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CHAPTER I
GENERAL INFORMATION

STUDY OBJECTIVE

Several previous studies have identified a need for additional
water for late season irrigation in certain areas of the shell
vValley. These areas include the tributary drainages, the
lower end of the Shell cCanal and some private diversions on
the lower end of Shell Creek (see Figure I.l, General Location
Map). Enlargement of Lake Adelaide Dam has evolved as a
likely means of providing additional late season water.
Timing of the rehabilitation 1is also important as Lake
Adelaide Dam has been identified as needing rehabilitation to
meet current dam safety standards.l/

On June 27, 1984, HKM Associates entered into a contract with
the Wyoming Water Development Commission to conduct the

following studies:

1. Geotechnical investigation of Lake Adelaide Dam
and potential enlargement.

2. A hydrologic and water rights study of the Shell
Valley Watershed.

3. An engineering study of the proposed
rehabilitation and associated costs.

4. A study of the financial and economic feasibility
of the proposed project.

These studies have been completed and the results are
presented in this report.

l/ Phase I Inspection Report, Adelaide Reservoir, Corps of
Engineers, 1979.

10M183.105/0578P



Watershed Description

The Shell Vvalley Watershed contains owver 370,000 acres with
Shell Creek as the major drainage. The majority of water
available to this drainage originates in the higher elevations
of the Big Horn Mountains. Elevations range from 11,000 feet
m.s.l. to 3,900 feet m.s.l. within the watershed. There exists
a stark contrast between the higher mountain environment and
the semi-arid desert environment on the valley floor.
Irrigation is necessary to cultivate crops and use of water for
this purpose is of prime importance to the community.

The entire watershed 1is located within Big Horn County,
Wyoming. The area 1is serviced by the Town of Greybull
(population of 2000 +) and the community of Shell (population
of 50). Several good "farm-to-market" roads traverse the
irrigated area and U.S. Highway 14 is a major east-west
arterial route. Billings, Montana and Casper, Wyoming are
larger service centers for the area.

Climate

The upper basin 1is mountainous and provides a barrier to
movement of moisture laden air from the Pacific Ocean or the
Gulf of Mexico, depending upon the type of storm. Mean annual
precipitation near the continental divide is in the range of 32
to 36 inches; most of which is snowfall. Intense rainfall is
possible as exemplified by the large probable maximum rainfall
amounts developed later. Summertime temperatures are much
cooler than the basin below as elevations are higher. A mean
maximum temperature in July ranges from 70° to 75° F.
Wintertime temperatures, although cooler, are not significantly
different from the basin below.

'10MIB3.10570578F
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The lower basin can be described as hot and dry in the summer.
Temperatures are usually lower and rainfall higher at Shell and
further up into the Shell cCanyon. However, most of the

irrigated land is represented by the basin (Greybull) weather
station. Mean annual precipitation at Greybull is in the range
of 6 to 8 inches. The majority of the precipitation occurs in
April, May and June. Summer temperatures are hot in the valley
near the Big Horn River; hotter than most other locations 1in
Wyoming. Temperatures as high as 115° F have been recorded.
The mean maximum temperature in July is in the 90° to 95° F
range. The hot weather and 1long periods of sunshine are
excellent for growing crops. Weather events, such as high
winds and hailstorms, are an unusual occurrence. Irrigation is
a must in this semi-arid climate to produce crops.

Additional details on temperature, precipitation, effective
precipitation and dgrowing season can be found in the tables
summarizing consumptive use and net irrigation requirements.
These tables can be found in Chapter IV, Water.

10M183.105/0578P
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CHAPTER II
SHELL VALLEY WATERSHED IMPROVEMENT DISTRICT

HISTORY

The Shell Vvalley Watershed Improvement District (SVWID) evolved
out of years of discussion and interest in further developing
water resources in this valley. The SVWID was formed in 1981
as a subdivision of Wyoming State Government. The primary
impetus to form the District was the possibility of drilling
deep artesian wells to augment irrigation water supplies. The
SVWID is governed by a five man board of directors, each with 3
year terms. The District has the right of eminent domain and
has taxing authority. The SVWID can contract with federal or
state entities for project repayment.

