 4 . 78 1 3  
1 4 . 78 1 3  
1 4 . 78 1 3 
1 4 . 78 1 3 
1 4 . 5000 
1 4 . 5000 

-8 . 1 5625 
0 . 06250 

-0 . 1 2500 
0 . 06250 

-8 . 06250 

9 . 00000 
1 . 1 2500 
8 . 00000 
0 . 00000 
0 . 00i00 

-0 . 28 1 25 
0 . 00000 

-8 . 03 1 25 

1 8 .  7 1 88 
1 8 .  71 22 
1 9 . 3372 
1 9 . 3372 
1 9 . 3372 
1 9 . 3368 
1 9 . 3681 
1 8 . 8368 

-0 . 1 2500 
-0 . 28 1 25 
-8 . 43750 

0 . 40625 

-8 . 00659 
0 . 62500 
0 . 00000 
0 . 00000 

-8 . 00036 
0 . 03 1 25 

-0 . 53 1 25 
0 . 2 1 875 

1 0 1 48 
1 0 1 49 
1 0 1 50 
1 0 1 5 1  
1 0 1 52 
1 0 1 53 
1 0 1 54 
1 0 1 55 

1 
1 
1 
1 
1 
1 
1 
1 

0 
1 
2 
3 
4 
5 
6 
7 
8 

-0 . 1 8750 
-0 . 1 5625 
-e . 50000 

0 . 46875 

-8 . 00659 
-0 . 50000 

0 . 00000 
0 . 00000 

-8 . 00036 
0 . 3 1 250 

-0 . 53 1 25 
0 . 25000 

-e .  7 1 875 
-0 . 87500 
-0 . 81 250 
-e . 93750 
-e . 87500 
-0 . 93750 

0 . 00000 
9 . 00000 
1 . 1 2500 
1 .  1 2500 
1 . 1 2500 
1 . 1 2500 
0 . 84375 
0 . 84375 
0 . 8 1 250 

-e . 7629 
-8 . 7364 
-e . 861 4 
-1 . 1 427 
-1 . 5892 
-1 . 1 739 

0 . 8000 
-8 . 0066 

9 . 6 1 84 
9 . 6 1 84 
0 . 6 1 84 
9 . 6 1 8 1  
9 . 6493 
0 . 1 1 8 1  
0 . 3368 

-8 . 944 1 3  
0 . 1 3859 

-8 . 0489 1 
-8 . 2051 6 
-8 . 7051 6 
-8 . 2364 1 

0 . 00000 
-8 . 00659 
-e . 50659 
-e . 50659 
-e . 50659 
-e . 50695 
-e . 1 9445 
-0 . 72570 
-0 . 47570 



SAS 1 8 : 51 WEDNESDAY , FEBRUARY 8 ,  1 989 1 9  

OBS LOCAT ION 

289 c l eve f ond 
290 c eve f ond 
29 1 c eve f ond 
292 c eve f and 
293 c eve l ond 
294 c eve l ond 
295 c eve l ond 
296 c eve l ond 
297 c eve l ond 
298 c eve l ond 
299 c eve l ond 
300 c eve l ond 
30 1 c eve l ond 
302 c eve l ond 
303 c eve l ond 
304 c eve l ond 

DATE PREC I P  WIND TEMPC PONDNO POND I N  POND32 PONDL IN  PONDL32 PONDTC BNO BLEVI N  8LEV32 WAREA RAREA 

87 1 823 8 . 88 
87 1 024 0 . 02 
871 025 0 . 00 
87 1 026 0 . 00 
87 1 027 0 . 00 
87 1 028 0 . 00 
87 1 029 0 . 00 
871 030 0 . 00 
87 1 03 1  0 . 00 
811 1 0 1  8 . 00 
871 1 02 0 . 00 
87 1 1 03 0 . 28 
871 1 04 0 . 0 1 
871 1 05 0 . 00 
871 1 06 0 . 00 
87 1 1 07 0 . 00 

6 4 . 4  
9 2 . 5  
1 2  2 . 8  
1 9  4 . 7  
1 3  3 . 0  
5 2 . 2  
1 2  4 . 6  
e 1 . 0  
8 6 . 7  
8 9 . 0  
7 1 2 . 2  
1 8  1 1 .  8 
1 5  8 . 4  
1 3  
9 3 . 3  
7 4 . 1 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

1 8  

1 8  
1 8  
1 8  
1 8  
1 8  

1 8  
1 8  
1 8  
1 8  
1 8  

28 

30 
24 
1 4  
1 0  
1 3  

1 4  
1 8  
8 

20 
5 

4 . 7  
3 . 9  
2 . 5  
4 . 8  
4 . 2  
2 . 2  
4 . 8  
6 . 4  
6 . 4  
8 . 2  

1 0 . 7  
1 1 . 8 
9 . 8 
5 . 8  
5 . 1  
5 . 3  

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

1 4  

1 3  
1 4  
1 3  
1 3  
1 3  

. 
1 3  
1 3  
1 3  
1 3  
1 3  

1 2 

28 
1 0  
24 
20 
22 

22 
25 
20 
1 6  
1 4  

25909 1  4809 
25909 1 4809 
25909 1 4809 
25909 1 4809 
25909 1 4809 
25909 1 4809 
25909 1 4809 
25909 1 4809 
25989 1 4809 
25989 1 4809 
25989 1 4809 
25909 1 4809 
25989 1 4809 
25909 1 4809 
25989 1 4809 
25909 1 4809 

OBS COEF'F' DEPTH TYPE RUNCORR BNOPNO MNPREC MNTEMPC MNW I NDS ClMPREC BARLEVR PONDLEV1 PONDLEV2 PNDLEV BARLEY 

289 8 . 98 
2�� 0 . 9t 
29 1 0 . 95 
292 0 . 96 
293 0 . 96 
294 0 . 96 
295 0 . 96 
296 0 . 96 
297 0 . 96 
298 0 . 96 
299 0 . 96 
300 8 . 96 
30 1 0 . 96 
302 0 . 96 
303 0 . 96 
304 0 . 96 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

$OI L 8 . ee,111eee 
SO I L  8 . 0803564 
SOI L  0 . 8000000 
SOI L 0 . 8000000 
SOI L  0 . 0000000 
SO I L  8 . 0000000 
SO I L  0 . 0000000 
SOI L  0 . 0000000 
SO I L  0 . 0000000 
SOI L  0 . 0000000 
SOI L 0 . 0000000 
SOI L  0 . 0049892 
SO I L  0 . 000 1 782 
SOI L  8 . 0000909 
SO I L  0 . 0000000 
SOI L  0 . 0000000 

42 
4'£ 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 

9 . 8309677 5 . 62333 
� . ;3�;0;7 � - 0�3jj 
0 . 0309677 5 . 62333 
0 . 0309677 5 . 62333 
0 . 0309677 5 . 62333 
0 . 0309677 5 . 62333 
0 . 0309677 5 . 62333 
0 . 0309677 5 . 62333 
0 . 0309677 5 . 62333 
0 . 0309677 5 . 62333 
0 . 0309677 5 . 62333 
0 . 0309677 5 . 62333 
0 . 0309677 5 . 62333 
0 . 0309677 5 . 62333 
0 . 0309677 5 . 62333 
0 . 0309677 5 . 62333 

9 . 0323 
; , ;323 
9 . 0323 
9 . 0323 
9 . 0323 
9 . 0323 
9 . 0323 
9 . 0323 
9 . 0323 
9 . 0323 
9 . 0323 
9 . 0323 
9 . 0323 
9 . 0323 
9 . 0323 
9 . 0323 

,u,e 
9 . 96 
0 . 96 
0 . 96 
0 . 96 
0 . 96 
0 . 96 
0 . 96 
0 . 96 
0 . 96 
0 . 96 
0 . 96 
0 . 96 
0 . 96 
0 . 96 
0 . 96 

1 4 . 3758 

1 3 . 8 1 25 
1 4 . 3 1 25 
1 3 . 7500 
1 3 . 6250 
1 3 . 6875 

1 3 . 6875 
1 3 . 78 1 3  
1 3 . 6250 
1 3 . 5000 
1 3 . 4375 

1 8 . 875 

1 8 . 938 
1 8 . 759 
1 8 . 438 
1 8 . 3 1 3  
1 8 . 406 

1 8 . 438 
1 8 . 563 
1 8 . 259 
1 8 . 625 
1 8 . 1 56 

1 8 . 8751 1 4 . 3758 
1 8 . 8750 1 4 . 3750 
1 8 . 8750 1 4 . 3750 
1 8 . 9375 1 3 . 8 1 25 
1 8 .  7508 1 4 . 3 1 25 
1 8 . 4375 1 3 . 7500 
1 8 . 3 1 25 1 3 . 6250 
1 8 . 4063 1 3 . 6875 
1 8 . 4863 1 3 . 6875 
1 8 . 4063 1 3 . 6875 
1 8 . 4375 1 3 . 6875 
1 8 . 5625 1 3 . 78 1 3  
1 8 . 2500 1 3 . 6250 
1 8 . 6250 1 3 . 5000 
1 8 . 1 563 1 3 . 4375 
1 8 . 1 563 1 3 . 4375 

