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HYDROLOGIC AND ENGINEERING STUDIES AT THE
PEABODY COAL COMPANY MINES NEAR KAYENTA, ARIZOMA

SUMMARY AND CONCLUSIQONS

This report details the resuits of studies conducted at the Peabody Coal
Company mines near Kayenta, Arizona. A computer simulation was conducted to
estimate the probability that water would exist in impoundments that may
exist in topsoiled graded spoils at the mine. As a result of site visits
and ring infiltrometer tests, the most reasonable value for the SCS Curve
Number appears to be in the range of 75 to 80. For these curve numbers the
probability of the ponds containing water is less than 60% on an annual
basis. June appears to be the critical month with probabilities of 40% or
less. Based on results of the simulation, the quality of the water impounded
should be good enough for use as livestock drinking water. For the Curve
Numbers specified above, the model estimated sediment yield to range from
1-2 tons per acre per year. This estimate compares favorably with estimates
made by other research conducted in similar climates.

Spoil slope stability was also analyzed. Using conservative data,
Factors of Safety of 1.9 for static loading conditions and 1.35 for earthquake
loading conditions were computed. These are well in excess of those required
by 0SM regulations.
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1.00 INTRODUCTION

On April 15, 1981, Water, Waste & Land, Inc. (WWL) was contracted by
the Arizona Division of Peabody Coal Company (PCC) to provide hydrological
and geotechnical engineering services. The purposes of the study were to
assess the quantity, quality, and persistence of water that may be impounded
within graded and topsoiled spoil banks and to assess the stability of the
graded spoil piles and ponds. A meeting was held with Office of Surface
Mining (0SM). WWL, and PCC personnel to assess the approach and goals of the
study. The results of the studies are presented in this report. For
convenience the report has been broken into two chapters - Chapter Two deals
with the hydrologic study and Chapter Three deals with the geotechnical
engineering portion of the study. In the following paragraph, general site
conditions are reviewed.

The Black Mesa mine site lies within the boundary of the Navajo Reservation
and is approximately 20 miles southwest of Kayenta, Arizona. The coal mines
are situated on a plateau-like feature ranging in elevation from about 6500
feet to over 7000 feet. The climate is semi-arid with a mean annual rainfall
of slightly less than 12 inches. The Many Farmé weather station, the closest
location for evaporation data of any duration, reports an average pan evapor-
ation of approximately 86 inches per year.

The Appendices contain a documentation of data collected in the field and
pertinent supporting information.
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2.00 HYDROLOGY WORK

2.10 OBJECTIVES AND GENERAL APPROACH

The overall objectives of the hydro]ogxc study at the Black Mesa Mine -
were as follows:

1. Assess the guantity, quality, and persistence of water that may be
impounded within graded and topsoiled spoil banks.

2. Provide information necessary to aid PCC personnel in the design of

such impoundments.

The approach used in the study is based upon a computer model used to
generate a sequence of rainfall events based on the statistics of a historic
rainfall record. After the rainfall record was generated, runoff was calcu-
lated using the Soil Conservation Service (SCS) method for estimating runoff.
An additional method for estimating runoff was utilized for comparison. Water
quality in the impoundments was also evaluated using the rainfall/runoff record
and the quality of surface runoff. The calculations included the effects of
evaporation and seepage from the impoundment. The concentration of TDS in
the impoundment water was estimated as a function of time based on climatic
conditions and analyses of soils in the mine area. The probability of exceeding
a certain concentration was calculated. Sediment Toading of the ponds was
also estimated. '

2.20 BACKGROUND AND THEQRY

2.21 STOCHASTIC PRECIPITATION MODELS - Several daily precipitation
recording stations are located near the Black Mesa Mine and such stations
have been established within the mine boundaries. The weather stations within
the permit boundary have not been in existence for sufficient time to permit
their use as a data base for a precipitation model, however. As a result,
precipitation records from nearby NOAA stations were used as the input historic
rainfall record for the precipitation model. Thirty-one years of daily rain-
fall records are available at both Kayenta and Betatakin, Arizona. Since
Betatakin is near to the mine and more nearly conforms to the topography and
elevation of the mine, the Betatakin records were selected as most representative
of conditions at the mine. A complete record of daily rainfall at Betatakin
is included in Appendix A.
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The historic rainfall record at any location is but one of an infinite
number of records that could occur in the future. Most engineers, designers,
and planners have concluded that design of water resource systems based on
a repetition of the historical record does not fully reflect the statistical
nature of the data. Therefore a method generally accepted for design and
planning is to use the historical record as input to a Monte Carlo simulation
model with the objective of generating a seauence of events that preserves the
statistical properties of the historical record. This method is used to
analyze many types of hydrologic sequences. As opposed to the case of stream-
flow, for instance, daily precipitation is an intermittent series. That is
there are many days when rainfall does not occur, interspersed with days which
are "wet" or on which rainfall does occur. [t is therefore necessary that the
model properly account for two processes:

1. The model must be able to determine if rainfall occurs on any given
day, and,

2. If rainfall does occur on a given day, the model must determine the
quantity of that rainfall.
As the above indicate, the classical auto-regressive Markov process models
for streamflow data (in general, streamflow is regarded as continuous) are
not appropriate for intermittent series such as daily rainfall without some
modifications.

Gabriel and Neumann (1962) developed one of the first methods to handle
the process of intermittent series. In general, their method consisted of a
simple two-state Markov chain with the statistical properties that only two
events can occur. Although this method has been used and evaluated by many
reserachers (Caskey, 1963; Nicks, 1974; Pattison, 1965), it was not selected
for use in this study since it works well only for regions where there is no
seasonality of rainfall occurrences. It is a generally accepted fact that
storms in arid or semiarid regions are seasonal in nature and the statistics
of the Betatakin historical record reinforce this fact. [t should be noted
that the Gabriel and MNeumann method can be modified to account for this
seasonality, but the resulting algorithm is computationally costly.

Although substantial research has been conducted for multivariate
hydrologic processes, most of this work has baeen directed at streamflow. Work
by Fiering (1964) introduced the multivariate concept of generating streamflow
data. This method provided for correlation of temporal and spatial events
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by using serial and cross correlation coefficients, respectively, instead of
conditional probabilities such as those used in the simple Markov chain model
discussed in the previous section. 0One of the more important advantages of
this method is the ability to account for the areal distribution of rainfall
if the method is adapted for precipitation generation. This would be important
for very large areas; however, for the areas under consideration uniform
rainfall events can be assumed since the drainage basins are not very large.
Multivariate daily precipitation models have been developed but in general
they are very complex and were developed primarily for large watersheds. In
addition, these methods incorporate corretations that can be spurious for
short periods.

A lag-one auto-correlation model for streamflow developed by Fiering
(1967) does not include the cross-correlation, i.e. the areal distribution.
This model has been used often in stochastic hydrology. Scott (1979) modified
this method for use as a rainfall generating model by assuming that 1) the
monthly statistics are stationary, 2) there is no persistence or correlation
from one day to the next, and, 3) the historical data is normally distributed.
Since Scott's work was directed at small watersheds in the arid and semiarid
western United States, it was selected as the precipitation generating model
for this study. The model is fairly simple and allows the user to develop
long term precipitation segquences at a relatively small computation cost.

The stochastic precipitation generator presented by Scott is of the form,

y =m, + 557 (2-1}
where

y is the amount of precipitation in inches per day

mj is the mean daily precipitation in month j

sj is the standard deviation of daily precipitation in month j

r is the random normal variate in the range 0 to 1.

The simplicity of Equation 2-1 is a result of the first two assumptions Tisted
above. However, to use this equation, condition 3 above must be met and the
day must be determined to be a wet day. To meet the normality condition, the
historic precipitation data is assumed to have a log-normal distribution

{this assumption will be tested in a later section). The transformation to
log-normal is accomplished by adding a bias correction factor (Matalas, 1967)
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to the daily precipitation for wet days in the historic record and taking the
natural logarithm of the result. The statistics of the transformed data are
then calculated using the method of moments and these values are used in
Equation 2-1 to generate a sequence of rainfall events. To ascertain if a
day is "wet" or "dry" a random uniform variate between 0 and 1 is generated.
[f the value of the generated variate is greater than the probability of
precipitation for month j no precipitation is generated, otherwise a rainfall
event occurs and Equation 2-1 is used to calculate the guantity. Since
parameters of the log-normal distribution are used in the generating scheme,
it is necessary to transform the data and subtract the bias correction
factor. [If the result is less than zero, the rainfall amount is set at
0.00001 inch, so as not to "lose" a data value. The following assumptions
are inherent in the model development:

1. the introduction of a bias addressed by Matalas (1967) is corrected

by subtraction of a constant value without the solution of
simultaneous equations. )

2. the areal distribution of the rainfall is uniform.

3. the effect of the discontinuity of statistical parameters that
occurs between the Tast day of one month and the first day of
the next month is negligible.

In a subsequent section the data generated using the above model are compared
with the historical precipitation record at Betatakin.

2.22 RAINFALL-RUNOFF PARTITIONING Models.- The process of runoff as
a result of a precipitation event can be partially characterized by the
following list of variables:

a&. interception - rainfall that falls on vegetal cover and is evaporated
before reaching the ground.

b. depression storage - component of rainfall that is stored in ouddles,
ditches and other depressions in the soil surface.

c. evaporation - part of precipitation that is returned to the atmosphere
as water vapor.

d. surface retention - combination of interception, depressicn storage
and evaporation.

e. infiltration - fraction of rainfall that moves down into the soil

f. overland flow - part of rainfall that flows over the land surface
toward streams, channels, or impoundments.

JAN 51089
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g. runoff - that part of precipitation that eventually reaches a
surface stream, channel or pond.

h. interflow - movement of water through the sgil to a surface stream,
channel or pond.

i. ground water flow - movement of water from a saturated ground water
zone to a surface stream, channel gr pond.

J. transpiration - part of soil water that is extracted from the soil
by vegetation.

Neither interflow nor ground water flow were considered in this study. It was
assumed that all water infiltrated during a rainfall event is lost from the
system either by transpiration or deep percolation, i.e. the pond did not gain
water as a result of these types of flow. In fact, the final model accounts
for seepage from the impoundment. It is evident, therefore, that the anly
variables of interest for this study are surface retention, overland flow,
and infiltration. For the system under consideration, runoff as defined
above can be ignored and any references to runoff in this report will actually
- be references to overland flow.

Although the literature contains many different types of rainfall-runoff
partitioning models, only two will be discussed in this report. The first,
developed by the Soil Conservation Service (SCS) of the U.S. Department of
Agriculture (1972), estimates runoff depth using the relationship:

2
_ (P - 0.25)
e = {5¥0.85 (2-2)
where ‘
Q is the depth of runoff,
is the depth of precipitation, and,
S is a parameter that accounts for both surface retention and infiltration.

It is apparent that Equation 2-2 is valid only for values of P greater than
0.2S. Equation 2-2 is for normal Antecedent Moisture Conditions (AMC-2). Other
Antecedent Moisture Conditions are AMC-1 for dry conditons and AMC-3 for wet
conditions. For the system under consideration, it was assumed that only AMC-2
conditions apply. The SCS has defined runoff curve numbers (CN) for many types
of soils. The CN can be related to the parameter S by the following equation

S = (1000/CN) - 10 _ (2-3)
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so that if precipitation is known and the curve number can be identified the
depth of runoff can be calculated using Equation 2-2. From Equation 2-3 it
is syident that values of the SCS curve number are greater than zero and less
than or equal to 100. Small values of the curve number resuit in less runoff
due to a larger initial abstraction as well as increased infiltration. A
curve number of 100 is indicative of an impervious surface.

The second runoff model utilized in this study is a trianguiar model
developed by Scott {1979). This work was based on earlier work by Lewis
(1969}, Schreiber and Kincaid (1967}, and Osborn and Lane (1969). These
researchers studied the rainfa]]-runoffArelationship for small watersheds
using muitiple linear regression analysis. Lewis' work was conducted in the
arid Mexico highlands while that of Schreiber and Kincaid and Osborn and Lane
was conducted in Arizona. The model developed by these researchers is of the

form:

Q = aP - b (2-4)
where

Q is average runoff,

p is daily precipitation,

a is the slope of the rainfall-runoff line, and,

b is .the runoff intercept, functionally equivalent to surface retention.

Scott (1979) modified the method to reflect a statistical analysis of the slope
to make it a multi-regional rainfall-runoff model. The major hypothesis pre-
sented in this research is that the mechanism of rainfall-surface retention-
runoff-infiltration has two distributiaons, one about the value of initial
abstraction (IA) and one about the value of infiltration-runoff percentage (a).
The value of IA 1is dependent on antecedent moisture conditions, time of year,
amount and distribution of vegetation, and rainfall intensity, amona other
factors. The distribution about a is influenced by the same variables and,
in addition, by the duration of the storm. Although Scott hypothesized that

it was possible to apply a probability distribution to the value of IA, no
research has been conducted concerning Equation 2-4. Therefore, for the purposes
of this research the value of IA was assumed to be a constant. Scott did
apply a triangular probability distribution to the slope of the runoff line, a.
Two possible representations of this runoff model are presented graphically in

Figure 2.1. Fiqure 2.1a represents the limiting conditions of the triangular
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distribution applied to the slope. For this example, the upper limit of the
'distribution, U, 1is 1 and the lower limit of the distribution, L, is zero.
That is, the slope of the runoff line will vary about the mode of the distri-
bution, M, from zerc, i.e. no runoff, to 1, i.e. 100% of nrecipitation in
excess of IA will become runoff. Figure 2.1b represents an example in which
the slope of the runoff line varies in a more restricted manner. In this
example U is less than 1 and L 1is greater than zero. The values of U
and L should be selected based on knowledge of the runoff characteristics

of the watershed being investigated.

To use Equation 2-4, it is necessary to rewrite it in terms of the initial
abstraction, IA. Obviously, the runoff is zero when the precipitation is
iess than or equal to IA. Substituting IA for P and zero for Q in
Equation 2-4 and solving b Tleads to

b = a(lIA) (2-5)

and substituting the results back into Equation 2-4 results in the runoff
equation in terms of precipitation and initial abstraction:

Q = a(P - IA) (2-6)

Equation 2-6 is the functional form of Equation 2-4 that is used to estimate
the runoff for the triangular model. The method of calculating a will be
discussed subsequently. It should be noted that the value of IA 1is held
constant even though the slope is allowed to statistically vary.

The triangular distribution is determined by areas of triangles. The
two triangular distributions presented in Figure 2.1 are presented in Figure
2.2 to facilitate discussion of the method used to determine the value of a.
From Figure 2.2, it is apparent that the areas of the triangles are:

= ] -
At = E—P(M) (U~ L) (2-7)
Ay = PO (M- L) (2-8)
. 1 o -
Ar = 3 P(M) (U - M} (2-9)
where
At = area of triangle,
AT = area of left {riangle,
A= area of right triangle,



P(M) = probability,
= mode of distribution,
= Jlower value of distribution, and,
= upper value of distribution.

The probability that the slope is less that the mode, M, is given by

A
p(1) = ﬁ% - =t (2-10)

while the probability that the slope will exceed the mode is given by

P(T‘) - E = _U._-_)_ (2-]])
The general procedure, then, is to obtain a uniform random variate, U1, and
compare it with P(1):

if: Ul < P(1) then obtain X{L,M) : case 1
Ul > P(1) then obtain X(M,U) : case 2

and generate two more uniform random variates, U2 and U3. For case 1

max (U2,U3), which yields a distribution about 0 and 1.
(M - L)R + L, which yields a distribution about L and M.

For case 2

min (U2,U3), which yields a distribution about 0 and 1.
(U - M)R + M, which yields a distribution about M and U.

The value of X that is calculated using the above procedure is then substituted

for a 1in Equation 2-6 and the runoff is calculated.

2.23 WATER QUALITY MODEL - To calculate water quality as a function of
time and depth of water in the pond, & simple mass balance model was developed
to account-for the concentration of Total Dissolved Solids {TDS) in the
impoundment water. Based on the mass balance, the concentration at any time

is given by:
t-1,t-1 t t t .t t .t t t
et ¢ d . Cp dg - Cg 9o - G 4y (2-12)
TRARN L L L
r D e W

T
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where C is the concentration in parts per million (ppm) and d is the depth
of water. The subscripts r, p, e, and w represent runoff, precipitation,
evaporation, and seepage, respectively, while the superscript t indicates
current time period and t-1 indicates the previous time period. Using the
symbol convention presented above, the depth of water in the pond at time

t 1is given by

t

qt = 4t1

t .t .t Lt '
+ dr + dp - de - dw (2-13)

Assuming the rain water and evaporated water are pure (i.e. concentration of

zero) and in view of Equation 2-13, Equation 2-12 can be simpiified to the

following form:
t-1 t-1

C" 'd - C

tt
ot w % " o Cr (2-14)
t

Since the water that is seeping out of the pond during a time period has the
same concentration as the water in the pond Equation 2-14 has only one unknown,
namely the pond water concentration for time period t. The solution to
Equation 2-14 is not explicit, however, and to obtain a solution it was
assumed that the concentration of the water within the pond at the end of

the previous time step, i.e. t-1. Therefore Equation 2-14 can be rewritten as:

bt
+ctyg
ct - r_r (2-15)

Equation 2-15 was used to calculate the concentration of the pond water in
conjunction with the pond volume calculations. At each time step the new
concentration was calculated using Equation 2-15 if there was water in the
pond; if the pond was dry, the concentration was set to zero. It should be
noted that this procedure does not properly account for the fact that the
surface of the pond will contain some salts that will become redissolved
upon the introdcution of water to the pond. This effect is believed to be
negligible, however.

A rather extensive search of the literature did not turn up any direct
measurements of salt concentration in small ponds that are intermittently
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wet and dry. Therefore, the effect of residual salts left in the pond during
a dry period could not be estimated from direct data. The assumption that
residual salts Teft on a dry pond bottom will not contribute significantly

to the salinity level in the pond water during the next wet period is based
on the following reasoning.

Residual salts left on a dry pond bottom result from crystallization
from the concentrated solution that exists as the volume of water in the
pond approaches zero. These salt crystals are highly soluble and are
quickly dissolved when contacted by precipitation and/or runoff (White, 1977).
The infiltration capacity of the materials covering the pond bottom is
greatest when the pond is dry. The first increments of precipitation and/or
runoff contacting the dry pond bottom infiltrate and carry the highly soluble
salts below the surface. Thus, the Targe fraction of the residual salts are
not solubilized by the water standing in the pond. Both capillary and
gravitational gradients are oriented downward as long as water stands in the
pond. Therefore, the only mechanism by which the salts carried below the
surface can re-enter the pond is by diffusion. Once ponded water is again
depleted by evaporation and percolation, the canillary gradient reverses
and water will move upward in response to the evaporative potential. Salts
dissolved in this upward moving water are precipitated at or near the ground
surface and are in addition to those precipitated from the pond water.

2.24 SEDIMENT MODELS - Probably the best known and most widely used
sediment model is the Universal Soil Loss Equation (USLE) developed by
Wischmeier and Smith (1965);

Y

RKLSCP (2-16)

where
= sediment yield in tons/acre/year,

= rainfall factor usually expressed as the product of rainfall
energy times the maximum 30-minute intensity for a given rainstorm,

K = soil erodibility factor,

LS = length slope factor,
= cropping or cover factor, and
= conservation practice factor.
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Determination of a reliable estimate for R makes Eguation 2-16 difficult
to use and, since R s different for each storm, using a single value for

R can result in erroneous results.

For these reasons, Williams (1976) modified Equation 2-16 resulting in
the modified USLE {MUSLE):

Z =95 (qu)o'56 KLSCP (2-17)
where

7 = sediment yield in tons from a storm,

qp = the peak discharge for the storm (cfs),

Q = the volume of runoff for the storm (acre-ft)

and all other variables are as previously defined. Williams selected the
coefficient 95 and the exponent 0.56 by optimization. For small watersheds

in Texas and Nebraska, Equation 2-17 explained about 92% of measured variation
in sediment yield. Even though some climatic and watershed differences

existed between the two locations from which data was collected, Equation 2-17
predicted sediment yields that were very close to those actually measured.

Since there was not enough data available in the mine area to develop new
constants using Williams' procedures, it was assumed that the original constants
as specified by Williams could be used to develop sediment yield estimates at
the Black Mesa mine. The obvious advantage of Equation 2-17 is that it is

based on individual events and can be used in a stochastic modeling process.

In order to use Equation 2-17 the peak discharge for each storm must be
calculated. The SCS (1972) peak flow equation provides the method to accomplish
this:

p t
p
where
A = watershed area in sq. mi.

1}

time to peak discharge in hrs.,

and other variables are as defined previously.
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2.25 MODEL DESCRIPTION - The model utilized in this study is actually
three computer models that use the equations presented in the previous sections
to estimate pond depth, pond water quality, and sediment yield as a function
of time. In a subsequent section the data collected for input into the model
will be discussed. The first computer program is the precipitation generation
model developed by Scott (1979). This model develops the precipitation
sequence based on the input historical record and writes the results to tape
for subsequent use by the other models. Runoff partitioning and water quality
calculations are performed by another computer program that uses the generated
precipitation record as input. Two versions of this model were used - the
SCS model and the triangular distribution model presented by Scott (1979).

The third program is the sediment yield model and uses Equation 2-17 to
calculate sediment yield from a single storm. Again the precipitation
sequence generated using the first model is used as input.

For the runoff partitioning models and sediment yield models, it is
necessary to calculate a volume of runoff in order to perform a mass balance
of water in the pond and to estimate the total yjeld of sediment from the
watershed. Since both Equations 2-2 and 2-6 calculate only a depth of runoff
it is necessary to know the area of the watershed to estimate the total volume
of water that an impoundment will receive as a result of a precipitation event.
Because it is highly unliikely that all of the watersheds within the mine area
will be of the same size a dimensionless parameter cailed the Area Index was
introduced. It is apparent that the most important geometric parameter of an
impoundment from the standpoint of water losses is area. With this in mind
the Area Index is defined as the watershed area divided by the pond area. A
schematic representation of a drainage basin with an impoundment is presented

in Figure 2.3.

It is apparent that

Ay = Ag - A (2-19)
where ;

Ap = drainage area of the watershed,

AB = total watershed area, and

AP = area of the impoundment.