One. of the primary purposes of the SVWID was to bring together
all of the various private and company organizations into one
group. Memorandums of understanding have been drafted with the
affected parties within the boundaries of the SVWID to this
effect., The SVWID is subservient to and works with the South
Big Horn County Conservation District. The District has the
flexibility to levy unequal per acre or acre-foot assessments
if necessary. If certain areas do not benefit from a project,
these areas may be excluded from taxation. Assessment areas
and rate schedules are set by a Board of Appraisers and
taxation must be approved by vote of members within the
District. The SVWID provides a flexible vehicle for the
contractual relationships necessary to finance water projects
and brings together numerous entities into one planning unit.

The SVWID has made one assessment of $0.60 per acre to date,
The physical assets and income are minimal at this point until
a project is realized. Therefore balance sheets, statements of
income, expenditures and audit reports are not presented.

10M183.105/0578P
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CHAPTER III
LANDS

LAND USE AND OWNERSHIP

Approximately 370,000 acres 1lie within the Shell Valley
Watershed. Of this area, approximately 11,000 acres or 3
percent are irrigated. Of the remaining acreage, approximately
75% is native rangeland existing in a semi-arid environment and
the remaining 25% is forested land with much  Thigher
precipitation. Most of the watershed is held in Public
Ownership, with less than 15 percent privately held.

Concerning the irrigated land base, a field verification and
aerial photography were used to update the tabulations. Nearly
18,000 acres are covered by water rights in the watershed. 1In
1984, 10,100 acres were irrigated with approximately 660 acres
idle but with facilities in place to receive water. Table
ITII.]1 summarizes irrigated acres by drainage.

As expected, nearly 75% (7,784 acres) of the irrigated 1land
depends upon Shell Creek for a water supply. The Shell Canal
(McDonald Ditch) is the largest diverter, serving an area of
approximately 4000 acres. The following cropping pattern was
used in the agricultural, economic¢ and consumptive use studies:

Table III.2
Cropping Pattern - Shell Valley

Crop Acres Percent
Alfalfa/Pasture 3,477 32.3%
Malt Barley 4,307 40.0%
Sugar Beets 310 2.9%
Corn 2,670 24.8%

TOTAL IRRIGATED 10,764 100.0%
Farmstead/Wasteage 360
_5_

10M183.105/0578P



Table 1I1I,1

SUMMARY OF IRRIGATED LANDS BY DRAINAGE

Total Irrvigated Lands Idle Lands Total
DITCH NAME Water w/water no/water Total w/water no/water Total Irr & Idle

Rights Rights Rights Irr. Rights Idle Acres
Shell Creek 11,766.07 6,151 1,014 7,165 503 112 615 7,780
Beaver Creek 3,758.48 1,473 368 L,841 il 2 13 1,854
Horse Creek 896.6 436 67 503 0 0 0 503
Trapper Creek 815.24 39% 130 524 25 5 30 554
White Creek 227.0 73 0 73 0 0 0 73
Granite Creek (All Domestic = 0.2623 cfs)
TOTAL 17,463.39 8,327 1,579 10,106 539 119 658 10,764

10M183.105/0584P



Service Area

The service area will consist of those irrigated lands within
the Shell Valley Watershed Improvement District The acreage
of lands that can benefit from an increased water supply is
estimated to be 8,000 acres. The service area 1is generally
depicted in Figure 1III.l. Details of irrigated 1lands are
plotted on U.S.G.S. 7-1/2 minute quadrangle maps found 1in
Appendix D.

Land Capability

A soil survey has been completed by the Soil Conservation
Service (SCS) for the Shell valley irrigated areas, but this
survey is not published. The soil series mapping was reviewed
for most of the project area in the Greybull SCS Office. This
information was used tqQ estimate peak use on-farm irrigation
efficiencies and to gain an overview of the suitability of the
lands for irrigation.

Many of the valley bottom areas have been in production for
nearly 100 years, demonstrating an ability to sustain continued
irrigation. Irrigated land c¢apability subclasses in the Shell
Creek bottomlands are commonly mapped as IIe, IIw, IIIe, and
IIIw with small areas showing drainage and salinity problems.
In general, these soils are deep, medium to moderate loam
texture with adequate drainage. Slopes are generally less than
1% and the fields have been improved for gravity irrigation.

Soils are similar 1n the tributary drainages but generally

steeper. Slopes of 3% to 5% are not uncommon. These steeper
slopes will tend to reduce on-farm irrigation efficiencies.