OBS CUMRUN BARLAG BARCH PONDLEV PONDLAG PONDCH DATELAG DAYD I F'  CUMDAY WL CUMBARCH CUMPONDC CUMPREC2 CUIML 

289 0 . 0069493 1 4 . 4688 -8 . 09375 1 8 . 868 1 1 9 . 0556 -8 . 1 8750 
290 0 . 0073056 1 4 . 3750 8 . 00008 1 8 . 8677 1 8 . 868 1 -8 . 00036 
29 1 0 . 0073056 1 4 . 3750 0 . 00000 1 8 . 8677 1 8 . 8677 0 . 00000 
292 0 . 0073056 1 4 . 3750 -8 . 56250 1 8 . 9302 1 8 . 8677 0 . 06250 
293 0 . 0073056 1 3 . 8 1 25 0 . 50000 1 8 . 7427 1 8 . 9302 -0 . 1 8750 
294 0 . 0073056 1 4 . 3 1 25 -0 . 56250 1 8 . 4302 1 8 . 7427 -0 . 3 1 250 
295 0 . 0073056 1 3 . 7500 -0 . 1 2500 1 8 . 3052 1 8 . 4302 -0 . 1 2500 
296 0 . 0073056 1 3 . 6250 0 . 06250 1 8 . 3989 1 8 . 3052 0 . 09375 
297 0 .  0073056 1 3 .  6875 8 .  00000 1 8 .  3989 1 8  .. 3989 0 .  00000 
298 0 . 0073056 1 3 . 6875 0 . 00000 1 8 . 3989 1 8 . 3989 0 . 00000 
299 0 . 0073056 1 3 . 6875 0 . 00000 1 8 . 4302 1 8 . 3989 0 . 03 1 25 
300 0 . 0 1 22948 1 3 . 6875 8 . 09375 1 8 . 5502 1 8 . 4302 0 . 1 200 1 
30 1 0 . 0 1 24730 1 3 . 78 1 3 -8 . 1 5625 1 8 . 2375 1 8 . 5502 -0 . 3 1 268 
302 0 . 0 1 24730 1 3 . 6250 -0 . 1 2500 1 8 . 6 1 25 1 8 . 2375 0 . 37500 
303 0 . 0 1 24738 1 3 . 5000 -8 . 06250 1 8 . 1 438 1 8 . 6 1 25 -0 . 46875 
304 0 . 0 1 24730 1 3 . 4375 0 . 00000 1 8 . 1 438 1 8 . 1 438 0 . 00000 

1 0 1 56 
1 0 1 57 
1 0 1 58 
1 0 1 59 
1 0 1 60 
1 0 1 6 1  
1 0 1 62 
1 0 1 63 
1 0 1 64 
1 0 1 65 
1 0 1 66 
1 0 1 67 
1 0 1 68 
1 0 1 69 
1 0 1 70 
1 0 1 7 1  

9 
1 0  
1 1  
1 2  
1 3  
1 4 
1 5  
1 6  
1 7  
1 8  
1 9  
20 
2 1  
22 
23 
24 

-8 . 89375 
-0 . 00036 

0 . 00000 
0 . 62500 

-0 . 68750 
0 . 25000 
0 . 00000 
0 . 03 1 25 
0 . 00000 
0 . 00000 
0 . 03 1 25 
0 . 02626 

-8 . 1 5643 
0 . 50000 

-0 . 40625 
0 . 00000 

8 .  7 1 88 8 . 1 493 
0. 7 1 88 8 . 1 489 
0 .  7 1 88 e . 1 489 
9 . 1 563 8 . 2 1 1 4  
0 . 6563 9 . 9239 
0 . 0938 -8 . 2886 

-0 . 03 1 3  -8 . 4 1 36 
8 . 03 1 3  -8 . 3 1 98 
0 . 03 1 3  -8 . 3 1 98 
0 . 03 1 3  -8 . 3 1 98 
0 . 03 1 3  -8 . 2886 
8 . 1 258 -8 . 1 685 

-8 . 03 1 3  -8 . 48 1 2  
-8 . 1 563 -8 . 1 062 
-0 . 2 1 88 -0 . 5750 
-0 . 2 1 88 -0 . 5750 

9 . 39 
0 , 4 1 
9 . 41 
9 . 4 1 
9 . 4 1 
9 . 4 1 
0 . 4 1 
9 . 4 1 
9 . 4 1 
9 . 4 1 
8 . 41 
9 . 89 
e . 1e 
8 . 10 
e . 10 
0 . 70 

-8 . 56945 
-8 . 5698 1 
-8 . 5698 1 

0 . 055 1 9  
-8 . 6323 1  
-8 . 3823 1  
-8 . 3823 1  
-8 . 35 1 06 
-8 . 35 1 06 
-8 . 35 1 06 
-8 . 3 1 98 1  
-8 . 29354 
-8 . 44997 

0 . 05003 
-0 . 35622 
-0 . 35622 



SAS 1 8 : 5 1 WEDNESDAY , FEBRUARY 8 ,  1 989 20 

OBS LOCAT ION DATE PREC IP  WINO TEMPC PONONO PONO IN PON032 PONOL IN  PONOL32 PONOTC BNO BLEV I N  BLEV32 WAREA RAREA 

305 C eve  and 87 1 1 08 0 . 00 8 6 . 2  2 5 . 4  4 25909 1 4809 
306 C eve and 871 1 09 0 . 26 7 1 .  7 2 1 7  27 1 . 6 4 1 3  9 25909 1 4809 
307 C eve and 87 1 1 1 0 0 . 00 4 0 . 6  2 1 7  28 1 . 6 4 1 3  1 3  25909 1 4809 
308 C eve and 87 1 1 1 1  0 . 00 4 0 . 5  2 1 8  3 2 . 6  4 1 3  1 0  25909 1 4809 
309 C eve and 871 1 1 2 0 . 00 9 2 . 2  2 1 7  25 3 . 7  4 1 3  1 2 25909 1 4809 
3 1 0  C eve and 87 1 1 1 3 0 . 00 7 4 . 6  2 1 7  29 3 . 6  4 1 3  1 3  25909 1 4809 
3 1 1 C eve and 871 0 1 4  0 . 00 1 1  9 . 7  3 1 6  1 8  9 . 8  4 260547 4993 
3 1 2  C eve and 87 1 0 1 5 0 . 37 6 9 . 7  3 9 . 8  4 260547 4993 
3 1 3  C eve and 87 1 0 1 6 0 . 00 9 9 . 9  3 1 7  4 1 0 . 2  4 1 6  8 260547 4993 
3 1 4  C eve  and 87 1 0 1 7  0 . 00 1 0  9 . 6  3 9 . 9  4 260547 4993 
3 1 5  C eve  and 87 1 0 1 8  0 . 00 9 8 . 5  3 9 . 0  4 260547 4993 
3 1 6  C eve and 871 0 1 9  0 . 02 7 7 . 4  3 7 . 9  4 260547 4993 
3 1 7  C eve  and  87 1 020 0 . 00 1 1  5 . 0  3 1 6  28 5 . 8  4 HS 0 260547 4993 
3 18  e eve  and 87 1 02 1  0 . 00 9 2 . 9  3 1 6  1 8  4 . 3  4 1 5  27 260547 4993 
3 1 9  C eve  and 87 1 022 0 . 00 1 0  3 . 5  3 1 6  1 5  4 .  1 4 1 5  23 260547 4993 
320 C eve and 87 1 023 0 . 00 6 4 . 4  3 1 6  1 4  4 . 7  4 1 5 1 4  260547 4993 