Jan bRy
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Dividing both sides of Equation 2-19 by the pond area results in

A A
2 = B _qyp=a1-1.0 (2-20)

o A
where Al s the Area Index. Using Equation 2-20 it is evident that the depth
of water supplied to the pond as a result of a precipitation event is given by

D = P+ QAL - 1.0) (2-21)

where [ s the depth of water in the pond and other symbols are as previously
defined on page 2-5. The use of the Area Index as a rainfall concentrator
allows analysis of depth, water quality, and sediment yield for a large number
of potential pond/watershed configurations without requiring that the actual
basin geometry be specified. The pond depth/water quality computer program
works in the following manner:

1. Read the generated precipitation sequence.

2. Calculate the sequence of runoff depths using the appropriate
runoff model.

3. Initialize the Area Index.

Loop through the runoff depth record generated in step 2. If runoff
occurs on any day, calculate the depth of water added to the pond
using Equation 2-21. Calculate the current depth of water in the
pond by adding runoff depth calculated to the previous day's depth
and subtracting the depth of water that evaporates and the depth
that seeps from the pond. The result is a sequence of daily pond
depths for the given Area Index.

5. Calculate mean daily depth, standard deviation, and probability of
the pond having water in it using the depth record generated in step 4.

6. Generate the sequence of daily TDS concentrations using Equation 2-15
with the depth record generated in step 4 and the rainfall sequence
as inputs.

7. Calculate mean daily concentration, standard deviation, and probability
of the TDS exceeding a certain minimum amount using the water quality
record generated in step 6.

Increment the Area Index.
8. If the Area Index is greater than the maximum desired then stop.
Otherwise perform the calculations for the new Area Index starting at
step 4.
As stated earlier Equation 2-18 is used to calculat® the peak discharge
for any storm so that Equation 2-17 can be used to calculate sediment yield

from the storm. In order to use Equation 2-18, an estimate of the time to
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peak discharge must be made. The SCS has presented a series of equations that
can be used to estimate this parameter based on watershed characteristics. Lag

time can be estimated from

t1 = 05 (2-22)
1900 Y ¢
where
t = lag time in hours
L = hydraulic length of watershed in feet,
Y = average land slope in percent, and
S = curve number parameter as calculated using Equation 2-3.

The SCS (1972) presents the following equations which can be used to relate
lag time to peak:

_Ad -

tp == + t1 (2-23)
and

ad = 0.133 £ (2-24)
and

t.I = (tc/o.s) (2-25)
where

ad = duration of unit excess rainfall,

tC = the time of concentration,

and other variables are as defined previously. Algebraic manipulation allows
time to peak to be defined in terms of log time:

tp = 1.111t1 (2-27)
The length and slope parameters in Equation 2-22 were related to the Area
Index based on maps supplied by PCC so that a peak time could be calculated
as a function of Area Index. The procedure used and the results are presented
in the following section. The sediment yield model can be summarized as follows:

1. Read the generated precipitation sequence.
2. Calculate the runoff record using Equation 2-2.
3. Initialize the Area Index.



4. Calculate time to peak for the Area Index in question using Equations
2-22 and 2-26.

5. Loop through the runoff record. On days that runoff occurs, calculate
the volume of runoff using Equation 2-21 and peak discharge using
Equation 2-18 with the Area Index substituted for the area variable.
Use Equation 2-17 to calculate the sediment yield for the storm. A
running total of sediment yield is kept.

Calculate the mean quantity of sediment yield per unit area per year.
Increment the Area Index.

If the Area Index is greater than the maximum desired then stop.
Otherwise perform the calculations for the Area Index starting at
step 4.

2.26 MODEL LIMITATIONS - A1l computer models have some Timitations. In
this section the limitations of the models utilized in this study are discussed.
The model does not properly account for the fact that seepage rates from the
ponds decrease with time. For a dry pond surface the infiltration rate is
initially high and decreases as more water is infiltrated. The time required
for infiltration rates to reach the basic intake rate is relatively short, on
the order of a few hours to a few days. Since the time for the basic intake
rate to be reached is very short compared to the time being considered it is
felt that neglecting the time variation of infiltration rate will not signifi-
cantly affect the results obtained. Another reason for the time variation of
infiltration is that, as the pond receives more fines as sediment that settle
to the bottom of the pond, the infiltration rate will decrease. After some
period of time additional sediment will not materially effect the infiltration
rate. It is difficult to estimate the length of time required to reach this
condition. This Timitation can be ignored if the ponds are properly compacted
during construction.

Angther Timitation of the model is that runoff during the winter months
is not properly computed. The model calculates runoff for all events in the
same manner regardless of the season in which the precipitation event occurs.
The effect of this is to allow winter precipitation which may be in the form
of snow to be immediately routed to the pond when in fact, the runoff event
may not occur until a warm period occurs. This limitation is at least partially
offset by the fact that the Betatakin station does not have a heated rain
gauge s¢ that measured winter precipitation in the form of snow is probably
less than what is actually recieved. The net resuit is that the model probably
underestimates pond depth in the winter moriths and in the early spring months.

R
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It is felt that the above limitation will not materially effect the pond depth
for the critical months when evaporation is high.

Perhaps the most severe limitation of the model is the method used to
calculate the peak flow rate for use in the sediment yield calculations. The
method utilized assumes that the storm duration is approximately equal to
the time of concentration which is very small for the small watersheds under
consideration. Because the storm duration is underestimated, the peak
discharge is overestimated resulting in an estimate of sediment yield that
is somewhat higher than would probably be observed.

2.30 DATA COLLECTION AND AMALYSES

2.31 SITE INVESTIGATIONS - WWL personnel visited the mine site on three
separate occasions. The first visit was for reconnaisance purposes. During
the second visit, several soil samples were obtained for laboratory analyses.
The samples were analyzed for TDS and pH as determined in both saturated
extracts and five to one dilution extracts. The latter was obtained as it
was felt that it would provide a reasonable maximum estimate of the TDS con-
centration of runoff water. A more detailed discussion of this assumption is
presented in Section 2.36. Five of the surface samples from the J1, N6 area
were also subjected to particle size analyses and the results are presented
in Table 2.1. Laboratory results of the chemical analyses are presented in
Table 2.2. Complete laboratory reports for the chemical analyses as well
as particla size distribution curves are contained in Appendix B to this
report.

Table 2.71. Results of Particle Size Analyses.

No. % Sand % Silt % Clay

3-S5 55 23 22
8-S 65 13 22
SEN 43 17 40
10-5 67 15 18
16~S 49 20 31

An additional site visit was made by a WL engineer to conduct ring
infiltrometer tests. The data from these tests were analyzed using a method
presented by the SCS. The infiltration curves as well as the original data
are presented in Figure 2.4.
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2.32 ADDITIONAL DATA - In addition to the data obtained as a resylt
of field investigations and the rainfall data obtained from NOAA records,
PCC personnel provided maps delineating several watersheds containing
impoundments. PCC personnel also conducted an additional ring infiltrometer
test on an existing pond to aid in the determination of a seepage rate for
the computer model. PCC personnel also provided weather data collected at
the mine site and partial reports of studies conducted at the mine by the
University of Arizona.

Table 2.2a  Laboratory Results for J1,Né Surface Samples.

Saturation Extract 5:1 Dilution Extract
No. TDS pH DS pH
1-§ 1080.6 8.15 224.0 7.81
2-S 1457.3 8.18 _ 160.6 7.75
3-S 540.2 8.36 164.2 8.38
4-5 1605.1 8.09 775.5 7.58
5-8 1845.2 7.62 656.6 7.93
6-S 3270.4 7.36 447 1 7.90
7-S 1185.1 8.23 248.6 8.04
3-S5 2070.0 7.70 323.3 8.03
9-5 780.0 8.11 171.2 8.04
10-8 1230.0 7.95 - 200.9 7.38
11-§ 1845.4 8.26 299.5 8.17
125 525.1 8.19 76.6 7.73
19-5 510.0 3.04 120.5 8.07
20=5 943.1 7.83 247.7 7.42
21-5 510.5 8.02 172.3 7.56
22-5 835.5 8.03 184.4 7.71
Table 2.2b  Laboratory Results for J1, N6 Subsurface Samples.
Saturation Extract 5:1 Dilution Extract

TDS pH TDS pH
1-6" 752.4 7.52 200.0 8.19
2-6" 915.9 8.23 203.1 8.46
3-6" 750.2 8.19 236.5 8.28
4-6" 1485.1 7.63 520.3 7.77
5-6" 1065.1 8.13 323.4 8.59
6-6" 510.1 7.79 380.6 8,69
7-6" 780.1 8.00 204.0 8.03
8-6" 1050.3 7.64 264.0 8.03
9-6" 1245.1 8.04 451.1 7.91
10-6" 1185.2 8.54 248.7 7.48
17-4" 746.5 6.97 108.8 8.81
12-6" 795.1 8.32 . 92.2 7.44
20-6" 720.4 7.72 144.0 8,57
21-6" 661.5 7.80 192.4 8.91
22-6" 315.4 7.91 176.0 8.11

Jar Bnpg
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Tabie 2.2c  Laboratory Results for N1,N2 Surface Samples

Saturation Extract 5:1 Dilutign Extract
Na. TDS nH TDS pH
15-5 1365.2 65.92 284.9 7.87
16-5 6045.0 7.23 1079.1 6£.99
17-5 4219.3 8.20 2245.4 7.35
18-5 1395.1 7.38 212.0 8.38

Table 2.2d Laboratory Resuits for N1,N2 Subsurface Samples

Saturation Extract 5:1 Dilution Extract
TDS pH TDS pH
16-6" . 24683.4 8.40 817.5 7.26
18-6" 900.2 7.52 160.2 7.64

Table 2.2e Laboratory Results for Topsoil Samples

Saturation Extract " 5:1 Dilution Extract
TDS pH DS pH
13-TS 1830.4 6.45 156.3 7.30
14-TS 1470.2 7.180 148.1 7.41

NOTE: TDS units are mg/1.

2.33  ANALYSIS OF RAINFALL DATA - As diséussed previously, the input
rainfall record for the stochastic precipitation generator was obtained from
NOAA data for Betatakin, Arizona. Since the precipitation generation model
requires that the data have a log-normal distribution, this assumption was
tested using a Chi-Square goodness of fit test. The general procedure is to
obtain parameters of the distribution to be tested and, using these parameters,
calculate the cumulative density function (CDF) of the distribution. The data
are then sorted into ascending order and the number of occurrences for each
class interval are counted. A test statistic is then obtained by summing the
squares of the deviations of the observed values from the theoretical values
in each class interval for the parameters calculated. This test statistic is
then compared to a table value of the Chi-Square distribution with k-n-1
degrees of freedom and at the confidence level desired. The value of k is
the number of equal class intervals into which the distribution is divided
and n is the number of parameters estimated. If the value of the test
statistic is less than that of the table value, the hypothesis that the data
has the assumed distribution is accepted.
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The Betatakin daily rainfall data were subjected to the above test on
a month by month basis. The COF was divided into 11 equal class intervals
and two parameters, the mean and standard deviation, were estimated
{k =11, n=2). At the 99.99 significance level with 8 degrees of freedom
the tahle value is 26.1. The calculated test statistics are presented in
Table 2.3. Al17 values, with the exception of May's value, are less than
the table value. The test statistic for May is very close and it is
concluded that the data are indeed log-normally distributed.

Table 2.3 Results of Chi-Square Test
Chi-Square Statistic

Month Computed Table
value Value

January 12.9325 25.1
February 22.5000 26.1
March 12.9825 26.1
April 12.5455 26.1
May 26.9485 26.1
June 5.1325 26.1
July 26.0538 26.1
August 25.2957 26.1
September 19.4752 26.1
October 12.8960 26.1
November 12.7200 26.1
December 9.0604 26.1

Another test of the reliability of the generated data can be accomplished
by comparing the historic data with the generated data. The statistics of
both data sets are presented in Table 2.4. A visual inspection of all parameters
indicates that the data sets are very similar. A more quantitative way of’
testing the assumption that there is no statistical difference in the means
can be accompiished by applying the Student-t test of significance. In order
to perform this test, it is necessary to calculate the pooled variance:

5 (n1-1)s$ + (n, -1)5%
S ot 2 (2-27)
1 2
where
Sy = pooled standard deviation,
S1 * standard deviation of historic data,
S, = standard deviation of generated data,
n, = number of observations in historic data, and
n, = number of observations in generated data.
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Table 2.4a. Natural Rainfall Statistics

Number Number Standard Precipitation
Period Observations Events Mean Deviation Probability
January 961 163 0.1801 0.1928 0.1696
February 876 ' 148 0.1808 0.2113 0.1689
March 961 173 0.1591 0.1440 0.1800
April 930 121 0.1484 0.1553 0.1301
May 961 97 0.1451 0.1332 0.1009
June 930 83 0.1716 0.2663 0.0892
July 961 223 0.2075 0.2542 0.2320
August 961 230 0.2010 0.2569 0.2393
September 930 141 0.2091 0.2700 0.1516
October 961 125 0.2703 0.3327 0.1301
November 930 125 0.2428 0.2836 0.1344
December 961 149 0.2252 0.3174 0.1550
Annual 11323 1778 0.1966 0.3174 0.1570

Table 2.4b. Generated Rainfall Statistics

Number Number Standard Precipitation

Period Observations Events Mean Deviation Probability
January 1550 241 0.1659 0.1647 0.1555
February 1413 223 0.1787 0.2259 0.1578
March 1550 268 0.1683 0.1390 0.1729
April 1500 222 0.1337 0.1369 0.1480
May 1550 165 0.1365 0.1231 0.1065
June - 1500 122 0.1743 0.2475 0.0813
July 1550 356 0.1931 0.2140 0.2297
August 1550 358 0.1848 0.2099 0.2310
September 1500 234 0.2223 0.2935 0.1560
October 1550 202 0.2593 0.2883 0.1303
November 1500 200 0.2495 0.3542 0.1333
December 1550 249 0.2173 0.2439 0.1606
0.1907 0.3192 0.1555

Annual 18263 2840
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Table 2.4c¢. Log Natural Rainfall Statistics.

Number Number Standard Precipitation

Period Observations Events Mean Deviation Probability
January 961 163 -1.7298 0.7031 0.1696
February 876 148 -1.777% 0.7569 0.1689
March 961 173 -1.7704 0.6366 0.1800
April 930 121 -1.8677 0.6936 0.1301
May 961 97 -1.8489 0.6531 0.1009
June 930 83 -1.8871 0.7932 0.0892
July 961 223 -1.7173 0.8141 0.2320
August 961 230 -1.7377 0.801¢ 0.2393
September 930 141 -1.6944 0.7858 0.1516
October 961 125 -1.5344 0.8650 0.1301
November 930 125 -1.5820 0.8205 0.1344
December 961 149 -1.6148 0.7774 0.1550
2.2994 0.1570

Annual 11323 1778 -1.7238

Table 2.4d. Log Generated Rainfall Statistics.

Number Number Standard Precipi=z:tion
Period Observations Events Mean Deviation Probabiiity
January 1550 241  -1.7669 0.6860 0.1555
February 1413 223 -1.7471 0.7245 0.1578
March 1550 268 -1.7105 0.6239 0.1729
April 1500 - 222 -1.9311 0.6882 0.1480
May 1550 165 -1.8714 0.6182 0.1065
June 1500 122 -1.8539 0.8067 0.0813
July 1550 356 -1.7372 0.8112 0.2297
August 1550 358 -1.7735 0.8121 0.2310
September 1500 234 -1.6363 0.7934 0.1560
October 1550 202 -1.5302 0.8531 0.1303
November 1500 200 -1.5547 0.8031 0.1333
December 1550 249 -1.6391 0.7930 0.1606
Annual 18263 2840 -1.7260 2.3003 0.1555




2-27

The computed test statistic, t, is then calculated using:

my - m, _
t = (2-28)
1/2
Sy (}/n1 + T/nz)
where
mT = mean of historic data and
m, = mean of generated data.

The value of t calculated using Equation 2-28 is compared to the Student's

t value from a table using v degrees of freedom {v is equal to the denominator
in Equation 2-27) at the confidence level desired. If the calculated value is
less than the table value, the hypothesis that the means are not significantly
different is accepted. Again this test was performed on a month by month basis
at the 97.5% confidence level. The results are presented in Table 2.5. As can
be seen the assumption that the generated means and the historic means are from
the same population is valid.

The mean monthly depths of precipitation at the Betatakin station were .
calculated. The results are presented in Table 2.6. The Timited data availabie
from the mine site indicate that precipitation at the mine should be very
similar to that observed at the Betatakin station. For the above reasons it
is concluded that the historic rainfall record utilized in this study is
appropriate for the model and adequately reflects the precipitation of the
site in question.
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Table 2.5. Student's t-Test Results.
Degrees Pooled
of Standard t - Statistic PASS/
Period Freedom Deviation Computed Table Value FAIL
January 402 0.17686 0.7931 . 1.97 PASS
February 369 0.2202 0.0899 1.97 PASS
March 439 0.1410 0.6691 1.97 PASS
April 34 0.1436 0.9056 1.97 PASS
May 260 0.1269 0.5296 1.97 PASS
June 203 0.2553 0.0743 1.97 PASS
July 577 0.2303 0.7322 1.97 PASS
August 586 0.2294 0.8356 1.97 PASS
September 373 0.2849 0.4346 1.97 PASS
October 325 0.3060 0.3159 1.97 PASS
November 323 0.3289 0.1787 1.97 PASS
December 396 0.2497 0.3055 1.97 PASS
Annual 4616 0.3185 0.6125 1.97 PASS
Table 2.6, Mean Monthly Precipitation at Betatakin.
Month Depth (in.)
January 0.95
February 0.86
March 0.89
April 0.58
May 0.45
June 0.46
July 1.49
August 1.49
September 0.95
October 1.09
November 0.98
December 1.08
Total 11.27
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2.34  ANALYSIS OF EVAPORATION DATA - Since long-term records of evaporation
are not available the historic record of pan evaporation'at Many Farms, Arizona,
was used to estimate the daily evaporation from a free water surface at the
mine site. The Many Farms data as well as that used in the computer model are
presented in Table 2.7. The Many Farms data were reduced to approximately 80
percent to account for the fact that pan evaporation tends to overestimate the
amount of evaporation that will occur from a larger body of water (Sellers and
Hi11, 1974).

Table 2.7 Evaporation Data.

Many Farms Estimated Mine Site
Month Pan Evaporation Pond Evaporation
(inches/month)  {inches/month) (inch/day)

January 1.0 0.87 0.028
February 3.4 2.63 0.094
March 5.7 4.68 0.151
April 9.2 7.38 0.246
May 12.5 10.54 0.340
~ June 12.9 10.77 0.359
July 11.9 9.95 0.321
August 10.0 8.49 0.274
September 8.7 7.08 0.236
October 5.6 4.68 0.151
November 3.3 2.82 0.094
December 1.7 1.46 0.047
Annual 85.9 71.35 0.195

2.35  ANALYSIS OF INFILTRATION DATA - The infiltration data collected
indicates that the soils in guestion have a moderate to Tow intake rate. The
SCS method for analyzing the infiltrometer test was developed primarily for -
irrigation design and the analysis allows for the selection of a soil intake
family. The results indicate that, at least for irrigation purposes, the
soils in the mine area are on the Tow end of infiltration rates listed in
the literature. Based on the results of the infiltration tests it is estimated
that the soils in the mine area are probably of hydrologic type C as defined
by the SCS. The results of the above tests were used only as an-aid in selection
of the SCS Curve Numbers for the runoff partitioning model. In order to estimate
the amount of seepage through an impoundment bottom an additional ring infil-
trometer test was conducted on an existing pond bottom by PCC personnel. The
data from this test is presented in Table 2.8. Although not enough data was
collected to perform the SCS analysis, the measured average intake rate varies
from 0 to 0.100 inch/day with a mean of about 0.031 inch/day. The soils in
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the pond bottoms have a textural classification of silty clays. Morris and
Johnson (1967) list the hydraulic conductivity of such soils as about 0.034
inch/day. Based on the above discussion, a value of 0.034 inch/day was used
in the model as the rate of seepage from the pond bottom. [t is felt, based
on site inspection of existing ponds, that this value is conservatively high.

Table 2.8. Pond Bottom Ring Infiltrometer Test Data.

Elapsed Cumulative Time Infiltration Avg. Intake
Time Infiltration Increment Increment Rate
{days) {inch) (days) {inch) {inch/day)
0.00 0.00
0.21 0.00 0.21 0.00 0.000
1.98 0.04 1.77 0.04 0.023
3.08 0.15 1.10 0.11 0.100
3.13 0.15 0.04 0.00 0.000

2.36  ANALYSIS QF LABORATORY DATA - The mean and standard deviation
of each group of samples was obtained for each parameter. These results are
presented in Table 2.9. The mean concentration of the 5:1 dilution extract
of the surface samples from the J1,N6 area was used to estimate the mean
concentration of runoff water for the water quality model. The mean value
of about 280 mg/1 was rounded to 300 for input to the model. Since the
subsurface samples from this same area had TDS concentrations less than
those observed at the surface it can be concluded that some erosion of the
surface soils will not cause an increase in the salinity of the runoff water.

Table 2.9. Statistical Summary of Laboratory Results.

Saturation Extract 5:1 Dilution Extract

mean std. dev, mean std. dav.
J1,N6 Surface TDS 1262.73 74317 279.56 192.53
pH 8.01 0.26 7.84 0.28
J1,N6 Subsurface TDS 865.23 289.91 249.67 121.89
pH 7.90 0.38 8.22 0.46
N1,N2 Surface TDS 3256.15 2290.89 055.35 845,45
pH 7.43 . 0.55 7.65 .61
N1,N2 Subsurface T0S 1681.80 1105.35 338.70 2h2.44
pH 7.96 0.62 7.45 0.27
Topsoil DS 1650.30 254,70 152.20 5.80

pH 6.78 0.46 7.36 0.08
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The use of the average dissolved solids concentration in 5:1 water-to-soil
extracts as representing the reasonable maximum value of 'salt concentration in
overland runoff is based upon observations in mine spoil studies and elsewhere.
McWhorter, et.al., (1979) measured the average dissolved solids concentration
in overland flow on mine spoil in Colorado. These investigators also determined
the salt concentration in the spoils contacted by the overland flow. [t was
observed that the average salt concentration in runoff from plots subjected
to simulated precipitation was 246 mg/1 from spoil with an average TDS
concentration of 2690 mg/1 in saturation extracts. It is estimated that the
corresponding TDS concentration in 5:1 extracts was 595 mg/1. Thus, the average
salt concentration in runoff was about 41 percent of that in 5:1 extracts.