10M183.105/0578pP
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The area served by the McDonald Ditch/Shell Canal can be
separated into four areas. The first area is that served by
the McDonald Ditch and the upper portion of the Shell cCanal.
This area reaches from the diversion point to the Shell Canal
tunnel and is generally north of U.8, Highway 14, These soils
are primarily the Lotswells -~ Kinnear clay loam series with
slopes less than 2%. These so0ils are quite productive and are
similar to the bottomland soils near 8hell Creek. The next
area is known as "Poverty Flats" reaching from the §hell Canal
tunnel to the lands near U.S. Highway 14 and the Garret
Lateral. These soils are quite varied but are generally clay -
clay loam in texture. Slopes often exceed 2% and the fields
are not as improved as in the bottomland areas, These soils
require a high degree of management to be productive.

The third area is the lower benches and lands north of U.S.
Highway 14. The soils are typically a Lotswell clay loam.
Slopes are variable but many of the fields have been improved
or converted to sprinkler irrigation. These soils are
productive under irrigation.

The fourth area includes the Greybull Heights and small
isolated tracts upstream. These soils are either clay loam or
sandy loam depending upon their origin. Slopes are commonly
greater than 4% and the area is subdivided into small cracts
leading to low on-farm water use efficiencies. some of the
tracts are irrigated by sprinkler irrigation, which should
improve efficiencies if sets are changed regularly. This area
primarily serves as pasture for horses and livestock.

In summary, the irrigated area within the Shell Valley is
productive., Most of the land will produce average to above
average yields given the management level described in Chapter
VII, Project Evaluation.

- 10 -
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Land Ownership

There exists four types of enterprises in Shell valley. There
are those operators whose primary interest is intensive farming
(i.e. sugar beets) and cattle feeding. There are operators who
use the irrigated farm land to support a cattle enterprise,
i.e. hay and grain for wintertime feeding. There exists many
operators who own small farms, 10 to 50 acres in size, and
supplement their income with off-farm employment. The fourth
category includes operators who own tracts or lots less than 10
acres in size and hold a full-time job elsewhere for family
support.

Most of the irrigated acreage (85% to 90%) is controlled by
larger operators. Acreage in the 10 to 50 acre size includes
10% to 12% of the area irrigated. Small tracts and lots occupy
less than 2% of the land area.

Analysis of numbers of operators indicates that families are
divided equally between the three acreage sizes. One-third of
the families receive irrigation water for tracts less than 10
acres in size, one-third for the 10 to 50 acres sizes and
one-third of the families have holdings larger than 50 acres.

The proceeding analysis is a factor in determining an equitable
financial repayment of work <completed on the irrigation
systems. The USBR "small loans"™ program is considered a
guideline. Operators who hold lands in excess of 960 acres are
not allowed to share in low or 2zero interest subsidies. HKM
Associates did not identify any operator who would fall into
this category. Those landholders and parcels less than 10
acres in size are normally considered Municipal and Industrial
(M&I) users. M&I users are typically required to repay any
loan obligation with interest. Repayment is based on the least
cost of alternative water supplies rather than "ability to pay"

- 11 -
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or payment capacity. It is not uncommon for small users to be
assessed on a lump sum basis rather than on an acreage, shares
or water delivery basis. 1Individuyal record keeping costs tend

to be similar whether the user is small or large. Considerably
more turnouts must be provided and maintained for small users.
Small users impose a heavy peak load requirement on the canal
as use is based on convenience rather than a 24 hour per day
delivery. For these reasons, it 1is recommended that small

users be assessed a lump sum amount. This amount is developed
in the Project Evaluation Chapter.

-12 -
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CHAPTER 1IV
WATER

WATER REQUIREMENTS

Monthly farm delivery requirements and diversion requirements
were developed using both records and calculated consumptive
use requirements. Consumptive use and effective precipitation
were calculated using the Blaney-Criddle Method, SCS TR-21
version, for the four major <crops raised 1in watershed.
Consumptive use values for phreatophytes were also developed.
Detailed printouts of consumptive use can be referenced in the
files. A typical printout for each crop can be found in
Appendix G.

The following paragraphs, as paraphrased from TR-21, summarize
the Blaney-Criddle Technique. This process has been
computerized by HKM Associates for ease of calculations.

Early in the 1900's researchers found that the amount of water
consumptively used by vegetation during their normal growing
season was closely related to mean monthly temperatures and
daylight hours. Mr. Harry Blaney and Mr. Wayne Criddle
developed equations that could be used to transpose the
consumptive use data for a given area to other areas for which
only climatological data are available. The net amount of
irrigation water necessary to satisfy consumptive use is found
by subtracting the effective precipitation from the consumptive
water requirement.