OBS COEFF DEPTH TYPE RUNCORR BNOPNO MNPREC MNTEMPC MNWINOS CUMPREC BARLEVR PONOLEV1 PONOLEV2 PNDLEV BARLEV Cu.ARLIN 

305 0 . 96 2 SOI L  8 . 000000 42 e . 0309677 5 . 62333 9 . 0323 0 . 96 1 8 . 1 563 1 3 . 4375 0 . 0 1 2473 
306 0 . 96 2 SOI L  0 . 004633 42 0 . 0309677 5 . 62333 9 . 0323 0 . 96 1 3 . 28 1 3  1 7 . 844 1 7 . 8438 1 3 . 28 1 3  0 . 0 1 7 1 06 
307 0 . 96 2 SOI L  0 . 000000 42 0 . 0309677 5 . 62333 9 . 0323 0 . 96 1 3 . 4063 1 7 . 875 1 7 . 8750 1 3 . 4063 0 . 0 1 7 1 06 
308 0 . 96 2 SOI L  0 . 000000 42 0 . 0309677 5 . 62333 9 . 0323 0 . 96 1 3 . 3 1 25 1 8 . 094 1 8 . 0938 1 3 . 3 1 25 e . 0 1 1 1 06 
309 0 . 96 2 SOI L  8 . 000000 42 0 . 0309677 5 . 62333 9 . 0323 0 . 96 1 3 . 3750 1 7 . 78 1  1 7 . 78 1 3  1 3 . 3750 0 . 0 1 7 1 06 
3 1 0  0 . 96 2 SOI L  0 . 000000 42 0 . 0309677 5 . 62333 9 . 8323 0 . 96 1 3 . 4063 1 7 . 906 1 7 . 9063 1 3 . 4063 0 . 0 1 7 1 06 
3 1 1 0 . 96 2 SOI L  0 . 000000 43 0 . 0309677 5 . 62333 9 . 0323 0 . 96 1 6 . 563 1 6 . 5625 1 6 . 0000 0 . 000000 
3 1 2  0 . 96 2 SOI L  0 . 006807 43 e . 0309677 5 . 62333 9 . 0323 0 . 96 1 6 . 5625 1 6 . 0000 0 . 006807 
3 1 3 0 . 96 2 SOI L  0 . 000000 43 0 . 0309677 5 . 62333 9 . 0323 0 . 96 1 6 . 2500 1 7 .  1 25 1 7  . 1 250 1 6 . 2500 0 . 006807 
3 1 4 0 . 96 2 SOI L  0 . 000000 43 0 . 0309677 5 . 62333 9 . 0323 0 . 96 1 7  . 1 250 1 6 . 2500 0 . 006807 
3 1 5  0 . 96 2 SOI L  8 . 000000 43 8 . 0309677 5 . 62333 9 . 0323 0 . 96 1 7  . 1 250 1 6 . 2500 0 . 006807 
3 1 6 0 . 96 2 SOI L  8 . 000368 43 8 . 0309677 5 . 62333 9 . 0323 0 . 96 1 7  . 1 250 1 6 . 2500 8 . 007 1 75 
3 1 7  0 . 96 2 SOI L  0 . 000000 43 0 . 0309677 5 . 62333 9 . 0323 0 . 96 1 6 . 0000 1 6 . 875 1 6 . 8750 1 6 . 0000 0 . 007 1 75 
3 1 8  0 . 96 2 SOI L  0 . 000000 43 0 . 0309677 5 . 62333 9 . 0323 0 . 96 1 5 . 8438 1 6 . 563 1 6 . 5625 1 5 .  8438 0 . 001 1 15 
3 1 9  0 . 96 2 SOI L  0 . 000000 43 0 . 0309677 5 . 62333 9 . 0323 0 . 96 1 5 . 7 1 88 1 6 . 469 1 6 . 4688 1 5 .  7 1 88 0 . 007 1 75 
320 0 . 96 2 SOI L  0 . 000000 43 0 . 0309677 5 . 62333 9 . 0323 0 . 96 1 5 . 4375 1 6 . 438 1 6 . 4375 1 5 . 4375 0 . 0071 75 

OBS BARLAG BARCH PONOLEV PONOLAG PONOCH OATELAG DAYO I F CUMOAY WL CI.MBARCH Cl.M'ONOC CI.IMPREC2 CUMWL 

305 1 3 . 4375 e . eee9e 1 8 . 1 438 1 8 . 1 438 0 . 00000 1 0 1 72 25 0 . 90000 -9 . 2 1 88 -9 . 5750 1 . 71 -9 . 35622 
306 1 3 . 4375 -0 . 1 5625 1 7 . 8266 1 8 . 1 438 -0 . 3 1 7 1 3  1 0 1 73 26 -0 . 1 6088 -e . 3750 -e . 892 1 0 . 96 -8 . 5 1 7 1 1 
307 1 3 . 28 1 3  8 . 1 2580 1 7 . 8579 1 7 . 8266 0 . 03 1 25 1 0 1 74 27 -0 . 09375 -9 . 2500 -e . 8609 0 . 96 -0 . 6 1 086 
308 1 3 . 4063 -e . 09375 1 8 . 0766 1 7 . 8579 0 . 2 1 875 1 0 1 75 28 0 . 3 1 250 -0 . 3438 -e . 642 1 0 . 96 -0 . 29836 
309 1 3 . 3 1 25 0 . 06250 1 7 . 764 1 1 8 . 0766 -e . 3 1 250 1 0 1 76 29 -0 . 37500 -9 . 28 1 3  -e . 9546 0 . 96 -0 . 67336 
3 1 0  1 3 . 3750 0 . 03 1 25 1 7 . 889 1 1 7 . 7641 0 . 1 2500 1 0 1 77 30 0 . 09375 -9 . 2508 -e . 8296 0 . 96 -0 . 5796 1 
3 1 1 1 6 . 5625 0 0 . 0000 0 . 0000 0 . 00 0 . 00000 
3 1 2  1 6 . 0000 8 . 00000 1 6 . 5557 1 6 . 5625 -0 . 0068 1 1 0 1 48 1 -0 . 0068 1 0 . 0008 -0 . 0068 0 . 37 -0 . 0068 1 
3 1 3  1 6 . 0000 0 . 25000 1 7 .  1 1 82 1 6 . 5557 0 . 56250 1 0 1 49 2 0 . 3 1 250 0 . 2500 0 . 5557 0 . 37 0 . 30569 
3 1 4  1 6 . 2500 0 . 00000 1 7 . 1 1 82 1 7 . 1 1 82 0 . 00000 1 0 1 50 3 0 . 00000 0 . 2500 0 . 5557 0 . 37 0 . 30569 
3 1 5  1 6 . 2500 0 . 00000 1 7 .  1 1 82 1 7 .  1 1 82 0 . 00000 1 0 1 5 1  4 0 . 00000 0 . 2500 0 . 5557 0 . 37 0 . 30569 
3 1 6  1 6 . 2500 0 . 00000 1 7 . 1 1 78 1 7 .  1 1 82 -0 . 00037 1 0 1 52 5 -0 . 00037 0 . 2500 0 . 5553 0 . 39 0 . 30533 
3 1 7 1 6 . 2500 -0 . 25000 1 6 . 8678 1 7 . 1 1 78 -0 . 25000 1 0 1 53 6 0 . 00000 0 . 0000 0 . 3053 8 . 39 8 . J0533 
3 1 8  1 6 . 0000 -0 .  1 5625 1 6 . 5553 1 6 . 8678 -0 . 3 1 250 1 0 1 54 7 -e . 1 5625 -9 . 1 563 -0 . 0072 0 . 39 0 .  1 4908 
3 1 9  1 5 . 8438 -e . 1 2500 1 6 . 46 1 6  1 6 . 5553 -0 . 09375 1 0 1 55 8 0 . 03 1 25 -0 . 28 1 3 -0 . 1 009 0 . 39 0 . 1 8033 
320 1 5 . 7 1 88 -0 . 28 1 25 1 6 . 4303 1 6 . 46 1 6  -0 . 031 25 1 0 1 56 9 0 . 25000 -0 . 5625 -0 . 1 322  0 . 39 0 . 43033 



SAS 1 8 : 5 1 WEDNESDAY , FEBRUARY 8 ,  1 989 2 1  

OBS LOCA T l  ON DATE PREC I P  W IND TEMPC PONDNO POND I N  POND32 PONDL I N  PONDL32 PONOTC BNO BLEVI N BLEV32 WAREA RAREA 