Ponce (1975) made extensive investigations of the relatfonship between the
electrical conductivity of direct runoff from Mancos shale and the electrical
conductivity of 1:1 soil-to-water extracts prepared from the surface materials.
His regression equation is

-ECw = -193 + 0.502 EC (1:1), rz = 0.912 (2-29)
where

ECw is the electrical conductivity of the overland runoff, and,

EC(1:1) is the electrical conductivity of 1:1 soil-to-water extracts

prepared from soil at Q0 - 0.1 inch depth. .

Electrical conductivity values must be expressed in micromhos/cm at 25 degrees
Centrigrade. Richards (1954) reports the ratio of EC of 1:1 extracts to the
EC of saturation extracts for sulfate salts to be about 0.6. McWhorter, et.al.,
(1979) found the ratio to be 0.68. Using a ratio of 0.68, the measured average
TDS in saturation extracts of 1263 mg/1 for the Black Mesa soils converts to a
TDS (1:1) of 864 mg/1. This value is in turn converted to EC(1:1) of 1110
micromhos/cm using a correlation between TDS and EC developed from extensive
data on waters with a chemical composition similar to that measured in extracts
from the Black Mesa soils (McWhorter, et.al., 1979).

Using EC(1:1) of 1110 micromhos/cm in Ponce's equation (Equation 2-29)
yields an electrical conductivity in the overland runoff of 365 micromhos/cm
or a TDS of 252 mg/1. This estimate is nearly equal, but somewhat Tess, than
the average TDS concentration of 280 mg/]1 measured in 5:1 extracts prepared
from soils collected at the jmmediate surface on top soiled areas at the Black
Mesa mine.

JAN 10989
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Based upon the above, it is believed the use of a TDS concentration equal
to 300 mg/1 in surface runoff is a reasonable maximum for the average value at
the Black Mesa mine. It is worth noting that both the spoil material studied
by McWhorter, et.al. (1979) and the Mancos shale derived soils studied by Ponce
{1975) are much higher in soluble salt content than the Black Mesa soils.

The results of the textural analyses were used to estimate the value of
K wused in Equation 2-17. Using the nomograph presented by Wischmeier et.al.
(1971) the average value of K for the soils in the J1,N6 area is estimated
to be 0.15.

2.40 RESULTS AND DISCUSSION

2.41 POND DEPTH - Pond depth as a function of time was calculated using
the model presented earlier for 50 years of simulated rainfall data. Area
Index was allowed to vary from 10 to 130 for these calculations. Calculations
were performed for SCS Curve Numbers of 70, 75, 80, 85, and 90 using Equation
2-2. As a check the calculations were performed using the triangular method
presented by Scott (1979) for values of a and IA that correspond to Curve
Numbers of 75, 80, and 85. The mode of the distribution about . a was set at
0.26 {Osborn and Lane, 1969). The upper limit of the distribution was set at
one and the Tower limit was set at zero, as insufficient data was available
to obtain more restrictive values. The value of IA was set to the same
value as the value of initial abstraction calculated by the SCS method, 1i.e.
0.2S, for each corresponding Curve Number. Complete sets of computer output
for the SCS model are presented in Appendix C and similar output for the
Triangular model are presented in Appendix D. The annual probabiiities and
mean depths are compared in Table '2.70. A graphical comparison of all
probabilities is presented in Figure 2.5.

It is apparent that although the probabilities are similar there is
quite a variance in mean depth. The SCS model for a Curve Number of 80 with
the Trianguiar model superimposed on it is presented in Figure 2.6. From
this plot it is apparent that the triangular model will underestimate the
valume of runoff, relative to the SCS model, for large events, while for
smaller events the reverse is true. Since large events are relatively rare,
it is not surprising that the probabilities are generally smaller for the
SCS model than for the Triangular model. On the other hand, the SCS medel
will cause a much Targer amount of runoff for large storms and this causes

FAR DBY
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more water to be added to the pond. The result is a larger mean depth of water
in the pond. This difference is amplified with an increase in Area Index. In
addition, the Triangular model estimates runoff in a probabilistic manner, which
will have some effect on the depth of runoff produced from any storm and, thus,
the mean depths. [t is felt that, although two distinctly different models
were used, the similar probabilities increase the confidence in the results of
the SCS model. Because of the widespread use of and familiarity with the SCS
model, it was selected as the primary model to be used in this study. In
addition, methods for estimating parameters for the triangular model are not
readily available whereas much work has been published on Curve Number
selection for the SCS method, thereby making it a better design tool.

Table 2.10a. Comparison of Annual Probabilities for Runoff Models

Area CN =75 CN = 80 CN = 85

Index TRI SCS TRI SCS TRI SCS
10 L1629 . 1542 L1833 1741 .2186  .2100
20 L1967 1775 2375 2131 .3037  .2791
30 2259  .1961 2824 . 2455 3773 .3400
40 .2503 .2140 .3229  .2765 .4464  .4026
50 .2734  .2318 .3624  .3079 .5142  .4703
60 .2954 2484 .4021 . 3449 .5788  .5220
70 L3164 .2872 .4383  .3787 6434 .5826
80 .3372  .2898 .4780  .4080 71710 .6525
90 L3578  .3106 .h225  .4315 .7654  .7034
100 .3802  .3255 5621  .4566 .8133  .7611
110 L4096 . 3404 .6007T  .4912 .8656  .8084
120 .4360  .3602 6423 .5237 .9163  .8600
130 L4573 .3747 .6781  .5526 .9652  .9058

Table 2.10b. Comparison of Annual Mean Depths for Runoff Models

Area CN =175 CN = 80 CN = 85
Index TRI SCS TRI SCS TRI 5CS
10 0.19 0.22 0.25 0.34 0.34 0.56
20 0.47 0.57 0.68 0.95 1.04 1.70
30 0.88 1.02 1.31 1.76 2.06 3.26
40 1.38 1.56 2.09 2.74 3.36 5.44
50 1.96 2.18 3.00 3.93 5.02 8.88
60 2.61 2.89 4,07 5.49 7.28 13.17
70 3.35 3.70 5.38 7.61 10.51  18.57
80 4,18 4,67 7.03  10.12 14.71  25.57
90 5.17 5.89 9.11  13.10 20.54 34.12
100 6.34 7.27 11.60 16.32 27.98 44.37
110 7.71 8.78 14.40 19.89 39.36 59.31
120 9.32 10.56 17.65 24,71 56.24  80.61
130 11.07 12.52 21.33  28.72 91.32 115.43
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The output from the computer model for the impoundment water quantity
calculations included mean daily depth, standard deviation and probability
of depth exceeding zero inches by month and on an annual basis for each Area
Index and Curve Number used in the simulation. For each Curve Number the
probability of depth exceeding zero inches was plotted as a function of Area
Index for each month and on an annual basis. The result is 65 curves (13 per
Curve Number, 5 different Curve Numbers) which allow the user to estimate the
probability that water will exist in the pond for a given Area Index and
Curve Number. The curves are presented in Appendix E. An example of the
use of these curves follows.
EXAMPLE: After regrading, a watershed is determined to have an area of
25 acres. With no additional earthwork the impoundment size is estimated
to have an area of .5 acres. It has been determined that the Curve
Number for the watershed is 85. Estimate the probability that the im-
poundment will contain water in June.
The Area Index for the watershed with the given impoundment size 15'50.
June was specified since it represents the critical month with regard to depth.
Using the curve for June with a Curve Number of 85, it is seen that the
probability of the pond containing water is about 0.19, i.e. the pond will
contain water about 19% of the time in June. Of course, the probabilities
are higher in other months. 1If it s felt that this value is too low, then
an acceptable probability can be specified and the required Area Index
determined so that the specified probability is equaled or exceeded. For the
same example, assume an acceptable probability of the pond containing water
has been established at the 50% level. Again going to the June curve for a
Curve Number of 85, it can be seen that an Area Index of about 90 is required.
To achieve such an Index it would be necessary to regrade the impoundment so
that its area is about 0.28 acres.

Additional computer runs were made using the SCS model for Curve Numbers
of 75, 80, and 85 and allowing the Area Index to vary from 50 to 750. The
output from these runs as well as the corresponding graphs is presented in
Appendix F. Interestingly for the critical months, the probabilities approach
a maximum of one only for very large Area Indices. For example, the proba-
bilities for June are very near their maximum for Area Indices of 450, 250,
and 150 with Curve Numbers of 75, 80, and 85, respectively. It should be
pointed out that an Area Index greater than about 150 is probably not practical
from a physical point of view as the very large mean depths in Appendix F. show.



2-38

A large Area Index indicates a very large drainage basin relative to pond size.
For large events; the result is a very large volume of runoff delivered to the
pond. Obviously to successfully catch this runoff the pond depth would have to
be very large due to the necessity of a small surface area.

2.42 WATER QUALITY - To evaluate water quality in a statistical manner
it was necessary to establish some acceptable upper Timit of TDS concentration
for the water in the pond and then estimate the probability of that Timit
being exceeded. An upper limit of 3000 ppm was selected based on review of
EPA's Water Quality Criteria (1972). According to this manual, 3000 ppm
represents an acceptable upper level deemed "satisfactory for livestock under
almost any circumstances." It should be noted that this publication also
states that concentrations of up to 7000 ppm can be used with reasonable
safety for cattle, sheep, swine, and horses. In addition, the Water Quality
Bureau, Montana Department of Health and Environmental Sciences, recommends
that the concentration of TDS not exceed 2860 ppm when used for livestock.

The method used to evaluate water quantity was also utilized to statistically
evaluate water guality. The computer output shows that the prqbabi11t1es of
exceeding 3000 ppm of TDS is quite small for all cases considered, the maximum
being about .09. 1t is, therefore, concluded that the TDS concentration will
exceed 3000 ppm less than 10% of the time in any month.

2.43 SEDIMENT YIELD - As stated eariier, Eguation 2-17 was used to
estimate the sediment yield for the watersheds in the mine area. The
parameter ¥ was estimated in Section 2.35 from textural analysis of soils
to be 0.15; the other parameters LS, C, and P were estimated as follows.

The length-slope factor (LS) is a geometric parameter and determination of
the value of this parameter will be discussed in the following paragraph.
Based on site visits and tables in the literature (Table 5.5 and 5.6, Haan
and Barfield, 1978), the cover factor, €, was estimated to be 0.30 and the
conservation practice factor, P, was estimated to be 0.40. The former was
selected for a Rangeland or Idle Land type with no appreciable canopy and
ahbout 10% ground cover. The latter was estimated based on observation of
the contour farming practices for the existing watersheds, i.e. furrows on
the contour. According to Haan and Barfield {1978), very rough surface
depressions have a major effect on runoff and sediment storage and they
recommend multiplying the cover factor by 0.40 to account for this type of
practice. This then was taken as the value of the conservation practice factor.
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Sediment yield, 1ike runoff, is a function of watershed qeometry. In
order to estimate sediment yﬁe]d for the drainage basins in the mine area,
it was necessary to devise a method of estimating the necEssary'geometric
parameters based on Area Index. PCC provided maps which delineated existing
drainage basins and impoundments. For each drainage basin, the pond area
and the watershed area were measured by planimeter and the Area Indices were
calculated. In addition, other watershed geometry parameters were estimated
from these maps. For each watershed the length-slope factor, LS, was
estimated using the slope length versus topographic factor nomograph presented
by the SCS (1977). The average value of these measurements, 3.1, was taken
as the value of LS to be used in Equation 2-17. Equations 2-22 and 2-26
presented earlier were used to estimate the time to peak discharge for each
individual event in the computer simulation. Obviously estimates of hydraulic
slope length, L, and average watershed land slope, Y, are necessary in
order to use Equation 2-22. Once again each of these parameters was estimated
for each watershed from the maps supplied by PCC. Since there was substantial
variation of these parameters as a function of Area Index, regression equations
were used to estimate the value of each of these parameters within the computer
model. The equations are

L

3.79 AL + 303.84, ft. (2-30)

[}

Y = -0.03 Al +11.82, % (2-31}

The geometric data developed from the supplied maps is presented in Table 2.11
and the fitted equations and the measured data are presented in Figure 2.7,

Table 2.11. Geometric Data for Existing Ponds

Average
Watershed Hydraulic Land Length-Sliope Area
Location Area Length Slape Factor Index
(ac) (ft) (%)
J1,N6 20.46 503 10.3 3.2 45
J1,N6 40.43 755 7.9 2.7 126
N1 16.20 558 10.5 3.5 57

NT 11.49 298 11.4 2.9 10
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The computer model used Equations 2-30 and 2-31 in the following manner.
For each area index in the simulation, Equation 2-30 is used to calculate the
hydraulic length, L, of the watershed and Equatfon 2-31 is used to estimate
the average land slope of the watershed, Y. These values are in turn substi-
tuted into Equation 2-22 to calculate a Tag time and Equation 2-26 is in turn
used to calculate a time to peak. This information is then used to calculate
the peak flow rate for each runoff event observed in the simulation using
Equation 2-18 with Area Index substituted for area. The volume of runoff is
estimated using Equation 2-21. Equation 2-17 is then used to estimate the
volume of sediment yield for the runoff event.

Qutput from the sediment yield model is presented in Table 2.12. It
should be noted again that these values are probably somewhat high due to
the failure of the model to properly account for storm duration. An
estimate of observed sediment yield was made for two impoundments, one in
the J3 area and one in the J1,N6 area. The J3 area has not been topsoiled
while the J1,N6 area has been topsciled. A pit excavated in the center of
the pond in the J3 area revealed a sediment depth of approximately 18 inches.
Since this was in the very center of the pond the average sediment depth in
the pond was estimated at 7.2 inches. The pond has an area of 0.414 acres and
it was estimated that it had been in existence for about 8 years. The density
of the sediment was estimated at 80 1bs/cu. ft. Using these estimates the
total volume of sediment delivered to the pond is 432 tons. The area of the
watershed is about 20.3 acres and the average sediment yield is about 2.7 tons/
acre-year. For the impoundment in the J1,N6 area, the estimated average depth
of sediment is 3 inches; the pond area is 0.453 acres; the watershed area is
20.46 acres. It was estimated that the pond had been in existence about 3
years. The resultant sediment yield is about 3.2 tons/acre-year. It is
important to point out that these figures are higher than what could be
expected over a long period of time since sediment yield tends to decrease with
time. In fact Curtis (1974)_studied sediment yield as a function of time for
strip-mined watersheds in Eastern Kentucky and concluded that erosion and
sediment yield have a half-1ife of six months, i.e. about one<half of the
total sediment yield observed occurs during the first six months of operation.
The half-1ife at the Black Mesa mine is probably longer due to the much Tower
amounts of precipitation received. Curtis (1976} estimated average sediment
yield in the state of New Mexico to be 0.54 acre-ft./sq.mi./year or approximately
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1.5 tons/acre/year. This number is only an estimate and includes all types
of land uses. Measured sediment yields for small watersheds in Arizona were
obtained from Renard (1980). These data are presented in Table 2.13. As
can be seen there is a substantial amount of variation in the sediment yield
and the data cannot be correlated by area or cover complex. Comparison of
this data with the values predicted by the model reveal some similarity for
Curve Numbers of 75 to 80. The above indicate that the sediment yields
predicted herein are reasgnable.

Table 2.12. Sediment Yield Estimates.

Area Mean Sediment Yield in tons/acre-year
Index CH = 70 CN = 75 CN = 80 CN = 85 CN = 90
10 0.52 0.99 1.93 4.00 9.20
20 0.54 1.02 1.99 - 4.15 9.52
30 0.54 1.02 2.00 4.15 9.53
40 0.54 1.01 1.97 4.10 9.42
50 0.53 - 1.00 1.94 4.04 9.27
60 0.52 0.98 1.90 3.96 9.09
70 0.51 0.96 1.87 3.88 8.91
80 0.50 0.94 1.83 3.80 8.72
90 0.49 0.92 1.79 3.72 8.53
100 .48 0.90 1.75 3.63 8.34
110 0.47 0.88 1.71 3.55 8.16
120 0.45 0.86 1.67 3.47 7.98
130 0.44 0.84 1.63 3.40 7.80
Table 2.73. Measured Sediment Yields In Arizona.
_ Annual
Watershed Record Sediment
Area Length Cover Type Yield
{acres) (years) (tons/acre)
87.0 11 Brush 2.14
108.2 15 Brush 0.92
108.8 10 Brush 1.50
108.8 9 Grass 0.40
208.0 15 Grass 1.56
227.8 4 Grass 0.40
273.9 15 - Brush 0.34
371.8 20 Grass 1.13
394.2 17 Brush/grass 0.28
842.2 13 Brush 0.34

JAN D 1989
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2.50 CONCLUSIONS

Based on the results of the infiltration tests and in view of the
conservation practices utilized at the mine site, i.e. contour farming
practices, the best estimate of SCS Curve Number seems to be in the range of
75 to 80. For a Curve Number of 80, the model indicates that the probability
that water will exist in the ponds is 0.56, on an annual basis, with an Area
Index of 130. For a Curve Number of 75 the corresponding probability is 0.37.
For smaller Area Indices the probabilities are less. The critical month, i.e.
the month with the lowest probabilities, for both Curve Numbers is June. The
probabilities for June for these Curve Numbers are presented in Table 2.14.

As the results of this study show, it is important to maximize the Area Index.
Singe it is less practical to vary watershed area, the best way to vary Area
Index is by sizing the impoundment. Water impounded should not have a large
concentration of TDS except, possibly, for short periods of time just prior
to the time at which the impoundment becomes dry.

A method has heen presented to allow PCC personnel to estimate required
pond size based on watershed size. In many cases it may not be possible to
obtain high values of Area Index. For example, a very small pond is required
for a small watershed and it may not be physically possible to construct such
a small pond. In order to maximize the amount of time that a pond will contain
water certain construction techniques should be followed:

1. The pond should be constructed so that the resultant surface area

is as small as possible.

2. The pond should have side slopes as steep as permissible so that
surface area does not vary greatly with depth.

3. The bottom of the pond should be compacted during construction to
minimize seepage through the bottom of the pond during the early
years of operation.

Even these construction practices will not insure a high probability that the
pond will retain water for long periods of time. Unfortunately, the objective
of minimizing erosion (sediment) also results in a low Curve Number and tends

to reduce the amount of water that is delivered to the pond.

JAK  DHiogn
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Table 2.74, Critical Month Probabilities.

Area CN = 75 cN = 75
Index Probability Probability
10 0.0107 0.0120
20 0.0173 0.0140
30 0.0167 0.0607
40 0.0547 0.0973
50 0.0887 0.1060
60 0.0920 0.1207
70 0.0927 0.1247
80 0.1000 0.1673
90 0.1140 0.2540
100 0.1200 0.3080
110 0.1373 0.3313
120 0.1720 0.3527
130 0.1753 0.4113
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3.00 GEOTECHNICAL WORK

3.10 SITE INVESTIGATION

A site visit was made on March 16 and May 15 and 16, 1981. During these
site visits, present grading practices were reviewed. Test pits were dug to
evaluate subsurface spoil and ground water conditions in the existing pond
areas. Seven backhoe test pits were dug and logged. Two test pits (TP-1
and TP-2) were dug in the J3 area and 5 test pits (TP-3 through TP-7) were
dug in the J1,N6 area. Locations of these test pits are shown in Fiaures
3.1a and 3.1b. The profiles from these test pits and destriptions of the
soils encountered are presented in Appendix G. All test pits were photographed.
The photographs are included in Appendix H.

Bag samples, volumetric samples (S-series), and shelby tube samples
(ST-series) were taken from the test pits and brought back to the laboratory
for classification and shear strength testing. The composition and consistency
of the coal mine spoils varies from area to area.

In the J3 area, a layer of gray to black topsoil approximately 6 inches
thick overlaid the spoils. A root zone was evident. The spoil material
ranged from a sandy siit and clayey silty sand to a coarse sand with some
cobbles and boulders up to 18 inches in size. On the east side of the pond,
this soil was observed to be Tight tan in color with low plasticity fines.
One test pit at this site (TP-2) was dug to a depth of 10 feet and showed no
evidence of weathering or percolation zones. In contrast, test pit TP-1,
excavated at the toe of the spoil slope, contained slightly moist plastic fines
with more carbonaceous material. Directly under the pond area the scil was wet.
The interface between the wet zone and the dryer area up the slope indicates
the infiltration of water that had collected in the pond.

The test pits excavated in the post law area, J1,N6, were all Tocated in
one drainage area. In this entire area the spoil consisted of black to dark
gray mixtures of siltstone and shale with numerous coal fragments. The fines
were generally clayey in nature. A large portion contained large rocks and
boulders up to 3 to 4 feet in size. Considerably more oversize material was
present in this area than in the J3 area.

It appears that the material in the J1,N6 area has not undergone the
degree of weathering that the spoils at Site J3 apparently have. The pond

——
»
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area itself, in J1,N6 (as evident in TP-7) is underlain by about 2.5 feet of
soft moist, very clayey silt overlying a wet aray and black silty clay with
coal pieces and cobbles up to 1.5 feet in diameter. It is estimated that the
high percentage of fine material in this zone was carried in by runoff from

the slopes.

3.20 LABORATORY TESTING

Laboratory tests were performed on the bag samples taken from each test
pit to determine Atterberg limits and grain size distributions. The spoils
were classified according to the Unified Classification System.

These classification tests were performed on bag samples taken from the
test pits and contained only material finer than 2 inches. In the field,
larger size material was observed up to three to four feet in diameter.
However, the fine fraction is present in sufficient amounts such that it will
govern the overall properties of the materials such as shear strength and
compressibility. Consequently the classification of the finer grained material
is of primary importance particulary with regard to consistency limits.

Laboratory test results are summarized in Table 3.1. The grain size

- distribution curves are shown in Figure 3.2. Additional grain size distribution
test results are presented in Appendix B. Most grain size distribution curves
indicate that greater than 50% of the material falls within the sand and gravel
size ranga. For samples taken from test pit 4 and test pit 5, only about 14%
passed the 200 mesh sieve. For all remaining samples, between 42% and 54%
passed the number 200 mesh sieve. Of the soil passing the 200 mesh sieve,

most sampies had a relatively high clay fraction. Consequently, with the
exception of the sample from TP-4, ail samples are classified as an SC or a
subgroup thereof, according to the Unified Classification System.

Direct shear tests were performed on samples taken from test pits 1, 2
and 5 to determine the shear strength. These shear tests were performed on
material passing the #4 sieve. [t {is believed that these shear strength
values are appropriate for use in stability analyses because, as noted above,
the fine fraction will govern the engineering properties of the spoils.