Numerous climatic factors must be taken into consideration if
the net consumptive use of water 1is to be determined
accurately. of the climatic factors, the effect of

- 13 -
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temperature, hours of sunshine available for plant growth and
effective precipitation are the most important. Other
influencing factors, not directly considered by the
Blaney-Criddle equation, are:

1. Actual radiation energy received by the plant.

2. Relative humidity.

3. Wind speed.

4. Altitude.

5. Advection.

6. Soil Factors.

7. Plant Factors.

The general effect of varying seasonal radiation <can be
introduced by computing the length of sunshine during the
growing season at various latitudes. As an example, the length
of the daytime at the Equator varies 1little throughout the
year, whereas at 50°N. latitude, the 1length of the day in
summer 1is much 1longer than in winter. Thus, at equal
temperatures, photosynthesis can take place for several hours
longer each June day at the north latitude than at the
Equator. Growth and water consumption vary with the
opportunity for photosynthesis.

The Blaney/Criddle Formula

Disregarding many other influencing factors, consumptive use
primarily varies with the temperature, 1length of day, and
available moisture regardless of its source (precipitation,

- 14 -
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irrigation water, or natural ground water). Multiplying the
mean monthly temperature (t) by the possible monthly percentage
of daytime hours of the year (p) gives a monthly
consumptive-use factor (f£). It is assumed that <crop
consumptive use varies directly with this factor when an ample
water supply is available. Expressed mathematically:

u = kf, where,

u = Monthly consumptive use of the plants in inches.

k = Empirical consumptive use coefficient for a month
f = Monthly consumptive use factor (product of mean

monthly temperature and monthly percentage of
daylight hours of the year).

= t X p, where

t = Mean monthly air temperature in degrees Fahrenheit

= Monthly percentage of daylight hours in the
year. Values of (p) for latitudes 0 to 65
degrees north of the Equator can be found in
Tables in TR-21.

And:

u = KF = sum of kf, where,

U = Consumptive use in inches for the growing season

K = Empirical consumptive use coefficient for the
growing season. This coefficient varies with the
different vegetation being considered.

F = Sum of the monthly consumptive use factors for

the growing season (sum of the products of mean
monthly temperature and monthly percentage of
daylight hours of the year).

Note: Values of (t), (p), (£), and (k), can also be made
to apply to shorter periods. However, we have found the
formula to be most accurate on a seasonal basis.

- 15 -
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Following are modifications made to the original formula by the
SCS:

= kt X kc’ where,

kt = A climatic coefficient which is related to the
mean air temperature (t). values of kt for
mean air temperatures from 36 to 100 degrees are
shown in Table 4 in TR-21.

kc = A coefficient reflecting the growth stage of the

plants. Values are obtained from growth stage
coefficient curves given in TR-21 or developed by
HKM Associates.

The consumptive use factor (F) may be computed for areas for
which monthly temperature records are available. Then, the
total crop consumptive use (U) is obtained my multiplying (F)
by the empirical consumptive use crop coefficient (K). This
relationship allows the computation of seasonal consumptive use
at any location for those plants for which values of (K) have
been experimentally established or can be estimated.

Growing Season

In utilizing the Blaney-Criddle formula for computing seasonal
requirements, the potential growing season for the various
species is normally considered to extend from killing frost to
killing frost or from the last killing frost in the spring to
the end of a definite period of time thereafter. For most
crops, this is adequate for seasonal use estimates, but a
refinement is necessary to more precisely define the growing
season when monthly or short-time use estimates are required.
In many areas, records are available from which planting,
harvesting and growth dates can be determined. These should be
used where possible. In other areas, temperature data may be
helpful for estimating these dates. Table IV.1l contains some
guides which are helpful in determining these dates.

- 16 -
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Since the spring frost date corresponds very nearly with a mean
temperature of 55 degrees, it 1is obvious that many of the
common plants use appreciable amounts of water prior to the
last frost in the spring and may continue to use water after
the first frost in the fall. If non-~growing season
precipitation is significant it may be necessary to analyze the
consumptive use for the entire year. Non-growing season soil
moisture gains can be used by the plant growth during the
growing season. Since non-growing season precipitation is
minimal in the Shell Valley area only the growing season was
analyzed.