32 1 c l eve l ond 871 024 0 . 02 9 2 . 5  3 3 . 9  4 260547 4993 
322 c l eve l ond 87 1 025 8 . 00 1 2  2 . 8  3 2 . 5  4 260547 4993 
323 c l eve l ond 871 026 8 . 00 1 9  4 . 7  3 1 6  1 8  4 . 8  4 1 5 1 5  268547 4993 
324 c l eve l ond 87 1 027 8 . 80 1 3  3 . 0  3 1 6  1 8  4 . 2  4 1 5  8 260547 4993 
325 c l eve l ond 871 028 8 . 08 5 2 . 2  3 1 6  4 2 . 2  4 1 5  1 1  268547 4993 
326 c l eve l ond 871 829 8 . 00 1 2  4 . 6  3 1 6  6 4 . 8  4 1 5  4 260547 4993 
327 c l eve l ond 87 1 838 8 . 00 8 7 . 0  3 1 5  27 6 . 4  4 1 5  8 268547 4993 
328 c l eve l ond 87 1 831  0 . 00 8 6 . 7  3 6 . 4  4 268547 4993 
329 c l eve l ond 871 1 81 8 . 00 8 9 . 0  3 8 . 2  4 268547 4993 
330 c l eve l ond 87 1 1 82 8 . 00 7 1 2 . 2  3 1 5  3 1  1 0 .  7 4 1 5  4 260547 4993 
33 1 c l eve l ond 87 1 1 03 0 . 28 1 8  1 1 . 8 3 1 5  28 1 1 . 8 4 1 5  5 260547 4993 
332 c l eve l ond 87 1 1 04 8 . 01 1 5  8 . 4 3 1 5  23 9 . 8  4 1 5  1 260547 4993 
333 c l eve l ond 87 1 1 05 8 . 00 1 3  3 1 5  22 5 . 8  4 1 4  28 260547 4993 
334 c l eve l ond 87 1 1 06 8 . 00 9 3 . 3  3 1 5  26 5 . 1 4 1 4  23 268547 4993 
335 c l eve l ond 87 1 1 87 8 . 00 7 4 .  1 3 5 . 3  4 260547 4993 
336 c l eve l ond 871 1 08 8 . 00 8 6 . 2  3 5 . 4  4 260547 4993 

OBS COEFF DEPTH TYPE RUNCORR BNOPNO t.N'REC MNTEMPC MNWINDS CUMPREC BARLEVR PONOLEV1 PONOLEV2 PNDLEV BARLEV Cl.loflUN 

32 1 8 . 96 2 SO I L  8 . 880368 43 8 . 0309677 5 . 62333 9 . 0323 8 . 96 1 8 . 4375 1 5 . 438 8 . 997543 
322 0 . 96 2 SOI L  0 . 000000 43 0 . 0309677 5 . 62333 9 . 0323 0 . 96 1 8 . 4375 1 5 . 438 9 . 007543 
323 0 . 96 2 SOI L  0 . 000880 43 0 . 0309677 5 . 62333 9 . 0323 0 . 96 1 5 . 469 1 6 . 3 1 3  1 8 . 3 1 25 1 5 . 469 0 . 997543 
324 0 . 96 2 SO I L  0 . 000000 43 0 . 0309677 5 . 62333 9 . 0323 0 . 96 1 5 . 250 1 6 . 31 3  1 8 . 3 1 25 1 5 . 258 8 . 807543 
325 0 . 96 2 SO I L  0 . 000000 43 0 . 0309677 5 . 62333 9 . 0323 8 . 96 1 5 . 344 1 6 .  1 25 1 8 .  1 250 1 5 . 344 8 . 997543 
326 0 . 96 2 SO I L  8 . 000000 43 0 . 0309677 5 . 62333 9 . 0323 0 . 96 1 5 .  1 25 1 6 . 1 88 1 8 . 1 875 1 5 . 1 25 8 . 807543 
327 0 . 96 2 SO I L  0 . 000000 43 0 . 0309677 5 . 62333 9 . 0323 0 . 96 1 5 .  1 88 1 5 . 844 1 5 . 8438 1 5 . 1 88 0 . 997543 
328 0 . 96 2 SO I L  0 . 000000 43 0 . 0309677 5 . 62333 9 . 0323 0 . 96 1 5 . 8438 1 5 . 1 88 0 . 007543 
329 0 . 96 2 SO I L  0 . 000088 43 0 . 0389677 5 . 62333 9 . 0323 8 . 96 1 5 . 8438 1 5 . 1 88 0 . 807543 
330 0 . 96 2 SO I L  0 . 000000 43 0 . 0309677 5 . 62333 9 . 0323 0 . 96 1 5 .  1 25 1 5 . 9159 1 5 . 9688 1 5 . 1 25 8 . 807543 
33 1 0 . 96 2 SO I L  0 . 005 1 5 1  43 0 . 0309677 5 . 62333 9 . 0323 0 . 96 1 5 .  1 56 1 5 . 875 1 5 . 8750 1 5 . 1 56 8 . 0 1 2694 
332 0 . 96 2 SO I L  8 . 000 1 84 43 0 . 0309677 5 . 62333 9 . 0323 0 . 96 1 5 . 03 1  1 5 .  7 1 9  1 5 .  7 1 88 1 5 . 03 1  0 . 0 1 2878 
333 0 . 96 2 SOI L  0 . 000000 43 0 . 0309677 5 . 62333 9 . 0323 0 . 96 1 4 . 875 1 5 . 688 1 5 . 6875 1 4 . 875 0 . 0 1 2878 
334 0 . 96 2 SOI L  0 . 000000 43 0 . 0309677 5 . 62333 9 . 0323 0 . 96 1 4 . 7 1 9  1 5 . 8 1 3  1 5 . 8 1 25 1 4 .  7 1 9  0 . 0 1 2878 
335 0 . 96 2 SOI L  0 . 990000 43 0 . 0309677 5 . 62333 9 . 0323 0 . 96 1 5 . 8 1 25 1 4 .  7 1 9  0 . 0 1 2878 
336 0 . 96 2 SOI L  0 . 000000 43 0 . 0309677 5 . 62333 9 . 0323 0 . 96 1 5 . 8 1 25 1 4 .  7 1 9 0 . 0 1 2878 

OBS BARLAG BARCH PONDLEV PONDLAG PONOCH DATELAG DAYD I F'  ClM>AY WL CUMBARCH CI.U'ONOC CUMPREC2 CUMWL 

32 1 1 5 . 438 0 . 00000 1 6 . 4300 1 8 . 4383 -8 . 09937 1 0 1 57 1 1 0  -8 . 99037 -8 . 5825 -8 . 1 325 8 . 41 0 . 429957 
322 1 5 . 438 0 . 00000 1 6 . 4300 1 6 . 4300 0 . 00000 1 0 1 58 1 1 1  0 . 00099 -8 . 5625 -8 . 1 325 0 . 4 1 0 . 429957 
323 1 5 . 438 0 . 03 1 25 1 6 . 3050 1 6 . 4300 -9 . 1 2509 1 9 1 59 1 1 2  -9 . 1 5625 -e . 53 1 3  -8 . 2575 9 . 4 1 9 . 273707 
324 1 5 . 469 -8 . 2 1 875 1 6 . 3050 1 6 . 3050 0 . 90000 ' 1 0 1 60 1 1 3  0 . 2 1 875 -8 . 7599 -8 . 2575 9 . 41 8 . 492457 
325 1 5 . 250 9 . 09375 1 6 . 1 1 75 1 6 . 3050 -8 . 1 8750 1 0 1 6 1  1 1 4  -9 . 28 1 25 -9 . 6563 -8 . 4450 9 . 4 1 0 .  2 1 1 201 
326 1 5 . 344 -9 . 2 1 875 1 6 . 1 800 1 6 .  1 1 75 0 . 96250 1 0 1 62 1 1 5  9 . 28 1 25 -8 . 8759 -8 . 3825 9 . 4 1 9 . 492457 
327 1 5 .  1 25 0 . 06250 1 5 . 8362 1 6 . 1 800 -9 . 34375 1 0 1 63 1 1 6  -0 . 40625 -9 . 8 1 25 -8 . 7263 0 . 4 1 0 . 086207 
328 1 5 . 1 88 0 . 00000 1 5 . 8362 1 5 . 8362 0 . 00000 1 0 1 64 1 1 7  9 . 00000 -8 . 8 1 25 -8 . 7263 9 . 4 1 0 . 086207 
329 1 5 .  1 88 0 . 00000 1 5 . 8362 1 5 . 8362 0 . 00000 1 0 1 65 1 1 8  0 . 00000 -9 . 81 25 -8 . 7263 9 . 4 1  9 . 086207 
330 1 5 . 1 88 -9 . 06250 1 5 . 96 1 2  1 5 . 8362 0 . 1 2500 1 0 1 66 1 1 9  0 .  1 8758 -9 . 8758 -8 . 69 1 3  8 . 4 1 9 . 273707 
33 1 1 5 .  1 25 0 . 03 1 25 1 5 . 8623 1 5 . 961 2 -0 . 09890 1 0 1 67 1 20 -8 . 1 30 1 5  -8 . 8438 -8 . 7082 8 . 69 0 . 1 43556 
332 1 5 .  1 56 -8 . 1 2500 1 5 . 7959 1 5 . 8623 -e .  1 5643 1 0 1 68 1 2 1  -9 . 03 1 43 -8 . 9688 -e . 8588 8 . 78 8 . 1 1 2 1 22 
333 1 5 . 93 1  -9 . 1 5625 1 5 . 6746 1 5 . 7059 -8 . 83 1 25 1 8 1 69 1 22 0 . 1 2588 -1 . 1 258 -8 . 8879 8 . 70 0 . 237 1 22 
334 1 4 . 875 -e :1 5625 1 5 . 7996 1 5 . 6746 9 . 1 2500 1 0 1 70 1 23 8 . 28 1 25 -1 . 28 1 3  -9 . 7629 0 . 78 0 . 5 1 8372 
335 1 4 .  7 1 9  0 . 00000 1 5 . 7996 1 5 . 7996 0 . 00000 1 0 1 7 1  1 24 0 . 00000 - 1 . 28 1 3  -0 . 7629 0 . 70 0 . 5 1 8372 
336 1 4 . 7 1 9  0 . 00000 1 5 . 7996 1 5 . 7996 0 . 00000 1 0 1 72 1 25 0 . 00000 -1 . 28 1 3  -9 . 7629 0 . 70 0 . 5 1 8372 