Shear strength results are shown in Figure 3.3 and Table 3.2. Only the
sampie from test pit #1 was conducted on a saturated sample. The tests on
samples from test pits #2 and #5 were performed on unsaturated samples having
water contents approximately equal to those observed in the field. The samnle



TABLE 3.1 - Classification of Bag Samples from Test Pits

Natural Percent
Water Passing Liquid Plastic Plasticity
Test Content Description #200 Limit Limit Index Classification
Pit (%) Mesh (%) (%) (%)
TP-1 18.1 (Shelby) Gray Silt-Clay, some Sand, some Gravel 51 35 19 ' 16 SC-CL
13.9 (bag) (Sandstone & Coal pieces to 1"} very
moist '
TP-2 8.5 Tan SAND, some Siit Clay, little 45 24 17 7 SC
Gravel to 1", moist
TP-3 10.7 GRAVEL and SAND, some silt, Tittle 37 34 24 10 SC e
clay, pieces to 2" max., moist o
P-4 7.9 GRAVEL, some Sand, trace Silt-Clay 14 27 21 6 GH
2" max., moist, Coal pieces ’
TP-5 11.6 (Shelby) Gray-brown SAND and GRAVEL, some silt 42 32 20 12 SC-GC
11.4 (bag} trace Clay, 1" max., very moist
TP-6 13.6 GRAVEL and SAND, trace Silt-Clay 14 32 20 12 SC-GC
1" max., very moist
1P-7 15.4 Silty SAND and SILT, some Clay, trace 54 30 17 13 SC-CL

Gravel, Coal pieces, 3/4" max., very
moist
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TABLE 3.2 Direct Shear Test Results

Packing Test Degree Angle of
Test Water Dry of Internal
Pit Test Content Density Saturation Friction Cohesion
(%) (pcf) (%) (degrees) (psi)
TP-1 Consclidated-Drained 19.7 92.3 100 27.90 0.00
(Saturated)
TP-2  Unsaturated-Drained 8.9 a87.8 =25 39.90 0.63
TP-5 Unsaturated-Drained 14.2 77.6 =33 27.70 1.90

8-¢
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from test pit #2 exhibited an angle of internal friction close to 40 degrees
and a cohesion of 90 1bs. per square foot. The material taken from this test
pit was more sandy in nature and exhibited some degree of gap grading. Samples
from test pits 1 and 5 indicated greater plasticity (i.e., Liquid Limit of
32-35% and Plasticity Index of 12-16%). These samples, therefore, contain a
greater percentage of clay in the fine fraction. As can be seen they exhibited
similar angles of internal friction.

The shear strength values that were obtained are reascnable for materials
of that type.

3.30 CLIMATIC CHARACTERIZATION

Investigations into the change in soil moisture content in semi arid
regions have been conducted by Abrahams, et al. (1961), Galbraith (1971),
and Van Havern (1974). These investigations measured soil moisture content
at various depths within the soil profile and at different times of the year
so that changes in soil moisture content could be evaluated with respect to
seasonal variation in precipitation and evapotranspiration. The investigation

by Ahrahams, ot al. {1961) took place in north-central New Mexico while the
Galbraith (1971) and Van Haveren {1974) investigations were conducted in a
grasslands region of northeastern Colorado. A1l investigations were conducted
on undisturbed, well drained sites with native vegetation in semi-arid climates.
These sites are similar to the Peabody site once revegetation has been
accomplished although rooting depths at the Peabody site will probably be

shallower.

The results of these investigations showed no change in soil moisture
contents below a maximum depth of approximately 6 feet for the New Mexico
site and approximately 4 feet for the Colorado site. Seasonal variations did
effect soil moisture contents above these depths with the maximum soil moisture
content occurring in spring or early summer. Galbraith (1977) and Van Haveren
(1974) concluded that this maximum recharge was due to snowmelt infiltration.
Evapotranspiration which occurred throughout the summer growing season reduced
so0i1 moisture in the upper zone to minimum values by early to late fall.

A1l investigators concluded that there was no percolation of moisture below
the root zone (at a maximum, the upper 6 feet of the soil profile) and therefore,
there was no recharge of underlying water tables due to surface infiltration.
Winograd (1974) and Striffler (1972) support this conclusion.

axl
ea?
s
oo

SRHTIE
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From these conclusions and from infiltration tests conducted on graded
and topsoiled spoils, it may be concluded that similar conditions will prevail
at this site. Thus, it is expected that 1ittle or no deep percolation will
occur,

3.40 STABILITY ANALYSES

3.41 CRITICAL SECTION FOR ANALYSIS - The maximum slope to which the
spoils will 1ikely be graded according to governmental regulations is 3h:lv,
The height of slopes in area J3 were measured using a hand level and rule.
The maximum height of the 3h:1v portion of the siope was observed to be
approximately 55 feet. For purposes of analysis, and tc provide some
conservatism in the results, a maximum vertical height of 100 feet with
a stope of 3h:1v was selected for analysis. The analyzed cross-section is
shown in Figure 3.4. |

In test pit #1 it was observed that a relatively wet zone existed from
the edge of the pond area and extended downward at an angle of approximately
45 degrees or less from the vertical. Consequently, the soil in the slope
was considered to consist of two zones as indicated by the dashed Tines shown
in Figure 3.4. This wet zone is believed to represent the infiltration of
water downward from the pond area. As noted in Section 3.3, Climatic
Characterization, and from the hydrologic investigation, it is not expected
that a phreatic surface will develop within the slope. Maximum penetration
of water will be on the order of 4 feet or Tess. Directly under the pond
area high water contents can occur but it is not believed that a ground water
mound would develop in sufficient height to affect stability of the slope.
However, to take into account the higher water content in this zone, lower
shear strength values were used directly under the pond area (i.e. beneath
the dashed 1ine in Figure 3.4). Furthermore, if an embankment were to be
placed across any of the drainage area, it is expected that vertical seepage
through the foundation soils wouid result in a condition for the upstream
slope similar to that analyzed herein. In that case any phreatic surface
in the embankment would be expected to be sufficiently low that stability of
the downstream face would not be adversely affected.

Figure 3.3 shows that cohesion is the primary cause of shear strength
differences between the saturated and unsaturated spoils. Samples from both
test pits TP-1 and TP-5 contained relatively large clay fractions and exhibited
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angles of internal friction of approximately 28 degrees. As noted previously
in this report, the material in the field contained rocks up to 4 feet in size
and therefore, the shear strength of the overall spoil material will be some-
what greater than that of the finer fraction. Nevertheless, because the fine
fraction governs the shear strength of the material, the values listed in
Table 3.2 for samples from test pits TP-1 and TP-5 were used in the analysis.

The difference in the cohesion. intercept between test pits TP-1 and TP-5
is believed to represent the contribution due to capillary water existing in
the soil. Consequently, for stability analyses both soils shown in Figure 3.4
were assigned angles of internal friction of 28 degrees. The material above
the dashed line is expected to exist in a unsaturated state at all times and
was assigned the cohesion value of 100 pounds per square foot. This value
is somewhat lower than shown in Table 3.2, but it represents a conservative
value which would exist if water contents did increase somewhat over that at

-the time of sampling.

Below the dashed Tine the cohesion was taken as zero. Test pit #1 was
located near the toe of the slope in area J3. This slope has been in existence
for a considerable period of time and the material sampled therefrom will
have experienced some degree of weathering over that time period. The shear
strength was measured on a sample taken by Shelby tube in the wet zone directly
beneath the pond area. This sample therefore is beifeved to represent the
mimimum shear strength values that one may expect to exist after some degree
of weathering has occurred and under high water content conditions.

It is important to note that in each decision regarding the critical
section or shear strength, conservative selection of parameters was exercised.
Thus, the situation that was analyzed represent a worst condition. In general,
stability in the area will be higher than that indicated herein.

3.42 COMPUTER ANALYSIS - Analysis of the slope for static loading conditions
utilized the computer program BISHOP. This program was developed by the U.S.
Bureau of Mines and is based on the Modified Bishop method of analysis. The
mimimum factor of safety was determined by performing analyses for trail
circular failure surfaces having centers at nodal points on a grid system. At
each point on the grid sysfem, circles with different radii were used until a
mimimum value was found. The minimum factors of safety were plotted and contour
Tines were drawn. In this way the critical circle was located and the minimum
value of factor of safety was computed for the overall slope.



3-13

The critical circle determined by that method is drawn on Figure 3.4.
As indicated thereon a minimum factor of safety of 1.9 for static loading
conditions was computed.

The slope was analyzed for potential earthquake Toading conditions using
computer program STABL. This method of analysis utilizes the Carter method of
analysis. That method is a form of the Modified Bishop methdd.that has been
revised to allow consideration of noncircular failure surfaces. The basic
assumptions in the analysis are the same as for the Bishop method. In this,
program, potential failure circles are represented by a series of straight lines.
The search for the minimum factor of safety is accomplished by a selection of a
series of circles beginning at various points along the toe of the slope and
extending upward to the top of slope. This program allows for pseudostatic
loading conditions to be accomodated to represent earthquake loading. For
purposes of these analyses a pseudostatic seismic coefficient of 0.1g was used.
This seismic coefficient is considerably in excess of that which may be expected
to occur in the Black Mesa area. The factor of safety computed therefrom is
shown in Figure 3.4 to be 1.35. The seismic coefficient was applied in the
upward and horizontal directions simultaneously. Consequently, this condition
represents a condition considerably worse than that which is expected to actually
occur. However, because stability can be demonstrated for these conditions,
greater refinement of the input parameter is not warranted.

A phenomenon corresponding to earthquake Teading which is not addressed
in slope stability programs is that of liquefaction. If Tiguefaction should
occur, the shear strength could be reduced, resulting in factors of safety
lower than those determined using pseudostatic Tcading conditions. However,
for the material existing in the spoil piles, it is unlikely that the spoils
would be saturated. That, along with the clayey nature of the fine soil,
would preclude the occurrence of Tiquefaction at this site.

3.43 DISCUSSION OF RESULTS ~ The spoil material was observed to consist
of very broadly graded soil consisting of rocks up to three to four feet in
size grading down to clay size material. In all but one test pit, the fine
grained material was observed to be clayey in nature. Consequently, shear
strength values determined using only the fine fraction were used to represent
the shear strength of the spoil piles. While these values are somewhat
conservative because of the presence of large size material, they are considered

to be reasonable for this type of soil.
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The critical cross-section that was analyzed consists of a slope having a
steepness of 3h:1v and a height of 100 feet. The slope value of 3h:lv represents
the maximum value allowed according to OSM regulations. The maximum height
of 100 feet represents the generally highest slope expected to exist under
normal grading conditions.

According to investigations of climatic conditions and the hydrologic
investigation, it is not believed that a phreatic surface will develop within
the spoil piles sufficiently high to adversely effect stability of the slope.
Consegquently, for purposes of analysis a phreatic surface within the slope
was not considered. The potential for high water contents to develop in the
soil directly beneath the pond area was taken into account by assigning a '
¢ohesion intercept equal to 0.0 for the material in the lTower parts of the
slope. In the upper parts of the slope a cohesion intercept of 100 pounds per
square foot was assumed. This cohesion intercept is conservative and represents
Tow values for saturated conditions. If an embankment were to be placed across
the drainage area, it is expected that vertical seepage through the foundation
soils would result in conditions for the upstream slope which are similar to
that present with the existing cut slopes. As such, any phreatic surface in
the embankment would be expected to be sufficiently low that stability of the
downstream face would not be adversely affected.

Mimimum factors of safety of 1.9 for static loading conditions and 1.35
for earthquake loading conditions were computed. These factors of safety
were computed for loading conditions in excess of the most critical that
could be expected to occur and for conservative estimates of shear strength.
It is believed therefore, that actual factors of safety are well in excess of
those computed.

The computed factors of safety are well in excess of those required
according to 0SM regulations and are well in excess of those which are generally
considered prudent to be required for normal engineering work. It may be
concluded, therefore, that slopes, in the configuration that exists and for
- existing hydrologic conditions, will continue to remain stable over indefinite

periods of time.



4-1

4.00 REFERENCES CITED

Abrahams, J.H., J.E. Weir, and W.D. Purtymun, Distribution of Moisture in Soil
and Near-Surface Tuff on the Pojarito Plato, Los Alamos County, New Mexico,
Article 339, Short Papers in the Geologic and Hydrologic Sciences, U.S.
Geological Survey, Professional Paper 424-D, 1961.

Curtis, W.R., "Sediment Yield from Strip-Mined Watersheds in Eastern Kentucky,"
Second Research and Applied Technology Symposium on Mined-Land Reclamation,
Louisville, KY, 1974,

Curtis, N.M., "Erosidn and Sediment Yield in New Mexico," Proceedings of the
Third Federal Inter-Agency Sedimentation Conference, Denver, CO 1876.

Fiering, M.B., "A multivariate model for synthesis of streamflow," J. of Hyd.
Div., ASCE, Vol. 50, pp. 43-60, 1964.

Galbraith, A.F., The Soil Water Regime of a Shortgrass Prairie Ecosystem,
Doctoral Dissertation, Colorado State University, Fort Collins, CC., 1971.

Haan,. C.T. and B.J. Barfield. HYDROLOGY AND SEDIMENTOLOGY OF SURFACE MINED
LANDS, University of Kentucky, Lexington, KY, 1978.

Lewis, D.C., "The northern Mexico project of the Dry-Land Research Institute,"
University of California, Part I[I, unpubiished report, 1969.

McWhorter, D.B., et.al., Surface and Subsurface Water Quality Hydrology In
Surface Mined Watersheds, Part 1, Text, EPA-600/7-79-193a, USEPA,
Cincinnati, Ohio, 193p, 1979.

Matalas, N.C., "Mathematical assessment of synthetic hydrology," WATER RESOQURCES
RESEARCH, Vol. 3, No. 4, pp. 937-945, 1967.

Morris, D.A. and A.I. Johnson, Summary of Hydrologic and Physical Properties of
Rock and Soil Materials as Analyzed by the Hydrologic Laboratory of the
U.S. Geological Survey - 1948-1960, U.S. Geological Survey Water Supply
Paper 1839-D, 1967.

Osborn, H.B. and L. Lane, "Precipitation-runoff relations for very small semiarid
rangeland watersheds," WATER RESOURCES RESEARCH, Vol. 5, No. 2, pp. 419-425,
1969,

Ponce, S.L., Examination of a Non-Point Source Loading Function for the Mancos
Shale Wildlands of the Price River Basin, Utah, Ph.D. Dissertation, Utah
State University, Logan, Utah, 177p., 1975.

Richards, L.A., Diagnosis and Improvement of Saline and Alkali Soils, USDA,
Handbook No. 60, U.S. Government Printing Office, Washington, D.C., 160p.,
1954,

Scott, J.F., Precipitation Management Techniques, MS Thesis, Colorado State
University, Fort Collins, CO 1979.

Schreiber, H.A. and D.R. Kincaid, "Regression models for predicting on-site
runoff from short duration convective storms," WATER RESOURCES RESEARCH,
Vol. 3, No. 2, pp 389-395, 1967.



4-2

Sellers, W.D. and R.H. Hi11. CLIMATE OF ARIZONA, The University of Arizona
Press, Tuscon, AZ, 1974. :

Soil Conservation Service, "Hydrology" Section 4, 50{1 Conservation Service
National Engineering Handbook, U.S. Department of Agriculture, Washington,
D.C., 1972,

Soil Conservation Service, Procedure for computing sheet and rill erosion on
project areas, Technical Release 51, USDA S$CS, Washington, D.C., 1977.

Striffler, W.D., Hydrologic Data at Pawnee Site, Technical Report No. 196,
Grasslands Biome, U.S. International Biological Program, Earth Resources,
Colorado State University, Fort Collins, CO., 1972.

VanHaveren, B.P., Soil Water Phenomena of a Shortgrass Prairie Site, Technical
Report No. 247, Grassland Biome, U.S. International Biological Program,
Earth Resources, Colorado State University, Fort Collins, CO., 1974,

WATER QUALITY CRITERIA, Environmental Protection Agency, Mashington, D.C., 1972.

White, R.B., Salt Production from Micro-Channels in the Price River Basin, Utah,
M.S. Thesis, Utah State University, Logan, Utah, 121p., 1977.

Williams, J.R. Sediment yield prediction with Universal Equation using runoff
energy factor. In Present and Prospective Technology for Predicting
Sediment Yeilds and Sources. Publication ARS-40, Agricultural Research
Service, U.S. Department of Agricultural Research Service, U.S. Department
of Agriculture, Washington, D.C., 1976.

Winograd, I.J. Radioactive Waste Storage in the Arid Zone, Transactions,
American Geophysical Union, Voi. 55, No. 1, 1974.

Wischmeir, W.H. and D.D. Smith, Rainfall erosion losses from cropland east of
the Rocky Mountains. Agricuiture Handbook No. 282, U.S. Department of
Agriculture, Washington, D.C., 1965.

Wischmeir, W.H., C.B. Johnson, and B.V. Cross, "A soil erodibility nomograph
for farmland and construction sites," Journal Soil Water Conservation,
Vol. 26, No. 5, pp 189-193, 1977.



HYDROLOGIC AND ENGINEERING STUDIES
at the
PEABODY COAL COMPANY MINES
near
KAYENTA, ARIZONA

VOLUME II
APPENDICES

Submitted to:

THE PEABODY COAL COMPANY

October, 1981

JAN.

5 1089



Appendix

TABLE OF CONTENTS
VOLUME II

BETATAKIN PRECIPITATION DATA

SOIL TEST LABORATORY RESULTS
COMPUTER QUTPUT FOR SCS MODEL
COMPUTER QUTPUT FOR TRIANGULAR MODEL

DEPTH-PROBABILITY CURVES FOR AREA INDICIES (AI) FROM 10 TO 130
SCS CURVE NUMBERS FROM 70 TO 9C

COMPUTER OUTPUT FOR LARGE AREA INDICIES FROM 50 TO 750
SCS STATISTICS FOR CURVE NUMBERS FROM 75 7O 85
DEPTH-PROBABILITY CURVES FOR CURVE NUMBERS FROM 75 TO 85

TEST PIT LOGS

PHOTOGRAPHS QF TEST PITS



APPENDIX A

BETATAKIN PRECIPITATION DATA



D ol L -
~T Lo B EEs ol Tie RESTENR & PPN (2] -0 (8- L=3 (g} -t ~d P OO €]~ DD s X 0 P N T I e S = o S e D R S Rl Ly Rl Aot e s e et e N BRI TR T e N I A L L P A
[T B L o mn N A E LSRNl nER ks n = ~ R A L N R R I I e L EI T
r
- [ o
— . =3 i =3 uy I'e s Lol vy U
i3 P nlu -g m s Plac ] __m._ (o}
1 . i . T a . .
B = =] it
Ll an
- (¥ oA - 5 ra
L = = = —_ r = TR
. T4 ) - I = -
L i ’
el - < V. - o Lul .
> =0y ()
— — -t
« = AR P vl
o3 L fome ]
- uped — o L o - (4 L
. P L] falt ] — e [+ -] ._.. P
tud - - N . . . - wd - . -
HE <
™~ [t ]
(23 - m .0 a L :
0 P s [ - - W2 b tag
mw ‘Uu = P L i [+5] MW ﬂm.q - N <> RN
32 .. Ml . SRR -
- * =+
o . 2
PRy el [= - b - ] - e [T} - AN
Pl el W LY gy 4 o4 4 [ | D i - = 554 KA
A st . - - ¥ S - ) h :
<L Lo
b~ P .."\3 - r~ b -
= SN [T
I IS (. . I 5
F =1
- -
i) o [T}
oo T : Z m > = AL =
P - - o - - = “
o= | =
Z z
Q e = o O . o o4 b
P e -z = oo = =i e
- T - T )
< o p= <
= - L=y -0 - [4.0] A
e o 4 < ! — b= o = S ER
Lan} x " - - oo
- [N
L] -
N ] -0 2 -t L] - [ L) Ty
[4 & — 1 -~
[ Ty w1 -2 - ™~ (8] ] A
1a. - — e - -
1] 1]
b4 x
= —— [==R3X] - o - [N} C-
L = = 2 t . = - "
= [y - - T - “
=3 =
o >
ISR “ [T
- v A ey T O €0 O 25 et O o ) <0 o O (s €% et o o T S oD feny D O T o «x r (o WS L o - [2p] AP e (s ~ O e 52— -1 Y An ] e
LA N S et e T e L T ol C g T B o 4 £ E T 1o e q 5 TS o nh e e e T e E R e A TS
s a
=

v om
ER 1 W]

 um wmemyy
[ 1
S0k 13



o = -d [ I .
=T — -r A B J 3 -0 (49 ] e I ~0 CFY O €0 v =X X O pe3 = 3 ~E0 Py ETN 4 2 4o D pr g = ey =3 f e, ." L TS PERTI
Hpl (] AL L HH:-..w“mﬂuﬁjlw.lWn,...ﬁ”l.nm.wn“WJn..ﬂndn&-\.:\.. .q..m S = . Tl Tt v g v et ] sy 1 AL PR E B N
i+ = o~
b H o] oo m g - - - P
.2 < wly = T - 3 [ e L~
Ly - P - - - 1ol - -
= =
a (13
- — - g - o € B et e
x = - s 4 o4 14 = — =, €Ty i
) - u - - - - e o=
L . hand J =
w L
»- . =3 > . [}
- = [ ot
1.d - [ ] -
F=] Py =
- -~ - o g 1 [ ] + [ =
ha "W Ty = ey — . ro [
ted - .- R - LLY - -
Th — o] tn
] o8]
s L] sa =0y ay w1 o = [4X - gy = P 1wy
[<x ) et - << .I“ = [T} o~ - (4=} o 5D [Eyr ] -~ (]
=3 - - - . ow - - 3 - r - - -
=S ant - —
Ld '3
N [ L ] L o [or | L] N L T ] [ s - 1401
- B ~ n 3 -
b~ o Frar mmu =] — _..m T3] = —J — w.l L SO
P = - - - - - - . - PR - o -
S = e WoOs
X <
b= - Wren o b= - @
e T < h=
T i3 S - I = =
= -~— —_
- -
L . 1]
2 ) [y =) e
i um e < o [01] um A
I = - | = .
Z 2
.} . 2] =) e~ = w ow] - o "l
exs > - = o . o
SVl - 2 -+ 2 = - =-a :
~x — =
[l =
T e
< WIL Iy e [ 4 o [ ] sy = o r~ (15 .t
b= S rivdeeD T e (=] =) o« — ww - = i s
b5 - - - = - - - - - - - - -
L - -
I .
= . | .0 o m e rd . oy 4 1) -
m < - = = e o= b5 =i = > ;
[ ] i . - . . A [ ] tu . - . - - .
- "
Ll 1]
{ - 12
N o o A - ~ ] o L - o
L = Ly = = -o = 2 -+ L =. 2. =
i . . . - - . - PES A .
b - i -
Ea >
L k] S
nH X LRl SR RL o T} C..I.ﬁuﬂ-....Jnl.n..L..\..cu..s...d_....n.ﬂnw...\Ut...n..w\u.dupﬁ_.,ﬂ_...E:..\....vll =3 = e K T ) O P R T et AP M g O P KD B 0Sr e € PR = 1 TUP D300 10 wen
=] T et g Tt e 0 g 2 L T B O U P E A g K g P e [ g (== R e e i I o P o i v o § S I EV RSS2 ) B TR
=l = [



TATIOGN-BETATAKIN, AZ YEAR:

o]
I
[y
r-
.
"
0
m
!
~
m
bt
-1

L4y 36N, FEE.  MAR.  APR. MAY  JUN. JUL.  AuG.  3EP,  OCT.  wEV,

N 1y
: Rt
- =
- V523
: .43 R
H .32 g
H i
z W
- o
a3 IR
> Jal
n am
g Y

N
7 02 8

1

13 25 .04 A7 N1

19 )
i9

20

7l LR

T
ol

0.2

far]
t3
d
-
—
*v
(=9 ]
o

[

.3
s
-
o)
<
4

25 0% .95 .
24 W27 1.8% Y
7 Y

r.3
Fa
(=1
.