Table IV.l. A Guide for Determining Planting Dates,
Maturity Dates and Lengths of Growing
Seasons as Related to Mean Air Temperature

Earliest Moisture Latest Moisture

use or planting use or maturing
date as related date as related Growing
to mean air to mean air Season
Crop temperature temperature days
Perennial Crops
Alfalfa 50° mean temp 28° frost variable
Grasses, cool 45° mean temp 45° mean temp Variable
Annual Crops
Grain, spring 45° mean temp 32° frost 130 - Max.
corn 55° mean temp 32° frost 140 - Max.
Sugar beets 28° frost 28° frost 180 - Max.

Source: SCS TR-21

NOTE: The phreatophytes and hydrophytes considered in this report
are assumed to have a growing season similar to cool grasses.

Growth Stage Coefficients

As previously stated, another factor which causes consumptive
use to vary widely throughout the growing season is the plant
itself. Stage of growth 1is a primary variable that must be
recognized since it is obvious that plants in the higher level

-17 -
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of maturity will use water at a more rapid rate than will new
seedlings. It is also obvious that these variations 1in
consumptive use throughout the growing season will be greater
for annual plants than for perennial plants such as alfalfa,
permanent pasture grasses, deciduous trees, willows and others.

In order to recognize these variations in consumptive use,
plant growth stage coefficients (kc) have been introduced
into the formula. Values of these coefficients are calculated
from research data. When values of (kc) are plotted against
time or stage of growth curves, can be developed. Such curves
are used to obtain values of (kc) which, when used with
appropriate values of (kt), will permit a determination of

values of monthly or short-time consumptive use coefficients
(k)t

It 1is also recognized that value of (kc) might, to some
extent, be influenced by factors other than the characteristics
of the plant itself. For this reason, it is not expected that
these curves can be used universally. They should, however, be
valid over a considerable area and certainly should be of value
in areas where no measured consumptive-use 1is available.
However, coefficients developed and calibrated specifically for
the area under consideration will give better results.

Net irrigation requirements for each month were calculated by
subtracting effective precipitation from consumptive use for
each of the four crops and phryeatophytes. See Table IV.2 for
phryeatophyte net irrigation requirements. The net irrigation
requirement for the four crops was then weighted according to
the percentages shown in Table III.2 (Table 1IV.3). The farm
delivery requirement was calculated for each ditch, canal, or
tributary drainage by dividing the net irrigation requirement
by an approximate on-farm efficiency. The peak use
(July-August) on-farm efficiencies were estimated from analysis
of predominate slopes, soil types and irrigation practices

- 18 -
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MONTHLY NET IRRIGATION REQJUIREMENTS