SAS 1 8 : 5 1 WEDNESDAY , FEBRUARY 8 ,  1 989 22 

OBS LOCAT ION DATE PREC IP  WI NO TEMPC PONONO PONO I N  PON032 PONOL IN PONOL32 PONOTC BNO BLEV I N  BLEV32 WAREA RAREA 

337 c l eve l and 87 1 1 99 0 . 26 7 1 .  7 3 1 5  27 1 . 6 4 1 4  22 · 269547 4993 
338 c l eve l and 87 1 1 1 9 0 . 00 4 0 . 6  3 1 5  2J 1 .  6 4 1 4  29 260547 4993 
339 C l eve l and 87 1 1 1 1  0 . 00 4 0 . 5  J 1 5  1 4  2 . 6  4 1 4  1 5  260547 4993 
J40 c l eve l and 87 1 1 1 2 0 . 00 9 2 . 2  J 1 5  9 3 . 7  4 1 4  1 5  260547 499J 
J41 c l e ve l and 87 1 1 1 J 0 . 00 7 4 . 6  J 1 5  1 3  J . 6  4 1 4  1 4  260547 4993 

OBS COEFF DEPTH TYPE RUNCORR BNOPNO t.N'REC MNTEMPC MNW I NOS CUMPREC BARLEVR PONDLEV1 PONOLEV2 PNOLEV BARLEV CUMRUN 

337 8 . 96 2 SOI L  8 . 884783 43 8 . 8389677 5 . 62333 9 . 9323 8 . 96 1 4 . 688 1 5 . 844 1 5 . 8438 1 4 . 688 1 . 9 1 7661 
338 0 . 96 2 SOI L  8 . 000090 43 0 . 0309677 5 . 62JJ3 9 . 9323 9 . 96 1 4 . 625 1 5 . 7 1 9  1 5 .  7 1 88 1 4 . 625 9 . 0 1 766 1 
339 9 . 96 2 SO I L  9 . 090000 43 0 . 9309677 5 . 62333 9 . 0323 9 . 96 1 4 . 469 1 5 . 438 1 5 . 4375 1 4 . 469 0 . 0 1 7661 
340 0 . 96 2 SO I L  0 . 000009 43 0 . 0309677 5 . 62333 9 . 8323 0 . 96 1 4 . 469 1 5 . 000 1 5 . 0099 1 4 . 469 0 . 0 1 7661 
34 1 0 .  96 . 2 SO I L  9 . 000009 43 0 . 9309677 5 . 62333 9 . 0323 0 . 96 1 4 . 438 1 5 . 406 1 5 . 4063 1 4 . 438 9 . 9 1 766 1 

OBS BARLAG BARCH PONOLEV PONDLAG PONDCH DATELAG OAYD I F  CUMOAY WL CUMBARCH Ct.MPONOC CUMPREC2 CUMWL 

337 1 4 .  7 1 9  -9 . 83 1 25 1 5 . 828 1 1 5 . 7998 9 . 92647 1 9 1 73 26 9 . 95772 -1 . 3 1 25 --t . 7384 9 . 98 0 . 576989 
338 1 4 . 688 -9 . 06250 1 5 . 79 1 1 1 5 . 8261 -0 . 1 2509 1 9 1 74 27 -8 . 06259 -1 . 3759 -e . 861 4 9 . 96 0 .  5 1 3589 
339 1 4 . 625 -9 . 1 5625 1 5 . 4 1 98 1 5 .  791 1 -9 . 28 1 25 1 0 1 75 28 -8 . 1 2509 -1 . 53 1 3  - 1  . 1 427 9 . 96 9 . 388589 
340 1 4 . 469 0 . 00000 1 4 . 9823 1 5 . 4 1 98 -0 . 43750 1 0 1 76 29 -0 . 43750 -1 . 5J 1 3  - 1  . 5892 9 . 96 -9 . 0489 1 1 
34 1 1 4 . 469 -9 . 9J 1 25 1 5 . 3886 1 4 . 982J 0 . 49625 1 0 1 77 30 0 . 43759 -1 . 5625 - 1 . 1 739 8 . 96 0 . 388589 



APPENDIX B 

This Appendix is for step by step guidance through the math used in evaluating 
water balance data from one or more barrels. The overall  water balance 
process is laid out in the Chapter entitled Guidance for Review of Yater 
Balances. 

Application of the Graphical Plot of Data 

The graph of the measured depths versus the date for each barrel is an 
important indicator of potential problems. Items to look for are : 

1. Plotted points should produce lines as close to straight as possible. 
This limits the changes in rates of gain and is an indicator of a 
correct assumption for linear regression. It is important to 
remember the band width of the confidence interval is derived from 
the variation of the points around the estimated straight line. 

2. Curves produced from barrel line plots should be as similar to each 
other as possible. The items of interest would be either an obscure 
barrel result (i. e. , one barrel may be thrown out if results are 
anomalous), or nonconclusive information (i. e. , if no barrel curve 
pattern is prevalent over another, this indicates the test is 
suspect). 

The test information is impacted uniquely by the particular barrel which is 
selected as an indicator of seepage. Therefore, all barrels are to be run 
independently through the analysis and then similar sets may be selected and 
combined in an attempt to increase the number of sample points. This may 
remove any statistical limiting factor. However, the data in Kettle River 
demonstrated that the individual barrel variances were large enough in at 
least two instances to be a negative factor when combined with the other data. 
In other words, the confidence interval expanded, in spite of the fact that 
when these sets were added, the increased degrees of freedom allowed the 
statistical t«(a multiplier) to decrease. 

Application of the Unpaired t-Test 

Prior to adding barrel data sets together the Unpaired t-Test must be 
performed to check for significant differences. The math is as taken from the 
book "Probability and Statistics for Engineers" by Irwin Miller and John E. 
Freund published by Prentice-Hall. The steps are as follows : 

Definitions : 

Nl = number of data points in data set 1 

N2 = number of data points in data set 2 

Degrees of Freedom = Nl plus N2 minus 2 



& = the acceptable varia tion level at which point the devia tion becomes 
significan t. For the water balance work may equal zero. 

Xl  = the mean of data set 1 

X2 = the mean of da ta se t 2 

Sl  = standard deviation of data set 1 

S2 = standard deviation of da ta set 1 

t «  = a statistically computed coefficient dependen t on the predetermined 
confidence level and sample size. For the water balance work 95 
percent confidence is required. Table B. 1 is a t  table to 
be used for this math analysis. 

t a:/ 2 = the t coefficent divided by two for a two tailed test.  
The wa ter balance which should limit infiltration as well as 
seepage is a two tailed test. 

Vl = variance of data set 1 

V2 = variance of data set 2 

Case I. Assumptions : 

Then : 

1. The sample size of the se ts small (degrees of freedom less than 30) 

2. The actual variance is unknown. 

3. We are t rying to prove the null hypothesis. The difference between 
the da ta sets does not exceed the variance level of the da ta sets 
plus the constant. 

EQUATION A 

(Xl-X2 ) - & Nl * N2 * ( N l  +N2 - 2)  
Test t=  -,--:--=-,--,-,-,,---,���--..,.,,=-�-:-::,---,--=-:- * SQRT 

SQRT ( (Nl - l ) Sl**2  + (N2 - l ) S2**2 ) Nl + N2 

Assume the null hypothesis if - t «/Z < t < t «/Z 

Case II. Assump tions: 

1. The sample size of sets infinite (degrees of freedom greater than 30 ) 



Then: 

2. The sample set variance is representative o f  actual variance. 

3. Ve are trying to prove the null hypothesis. The di f ference between 
the data sets does not exceed the variance level of  the data se ts 
plus the constant. 

EQUATION B 

(Xl - X2) - 6 
Test z = z = the Unpaired t-Tes t of  a 

large population sample . 