[T
—
e
-~

TOTALS H7 0 .5% 0 1.3 LU 87 2,047 283 .14

DAILY PRECIPITATION-BETATAKIN, Al YEAR
Lay JAN.  FEs. WAR.  AFR. HAY  JUN, JUL., AUB.  3EP.  OC%. KOV,

1

2 .24 il

5 It

3 L0

"1 P -]:

3

& s

l UL

d

3 G2

i
il

i2
13 .50 40 L5
14 L0F Y
13 .22 e
y - o e

- - i
_'[;. 5 . SB LT "
i’ » [ ¥
18 A 05
iy de U3
Hh

kel
il ot
<o

s

a
I

a

+
—
1

(]
proy
€23 =y w2
ol g B

A

.
At ‘= - -
i T Wz

=3~y
SV Ll

(=]
tm
=
[T}
-
s
~
—
[
.
[
.
Lr
I3
oo
.
&
u

el g W paendy y—

—
Tr ~L1 i

3

*-

-
U ) G LY e e |y e

= ot P e Bt e .
actie i v WIRUN 'S O A, I A IRl

- Pl T e
»



DAILY FRECIPITATION-BETATAKIN,
HITI

DAY

I b LA fed -

DAILY PRECIPITATION-BETATAKIHN,
FEB.

IR,

J#i.

—

Sern

P oatiiensd
(IR ST

ity

L)
4

[}
[
€2

th.

[+ 1]

H

s

Aft.

HAR.

-
- L}

RFR.

/PR,

Ay

43

HAY

JUH,

.02

A0
.83

1B

JlL.

JUL,

.43

i3

.26

AZ
AlS.

.01
Y
T4

&

04

gEF,

U3

41 7

YEAR:
KoY.

ot

Gé
)
;'S
L4
"
i3
=4
H
2%
34
zZ
P JE—
1e7% _—i i

.54 TOTALS

1957

bed,  DaY

—
ra
0 00~ Ly LY e e )

A2 15
ALY
N Y]

£ I
1 15
LR -

wd, Pl 3T gl
CERRIPUPFERRtY

Bt I



o}

I

Lt
e

LEIE N 53 IR R TN A BT P

e = e s s e b e
7 T0 @~ G L e

]

[ ]
3

ILY FRECI
¥ Jii.  FEB.

i
W2 L0
03 0B

14
.01

DAILY PRECI

LAY

» ~0 ay =4 gr- G g Tad e v

e

—— e

Ja.  red.
A7

Bt
32
.78
=
33

Vi3
13
W03
L3 32 1.a8

O
Y.

[ %) §oTY

Iy

.4

FITATION-BETATAKIN,

HAR.

AR, HAY Jull,  JUL.
e
8
A
v N3
02
.2

Al

.

o

.18

APR.  MAY  JUM.  JUL,

23

A0

NS
33
A3
Rk W1
.13
-
A
.18
-
20
iy
- xn g e -
.Ai - S P R

AZ
kS,

39
an

L
.01
.18

23

04

&%
L

P

[ v

SEF.

-
i

act.

3

A7

L

YEAR:
LI

-

iq

0t 39
i a
1Y

."!2

I

i3

e

by

al I3

12358
20, DAY

|

M

=

5

3

§

it

11

"
I
s

1959

EC.

43 0y = e O Crd Y

10

.33

P e S R S S,
WL A O G e Krd ) e

P.cd



LRY JhN,  FEE. HAR. #FR, MRY  JUN, Jul, AUS, e, 4T, HWOV.  GEC. oAy

t Bt 8 {
= av PRt .‘5 -
; :
4 i H
2 -y o - -
: -1 o . -8 e
o A L1V .Ua LU 2
- am qn P P
3 oL s 2y r
7 A7 T .38 ¥
14 A7 i

i
2 A2 V4 i2
13 .29 .14 04 13

14 .15 0% 40 1

i§ A0 . i5

30 15
20 30 sl
21 2
22 08 L2 2
23 . .01 23
24 .l 24
23 23
i .42 24
&7 03 01 24 27
pai A2 58 03 28
2 J7 Ny 29
2 53 ]
3 . da B 1

TUTALS g8 Le2 0 L4h .58 21 .9 .64 A7 180 .40 a8 1,58 TOTALS

CAILY PRECIPITATION-BETATAKIN, AZ YEAR: 13461
oAy JaN.  FEB.  MAR, APR. BAY  JUN, JUL. AUG. SEP. GCT, MOV, GEC. DAY

.25 - 3
B30 .03
.5 .03 47 .19 .55
40 .02 .08
.69 -

R L2 .07 Co.02 R
A3 A9 -t 'J_? 19

A4 .61
ol 03

-
—

» 2
€Tr SO QX e O L pe Lo py A g Y O T e G b

L e = = =R 1 < L o) [ O PRC R

e B e
—
==
B T S —

t4 14 17 LD
4 o 09
i2 i 19 .13
19 A2 JZ .4
0 - =
2 is 3y
2z A3 2z
b 13
- s )
o] ] iz 23
i3 g A -t
p - . o s
23 - 24 i 83 S -5
e =3 -
A i == :c
27 L8 5 v 24 JZ i
0 37 JE r "
i1 14 Oé B s
TETALS L33 U A .ai .15 i 2.2 LAd 0 L1 LLEE 0 LoE 0 BTHOTEALT
A 4



TATION-RBRETATAKIN, AZ YE&R: i7462

DAILY FRECIPI \
Ay M| FEB., MAR. KPR, HMAY  JuN.  JUL. sAH5. SEP.  OCT. MGV DEC, D&Y
t 0
9 2
3 z
4 4
g i o 3
k. .59 3
g 1 g
9 2
10 .28 16 _

12 .03 ' | 12
J28 '
1% 02 .10 14

13 .02 13
16 3 ! OB is
17 A3 A3 33 .2 i 17
18 b M A2 A5 18
1% il 0% 3 A5 19
0 A . ozl W13 20
21 T 2
iz b A5 13 22
23 30 23
2 2002
23 .20 A7 43 My 2
2 20 2
27 .19 7
pl 03 2
5 12 psl
30 ] 30
: k3|

TOTALS 89 L7000 L8 .03 03 48 L0 WF O LS L0y LLoh L33 TOTARS

DAILY PRECIPITATION~-BETATAKIN, AZ YEAR: 19&3
DAY M. FEB. MAR. APR. MAY  JUN., JUL, AUS. SEP. OCT. NOV. [DEC. DAY
y A3 04 .08

A7 .18 A2
2 Lo

-
[
pre)

—

2 L3 X = o O b Cod Ly

57 126
.7 i

(45
—

——
3 e 4 oy e e L e d o e
—
L]
.
~a

e
-

.
[ g% ]

i3 .08 12 i3
15 .09 93 5

15 b t5
17 .20 .18 L] : {7
8 L0F iz .ug A7 A 13
1% W2 .02 .2 .38 i%
3 .08 20
2l 10 W2 21
2 2
i o 25
3 5 4 27
; s &1
3 14 =41
5 Wz 03
e 'y b
i3 L <8
iy N 93 7
23 a
3 33 22
3! L2A I
e T4
THTELS i 37 17 £ .35 i3 .43 3.82 34 35 it 19 TUTALS



DAILY FPRECIFPITATICH-BETATARKIN, AZ YEAR: 1?44
I8y JBH.  FER.  HAR.  APR.  MAY JuN. JUL. AuUg. 3EP.  CCT, NGV, DED. D&y
: Gl VI i
z 18 27 12 Z A2 2
M G i o4 b A
i ¥ 4
% 3
I 14 A 2 47 &
h la 17 35 ?
§ i d
3 g
16 10
il 07 .36 11
12 23 - 2
13 A7 1é .02 . 13
14 : A6 15
15 05 L i3 13
14 03 a7 ih
17 . 17
13 31 g
17 .10 B0 19
20 A9 20
2 a9 A3 14 21
2z L 20 Z1 20 22
3 4 Lol 39 . 23
T4 W L3 ) .28 ) Z4

7 S o 75
15 ' 7

ra
[4]
ci3
<
-Fe
o
<2
e
o~

=

) v
28 28
39 3 .08 ]
% ) .83 30
3 16 -3

A5 e L7 - .88 60D .89 t.41 TOTALS

-
=
o)
e
=
oy
[#:]
ol
.

pets
ra
ol
(%]
[++]
—
-
o
<

DAILY PRECIPITATIOMNM-BETATAKIMN, AZ YEAR: 17465

aaY JAN. FEB. MAR. APR. MAY JBM. JUL. AUB. SEP. OCT. HOV. BEC. DAY
i .02 RH i
2 .07 .18 2
3 3 U3 3
4 2 4
3 .12 .04 3
& 92 .49 A1 4
7 W07 .8l 9 .08 ) 7
] .3 A3 W08 g
b .24 W2l AZ L9 3
10 23 e 14 .28 YR b
it A8 .08 .02 b 02 0 i1
i2 A3 12
13 08 243
14 05 NI L0b 4
i35 i .23 oo 13
14 i ‘ o .5h O ia
i7 A7 2 .18 32 57
18 .28 1.67 13
15 da 21 19
26 A7 24
Zi i WM ot
2 Lil 64 L4 Jo 2
23 i 57 B
24 L3 39 W29 024 24
25 R g 28 34 4% 2
i o4 W3 i3
rg o7
23 o8
: 2 L
) R
st -5 b
TETALS .z L3 LIt uEs &8 sd 1,939 1.7 2.4 12 1.F1 L.45 THTES

Cocer

p

=
o o
5
O-
o



b

DAILY PRECIPITATIUN-BETATAKIN,

1

aaY

-
23 A xy ~d o L0 e Ced g

JAN.

1

FEB.

]

03

HAR.

.18

P et
T

UM, duL,

Ri}
1b

.26

30

02
L4 .02

03

.52
23 02,08
L
W12
.33
7

AFR.  HAY  JUN. QUL

)l
03

.08
A3 141
.03 .30

.24

22

A6
b
G LG
03 i
17 W82
10
02
1.5 .4'\.'
i4 B
32 95 12 L.&7

riiG.

.02
.03

.
b
PRt

1.10

AZ
AUE,

2

LR

01

06
R
12

i

==
Frig=d

B2

.
4

£.70

1
m
R |

R

A2

LS

41

NGY HETN
Uy [
.-
W
}2
44
-]
P
o8
Y
1=
AT
-
- o
L4
~
Nl

82
vl

Nz
a8 .49

Pyees

RS N T T

Ll pgy e d 0~ £ e ed ) et Sy L1 O =1 £ e g

Ly T O Ty S



DAILY
T

R VT PR B -2y A B

TOTALS

Day

0 3 re N e Bed 3

PRECIPITATION-BETATAKIN, AZ
JEN.  FER.  MAR.  APR.  HAY  JUN.  JUL.  AUG.
o 37
o7
01
05 07
01
gl .1z 06
1 8
.08 4
Nt R
12
o A4 ,34
04
03 .20 ‘o8
07 .13
.01
61 .05
08
2 04
01
07
{0l
45
YT
95 :
o5
03 A7
A8 .3 .3 .t L3 b 205 LTS
DAILY PRECIPITATION-BETATAKIN, AZ
JAN. FEB. AR, APR. MAY  JUN. JBL.  AUS.
. .3 03
10 12
.04 A7 .03
Jo 52 ‘03
04 12 .03
230 a3 o
.09
42 02
9 1 3
.04 09 03
o o6
.32
7 .oh
21 04
02
68 01 g1 Lok
e .28 I
03 L1 61
it .04
02 .03
TR
i Y T
L JY 02 2
5
i ar
145 LID 0 Lad L LOE LT Lt LE

SEP.

Rl

03

YEAR:

6CY.  HOV.
%

.12

.09

02 31
.07
04
4

.07 .88

CT. KOV,
72
.09
i3
13
29
3l
A3
.83
87 iz

1748
DEC, DAY

.13

~OCH G LA e Ly

04 L

08 2

1.09

1949
JEC, DAY

- e
n Ll 3 e 0y LY 003 o O B e Gl



DAILY PRECIFPITATION-BETATAKINM,

oAy

B ¥ = Pt NS I e

DAILY PRECIPITATION-BETATAKIN,

Day

~0 ) ~d o~ L e Ged g

JRN,  FcB,  HAR,
i3 !
A
13
L
04
03
Q4
Y
N]
A3 .02
A3
2
09
.10
03

O3
3
.14

G4 .20 1,88

JAHN. HAR.

- .04
14 .08
L2 L0

FEB.

APR.

AFR.

A

#aY  JUN. oL,

47
9 LG
07
i3
el

03
.08

02
B I )

03

0.00 .47 .7

MAY  JUN. UL

A .20

2

AZ
AUG.

V35

vl

Az
AlE.

—— b ;._ll n :—-
0O

il

§EP.

[t
4

p)
T
5

YEAR:

r
{0
~
o

GCT. HOV, REC oAy
v

4

N1 h

id 3
97 g

15

a

]
.

20
15

15

.29

YEAR:

CT. OV,
]

geC.

.99 TOTALS

1971

o
I
- pa

Paatl = 0 :-.-.
AU pa

.0

A2 22

VL S

Al n

FoNle ]

-
1
W90

(35
~4

iy

lu e
Z ]

il [

A7 TOTRLE



TOTALS

DAILY PRECIPITATION-BETATAKIN,

b

O~ o LA e g )

¥

3.00

.
[—R~-TN
L id

.06
.8

42

0.00

3
A

A
)

ITATION-BETATAKIN,

HiR.  APR.
A0
-0
L1
03

01
R} S &

HiR. - APR,

.28

14
10
14
25
03
33
21
.08

13 .02
14
27
47
.38
i3
4

UG

L1 a4

BAY  JUN,

.0
N
19
Tl
.t

.27

21

0,00  1.42

HAY  JUM.
44 0L
L4
.30
.28
.09
20
.03
¥ .38

UL,

.08

UL,

.19

16
]

Az

1.85

al

AUG.

-~
¥ ek

.02
07

.78

SEP.

D

A3

0CT. NGV,
1.1
i
134
i
10
.48
B I 1
37
1,22
|.43
1,73
L3 08
01
A3
Jdo
.14
.01
9.01 bé
YEAR:
otr. WOV,
A7
B0
A3
A2
.20
47 LZT

<
—
SO A L e Gl g e

Z.43 TOTALS

1973
BEL. DAY

o -0 O e C e Ged

e



DAILY PRECIFITATION-BETATAKINM,

JAN,

.43

DAY

O e e L e

@y

- ..
Lok g T4

17 19

Z 15

TOTALS 1.4

DAILY PRECIPITATION-BETATAKIN,

DAY Jh.

.t

v w0 O3 g G e el D e

FES,

24

b

.70

FEB.

.08

HAY  SUN. L.

[

HAR.  AFR.

7

0

A3
.18

§ dmin

.37

A9
.03

g7 17 0.0 0.00 L.2h

AR, APR.  HMAY  JUN.  JUL.
19
.61
Y,
.08
.07
13
5 03
.28 .78
Y 37
27 .08 £.32
.44
(10
A4 400 .07 08
.8 W7
03
A7
NiE
.35
15
J2 42
Ll L 47 L 4

AlE.
A2

.03

.08

vy

AZ

A6,

Bl

19

W18

SEP.

.02

1,99

.49

OET.  NaY,
.23
.13
.27
A5
28
A7
10
.48
il
.4
42
2.41 b4
YEAR:
acT.  NOv.
. 0h
)
L2
06
iz
1.2%
1,30
03
2.78

Y

.14

b

43
30

™|
~
In

=2
=
=]

O Oy - O e ol 3

T0TALS



DAILY FPRECIPITATION-BETATAKIN, AIZ YEAR: 19746
GAY JRK.  FEB.  #AR.  AFR. MAY  JUN. JUL, AUG.  SEP.  OCT. MOV, OEC, DAY

i l
. kit 03 2
3 e 3
3 A7 N 4
5 . L5 5
8 5 . 14 .42 a
7 04 ) .23 Jda 7
8 A0 Al 8
9 .48 _ .05 (10 g
10 .63 10
11 t1
12 12
13 .05 13
14 .38 A2 02 14
15 22 t5
la - .34 1&
17 A2 A3 17
18 02 18
19 A0 1§
i .27 A3 2
Fd| 27 .38 24
22 G 22
23 23
24 i 4
2 A7 0 .95 23
Zh A7 .97 25
7 124 il 1
28 28
2% 06 o)
30 2 30
3 {.08 A% 3

TQTALS A3 L9 W37 000 1,33 .08 4,33 L6t 2.5 .06 2% .09 TOMALS

DAILY PRECIPITATIOMNM-BETATAKIN, AZ YEAR: 1977
bay JaN. FEB. HAR. APR, MAY  JUN. JUL. AuUs. SEP. OCT. NGV, DEC. @AY
1 _ ) !
2 ) A0 .48 2
3 2 -0 A0 R
3 : .02 3
5 20 83 .17 bl
A .04 L35 8
7 .02 7
| .14 : 0 .30 g
? Rl : ¥
10 19
il .05 ti
12 02 .77 .05 i2
13 09 i3
14 .13 14
15 13
i - .48 14
7 A2 .2 17
i8 22 L0518
9 . .35 FTRE TRENY
20 .55 04 2
22 25 .08 01 22
23 3
2 .33 24
3 12 23
5 2k
e 7
3 03 S5
23 529
My . RS
31 31
{0TALS 09 L3 12 .10 2% 02 LI LR Ll 09 i7 75 THTALS



DAILY PRECIPITATION-BETATAKIN, AZ YEAR: 1978
bRY JAN.  FEB. KAR. APR.  MAY . JUN. UL, aUB. SEP. OCT. WOV, DEC., DAY

i L83 L85 04 41 !
z 3 .06 G802
3 t& £.32 .08 3
4 .08 3
3 il 19 75
a .04 20 .03 .07 G &
7 .09 03 08 7
g §
9 A3 A0 ) A1 §
HY .23 .02 W02 16
1 .18 : 91 11
£2 .15 .39 12
13 40 13
14 A3 14
i5 w32 0 : 21 15
14 .4 . .02 14
17 .23 .05 28 17
i8 .03 95 i8
19 W22 . A7 19
20 .22 A3 20
) G 2
2 03 17 22
23 23 ) 23
24 .21 .05 .24 08 A2 24
25 W03 .14 235
28 - 23 28
27 27
| 03 28
9 29
30 30
3t .34 ¢ |

TOTALS  2.33 106 1,24 .73 31 120 35 .t L4649 358 2.81 YOTALS

DAILY PRECIPITATION-BETATAKIN, AZ YEAR: 1979
bhY JAN. FEB. HAR. APR.  BAY JUN. JUL. AUS., SEP. QCT. NBY. DEC. DAY
1 .15 03 1
2 LAl .08 2
"3 09 3
& i
5 A1 3
& A3 &
7 A5 0 7
g A7 A1 A7 b4 g
? '02 122 ° g
10 A1 10
il .88 il
12 .28 0 12
13 .05 33 - 13
14 .08 14
13 .08 A3 i3
16 .20 .07 0 14
17 .98 A2 {7
18 .05 {2 14
17 At 09 .12 03 L %
P : .2 A3 .02 .04 .12 a1 i)
2 .01 iy 1.44 g2
22 83 01 Al A0 22
23 L 08 ] 3
24 37 2
) .28 37 P
26 .14 i Al 2%
27 9 R
28 Uz 28
o7 .03 oy 8 8
W X id 30



DRILY PRECIFITATION-BETATAKIN, AZ YEAR: 1280
DRY JAN. FEE. MRR, APR, MAY  JUN. JuL. AUE. SEF, OCT. NOV.. DEC, DAY

| W2 1 {
2 .30 .08 : i
3 03 3
4 13 3
3 Wl A3 5
) SU4 A3 8
7 003 N 20 L4 7
3 3 A5 .13 338
b .08 .33 : 3
10 .19 .89 ¢
i1 .38 . 3% 49 It
12 23 12
i 2 13
14 .29 24 14
15 A3 L2 06 37 15
15 .23 : .08 16
7 .43 17
;] W2 18
13 .38 19
A .62 73 z0
5y 2 2
2 A2 .17 .08 22
23 20 3
24 .31 .33 .23 4
23 L 30 23
Zb U 26
37 04 vy
28 .10 02 28
i .19 29
3 .08 ’ 3G
il WOk 3l

TOTALS 1,76  2.4¢ 1,63 .89 .74 0.00 46 .92 1.7 .82 23 .91 TOTALS



APPENDIX B

SOIL TEST LABORATORY RESULTS



James H. Stewart and Associates, Inc.
Consulting Engineers and Surveyors

June 19, 1981

Mr. Maurice Lutkin
Water, Waste & Land
1311 South College
Fort Collins, CO 80524

Dear Mr. Lutkin:

INTRODUCTION:

This letter report presents the results of our soil chemical analysis
for various constituents for Water, Waste & Land.

PURPOSE & SCOPE:

The scope of our work determined the total dissolved solids, electric
conductivity, pH, calcium, magnesium, sodium, bicarbonate, carbonate,
sulfate, aluminum oxide, iron oxide, silica oxide, and moisture content.