------------,,---

( 
Vl**2 

+ 
V2**2 

) SQRT 
Nl N2 

The large population sample gives a t �;z  coef ficent of 1 . 960 for 
the boundaries. Therefore assume the null hypothesis i f :  

- 1.960 < z < 1 . 960 

The Case II equation may be utilized after several barrel da ta sets  have been 
combined and one wishes to add more data poin ts , The tes t assumes the da ta 
set variance is representative , therefore , no data se t should be small . 

I f  one set is small then the F test must be performed . As follows : 

S l**2 
F = 

S2**2 
F is always greater than or equal to one as the 
larger standard dev i a t ion is always used in the 
numerator. ' 

If  F is greater than the regional boundary as determined by the Table B , 2  
using n- 1 degrees o f  freedom for both numerator and denom ina tor , then a 
significant variation in se ts applies and equat ion C should be used. I f  is 
not greater than the regional boundary , then equation D should be applied. 

Equation C 

Test t = 

SQRT 

(Xl - X2) - 6 

( 
Sl**2 

N l  - 1 
+ 

S2**2
) 

N2 - 1 

The boundary cond it ions for this 
application are determined the 
same as for the Unpaired t-Test 
for small sample sets above. 
Degree of  Freedom is approximately 
( Nl  + N2 - 2 )  



Equation D 

(Xl - X2) - o 
Test t = 

SQRT ( SP**2 

�HERE SP MEANS  THE STANDARD DEVIATION OF THE POOLED SET AND IS APPROXIMATED 
BY : 

SP = 
( Nl - 1 ) * Sl  + ( N2 - 1 ) * S2 

( Nl + N2 - 2 )  

The boundary cond itions for this appl i cat i on are determi ned the 
same as for the Unpaired t-Test for small sample se ts above .  
The Degree o f  Freedom is approximately ( N l  + N2 - 2 )  

Application o f  the Least Squares Analysis  

The leas t squares analys is prov ides the mean seepage rate calculated by a 
least squares regression analysis and a con fidence interval. The conf idence 
interval gives the w idth o f  a band that a predetermined percentage of  the data 
points wi ll fall into. For the purpose o f  evaluati on o f  wa ter balance results 
95 percent is the accepted norm for the con fidence interval. Therefore , the 
water balance result is proposed to be g iven by a mean seepage rate in 
(gallons/acre/day) +/- the confidence interval of 95 percent (also in 
gallons/acre/day). 

The analysis is put mathematically into a program on the MPCA contracted 
computer spread sheet program entitled 20/20. The Table B.3 is a copy o f  one 
spread sheet output of  the analysis. The math involved will be given in 
equation form now and spreadsheet multiplication form will be used in as Table 
B.4. From the book entitled "Probability and Statistics for Engineers" by 
Irwin Miller and John E. Freund, the following expressions are developed: 

1 .  



3 .  

4 .  

6 .  

7 .  

Sxy = n � 

i =l 

X * y 
i i 

Equa t ion of  the line : Slope : 

Sxy 
5 .  b = ----

Sxx 

The s tandard error es t imate  ( Se )  can be calcula ted by : 

2 
2 Sxx * Syy - ( Sxy ) 

Se = 

n * ( n - 2 )  * Sxx 

The confidence in terval l imi t s  for Be ta  ( the band wid th of 95% 
conf idence ) can be es t imated by : 

Be ta = b +/- ( t «/Z ) * Se *  SQRT 
n 

The t « table , used i n  conj unc t i on wi th  resul ts  from the Unpai red 
t -Tes t ,  gi ves the value of t « used for the coe f f i cien t  in the i n terval 
equa t i on .  The degrees of freedom are es t i mated by us ing n-2 and the 95 
percen t level . 

The correlat i on coef f i c ien t rho can be es t imated by : 

Sxy 
8 .  r = 

SQRT ( Sxx * Syy ) 

The correla t i on i s  a ra t i o  f rom zero to  one . Th i s  i s  used as an 
ind i ca tor  for the rela t ionsh ip  be tween the x and y coord inates of the 
poin t s  on the es t ima ted l i ne . A value of zero ind i cates  no correla t i on 
and one ind i ca t ing a perfec t correla t i on .  



The above formulas can be converted into gallons per acre per day units by 
a multiplier of 27225. 

2 

(ft )  43560 (ft ) 7. 5 (gals ) 
27225 gals/acre/day = ______ * _____ * 

12 (inches ) ( acre ) (ft ) 

The mean seepage rate becomes the slope of the pond control barrel data from 
Equation 5. minus the slope of the evaporation barrel data from Equation 5. 
multiplied by the quantity 27225. A sign change must take place to convert the 
the notation to the water balance. In historic notation, negative means 
infiltration gain and positive means seepage loss. 

The confidence interval (both plus and minus bands ) may be estimated 
statistically by the quantity of the slope of the barrel minus the slope of 
the pond times 27225 plus or minus the quantity of t«/2 multiplied by the 
square root of the following parameters: ( 1 ) the stanaard error estimate of 
the barrel slope squared, (2 )  the number of points in the barrel population 
set, ( 3 )  the quantity one over Sxx of the barrel, all plus the quantity of ( 4 )  
the standard error estimate of the pond squared, ( 5 )  the number of points in 
the pond population set, ( 6 )  one over Sxx of the pond. 

n 
b 

Sxx 
b 

+ Se 

2 

p 

n
p ) * 272 2 5  

Sxx 
p 

Therefore, when programmed, the engineer must only look at the mean seepage 
data, the confidence interval and the correlation coefficient to use as 
indicators of the test result. 

Data Preparation 

It is important to use the appropriate data parameters with each stage of the 
equations presented. To aid with common questions that have arisen with this 
work, the following will provide discussion for applications : 

1. The t table is based on degrees of freedom for the da ta se t curren tly 
being compared. This data set changes as one proceeds through the 
worksheet. 

In column F, row 71 of the spread sheet, the t «/2 value for only the 
control barrel population set minus two is entered in this cell. 

In column K, row 71 of the spread sheet, the t«/.2 value is for only the 
pond barrel population set ; minus two is entereo in this cell. 



Because the data is being expanded the value for the degrees of freedom 
used in the t«/2 value in column M in row 71  uses the pond barrel 
population set plus the control barrel population set minus 2. 

2. All data being combined by use of the Unpaired t-Test should use 
equivalent initial reading points. Control barrels need not compare with 
evaporation barrels. However , evaporation barrels should align with 
evaporation barrels and control barrels with control barrels. The 
reference datum should be documented in the calculations (with the 
adjustment coefficient). 

3. It is possible to add data selectively to the least squares analysis. To 
take a week of readings from the first half of the month and add it to a 
week of readings from the last half the month use the following steps: 
Readings were taken on the days ; 1 ,  3 ,  5 ,  7 ,  1 1 ,  15 , 17 , 18 , 20 , 22 , 24. 
Days 3 through 7 and 17 through 24 are the data without rain. The 
engineer may wish to combine just these points. 

A .  Document the day transition for the second set of data keeping the 
elapsed time in the transformation equivalent (i.e. , day 18 becomes 
day 8 and day 20 becomes day 10 • .. • ). 

B. Document the evaporation measurement adjustment that accounts for the 
evaporation that occurred from that barrel during the interim period 
of measurements not being used (i.e. day 17 of the data is the 
beginning of the second subset of data to be used , so it becomes 
equivalent to the last reading of the first subset. That is , day 7's 
reading was 17.5 and day 17's reading was 14.0 , so the second set of 
data , beginning on day 17 and going through day 24 , all must have 3.5 
added to their respective measurements). 

C. Graph the first week of data with the second set of data added as 
points on the end of the line. 

D. Check the points on the line and ensure at least 5 points per line 
exist and at least 9 points per analysis exist. The statistical 
assumption for linear regression will produce false levels of 
confidence if too few data points are used. The minimum level of 
data is felt to be around 9 for this application . However, the 9 
points must be made up of no fewer than 5 points in a string . That 
is to say two barrels of 5 readings each may be combined into a least 
squares analysis but 3 barrels of 4 readings each may not . 



488 Statistical Tables 

Table 4 

Va lues of 1
0 

• 

a, 0 "" 0 . 1 0  a = 0 .05 o = 0 .Q25 a = 0.0 1 a = 0.005 V 

I 3 .078 6 .3 1 4  1 2 .706 3 1 .8 2  I 6 3 .657  I 
2 1 .886 2 .920 4 . 303 6 .965 9 .925 2 
3 1 .638 2 .353 3 . 1 8 2  4 .54 1 5 .84 1 3 
4 1 .5 3 3  2 . 1 3 2  2 . 7 76 3 .4 74 4 .604 4 
5 1 .4 76 2 .0 1 5  2 .5 7 1  3 . 365  4 .032  5 ' 

. 