INVESTIGATION & PROCEDURES:

Grab samples by Water, Waste & Land, Ltd., of soil were taken to our
laboratory in Fort Collins, Colorado. They are listed with their numbers
as shown on Table 1. -

All samples were received at our laboratory and tested and analyzed
in accordance with the latest editions of the following standards:

1. Sctandard Methods for Examination of Water and Wastewater, 15th
Edition, 1980, APHA, AWWA, WPCF.

2. Soil Chemical Analysis - Advance Course, by M.L. Jackson, Univeristy
of Wisconsin at Madison, 1978.

3. Agricultural Handbook No. 60, USDA, Aug., 1969.

All samples were run in multiple tests to verify our results and
tested against various standards. Our work and procedures were closely
supervised by key personnel and control charts were utilized to maintain
a checking consistency for individual determinatioms.

RESULTS:
See Tables 1, 2, 3, and 4.

DISCUSSION:

The wvarious levels of total dissolved solids and electric conductivity
seemed high at various points but were within the normal range for soils.
In Table 3, the iron oxide numbers seemed unusually high for clay type
materials but we rechecked that number three times and came up with a 3%
variance, therefore, we feel confident about the value.

OFFICE—214 NORTH HOWES @ P.0). BOX 429 @ FORT COLLINS. COLORADO 80522 @ TELEPHONE AREA 3004829331

JAN D183




Mr. Maurice Lutkin
June 19, 1981
Page 2

LIMITATIONS:

This report has been prepared to aid in the analysis of soil to Water
Waste and Land Ltd.. The findings are based upon Water, Waste & Land Ltd.,
grab samples. Environmental conditions and other factors might influence
the characteristics of these values. If variatioan from the conditions
presented in this report are encountered during subsequent handling, this
report should be reevaluated.

We appreciate the opportunity of working with you on this project. If
you have any questions regarding this report, please call.

Sincerely,

JAMES H. STEWART AND ASSO@TATES, INC.

7=

David R. Stewart, Director
Environmental Laboratory

DRS/cif

Attachments

Yooy ['::‘ ".r-\{t“,‘.:
JA O e



. TABLE I

WW&L SAMPLE SIZE . TOTAL DISSOLVED ELECTRIC pH
No. SOLIDS CONDUCTIVITY
Sat. 5:1 Sat. 5:1 Sat. 5:1 Sat. 5:1
1-§ 150.08 20.00 7.0 11.2 1100 258 8.15 7.8]
1-6" 150.48 20.00 - 5.0 10.0 565 245 7.52 8.19
2-S 150.24 20.07 9.7 8.0 305 122 - 8.18 7.75
2-6" 150.15 20.11 6.1 10.1 305 136 8.23 8.46
3-5 150.06 20.03 3.6 8.2 544 571 8.36 8.38
3-6" 150.04 20.04 .5.0 11.8 345 190 8.19 8.28
4-S 150.01 20.04 10.7 38.7 1090 1160 8.09 7.58
4-5" 150.01 20.01 8.9 . 26.0 884 816 7.63 71.77
5-§ 150.02 20.08 12.3 32.7 3200 865 7.62 7.93
5-6" 150.01 20.09 7.1 16.1 2580 370 8.13 8.59
6-S 150.02 20.05 21.8 22.3 5580 675 7.36 7.90
6-6" 150.03 20.03 3.4 19.0 26590 571 7.79 8.09
7-8 150.01 20.05 7.9 12.4 2450 313 8.23 8.04
7-6" 150.02 20.00 5.2 10.2 1330 218 8.00 8.03
8-S 150.00 20.08 13.8 16.1 2580 422 7.70 8.03
8-6" 150.04 20.00 7.0 13.2 1960 272 7.64 8.10
9-S 150.00 20.14 5.2 8.5 1360 163 8.11 8.04
9-6" 150.01 20.14 8.3 22.4 2230 394 8.04 7.9
10-S 150.00 20.09 8.2 10.9 2480 450 7.95 7.38
10-6" 150.02 20.06 7.9 12.4 2670 476 8.54 7.48
11-5 150.03 20.10 12.3 14.9 1140 380 8.26 8.17
11-4 140.85 20.15 5.3 5.4 73 136 £.97 8.81
12-S 150.02 20.15 3.5 3.8 544 136 8.19 7.73
12-6" 150.02 20.05 5.3 4.6 1010 354 8.32 7.44
13-TS 150.03 20.04 12.2 7.8 2770 478 6.45 7.30
14-TS 150.02 20.02 9.8 7.4 2720 326 7.10 7.41
15-5 150.02 20.06 9.1 ‘14.2 2120 571 6.92 7.87
16-S 150.00 20.17 40.3 53.5 8840 2040 7.23 6.99
16-6" 153.96 20.06 16.0 25.8 3400 967 8.40 7.26
17-S 151.23 20.03 27.9 112.1 4080. 4490 8.20 7.35
18-S 150.01 20.00 9.3 10.6 980 517 7.38 8.38
18-6" 150.04 20.03 6.0 8.0 925 354 7.52 7.64
19-5 150.00 20.08 3.4 6.0 190 245 8.04 8.07
20-S 125.74 15.01 7.5 16.5 585 484 7.83 7.42
20-6" 150.09 15.00 4.8 9.6 381 160 7.72 8.57
21-S 85.09 20.03 6.0 8.6 299 199 8.02 7.56
21-6" 150.35 20.04 4.4 9.6 490 152 7.80 8.91
22-S 85.26 20.04 9.8 8.2 340 155 8.03 7.71
22-6" 150.21 20.00 2.1 8.8 299 158 7.91 8.1
Note: Units of Sample Size - Grams

Units of TDS
Units of EC

- mg/1/gm of soil

- umhog/cm

TDS values in Table 2.2 were obta1ned by multiplying Sample Size by
TDS value above.

SR



TABLE TI

Magnegium
Saturated Sodium Bicarbonate
Calcium .~~~ 5:1 Dilution Saturated Saturated
Saturated 5:1 Dilution mg/1 5:1 Dilutien 5:1 Dilution
WWal  JHS&A mg/l of of Mg per mg/l of Na meg/1l of HCO4
No. No. Ca per gm of soil gm of soll per gm of soil per gm of soil
5-5 Z2474-1-9 7.6 4.4 1.31 0.86 1.49 1.21 0.04 0.09 .
11-5 2474-1-21 10.0 1.2 0.25 0.39 0.34 0.39 0.03 0.14
14-T8 2474-1-26 2.6 1.6 0.53 0.27 0.58 (.31 0.04 0.11
15-8 2474-1-27 1.5 1.6 0.66 0.77 0.88 -1.84 0.06 0.14
Carbonate Sulfate
Saturated 5:1 Dilution Saturated 5:1 Dilution
mg/l of COq per gm of soil mg/1l of S0z per gm of soil
5-8 2474-1-9 0 0 11.7 11.0
11-5 2474-1-21 0 0 3.3 3.5
14-TS  2474-1-26 0 0 9.3 4.8
15-8 2474=-1-27 0 0 8.3 8.0




TABLE III

Aluminum Oxide

S1ilica Oxide
Iron Oxide mg/1l of

WW&L JHS&A mg of Aly04/ mg/1 of Fep03  5i03; per
No. No. gm of soil per gm of soil gm of so0il
13-TS © 2474-1-25 T e.s T ©138.1 . 13.8




WL#1

WL#L7

TABLE IV

Moisture Content

9.84 percent
5.97 percent




James H. Stewart and Associates, Inc.
Consulting Engineers and Surveyors

ﬁabor'atéri: )

214 North Howes Street : ' 301 Lincoln Court
P.O.Box 429 . P.O. Box 429
Fort Colling, Colorado 80522 Fort Colling, Colorado 80522
{303} 482-9231 (303) 4846309
July 10, 198l
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Job Number 2474 2‘93

Mr. Lyle Davis

Water Waste & Land, Inc.
Consulting Engineers & Scientists
1311 South College Avenue

Fort Collins, Colorade 80524

Dear Mr. Davis:
Subject: Hydrometer Testing for Clay, Sile, and Sand Fractions

INTRCDUCTION:

This letter report presents the results of our hydrometer testing for the
clay, silt, and sand fractions of wvarious samples supplied by Water Waste
& Land, Inc.

INVESTIGATION & PROCEDURE:

Grab samples by Water Waste & Land, Inc. of soil were taken to our labo-
ratory in Fort Collins, Colorado. They are listed with their associated
numbers in Table 1.

All samples were received in our laboratory and tested and analyzed in
accordance with ASTM D 422-80. Our work and procedures were closely
supervised-.by key personnel and control charts were utilized to maintain
a checking consistency for individual determinatioms.

RESULTS:

Please see Table 1 and Figures 1 through 5.

LIMITATIONS:

This report has been compared to aild in the classification of various
clay, silt, and sand fractions of s0il. These findings are based upon

Water Waste & Land, Inc. grab samples. The envirommental conditions
and other factors might influence the characteristics of these soils. If
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varidtions from the conditions presented in' this report are encountered
during subsequent handling, this report should be reevaluated.

We appreciate the opportunity of working with you on this project. If
you have any questions regarding this report, please call.

Sincerely,

JAMES H. STEW&RE_AND ASSOCTATES, 1INC.
D /

David R. Stewart, Director '

Environmental Laboratory

DRS/cle

Attachments

u ol




R B BT U o T e s
JHS Sample No. WWL Sample No. % Sand % Silt % Clay

2474-2-1 3s 55 23 22
2472-2=2 Ss 65 13 22
2472-2=3 8s _ 43 17 40
2474-2-4 10s 67 15 18
2474-2-5 16s 49 20 31
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APPENDIX C

COMPUTER OUTPUT
FOR S5CS MODEL



SCS STATISTICS — €N = 70

AREA INDEY = 10.0  INIT. RBSTRACTION = .857 CULRVE NO, = 70.0  SEEFAGE RATE = (34
GEMERATED POND DEPTH STATISTICS - PROBABILITY THAT POND ZEPTH RILL EXCEED 0.00 INCHES

PERIOD 4 OBSERV. § EVENTS HEAN §T0. DEV. SKEWNESS  PROBMRILITY
JAK, 1350, 0000 643,000 3994 1.2434 4,284 JAtal
o FEB. 18430000 - 4124)900—' L3028 — 11085 — 2673 g

' HAR, £556.0000 191.0050 0678 .4432 6.3392 232
APR. ~ 1560.6000 33. 0000 . L0032 .0297 12.2379 L0220

HAY 1330. 6000 9.0000 L0004 L0109 24.3420 0038

atiN. 560.0000 16,0090 G040 0924 20,3640 0107

JuL. 1350, 0000 84,4009 2217 L1427 10,2910 . 0342

AlG. 1350, 0000 7. 0900 L0220 . 1334 11,7368 0424

SEP. 1560, 0000 104.0000 0917 73 18,3099 L0493

gcT. 1330, 0000 238, 0000 1448 . bbod 4.2859 L1535

HOY. 1300.9600 3253. 6040 . 2393 1.2302 4.2119 L2147

BEL. 1330. 0000 5770000 L4348 1.4209 4,4682 L3723
ANNUAL 19263.b000 2631.0000 . 1475 L1272 7.893% 144

AREA INDEY = 10.0  INIT, ABSTRACTION = ,857 CURVE NO. = 70.0 SEEPAGE RATE = .034
' BENERATED WATER QUALITY STATISTILS - PROBABILITY THAT TOS WILL EXCEED 3000.00 PPM

PERIOR 4 OBSERY, ¥ EVENTS HEAN 5TD. DEV. SKEWKESS  PROBABILITY
JaN. 13530, 6000 .0000 15,8042 91.5784 3.6541 0. 0000
FEB. 1413, 06G0 0. 6000 18.9752 70,2488 3.9128 0.0006
MAR. 1350. 0009 3.0000 33. 7045 232,8438 11,4938 L0015
APR. 1300, 0000 9.0000 4.0000 0.0000 1 9,000
HAY 1338, 0000 G, 0000 0.9000 0. 0000 I 0, 00450
<UN, 1509. 0000 0. 0000 8356 11,8718 21,7097 0,5000
Juk. 959, 0006 1, 0000 8,68135 163,417 32,3812 L5008
niB, £330, 0009 9, 0000 2.3380 24,4337 12,879 0. 6000
SEP. 1500, 0660 0.006% 3.3229 46,1459 25.2174 §. 0000
agr. 1530, 0009 La000 27.402% 305, 7460 32.31467 L0063
Nov, £ 380, G000 2, 9000 33.8222 242,4948 15,2446t NEOK]
oel, L350, D000 R 13,0478 57.705% 4.837% 0, 9000

eNKUAL  18043.0650 7oali 13,3293 143,7%38 39.9937 004
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S€S5 STATIST

RREA IMDEX = 20,0 INIT. ABSTRACTION = .B57 CURVE WD, = 70.0 SEEPAGE RATE = 054
GENERATED POND GEPTH STATISTICS ~ PROBABILITY THAT POMD DEPTH WILL EYTEED §.00 IHCHES

PERIOD ¥ GHSERV. ¥ EVENTS HEAN STD. DEV.  SKEMNESS  PROBABILITY

J#N. 1550, 0000 §92. 0000 ‘ 8424 27339 4.2107 4445

e e FRB————HH G008 —3T4 6000 — 442 6251 APYiFT ] L2308
MAR. £330, 0000 230.0000 4383 1.5083 4.1321 1484

APR. 1300. 0000 84.0000 0931 1828 7.3938 0873

Hay 1330. G000 7.0000 . 0008 0109 24,3420 0058

JUN. £300. 0000 16.4290 .008% 412 20,3955 0107

JuL. 1550, 0060 ?5.6&36 L0363 . 2428 9.9328 (413

_ AUG, 1550, 0060 101, 0600 A313 .2538 12,5369 D632
SEP. 1501, 0600 110, 5630 1892 1.5182 10.4338 0733

ocT. 1350, 6000 249.0000 3447 1.7332 6.3144 . 1404

- HDY. 1368, 0000 15330500 L4151 2.59424 4,9708 2353
BEC. 1556, 0000 606.0000 . 7033 2,9333 $.1942 3910

ANNUAL  18283.0000  2901.0000 3323 1.7330 8.5933 . 1338

AREﬁrlNDEI = 20.0 [NIT. ABSTRACTION = ,837 CURVE X0. = 70.0 SEEPRGE RATE = .034
" GENERATED WATER BUALITY STATISTICS - PROBABILITY THAI-TDS WILL EACEED 3009.00 PPM

PERIOD  # OBSERV. # EVENTS MEAN STh. DEV.  SKEWNESS  PROBABILITY
JAR, 1320.0060 0.0000 39.4573 123.;468 5.7394 9.0000
FEB. 1413, 0600 1.0060 44,4292 170. 5441 7.4372 0007
HAR. 1550, 0000 2.0000 48,1499 333.0138 32,3287 0013
APR. 1560, 0000 8.0000 217.6367  4023.7303 38,2787 G053
HAY £330, 0000 0.0000 .0000 0. 0000 I 0. 0000
JUN. 1500, 0000 0.0000 7994 13.3512 18. 2344 ¢.0006
JUuL. 1550, 0000 2.0000 17,2369 214,2424 21,0259 0013
AG. 1350. 0000 £.6000 7.8474 141.46493 32,1638 0404
5EP. 500, 0600 1.0000 19.3621 431.36%93 37.1037 U047
geT. 1550, 0000 0.0060 22,6792 191.1028 7,870 0. 0060
ROV 1509, 4000 2.5000 14,5583 172,973 11,3758 013
BEC. 1350, 9500 0.0000 37,6917 106, 6547 314487 . 0000

niiNUAL 18283, 0000 17,9009 40,4764 1741.8790 130.2233 L3008



SCS STATISTIES - EN = 70

AREA INDEX = 30,0 INIT, ABSTRACTION = 857 GCURVE NO. = 70.0  SECPAGE RATE = 034
GENERATED POND DEPTH STATISTILS - PROBABILITY THAT POND DEPTH WILL EXCEED 2,00 INCHES

PERIDD ¥ OBSERV. ¥ EVENTS HEAN §TD. DEV. SKEWNESS  PROBABILITY
JAN. 1550. 0000 704,0000 1.3782 4,4281 3.85670 . 4342
e FER.  1413.0000 _ 36T.0000  1.,3090  4.3506 34835 — 2725
AR, 13590, 0000 251, 0000 . 5802 3.4680 3.603% 15619
APR. 1300.0000 138.0600 4623 £.9193 $.52935 0920
LEY 1550, 0000 33,0060 L0401 23854 11,5837 0228
JLiN, 1300, 0600 16,0000 L0117 A% 20,3063 MLy
UL, 1550.5000 103, 0000 . 0583 3673 9.0224 . 0843
AUE. 1330, 0000 102. 6000 0409 , 3397 12.5798 + (438
SEP. 1300, 6400 11%.0000 <2538 2.2457 16,3508 .0%?3
oct. 1350, 0000 234.0000 M7 2.8391 6.3678 1639
HOY. 1300.0000 373.6G000 L5921 4.0079 4.5783 . 2300
BET. 1550. G000 611, 0000 1.4204 4,.4773 3.8570 .3942
ANNUAL  18263.0000  3093.0000 214 2.95%0 9.8380 . 1694

ﬁREﬁ-iND£X = 30.0 IMIT. ABSTRACTION = .357 CURYVE ND. = 70.0 SEEPRBE RATE = .034
" GENERATED WATER UALITY STATISTICS - PROBABILITY THAT TDS WILL EYCEED 30060.00 PPM

PERIGE 3§ OBSERV. ¥ EVERTS HEAN 57D, DEV.  GKEWNESS ~ PROBABILITY
18N, 1530, 8000 0.0000 40,0618 103. 0424 2.8009 8.0000
FEB. 1413, 0000 2,0000 99,0449 281.6314 16,8053 G014
MAR. 1350.0000 0.0600 34,8784 123.3878 53,9883 0.0000
PR, 1500.0009 4.0000 73.0834 45%, 2039 18,3789 5027
HAY 1550, 0000 10.0000 317.4191  18035.1232 39,2434 0045
JUN. 1500, 0000 0. 0000 .8821 14,3401 17.35%3 0.0000
JuL. 1554, 6000 1. G460 19. 6808 217.7248 22,9443 20006
AUE, 1330, 0000 . 6000 3.7843 87.5012 25.1332 0.0000
SEP. £300, 0000 1.0060 16,1483 142.7335 14,3349 0607
BCT. 1350. 0000 1.0000 ' 23,1332 43,5813 18,3672 0704
Hav. 1500, 0530 2.G660 44,5368 223,844 15,3803 LOM3
o€, 1556, 9600 0. 0000 38.8423 106, 3128 £,373 0. 4500

ANNUAL 18283, 0000 21,6400 73,0942 Z2EA,3920 134, 5340 0011



SECS STATISTIECS - €N = 70

AREA INDEX = 40,0 THIT, ABSTRACTION = .B57 CURVE NO. = 70,0 SEEPAGE RATE = 034
GENERATED PGHD DEPTH STRTISTICS - PROBABILITY THAT POND DEPTH WILL EXCEED 0.00 INCHES

. PERTOD & OBSERV. § EVENTS HEAN §T0. DEV.  SKEWNESS  PROBABILITY
JaN. 1336, 4000 705. 0000 1.9184 .1837 3.7288 4344
FEB. 1413, 0000 415.0060‘ 1.9052 6. 1406 3.3482 2937
HAR. 1550, 0060 234, 0000 1.5329 3.2847 3.3498 1639
APR. 1500. 0060 133,0600 9951 3.4005 3.7136 L1620
HAY 1550, 0000 91,0000 . 2869 14711 6,0372 . 0387
. 1500. 0060 24,0000 0215 2534 16,4321 0140
JUL. 1550. 0000 10%, 0000 0813 L3103 8.2403 0703
AUS. 1550, 0000 167.0000 0523 4488 12,9250 0690
5eP. 15301, 0000 127.0000 <3452 Z.5882 19.2799 L0847
OET. 1350.0000 239.¢000 T3l 3,9488 8.3931 1671
Y, £300. 0800 396.0000 £.3833 3.3063 .44 2680
GEC. 1350.0000 619.0080 1.7385 46,4475 37324 5994

ANNUAL 18263.0000  3239.0000 9297 4.2 3.4172 L1784

AREA INDEX = 40,0 IMIT. ABSTRACTION = 857 CURVE NO. = 70.0 SEEPAGE RARTE = 034
BENERATED WATER BUALITY STATISTICS - PRGBABILITY THAT TDS WILL EXCEED 3000.00 PPH

PERIDD ¥ OBSERV. ¥ EVENTS HEAN 87D, DEV.,  SKEWNESS  PROBABILITY
AN, 1530, 0000 0.0000 40,9249 58,2015 2.3144 0.0000
FEb. 1413.0000 1.0000 68.1723 229. 3351 10,7524 0007
HAR. 1550.0000 1. 0660 33,4327 £36.9943 18,8572 » G008 .
kPR, 15000000 §,0000 46,1429 168. 5169 4,113 0.0060
HAY 1550.0000 14.0000 243.1885  3210.6303 37,9443 -00%0
JUN. 1300.0000 6.0000 k14,8896 22770.4138 35. 6680 . 0040
JUL. 1530. 0008 1.0000 22,4735 256, 3593 26.5694 <0004
flig. 1990, 0000 0.0000 10.9149 110.2538 16,0418 §.0000
SEP. 1500, 0400 3.0000 28,2104 147.6377 25,8218 0020
aeT. 1350, 0060 2.0000 ~  288.9404  10355,2527 39,3230 L0013
HEY, 1900, 9060 2.0000 53,3259 5407101 33.2782 L0013
GEL, 1350, 0560 £ 9000 44,8232 197,4183 19,5775 304

ANHUAL 18253, 0060 31.06000 125.7%2  733L.9141 104,9133 047



SCS STATISTICS - CN

AREA ITHDEX = 50.0

= 70

INIT. ABSTRACTION = .857
GENERATED POND DEPTYH STATISTICS - PROBABILITY THAT POND DEPTH WILL EXCEED 0,00 IMCHES

CURVE ND, =

70.0  SEEPABE RATE =

2034

PERIGH ¥ [OBSERV. ¥ EVENTS HEAN §TD. DEV.  SKEWNESS  PROBABILITY
JAN, 1330.0000 }06.0000 2.4351 7.9652 3. 643548 4333
FEB. 1413.0000 4260000 2.5200 B.0004 3.2878 . 3013
HAR. 1350, 0000 273.0000 44472.0985 1.1437 3.2853 1781
4PR. 1300, 0000 153, 0000 £.5449 5.4238 3.4734 . 1020
HaY 1'550. 0008 131.G000 LY 3.0047 41,4117 0845
JUM, 1300.0000 37,0660 1353 L3087 7.88463 0380
JuL. 1550, 0000 £15.6000 JA1t4 6873 7.6291 0742
AliG, 1556.0000 112, 0000 .05 .3622 12.7478 0723
SER, 1500.0000 £33.6000 4429 3.7309 10,1985 . 0887
ocT. 1350.0000 264.0000 3587 3.0a13 5.4643 1703
NOV. 1300.0000 403.0000 1.7844 10179 4,388 .2687
BEE. 1550.0000 449.0000 2.4483 8.2320 36799 4187

ANNUAL  182583.0000  1422.0000 1.2724 3.6837 3.4373 1874

AREA INDEX = 350.0
' GENERATEL WATER QUALITY STATISTICS - PROBABILITY THAT 7DS WILL EXEEED 3000.00 PPR

PERIOD
JAN.
FEB.
AR,
APR.
HAY

- JiiN.
JuL.
AUG,
SEP.
OCT.

EL.

AHNUAL

4 OBSERY.
1550.0000
1413, 0000
15330. 0000
1500.0000
1330. 0000
1500, 6000
1530, 0000
1350, 0000
1300, 0000
1359, 0000
1509, 4000
1539, 0000

18243, 0600

INIT. ABSTRACTION =

§ EVENTS
§.0000
0.0000
40060
¢.0000
11,0000
15,0000
2,0000
30000
1.0000
2.0600
1,0000

3.9000

42,5000

HEAN
41.818%
68,7890

21,0323

36,6204
131, 26%4
94,8023
29.4824
23.4451
25,3928
39.1034
49,4643
28,933

110, 5165

837 CURVE NO. = 70.0

5TD. DEV.
§1.8902
14%,1738
8320.3744
126.8130
1043. 5008
15542, 5435
365.9278
348.7134
204,8140
336, 7339
170, 3670
472,0833

3211.4770

SKEWNESS
2,1653
3.44%8
39.2224

3.3416
21,6439
37,1646
30.1042
24,6936
17,6416
24,5773

7.9304
36,0207

11,0671

SEEPAGE RATE =

PROBABILITY
0.0000
0.0000

034



SCS STATISTIES - CN

= 70

AREA INDEX = &0.0 INIT. ABSTRACTION = .857 CURVE MD. = 70.0 SEEPAGE RATE = 034
BENERATED POND DEPTH STATISTICS - PROBABILITY THAT POND DEPTH WILL EXCEED 0.00 INCHES

PERIDD & DBSERV. 4 EVENTS HEAN §TD. DEV.  SKEWNESS  PROBABILITY
JAN. 1550.0000  708.0000 3.0083 9.7627 3.5199 4568
FEB. 1413.0000  430.0000  3.1521 9,§599 3.2478 L3043
o HAR. 1550.0000  306.0000 2,4995 5.0173 3.242 1935
APR. 15000000 1530000 2.0987 7.2879 33446 L1027
HAY 1550.0000  133.0000 L3076 . 47870 3.7951 0858
JUR, 1500.0000  108.0000 (3672 2.1533 5.3804 L0720
JUL. 1550.0000  144,0000 .1984 .9563 5.8028 .0929
AUB. 1550.0060  119.0000 0814 .7000 12,4390 0748
SEP, 15000000  134.0000 L5439 4,4773 10.1201 843
ott. 1550.0000  273.0000 11740 4.1804 5.39%4 781
NOV. 1500,0000  404.0000 2.2013 8.5529 4.3261 207
DE. 15500000  482.0000 3.0302 10.0294 3.6314 400
ANNUAL  18263.0000  3591.0000 t. 6561 7.14%2 4.912 1986

AREA INDEX = 80.0  INIT. ABSTRACTION = 857 CURVE ND. = 70.0 SEEFAGE RATE = ,034

© GENERATED WATER QUALITY STATISTICS - PROBABILITY THAT TDS WILL ENCEED 3000.00 FPY
PERIOD & OBSERV. ¥ EVENTS MEAN STD. DEY.  GKEWNESS  PROBABILITY
- JAN. 1550. 0000 0.0000 M.5939  104.7812 2.3701 0. 0000
FEB. 1413, 0000 0.0009 800671 144.5043 §.4848 5,5000
MAR. 1550. 0000 5.0000 105,887  1060,2702 24,7915 0032
APR. 1500. 2000 1.0000 1413187 49484075 38,4610 0067
AT 1550, 0000 0. 0000 55,4469 199,784 3.8675 £,0000
JUN, 1506, 0000 20,0060 201.1313  1496.8091 14,0683 L0140
JUL. 15500000 18,0000  290.2842  4911.5248 25,6109 0118
AUG. 1550. 5000 5.0000 50,0422 2425.5791 38.2458 0032
SEP. 1500, 6060 0.6000 17.1987 98,3808 7.5325 0.0000
ocr. 1550. 6000 5.0000 50,4635  385.8081 16.2372 (3032
NOv. 1506, 9600 1.0000 88,9371 B%4.9202 37.4488 007
DEC. 1550. 0600 3.0000 05,3538 340.9280 23,5350 0619
ANNGAL  1BZA3. 0090 59.0000 104,489 2231.5329 83.5113 0032
AN 51989



SCS STATISTICE - €N = 70

AREA INDEX = 70.0  INIT, ABSTRACTION = 857 CURVE NO. = 70.0  SEEPAGE RATE = 034
GERERATED POND DEPTH STATISTICS - PROBABILITY THAT POND DEPTH WILL EJCEED 0.00 INCHES

PERIOD & OBSERY, ¥ EVENTS HERH §TH. DEV.  GKEWNESE  PROBABILITY
MR 15300000 747.0000 3.5843 11,5832 3.5893 4419
FEB. 1413, 0000 430, 0000 3.7863 11,7317 3.2211 3043
HAR. 1550. 0600 315.0000 3,319 10,9038 3.2112 .2032
APR. 1306, G000 163.0000 2.85607 5.15660 3.3132 .1087
HAY 1550. 6009 £33. 0000 1.859 6.4070 3.3572 .9858
JUH. 1300, 0000 128. 0000 9739 3.7758 4.2332 . 0853
JUL. 1530. 0000 192.0000 4810 1.8307 1,5%980 1239
AUE, 1530, 0960 145. 0000 137 G040 0 9.7967 0933
SEP. 1500. 0000 134.0000 . b450 5.2264 10.051¢ 0893
aet. 1350, 0000 282.0060 1.3993 7.3008 4.3891 . 1819
KOV, 1506, 0000 409.0600 2.5204 10.094% 4.2895 2727
DEL, 1550, 0000 &89, 0600 3.6103 11,8324 3.3990 4443

ANNUARL  18263.0000  3747.0000 2.0800 - B.4640 L7219 <2043

AREA INBEX = 70.0  INIT. ABSTRACTION = .857 CURVE ND. = 70.0 SEEPAGE RATE = .034
" BENERATED WATER DUALITY STATISTICS - PROBABILITY THAT T2S NILL EXCEED 3000.00 PPM

PERIOD ¥ OBSERV. ¥ EVENTS HEAN 8TD. DEV. EKEHRESS PROBABILITY
JAM. 1550, 0000 1.0000 811719 25%.4521 10,9883 0008
FED. 1413.0000 0.0080 36,2938 123.3348 1.9403 0. 4000
AR 1350. 0600 3.0000 76,3448 §18.1147 17.9112 0019
APR. 1500.606G0 3.8000 49,4023 308.8478 18.9333 .0020
HAY 1356, 0000 0.0000 44,3184 1547022 3.3821 0.0000
JUN. 1300, 5000 5,000 197.46%53 542, 56148 17,5583 0048
JUL. 15350, 6066 23,0000 477.8474 114621, 5438 +8.70%8 0148
AUS. 1330, 0099 ta. 0000 1432913 1483.74%8 21,2813 L0103
SEP. £300. 0600 4.0040 15,1849 81.0443 b.146h 2.0000
oct. 1350, 0000 30000 54,1928 3930117 21,3560 3019
NOV. 1390, 6000 0.0600 46,3805 135.455? 4,2004 0.0000
8EL, 1550, 3060 1. G000 77,9932 187.7744 4,7479 2 3004

ANHUAL 18263, 0060 54,4000 103,5722  3435.%02b 127.7408 031



SCS5 STATISTICS - CN = 70

AREA INDEX = 80.0 INIT. ABSTRACTION = .837 CURVE NO, = 70.0 SEEPAGE RATE =  ,034
GENERATED POND DEPTH STATISTILS - PROBABILITY THAT POHD DEPTH HILL EYCEED 0.00 PHCHES

PERIOD ¥ OBSERV. § EVENTS HEAN S5TR. DEV.  GKEWNESS  PROBABILITY
JAR. 1350. 6000 7600000 §.1826 13,3640 3.5668 4963
FEB. 1413. 0600 144, 0000 . 4.4237 13,4092 3.2027 LY
HaR. 1330.0000 . 327.0000 3.9454 12,8002 3.1884 2110
APR. 1361, 4000 174.0000 3.24135 11,0510 3.2823 1140
NAY 1350. 06000 133. 6000 2.4112 8.4737 3.4480 .0838
JiN. 1500. 0000 135, 0000 1.3231 3.3337 3.8134 .0900
JUL. 1330.0000 224.0000 9345 3.2872 43,0812 1438
flg. 1320, 6000 190. 0000 REATES 1,843 5.0420 1224
SEP. 1500, 0000 151,0000 TN 3.%807 %.94:% 1007
0cy. 1550, 0000 292, 0000 1.6333 8.4225 5.3757 L1984
nav. 1500.0000 412.0000 J.0400 11,5399 4.2a17 2747
DEC. 1350, 6000 93,0000 4.1910 13.6413 3.3747 LT
ANNUAL  1B243.0000  3%37.0000 2.5434 10.2440 4.5528 2158

AREA INDE} = 80.0 INIT. ABSTRACTION = .BS7 CURVE ND. = 70.0 SEEPAGE RATE = .03%
" GEHERATED WATER QUALITY STATISTICS - PROBABILITY THAT TDS WILL EXCEED 3000.00 PPM

PERIOD 4 OBSERV. 3 EVENTS HEAN STD. DEY.  GSKEWNESS  PROBABILITY
JAN, 1550, 0000 0.0000 - 75,5848 178, 4002 4.6470 0.0000
FEB. 1413,0000 2.0000 77,4952 302.309% 15,8346 L0014
HAR. Fi56. 0000 4,0000 73,7133 324,0737 13,9702 0024
APR. 1500, 0008 4,0000 80,4073 980. 5948 33,0945 G027
HAY 1950, 0000 0.0000 39. 4142 135.5007 3.2500 02,0000
JUN. 1500, 0060 1.0000 72,3812 777207 3.3352 . G007
JUL. 1550, 0000 13,0000 227.3842 7807, 1149 34,8895 G097
RUS. 1550, 6009 29,0000 303.6255  289%.357h 19,8734 .0187
SEP. 15000000 16,0000 109.4908  1239.1250 21,2804 107
0. 15330, 0009 5,0000 77,3048 702.3729 21837t 9039
OV, 500, 0000 0. 0000 47.3012 138.9631 3. 1444 9,600
DEC. 1559, 0600 0. 0000 12.8575 }35. 4207 z.4932 0. 8000

ANAUAL  13263.0800 770000 103.4305  1295.0287 32,3301 042



5CS STATISTICS — CN = 70

AREA INDEX = 90,0 INIT, ABSTRACTION = ,857 CURVE MO, = 70.0 SEEPAGE RATE = .0J4
BENERATED POMD DEPTH STATISTICS - PROBABILITY THAT POMD DEPTH WILL EXCEED 0.00 INCHES

PERICD ¥ OBSERY. ¥ EVENTS MEAN 578, DEV, SKEMNESS  PROBABILITY
JAN. 1550. 0000 765.000¢ © C 4.7822 15.16%4 3.3487 4933
FER. 1413, 0000 453, 0000 - 5.0797 15,4872 7.1893 R
HAR. 1530, 0000 343.0000 4.5773 14.7018 3.1718 .2243
4PR. 1500,60060 182.000¢ J.6447 12,9407 3.2387 A3
MAY 1530, 0000 134. 0000 2.9439 10,3563 3.3893 .0877
JuN. 1500, 0000 135. 0000 2.0778 7.3957 3.5128 0900
JuL, 15350. 9000 245.0000 14779 4.9270 1.7399 .1381
AUE. 1356, 6000 235, 0000 7h57 2.9430 4, 4082 516
SEP. , 1500, 0046 184. Q000 1.0394 4. 8207 ¥.3002 1280
act. £330, 0000 323.0000 1.9230 9, 3455 6. 3467 . 2084
HOV. 1509, 6000 424.0000 3.4637 13. 1840 4.2414 . 2827
DEC. 1550, 0000 434, 0000 4.7720 13,4535 3.9359 L4450

ANNUAL 18263.0000  4133.0000 10539 11.87%9 4,3964 L2263

AREA INDEX = 90.0  INMIT. ABSTRACTION = .857 CURVE ND. = 70.0 SEEPAGE RATE = .034
" BENERATED WATER GUALITY STATISTICS - PROBABILITY THAT TDS WILL EXCEED 300000 PPA

PERIOD  # CBSERV, ¥ EVENTS NEAN STD. DEV.  SKEWNESS  PROBABILITY
JAN. 1550, 0000 0.0000 13.23% 138.7502 3. 1524 9.0080
fEB. 1413. 0000 3.0000 105.3702 505.0132 2,457 0024
NAR. 1550, 0000 3.0600 12,6476 11304924 24,7004 0032
APR. 1300, 0000 1.0000 4. 3479 218, 8054 1.0087 0607
HAY 1530, 0000 3.0000 630910  t00%.5739 35.8878 0019
JUl. 1500, 0000 0,0900 3. 4841 193.14%2 3.6407 0.0000
JuL. 1530, 0000 14,0000 185.03t6  1312.1774 18,2324 | 20099
AUB, 1550, 0000 21,0000 200. 5853 747. 4498 10,4137 0133
SEP. 1360, 0000 23.9000 391.46828  43068.5683 31.8708 0133
LT, £350.0000 28,9000  285.7085 36992103 30,4572 018t
QY. $500, 0600 16,6300 96,0412 697, 1633 23,6117 L0047
EBEE. 1950, 00600 &, 0059 70.%308 136,3173 2.43a1 -0.0060

AHRUARL 15243, 0000 168, 0000 25727 22,0797 73,4619 035



SCS STATISTICS - CN = 70

AREA IMDEX = 100.0 INIT. ABSTRACTION = .BS7 CURVE MO, = 70,0 . SEEPAGE RATE = 034
BENERATED POND DEPTH STATISTICS - PROBABILITY THAT POND DEPTH WILL EXCEED 0,00 INCHES

PERIDD ¥ OBSERV. § EVENTS HEAN 5TD. DEY.  SKEWNESS  PROBARILITY
JAN. 1556, 0000 777.0000 o L4304 16,9472 3.3330 . 3013
FEB.  1413.0000  495,0000 57497 17,3389 3478k 3510
HAR. 1350. 0000 341,0000 53,2170 15,6051 3.1575 2329
APR, 1360, 0000 183. 00060 4,452 14,8388 3.2386 1220
HAY 1550, 0000 144,0000 3.5 12,2414 3.3535 | L0929
JUN. 1506, 0060 1320000 1.6324 §.2610 3.5074 0900
Jlt., 1350. 0000 254.0000 2.04652 b.4%973 3.3689 1639
Alls, 1330, 0600 234.0000 1,248 4,5492 4.00%8 . 1639
SEP. 1500.0000 225, 0000 1.5333 7.8434 8.4885 1500
0cT. 15356, 0060 357.0000 2.35%¢0 10,7261 6. 1909 L2303
Kov. 1500. 0000 447. 0000 4.0241 18,7227 4.20M7 3113
DEe. 1350, 0000 724.0000 5.4238 17,2533 3.35381 4471
ANNBAL  18283.0000  4377.0000 J.4314 13.5789 4.2435 2397

RREA INDEX = 100.0  INIT. ABSTRACTION = .B37 CURVE NO. = 70,0 SEEPAGE RATE = .034
"GENERATED WATER QUALITY STATISTICS - PRUBABILITY THAT TDS WILL EXEEER 3000.00 PPH

PERIOD  § OBSERV. } EVENTS HEAN 5TD. DEV.  GKEWNESE  PRUBABILITY
JAN, 1350. 0000 19. 0009 138.1379 §70.5434 5.9831 0123
FEB. 1413.0000 18,0000 J12.8851  4985.3102 33,6371 0127
HAR. 1350, 0000 8.000¢ 116.2772 548, 4397 16,8491 0052
APR. 1500.0000 - 1.0000 19,7392 243.7910 19,8832 0007
NAY 1530. 0000 5. 0000 71,3243 713.3982 29. 1614 0032
N 1360. 0060 0. 0000 48,1130 183.7611 3.3344 0.0000
L. 15350.0000 1.0000 119.8189 a02, 9785 13,8473 0045
AUB. 1350.0000 18.0000 1940022 1074.7321 14, 642% L0114
SEP. 1300.0000 19,9000 163.9727 792,1378 13.1004 0127
9eT. 1550.0000 37.0000  481.0865  5500.2344 28,2143 0239
HOY, 1506. 0000 7.0600 1533, 9434 91,4262 14,2407 L0047
Et, 1556, 6590 31,9000 134,8527 477,643 6.0319 G200

AhNUAL  182a3.0000 175, 0000 164.5837  2203.3135 79,4012 0093



SCS STATISTICS - CN = 70

AREA IRDEX = 116.0  INIT. ABSTRAETION = .857 CURVE N0, = 70.0 SEEPABE RATE = .034
GENERATED POND DEPTH STATISTICS - PROBABILITY THAT FOND DEPTH WILL EXCEED 0.00 INCHES

PERIOD  # OBSERY. ¥ EVENTS HEAN STD. DEV.  SKEWNESS  PRGBABILITY
JAN. 1330. 6000 795, 0000 48,1928 18.77% 3.4948 Ja129
T PR OIEITO0000 SOBORODT a6 19,228 IR L3595
H4R. 1550, 6000 404, 0000 3.9382 19,4939 3. 1411 . 2606
APR. 1300, 0000 19,0000 5.0675 16,7813 3.2217 1307
HAY -1530. 0000 132.0000 4.1064 14,1303 13275 .0981
JUR, 1500, 4000 1360000 3,187 1139 3.4451 0907
JUL. £350.0000 257, 0004 2.6414 8.3230 1.4h48 . 14658
fitlB. 1350. 0060 282,00¢% 1,828 6. 3040 3.7678 1819
SEP. 1300, 0000 223.0000 2.08%3 7.1804 7,2289 .1500
oK. 1354, 0000 381.0000 3.0382 12,0333 5.8487 . 2438
ROV, 1300.0000 32%.0000 4.7738 16,2913 4.1281 3327
DEE, 1330. 0006 784, 0000 6.2127 17.0672 3.4968 . 30358
ANNURL  1B243.0008  4449.0000 4.2987 13,3383 4.0873 2545

ﬁREA:!HDEX = 110.0 INIT. ABSTRACTION = .B37 EURVE MO, { 76.0 GEEPABE RATE = .(34
" GENERATED HATER QUALITY STATISTICS - PROBABILITY THAT TDS WILL EXCEED 3000.00 PPN

PERIGD  # OBSERV. ¥ EVENTS HEAN §TD. DEV.  GKEWNESS  PROBABILITY
JAN. 1350, 0000 24,0000 207.3125 703.1290 8.4175 0155
FEB. 1413. 0000 6. 0000 120.260% 294,2702 3. 7689 0.0000
HAR. 1556, 0660 17.0000 218.8106  1B0O.5B23 8. 6384 0110
RPR. 1580, 0000 12.0000 289,2124  4481.3831 3h,8143 .0080
NAY 1550. 0000 4,0000 95,3874  1323.9898 34,7785 .0039
JUM. 1300. 4000 1.0000 47.4084 203. 8071 13,9451 . 0007
JUL. 1330. 0000 3.00600 123.0942  1077.430% 31,5493 L0819
AUB. 1330. 0000 22,0000 240,1580  1484.19% 17,3438 0142
8EP. 1300, 4000 0. 0000 70,4993 312, 14035 3.7394 90,0000
geT. 1350, 6000 2.0000 | 149, 0489 472.3949 3.3788 JE13
NOV. 1300.0000 57,0000 274, 4838 88,2303 §.4938 . (1380
[ 1230, 0060 5. 0000 520.9845  2798.0043 13,7338 0419

ANNUAL  18243.900G0 26%.0000 196.6062  2244,4%1% 78.512% L0114



" scs STATISTICS - cN'= 76

RREA INDEX = 120.0  INIT, ABSTRACTIDM = ,B37 CURVE NO, = 70.0  SEEPABE RATE = 034
GENERATED POMD DEPTH STATISTICS - PROBABILITY THAT POND LEPTH WILL EXCEED 0.00 IHCHES

PERIOD ¥ OBSERV. ¥ EVENTS HEAN 61D, DEY.  SKEWNESS  PRGBABILITY
JAN, 1550, 0000 831.0000 7.2475 20,3943 3.4244 3368
FEB. 11350000 5640000 Tobb6h 0930 SHS 3192
AR, 1350. 0000 462,0000 £.8264 20.3%9 3.1038 . 2984
APR. 1506.0000 223.0000 5.7928 18.4364 3, 1964 . 1487
MAY 1350, 0000 155. 0000 4.7024 16,0214 3.3083 1043
TN, 1509.0000 134.0000 3.7417 13,0241 3.4049 0507
L. 1350.0006 . Za0.0060 3.2591 10,3763 53,3999 18677 -
UG, 1550. 0000 | _ 295.0000 2.4298 8. 1008 3.5507 1903
SEP. 1300.0000  Z41,0000 2,4460 10,6835 6. 2004 .1507 '
et 1350, 0000 38,0000 3.73586 13.5310 5,390 .2458
HOV. 1500. 0000 532.0000 3.4810 17.9640 3.9726 3547
BEL. 1350.6000 7956. 6000 7.2744 20.9015 34170 5133

ANNUAL  18253.0000  4884.0000 5.0723 17.2354 j.ele8 L2875

RRER INDEX = 120.0  INIT., ABSTRACTION = .857 CURVE MO. = 70.0 SEEPAGE RATE = 034
" GENERATED MATER QUALITY STATISTICS - PRGBABILITY THAT TDS WILL EXCEED 3000.00 PPH