6 1 .440 1 .94 j 2 .44 7 3 .  1 4 3  3 . 707 6 
7 1 .4 1 5  1 .895 2 . 365 2 .998 3 .499 7 

8 1 .397 1 .860 2 . 306 · 2 .896 3 . 3 55  8 
9 1 .38 3 1 .8 3 3  2 . 262  .. 2 . 8 2 1 3 . 2 50  9 

1 0  1 .3 7 2  1 .8 1 2  2 . 228  2 . 764 3 . 1 69 1 0  

l l  1 .36 3 1 . 796 2 . 2 0 1  2 . 7 1 8  3 . 1 06 I I  

1 2  1 .356 1 . 7 8 2  2 . 1 79 2 .68 1 3 05 5 1 2  
1 3  1 .350 1 . 7 7 1  2 . 1 60 2 650 3 .0 1 2 I 3 
1 4  1 .34 5 1 .76 1 2 . 1 4 5  2 .6 24 2 . 9 7 7  1 4 
1 5  1 .34 1 1 . 753  2 . 1 3 1  2 .602 2 .94 7 1 5  

1 6  1 .337  1 . 746 2 . 1 20 2 . 5 8 3  2 .92 1 1 6  
1 7  1 .3 3 3  1 .740 2 . 1 1 0 2 . 567  2 .898 1 7  
1 8  1 .3 30 1 . 734 2 . 1 0 1 2 .5 5 2  2 .8 7 8  1 8  
1 9  1 .328  1 .7 29 2.09 3 2 . 5 39  2 .86 1 1 9  
20 1 .325 l .7 2 5  2 .086 2.5 28 2 .84 5 20 

2 1  1 .3 23  1 .7 2 1  2 .0!10 2 . 5 1 8  2 . 8 3  I 2 1  
22 1 . 3 2 1  1 . 7 I 7 2 .074 2 . 508 2 .8 I 9 2 2  

2 3  1 .3 1 9  1 .7 1 4  2 .069 2 . 500 2 .807 2 J  
24 1 .3 1 8  1 . 7 1 1 2 .064 2 .492  2 . 797  24 

25 1 .3 1 6  1 .708 2 .060 2 .4 85 2 . 787  25 

26 1 .3 1 5 1 .706 2 .056 2 .4 79 2 . 779  26  
27 1 .3 1 4 1 . 703 2 .05 2 2 .4 7 3  2 .7 7 1  2 7  
28 1 .3 1 3  1 .70 1 2 .048 2 .467 2 .763 28 
29 1 .3 1 1 1 .699 2 .045  2 .462 2 . 7 56  29  
inf 1 .282 1 .645 1 .960 2 . 3 26 2 .5 76 inf .  

•This table is abridged from Table IV of  R. A. f isher, Statistical Methods for Research Workers . 
published by Oliver and Boyd ,  Ltd . ,  Edinhurgh , by permission of t he au thor  a nd publisher.;. 
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A B C 

DOUB LE  BARR LE  T EST 

40 

D E 

POND 1 ADJ 
LEVEL  DUE TO 

( I NCHES ) RUNOFF 

F G H I J K L 
Tab l e  B . 3  

M 

dead  b i r d s k ewe d 
t e s t  day  1 6  



A B 
-- - --·-· ---- - -- ---------

� ·  

n 
SUM 
S x x  
Syy 
S xy  

SeSQD 
S LOPE 

( X )  
- - --- --

9 
75 

2232 

CORRE LAT I ON 

C 

XSQD 

873 . 00 

CON F I DENC E I NT ERVA L ( 95% ) 
t a l p h a  

MEAN SEEPAGE RATE 

-0 . 1 728 
-0 . 9895 

SEEPAGE RATE RANGE ( 95% CONF ! DENCE ) 

Y- I NT ERC EPT 

F G H I 

1 
2 
4 
5 
9 

1 1  
1 2  
1 5  
1 6  

( Y )  (YSQD ) ( X •Y )  X 1  ) 
9 27 

1 69 . 528 3200 . 85 1 369 . 88 225 . 00 
2008e 

6!:! . 0::> U  
-385 . 63 
0 . 02262 
-0 . 1 728 
-0 . 9895 
0 . 0 1 97 1  

2 . 064 

20 . 2762 

EXAMP LE OF STAT I ST I CAL SEEPAGE CALCU LAT I ON US I NG DATA FROM 

J 
1 . 00 
4 . 00 
1 6 . 00 
25 . 00 
8 1  . 00 

1 2 1 . t,t, 
1 44 . 00 
225 . 00 
256 . 00 

X 1 SQRO 

2s 1 9 . 0e 

KETTLE R I VER CELL  A W I TH POND LEVELS CORRECTED FOR RA I NFA LL  RUNOFF 

K L M 
Tab l e  B . 3  

1 7 . 76 3 1 5 . 42 1 7 . 76 5 1  
1 7 . 56 308 . 35 35 . 1 2  
1 7 . 05 290 . 70 68 . 20 
1 7 . 2 1 296 . 1 8  86 . 05 

55  1 6 . 30 265 . 69 1 46 . 70 
1 5 .  Ill 249 . 32 1 73 . 69 ::> 0 
1 5 . 63 244 . 30 1 87 . 56 
1 5 . 00 225 . 00 225 . 00 
1 4 . 76 2 1 7 . 86 236 . 1 6  
( Y 1 ) (Y 1 S0D ) ( X 1 •Y 1 ) 60 
27 

442 . 5 1  7280 . 24 3544 . 42 
fill 

/!'.) 1 . .}5 
-3865 . 4 1 
0 . 0 1 1 2059 
-0 . 1 9242◄ 
-0 . 99495◄ 
0 . 0080 1 0� 70  

L . t10� l • lit> 

-534 . 99 
� 1 085 . 03 TO 1 5 . 0574 

1 7 . 984283 



Tab l e  B . 4 
T h e  f o i i o � 1 n g 1 n d e x e a s y s t em r e f e r s t o  t h e  c o l umnm a n a  r o w s e q u e n c e c  
s p r e a d s h e e t  u s ed  b y  th e M P C A  f o r  t h e  l e a s t  s q u a r e s  a n a l y s i s  o f  t h e  
wa t e r  b a l a n c e  d a t a . 

1 .  D E V E L O P  N O TAT I O N F O R L EA S T  SQUAR E S  ANAL Y S I S O N  C O N T R O L  BAR R E L S  

C O L UMN B R OWS 6 . . .  5 9  
ROW  62  
R OW 6 3  
R OW 64  

D a i l y Me a s u r eme n t s  R e a d  X 
C o u n t e r of D ays  

[ f r om s t a r t  of t e s t ]  
[ c o u n t ( B6 . .  B 5 9 ) ] 
[ s um ( B6 . .  B 59 ) ] Sum of D ay s  

S x  x [ B 6 2  * C 6 3  - ( B6 3 * * 2 ) ]  

C O L UMN C R OWS 6 . . .  5 9  D ay s  S q u a r e d  [ i . e .  C 6  = B6* * 2  ] 
[ s um ( C 6 . .  C 59 )  ] R OW 6 3  Sum of D ay s  S q u a r e d  

C O L UMN D R OWS 6 . . .  5 9  P o n d  c o n t r o l r e a d i n g s  
i n  i n c h e s  a n d  at  a 
r ef e r e n ced  d a t um .  

C O L UMN E R OWS  6 . . .  5 9  D i k e R u noff  C o r r e c t i o n 
i n  i n c h e s . 

C O L UMN F R OWS 
ROW 
ROW 
ROW 
R OW 

R OW 
R OW 
R OW 
R OW 

R OW 

6 . . .  5 9  
62  
63  
6 5  
6 6  

6 7  
6 8  
6 9  
7 0  

7 1  

Ad j u s t e d  pond  l e ve l [ F 6  - E 6  
C o u n t e r  of  d a t a  po i n t s  [ c o u n t ( F 6 . .  F 59 )  
S um  o f  d a t a  po i nt s  i n  F [ s um ( F 6  . .  F 59 )  
Syy [ ( F 6 2 * G 63 ) - ( F 6 3 ** 2 ) 
S xy [ ( F 6 2 * H 6 3 ) - ( B 6 3 * F 6 3 ) 

Se  [ ( B64* F 65 - ( F 6 6 * * 2 } ) / ( F 6 2* ( F 62 - 2 ) * B64 )  ] 
S l o p e = S xy/ S x x  [ F 6 6  / B64 ] 
C o r r e l a t i o n Coef . [ ( F 66  / S QR T (  F 6 2 / F 6 5 ) ] 
C o n f i d e n ce I n t e r v a l 
[ F 7 1  * SQR T ( F 6 7 ) * SQR T (  F 6 2  / B64  ) ] 
t - a l p h a  fo r  c o n t r o l b a r r e l s e t  
f r om t t a b l e  w i t h  d e g r e e s  o f  f r e e d om = F 6 2  - 2 

C O L UMN G R OWS  6 . . .  5 9  P o n d  l e v e l s q u a r e d  Y [ i . e .  G 6  = F 6 * * 2 ] 
ROW 6 3  S u m  o f  Y s q u a r ed [ s um ( G 6  . .  G 5 9 ) ] 

2 .  N OW D E V E L OP T H E  SAME NOTAT I ON F OR  T H E  E VAPORAT I ON BAR R E L S  

C O L UMN I R OWS 6 . . .  5 9  
ROW 62  
ROW  63  
R OW 64  

D a i l y Mea s u r emen t s  Read  X [ s t a r t  a t  d ay 1 ] 
C o u n t e r  of d a t a  i n  I [ c o u n t ( 6  . .  5 9 )  ] 
Sum o f  d a t a  i n  I [ s um ( 6 . .  5 9 ) ] 
S x x  [ ( I 6 2 * J 6 3 ) - ( I 63 * * 2 ) ]  

C O L UMN J R OWS 6 . . .  5 9  X S q u a r ed [ i . e .  J 6 = J 6 * * 2  ] 
[ s um ( 6  . .  5 9 ) ] 

C O L UMN K 

R OW 6 3  Sum of  D a t a  i n  J 

R OWS  
R OW 
R OW 
R OW 
ROW  

R OW 
ROW 
R OW 
R OW 

6 . . .  5 9  
6 2  
6 3  
6 5  
6 6  

6 7  
68  
6 9  
7 0  

B a r r e l r e a d i n g s  s e t  t o  a 
C o u n t e r  of d a t a  i n  K 

r e f e r e n c e  d a t um o n  
[ c o u n t ( 6  . .  5 9 )  
[ s um ( 6 . .  5 9 ) S um  of D a t a  i n  K 

Syy [ K 6 2 * L 6 3  - K 6 3 * * 2  
S x y  [ ( K 6 2 *M63 ) - ( I 6 3 *K 5 8 ) 

d ay 1 
] 

] 

Se  [ ( I 64*K65 - ( K 66**2 ) ) / ( K 6 2 * ( K 6 2 - 2 ) * I 64 ) ] 
S l o p e  [ ( K 66 / 1 64 ) ] 
C o r r e l a t i o n C oef . [ ( K 66 ) / SQR T ( I 64 / K 6 5 ) ] 
C o n f i d e n c e  i n t e r v a l 

[ K 7 1  * SQR T ( K 6 7 ) * SQR T (  K 6 2 / I 64 )  ] 



R O\.. .71 

Co l umn L R OW�  b .  5 9  

R Ow b 3  

COLUMN M ROWS 6 . . .  5 9  

ROW 63 

ROW 7 0  

Tab l e  B . 4  
t - a l p h a  c oe f f 1 c 1 e n t  f r o� t � a b ' e f o r d e g r e e $  
o f  f r eedom e o u a l t o  K 6 2 - 2  

Y S q u a r ed 
S um of d a t a i n  L 

[ 1 .  e .  L 6  = K 6 * * 2  J 
[ s um ( L 6 . .  L 5 9 ) J 

DAY S T I ME S  BAR R E L S  X * Y  [ i . e .  M6= 1 6*K6  
SUM  OF DATA I N  M [ s um ( M6 . .  M 59 ) � 
t a l pha coeff i c i e nt  f o r  bot h s l opes  c omp a r ed 
w i t h  a degree of f r eed om eq u a l t o  K62 + F62 - 2 .  

3 .  D E V E LOP S E E PAGE RAT E I N  UN I TS OF GAL LONS  PER  ACR E  P E R  DAY 

COLUMN L ROW 74 L OWER SE E PAGE RAT E RANGE  
[ M73  + ( M7 1 * SQR T ( ( F 67*F62/ B64 ) + ( K6 7 *K62 / l 64 ) ) *  27225  ) ] 

COLUMN M ROW 73 MEAN SEE PAGE RATE RANGE  [ - ( F68 - K68 ) * 27225 ] 

COLUMN N R OW 74 U P P E R  SEEPAGE RATE RANG E  · 
[ M73 - ( M7 1 *SQR T ( ( F67*F62/ B64 ) + ( K6 7 *K62 / l 64 ) ) * 2 7225  ) ] 



Mr . Jame s K lang 

LAW OFFIC E S  

B R I G G S  A N D M O R G A N  

PROFE S S I ONAL A S S OC IATION 

2400 I D S CENTER 

MINNEAPOLIS ,  MINNESOTA 55402 

TELEPHONE (6121 339 - 0661 

TELECOPI ER (612) 375 · 1078 

INCLUDING THE FORMER FIRM OF 

LEVITT , PALMER, BOWEN, ROTMAN & S HARE 

March 1 5 , 1 9 8 9  
WRITER'S DIRECT DIAL NUMB E R ,  

3 3 0 - 9 8 6 6  

Muni cipa l  Wa ste Water 
Treatment Section 

Divi s ion of Water Qua lity 
Minnesota Po l lut ion Contro l 

Agency 
5 2 0  Lafayette Road 
St . Paul , MN 5 5 1 5 5  

Re : Water Balance Task Force Report 

Dear Mr . K lang : 

I appreciate the opportunity to review the draft  report 
of  the water ba lance task force . I skimmed through mo st of 
the report , but read in detai l Chapter 5 "As ses sment of 
Combination Performance/Pres criptive Spe c i f i cations " .  Be low 
are my comment s on Chapter 5 .  

I a s sume we are dea ling with wa stewater treatment pro j e ct s  
whi ch are funded through the EPA construct ion grant program . 
As such , the EPA grant regulations at Title  4 0  C . F . R . part 3 3  
wi l l  apply . The regulations make it  pretty c lear that you should 
use performance , rather than de s ign or pre s criptive speci f i cations 
when po s s ible . As you may reca l l  from the pre sentation given 
by me and Dave Sand of our law f irm on November 1 7 , 1 9 8 7 , the 
range of spe c i f i cations inc ludes on one end performance 
spe c i f i cations  and on the other detai led or pre s criptive 
speci f i cations . There are count le s s  variations and combinat ions 
within the range of speci f i cations . 

2270 MN WORLD TRADE CENTER 

SAINT PAUL, MINNESOTA ISISlOl 

(612) 291 • 1211:S 

2200 FIRST NATIONAL BANK BUILDING 

SAINT PAUL, MINNESOTA ISISlOl 

(612) 291 • 1211:S 

2400 I D S CENTER 

MINNEAPOLIS, MINNESOTA ISIS402 

(612) 339 · 0661 



B R I G G S  A N D  M O R GAN 

Mr . Jame s Klang 
Page 2 
March 1 5 , 1 9 8 9  

I be lieve the EPA regulations and protest  deci s ions 
interpreting and enforcing those regulations  a l low for the use 
of  a performance speci f i cation which give s  enough detai l or 
des cription of  sa lient characteri stics  to meet the EPA goa l 
of  maximi zing open and free competition . 

Such a speci f i cation should be enforceable as  a performance 
spe ci f i cation a s  long a s  it  is c learly labe led a s  a performance 
spe ci f i cation , and the performance requirements are c learly 
spe l led out . The speci f i cation writer must  be very careful  
to not  cro s s  the line  by  providing so  much de s i gn detai l that 
the speci f i cation becomes a pres criptive speci f i cation . 

The enforceabi lity of  a performance speci f i cation i s  
bo l s tered by the use o f  a performance and payment bond t o  be 
provided by the general  contractor for the benefit  of the public  
owner .  Thi s bond i s  required by  Minne sota statutes  § 5 7 4 . 2 6 .  
A public  owner has the authority to require that subcontractors 
pro j e ct a lso  provide performance and payment bonds . The bond 
requirement should give the public  owner some degree of  
performance and f inancial  protection . 

I t  i s  not c lear to me i f  the task  force i s  focusing on 
problems of design , construction , methods and materi a l s  or the 
water ba lance test  itself . Each of  these  sub jects  should be 
addres sed individua l ly to the greatest  extent pos s ible . The 
draft  report suf fers  somewhat from lack of  focus . I be lieve 
the report wou ld be more useful  i f  there was a fol low-on study 
whi ch addres sed in greater deta i l  each of the sub jects  I have 
ident i fied . 

I offer  these  comments 
non-expert , person in matte 
task force ' s  ef forts 
within the engineering 
the Minnesota Po l lution 

TAL : dh/1 . 3 2 
cc : David Sand 

El lie Lucas 

as  an informed , but c learly a 
of  the water ba lance test . The 
endable and deserving of thanks 

nity , con strue industry and 
Age cy . 

. � 
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