PERIDD % OBSERV, 4 EVENTS HEAN 870, BEV.  SKEWNNESS  PROBABILITY
JAN. 1350, 0000 1.0000 298.067§ 474, 4782 3.1283 0006
FEB. 1413, 0000 5.0000 208.9009  525.333 3.4249 0042
fAAR, 1550. 0000 33.9000 441.7997 26944337 15,5664 0342
APR. 1500. 6000 14.0000 135.7213 834.7823 18. 4884 0093
nay 1550.0000 11.0000 169.8672  2205.8087 28,2001 L0071
JUN. 1300. 6600 0.0000 42,1923 134. 4002 §.3162 0. 0000
JuL, 1350.0000 3.0000 95,0378 434.0157 16,8641 (019
RUG. 1330, 0000 9.9600 220.3979  2270.1532 31,4534 0058
SeF. 1500, 0600 14,0000 180.0698  1541.930) 25,2223 A107
1 1550. 0000 0.0000 107,279 301.8036 3. 1978 0. 0064
KBV, 1500, 0600 2. 5000 162.0485 468. 1083 3.2408 0013
DEL, 1550, 0000 0. 0600 200,3387 459;&876 3.0634 3.9600

ANNUAL  §8283.0000 113, 0000 181.3276  1375.3099 37,0367 063



'SCS STATISTICS - CN = 70

AREA.iNDEX = 130,40 INIT. ABSTRACTION = .857 <CURVE HO. = 70.0 SEEPABE RATE = .034
SENERATED POND DEPTH STATISTICS - PROBABILITY THAT POND DEPTH WILL EYCEED 0,00 INCHES

PERIOD  # OBSERV. ¥ EVENTS HEAN STD. DEY.  GSKEWNESS  PROBABILITY
JAN. 1350. 6000 §38.0000 8.3m 22,5588 . 3.2992 5406
FEB. 1413. 0000 379. 0660 8.8626 23.07H 3. 0000 . 4098
HAR. 1550. 0000 497, 0000 7.9845 22,3488 3.0212 23208
APR, 1500. 0000 21,0000 5.6987 20.3708 3.1338 . 1807
HAY 1530. 0060 1%0. 6000 3.4282 17.9431 301 1228
HN. 1300, 0000 145, 6000 4.3000 14,9117 3.3748 0987
JiL. 1354, 0000 2563.0000 3.8574 12.2448 3.3572 1897
AUB. 1350. 0000 301.0000 3.03483 ?.9364 3.5230 1942
SEP. 1300. 0060 254.0000 3.3025 12,314 5.4371 . .1}97 -
0eT. 1530, 0000 392.0000 §.4743 15,1944 4.93%2 L2463
N, 1300, 0000 333. 0000 6.4302 19,8163 3.7641 3367
BEC. 1530, 0006 797.0000 8.3848 22.8924 3.2873 ,5142

ANNUAL  18263.0000  5054,0000 53,9314 19,2395 3.7317 2787

AREﬁ:INDEI = 130.0 IMIT. ABSTRACTION = .BS7 CURYE M. = 70.0 GSEEPAGE RATE = .034
" GENERATED WATER QUALITY STATISTICS - PROBABILITY THAT TDS WILL EXCEED 3000.00 PPM

PERICD ¥ OBSERV. ¥ EVENTS HEAN §TD. DEY.  SKEWNESS  PROBABILITY
JAN, 1330, 0000 0.0000 76,3804 332.0930 2.2195 0. 0000
FEB. 1413. 6000 3.0600 199.8409 6§9.0020 8.3428 0021
HAR. 1550. 0000 11.0000 2623497 1014.9031 14,3873 0071
APR. 130, 0000 39.0000 I47.7025  2940.2B42 23,0969 0240
HAY 1550, 0000 21.0600 183.7077  1357.4544 19.7933 L0135
JUK, 1500.0000 9.0000  397.B813  11582,6034 38,2350 040
JUL. 1330, 0080 3.9000 84,1121 323.4442 11,6338 L0019
ALiG. 1550, 0000 5. 0009 131.0184 428.7322 6.762% 0039
SEP. 1300. 4000 14,0000 136.1362  1094.298% 24,5182 0093
0eT. 1550, 3000 0.0000 ‘ 110.32% 298.1778 3.0494 4,000
V. 1300, 6000 2.00600 142.5283 3333792 3,046 L6013
DEL. 1550, 6600 0. 0080 165, 8400 123.3809 2.5441 . 0060

ANNUAL 18253, 4000 104, 4000 197.5483  3492.7725 115.5449 R



‘SCS STATISTICS — EN < 75 ™%

AREA INDEX = 10,0  INIT. ABSTRACTION = ,&67 CURVE WO, = 75.0 SEEPAGE RATE = ,034
GENERATED POND DEPTH STATISTICS - PROBABILITY THAT POND DEPTH WILL EXCEED 0.00 INCHES

PERIOD B OBSERV. 4 EVENTS." . NEAN  STD. DEV.  SKEWNESS  PROBABILITY
N, 1550.0000 6550000 L3547 L7140 51315 422
FEB.  113.0000  339.0000 4552 1,590k 3.8980 2399
AR, 1530.0000 216,000 1919 B30 3,9981 1394
APR. 15000000 43,0000 0076 0689 12,6877 0287
HAY 1550.0000 19,0000 6004 011 I4.6309 0058
JUN,  1500.0000 16,0000 0089 A0 19124 0107
L. 1556.0000 - - 95,0000 0353 2218 9, 3481 L0613
AUS.  1530.0000  103.0000 0319 2276 1.2 0465
SEP. 15000000 114,000 1206 10093 10,3159 0780
OCT.  1550.0000  751.0000 2274 9995 5.8397 1619
NOV.  1500.0000 356,000 382 1.6085 5.6473 L2373
DEC.  1550.0000  420.0000 5890 18624 59970 L4000
ANNUAL  [8263.0000  2817.0000 2163 £.0319 R SRR TY)

ARER INDEX = 10.0  INIT. ABSTRACTION = ,647 CURVE NQ. = 73.0 SEEPABE RATE = .034
" BENERATED NATER QUALITY STATISTICS - PROBABILITY THAT TOS WILL EICEED 3000.00 PPM

PERIOD ¥ OBSERV. ¥ EVENTS HEAR §TD. DEV.  SKEWNESS  PROBABILITY
JRN, 1330. 0000 t. 0000 28.8638 142. 9444 18,2533 0004
FEB. 1413. 0000 0. 0000 29,3031 107.2089 9.4834 0.0000
HAR, 1330. 0000 2.0000 40. 1080 309.9552 24,0183 0013
APR, 1560, 0000 2.0000 14,6670 220.1934 19.4333 L0013
HAY 1330, 0600 0.0000 0040 . 1367 39.331% .0000
JEN. 1300, 5000 0.0600 1.2254 15. 0020 14,3402 0.0000
JuL, 1330, 0000 1.0600 17.7692 274.7553‘ 33,5479 0004
AlG. 1550,0000 " 0.0000 5.8815 31,3800 15.8359 0.0000
SEP, 1300, 0000 1.0060 17,7768 136.2732 30,3628 0007
oct. 1330, G000 16000 26,4840 136, 46041 13.3210 L0008
NGV, 1506, 0000 1. 0660 45,0433 295, 3927 23,3797 0647
DEE, 1550, 3600 9. 000D 97.7584 192, 5654 8.40738 0, G000

ANNUAL 18243, 6060 7.0000 23,8219 198.9502 31,3468 L0035




'SCS STATISTICS - CN =" 75"

AREA INDEX = 20.0 INIT. ABSTRACTION.= ,&67 CURVE NO. = 73.0 GEEPAGE RATE = .034
GENERATED POND DEPTH STATISTIES - PROBABILITY THAT POND BEPTH WILL EXCEED 0.00 INCHES
PERIOD & OBSERY. ¥ EVENTS HEAN STD. DEV.  SKEWNESS  PROBABILITY

JAN. 1559, 0000 7230000 1.3230 3.8702 3.7430 4685
-  FEB. 143.0000— 38,0000 L2ied 37863 Sheb2 29
MR, 1550, 0000 263, 0000 . 8095 2.9080 373 710
AFR. 1300.9000 130.0600 . 3214 14314 4,9875 0847
HAY 15356, 0000 18. 0000 0104 1487 16,7727 0114
JUN. 15000000 17,0000 0131 L 18,7934 O3
JUL. 1550, 0008 — 114.0000 0788 4391 7.9083 0733
AUA, 1330,5000 11,0000 0339 4190 11,5949 0748
SEP. 1500.0000  --128. 06000 2442 19524 10,1498 0353
acy. 1556. 0000 264, 0600 2239 2.4751 3. 9939 1703
NOV. 1500.6000; = 03,0000 . 9250 3.3067 4,5518 .2687
DEC. 1550, 0000 646.0000 1.3433 4,0740 3.8042 4168
ﬁNNUﬂL 18263, 6000  3242.0000 « 3698 2.34637 3.8108 A775

ARER INDEX = 20.0 INIT. ABSTRACTION = .67 CURVE NO. = 75.0 SEEPAGE RATE = 0N
* GENERATED HATER QUALITY STATISTICS - PROBABILITY THAT TDS WILL EXCEED 3000.00 FPH

PERIOD 4 OBSERV. ¥ EVENTS HEAN §TD. BEY.  SKEMNESS  PROBABILITY
JAN. 1550. 0000 4. 0000 49,7748 29,2338 B.1482 §.0000
FED. 1413.0000 2.0000 §9.795¢ 228.31b4 8.7233 0014
HAR. 1550. 0000 0.0000 49,8133 184.3429 3.2132 0. 0000
APR. 1500. 0000 9.0000 170.718  27%0.2021 33,2088 0060
Ay 1550, 0000 3.0000 24,1704 71,141 29,4433 0049

" JUN. 1300,0000  0.0000 1,8333 25,4947 15,5307 0.0000
Jut. 1550.0600 1.9000 25.4030 229.35%9 23,1324 .00046
UG, 13530.0400 3. 0009 21,5630 225.7634 17.8022 L0019
SEP. '1300. 0000 2.0000 30,8441 300.8643 35,9512 D013 7
act. 1359, 6000 10660  33.1148 189, 4996 18,8936 0004
iy, 300.4050 4.9000 I02,6%62  11583.1290 33,4338 0007
oeg, 1550, 54500 2.9000 28,2758 350.7618 23,9287 013

ARRUAL 15283, 0040 27,0000 74,9921 3425.2345 24,3733 L3915

JAN 51989



SCS STATISTICS - CN ="75

BREA INDEX = 30.0 INIT. ABSTRACTION = .87 CURVE ND, = 73.0 SEEPAGE RATE = ,034
GENERATED POND DEPTH STATISTICS - PROBABILITY THAT POND GEPTH-NILL EXCEED 0.00 INCHES

PERIED  § OBSERY, § EVENTS HEAN §TD. DEV.  GKEWNESS  PROBARILITY
JiN, 1350, 0000 730.0000 2.138% 6. 2440 3,328 . 4339
FER !413.Q090—————43170000—;—————2742194444444ﬁ7229§ Jv2156 093
AR 1350, 0600 315.0000 1.6027 5.3330 3.319% 2032
APR. £560.0000 154, 0000 1.0143 3.6489 3.6871 1027
HAY 1350.0000 74.0000 2978 1.4772 3.7843 . 0404
dUN. 1500.0C00 25. 0000 L0287 L3422 17,0210 Huty
JHL. 15533, 1360 £34.0000 L1397 L7489 8.9073 . 0845
AllG. 1550. (000 134. 0000 L0904 5283 11,0549 0877
SEP. 1500. 6000 143, 0060 . 3802 2.9935 9.9¢23 0953
BLT. 1550. 0600 274.0400 8343 3.9804 4.0270 . 1768
oY, 1500. 0000 423.0000 1.5223 5.3409 §.25354 . 2820
DEC. 1550.6600 497.0000 2.1403 5.4577 3.5950 4497

ANNUAL  18243.000¢  35382.0000 1,0220 4,3439 3.1930 1961

ﬁREAiIHDE! = 30.0 - INIT. ABSTRACTION = .547 CURVE NO. = 75,0 SEEPABE AATE = .0M4
" GENERATED WATER QUALITY STATISTILS - PROBABILITY THAT TDS WILL EXCEED 3000.00 PPM

PERIDD ¥ DBSERY. ¥ EVENTS HEAN §TD. DEV.  GKEWNESS  PROBABILITY
44N, 1350, 9000 £.0000 63,4232 180.1443 12,1278 0006
FER. 1413.0000 0. 0000 63.0418 138. 6275 - 2.25324 0. 0660
HAR. 1530, 0000 3.0000 123.0217 14?0.4{01 33,3992 L0032
APR. 1560, 0000 0.0000 34,0600 167.1419 4,130 0.0000
MRY 1530. 0000 14,0000 117.5843 826, 1340 13.9537 0090
JUM, 1506.0000 7.00600 67.319%  1626.3947 33,3504 0047
dtik. 1350, 0060 7.0060¢ 85,5863  1141,0434 26,9254 0043
AUG. 1350, 6000 5.0000 49. 0154 431.8813 15,1581 5039
SEP. 1300, 0000 3.6000 43.3833 568.2749 28,8044 1020
ocT. 1350, 0000 1.0000  37.7891 728.1858 37,9459 0008
NGV, 1206, 6600 1, 0000 1146990  2248.3634 8. 41358 0087
nzt. 1350, 0000 3. 0000 13,3073 734, 0539 32,0799 L0019

ANNUAL  13283.0000 8. 0000 79,1568 1982.3307 93,1573 928

1

JHA R U ]‘989



© sCS STATISTICS - CN = 75

AREA INDEX = 40.0  IRIT, ABSTRACTION = .6A7 CURVE NB. = 75,0 SEEPAGE RATE = .04
GENERATED POND DEPTH STATISTICS - PROBABILITY THAT POND DEPTH WILL EXCEED 0.00 INCHES

PERIOD  # OBSERV, § EVENTS MEAN STB. DEV.  SKEWNESS  PROBABILITY
Jil. 1550.0000 82,0000 ) 3.0224 B.45679 3.4321 .3329
FEB, — 130000 — 4479000 — 30688 874633068313
MAR. 1550, 0000 344, 6000 2.5087 7.8553 3.7 .2348
APR. 1390. 3000 t64.6000 1.7748 6.1283 3.3677 - 1093
nAY 1530. 0000 1340000 . ,9743 3.6361 3.5887 0843
JUN. 15300. 0080 82,0000 2338 1.2876 6.3042 0547
U 1554, (000 132,0000 .2189 1.0775 .21 » 0981
RUB. 1556. 0600 31,0000 1334 8378 10.2764 0974
3EP. 1500, 0000 136, 0000 3420 4.0084 9.7039 .1600
BET. 1336, 4000 293.0000 t.1674 5.506? 5.0108 . 1890
NGV, 1530¢.0000 433.0000  2.1484 16339 4,1132 . 2887
BEC. 1550. 6660 713.0000 3.0140 89,8693 3. 4881 3400
ANNUAL  1B263.0008  3909.0000 1.5604 4.2836 4.8137 2140

AREﬁ‘INﬁEX = §0.0 INIT. ABSTRACTION = ,447 CURVE ND, =. 73.0 SEEPAGE RATE = .03d
" GENERATED WATER DUALITY STATISTICS - PROBABILITY THAT TOS WILL EXCEED 3000.00 PPN

PERIOD ¥ OBSERY. ¥ EVENTS MEAN §TD. DEV.  SKEWNESS  PROBABILITY
Jhl. 1350.0000 1.0600 104, 7844 247,3480 3.4233 . 0006
FED. 1413, 0000 8.0000 45,9706 134.4097 §,8123 6.0000
HAR. 1350, 0000 40000 ©  9B.7748 335.9820 ?.&é#ﬁ 0026
AFR. 1500, 0000 3.0000 49,5832 774.9403 32,7034 .0020
MAY 155¢., 0009 1. 0000 73.2732 289.932% 3.4860 0005
JUN. 1500. 0000 23.0009 21,3643 2320.3140 27. 6044 0153
abt. 15350, 0000 k. 0060 74,5815 705.0305 22,2034 . 0039
AUG. 1330, 0000 8. 0609 135.4334  2352,6559 27.0352 L0052
SEP. 15300, 0000 £, 0000 31.3838 223.3345 20.002% 0007
0ct. 1330, 0000 5.0000 491N 539. 4212 23.27%%8 .0032
iy, 1503, 0009 0. (000 49,8576 176. 6382 7.0472 . 0000
GEL, 1350, 5490 &, 3000 83,2468 137.7033 2,4308 3, 2660

=

rifNUAL 18243, 0000 32,0000 90.77947  1072.8417 36,2899 0028

JER



868 STATISTICS - €N = 75

AREA INDEX = 350.0  IMIT. ABSTRACTION = 487 CURVE NO. = 75.0  SEEPABE RATE = .03
GENERATED POND DEPTH STATISTICS - PROBABILITY THAT POND DEPTH RILL EXCEED 0.00 INCHES

PERIOD 4 OBSERV. ¥ EVENTS HERN STD. DEV.  GKEWNESS  PROBABILITY
JAN. 15500000  857.0000 39684 11,1067 3.3743 5529
FEB, 1413.0000  491.0000  4.0504 11,3082 3.0487 3475
HAR, 15500000  397.0000 3. 4404 10.4371 30944 25610
APR. 1500,0000  191.0000 25973 8. 4780 3.2518 1273
HAY 15500060  134.0000 1.7290 4,1080 3,513 . 0845
JUN, i500.0000  133.0000 .B528 3.7803 4.2457 0887
JUL. 15500000  210.0000 ,4980 1.8328 4,250 1355
AUB, 1550,0000  189.0000 2139 1,1290 8.9449 1219
SEP. 15000000  156.9000 (6573 5.0307 9,5575 1040
0eT. 15500000  313.0000 1.5265 7.0268 5.9797 2019
Kav. 1500.0000  444.0000 2.7754 9.7434 4,0409 2973
LEC, 1550.0000  714.0000 3.8986 11,3140 3.4242 4619
AMNUAL  18253.0000  4233.0000 2.1803 83443 4,5344 L2318

ARER INDEX = 50.0 INIT. ABSTRACTION = .467 CURVE WO, = 75,0 GGEPAGE RATE = .034
' GENERATED WATER QUALITY STATISTICS - FROBABILITY THAT TDS WILL EXCEED 3000.00 PPH

PERIGD ¥ OBSERY, ¥ EVENTS HEAN STD. DEV.  GKEWNESS  PROBABILITY
JAN, 1350.06¢0 2.0000 108.4973 233. 5423 §.4322 0013
FEB. 1413, 0000 4.0600 113.4934 421.8327 14,1728 .0026
HAR, 1359, 0000 5.0000 1214328 345, 0353 14,7456 . 0039
APR. 1500. 9000 7.0000 135.8792  2202.2006 36,7170 0047
HAY 1850, 0000 9.0000 46,3048 61,3097 3.4028 0.0000
JUM. 1500.0000 9. 0000 273.6981  4005.4871 38,0523 . 0060
JUL, 15350, 0009 23.0000 471,9283  10471.5732 34,0403 0148
AlG, 1350, 0000 23,0000 27,4174 8409.1823 34,7939 0448
5P, 1500, 0660 0.0000 30.0978 159. 4793 9,3833 0.0400
0oy, £330, 0000 43,0000 69,2932 314,204} 9.2158 0028
Nov. 1509, 4000 3, 0600 F73.0173  3794.%573 38.0383 0920
kg, £330, G000 1. 7000 95,0123 172,977 8. 4740 00E
ANNUAL }32&3.0060 82,0000 172,2283  d4es. 4099 71.44%90 NG



' SCS§ STATISTICS - BN = 75

AREA INDEX = 0.0 INIT. ABSTRACTION = .&h7 CURVE NO. = 75.0 SEEFABE RATE = .034
GEMERATED POND DEPTH STATISTICS - PROBABILITY THAT PGND DEPTH WILL EXCEED 0,00 INCHES

PERIOD & OBSERY. § EVENTS HEAN 87D, DEV.  SKEWNESS  PROBABILITY
JAN, 1339, 0000 863. 0000 4.5301 13,5630 3.3312 . 5381
F£B. 1413.0060 519.90060 ' 3.6981 13.8811 1.0082 L3473
iR, 1330, 6000 430, 0000 4.43%0 13. 0409 3.0401 2774
RPR. 1300, 0000 203. 0600 3. 4649 11,2691 J.1782 1347
NAY £550. 0000 149, 0000 2.5097 8.4332 3.373 0941
JUN. 1300.0000 138. 0000 16432 5.7907 3.5288 L0720
JuL. 1550, 0600 272.0000 1.1538 3.5795 3.5132 1735
fUG. 1350. 8000 252, 0600 3312 2,9220 3.2072 1690
SEP. 1500.0000 184, 6600 B%27 b. 0824 9;4023 1227
DET. 1550. 0000 318.0000 1,8970 8.5622 5.93%0 2052
HOV. 1300. 0000 472.0000 J.0442 11,8505 3.9956 347
DEC. 1359, 0006 722.0000  4,7889 13,7733 3.3804 4438

ANNUAL  1B243.000¢  4534.0000 2,8884 10,3214 4.2985 2484

AREA INDEX = &0.0  INIT. ABSTRACTION = .67 CURVE NB. = 73.0 SEEPAGE PATE = .03
" GENERATED WATER GUALITY STATISTICS - PROBABILITY THAT TDS WILL EXCEED 3000.00 PPN

PERIBD ¥ DESERV. § EVENTS HEAN STH. DEV.  SKEWNESS  PROBRBILITY
JAN, 1350, 0000 0. 0000 101.1438 139.90888 1,5483 0.0000
FER, 1413, 0060 0.0000 106.6984  227.8434 §.2629 9.0000
NAR. 1330, 0000 7.0000 144,86838  £027.1583 30.8398 © .0043
APR. 1500. 0000 3.0000 82,3539 38,7188 13,4027 0033
HRY 1330, 0000 5,0000 272.4497  7875.1788 39.0470 .0032
JuK. 1500, 0000 9.0000 56,3471 28,7341 3.7207 8. 0000
JuL. 1550. 0000 20,0800 297.3413  3078.3130 27,8347 0129
AliG. 1330. 9000 39.00060 475.8668  3875,5899 13.9358 9252
SEP. 1308, 0000 10,0000 156.178%  1300.5038 21,0482 L0133
LT, 1350, 0006 30000 72,5498 734.2784 35,2333 L0019
NGy, §350. 4000 6. 5000 107.3922 430, 2444 11,4323 640
DEE. 1230. 0000 2.6009 153, 7957 533,097 24,4797 RILTH

ANKUAL  18283,0000 187, 0000 t56.8802  27BA.7304 82,6016 ° (GO5Y



SCS STATISTICS — CN = 735

AREA IWDEX = 78,0 