FILE -- WIRSUMPD
SITE -- SHELL
UNIT -- INCHES
NOTE ~-- ANY MONTH WITH #w#sm.¥¢ INDICATES NO DATA AVAILASLE
YEAR JAN FE3 MaR APR MAY JUN JUL AUG SEP aCcT NDV
1941 0.90 0.00 0.00 43 3.50 2.85 11.42 8.48 1.79 .23 0.00
1942 0.00 9.00 0.90 1.09 2.21 6.45 1.0 9.13 3.46 .72 0.00
1943 .00 0.00 0.00 1.27 2.43 5.39 11.49 9.313 é.14 1.51 0.00
1944 0.00 0.00 0.00 «25 2.73 4.73 9.22 B.47 3.20 1.4% 0.00
1945 0.00 0.00 0.00 .13 2.24 3.93 11.92 8.11 2.72 1.49 . 0.00
1346 J.00 0.00 04 2.22 2.42 6.89 12.96 8.62 2.85 .73 3.00
1947 0.00 0.00 0.30 .65 3.19% 5.97 12.32 9.70 4e%6 1.99 0.00
1348 .00 0.00 0.030 1.16 4.01 6.38 10.10 8.83 4.19 1.17 0.00
1343 3.00 0.00 0.00 1.45 3.46 6.45 11.16 8.27 3.34 «29 0.00
1950 0.00 0.00 0.00 0.00 1.36 5.60 B8.54 T.14% 2.51 1.66 0.00
1951 0.00 0.00 0.00 sh4 3.21 4.25 8.34 7.75 3.05 56 0.00
1952 0.30 0.09 0.00 «90 2.34 T7.72 9.59 8.57 4.79 1.37 0.00
1953 3.00 0.00 0.00 0.00 2.14 6.856 13.44 8.82 4.18 1.35 0.00
1954 0.00 0.09 0.20 59 2.30 6.02 12.83 8.73 4.34 .91 0.90
1955 0.00 0.00 0.00 -1 2.58 4.81 10.64 10.16 3.22 1.42 0.00
1956 0.00 0.00 0.00 .53 3.56 8.65 10.83 T7.35 4.31 1.32 0.00
1957 0.00 0.00 0.00 45 2.54 5.30 12.45 9.10 3.37 .77 0.00
1953 0.00 0.00 0.30 75 4.39 5.79 T7.561 9.20 4.38 1.21 0.00
1959 0.00 0.00 0.00 .30 1.95 7.91 10.38 8.99 3.20 .51 0.00
1950 .00 0.00 0.00 .98 3.63 7.05 12.97 T.74 3.50 «99 0.00
1951 .90 0.00 J.00 .60 2.75 9.14 11.55 10.3¢ 1.81 .13 0.00
1962 0.00 0.00 0.00 92 2.24 6.56 .14 T.16 3.33 1.71 0.00
1963 0.00 0.00 0.00 -23 3.06 5.53 11.34 9.94 .29 1.9¢ 0.00
1964 2.00 0.00 0.00 .52 2.66 4.17 13.15 5.32 3.76 1.03 0.00
1955 0.00 0.00 0.00 1.05% 2.20 6.11 10.02 7.11 1.38 1.61 0.00
1966 .00 0.00 0.30 33 4022 5.95 13.18 T.74 4.50 1.01 0.00
1957 3.00 0.00 0.00 .21 3.17 2.62 11.39 8.86 3.32 1.08 0.00
1958 0.00 0.00 Q.00 .13 1.47 4.31 10.50 5.42 3.23 1.23 0.00
1369 0.00 0.09 0.90 1.34 3.54 2.65 11.563 10.58 4.86 .41 0.00
1970 0.00 0.00 0.00 ol 2.95 T.56 11.59 10.23 2.35 .31 0.00
1971 .20 0.00 0.00 .74 2.29 7.85 10.21 10.85 3.08 .07 0.00
1372 0.00 0.00 0.30 -85 3.01 T.43 8.17 T.98 3.03 .56 0.00
1973 .00 0.0)3 "0.00 <14 3.538 5.90 9.32 9.14 2.217 2.56 -04
1974 0.00 0.00 <16 2.32 2.89 B.44 9.84 7.56 3.77 1.43 -04
13715 0.900 0.00 0.00 0.00 1.49 5.30 10.99 8.138 5.21 1.45 0.00
1375 0.00 0.00 0.00 <94 3.68 5.79 12.34 T.76 3.09 .72 0.00
1817 0.00 0.00 0.30 «90 3.42 8.83 11.55 6.43 3.39 1.05 0.00
1978 0.00 0.00 0.00 34 2.34 6.33 9.39 6.99 2.52 .80 0.00
1979 0.00 0.00 0.00 .81 1.30 635 11.43 T1.26 4.75 1.22 0.00
13930 .00 0.00 0.00 1.05 1.74 6.29 10.33 6.34 2.93 Y1 0.00
MEAN 0.00 0.00 00 .70 2.30 6.07 10.96 8.35 3.46 1.05 -00
S.0. 2.00 0.00 .02 «53 .73 1.60 1.49 1.31 <91 «56 - 00
COEF. VAR +¥¥F. 20K +EER_ ¥NE 5.207 - 766 263 e264 .136 -157 263 «314 4.41¢
PERCENT OF
ANNUAL MEAN 0.0% 0.0% g.02 2.1% 8.4% 18.2% 32.8% 25.0% 10.42 3.22 0.0%

SUM OF MINTHLY MEANS

01723785
DeEC ANNUAL
TOTAL
0.00 28.33
0.00 34.78
0.00 35.38
0.00 30.06
0.00 29.565
0.00 3674
0.00 33.30
0.00 36.51
0.00 34,44
0.00 27.31
0.00 23%.20
0.00 35.380
0.00 36.79
0.00 35.79
0.00 33.58
0.00 356.61
0.00 34.00
0.00 33.34
0.00 33.75
0.00 36.37
0.00 35.24
0.00 31.57
0.00 36.37
0.00 30.63
0.00 29.52
0.00 35.96
0.00 30.36
0.00 26429
0.00 35.12
0.00 35.20
0.00 35.12
0.00 31.06
0.00 33.06
0.00 36.46
0.00 32.63
0.00 34.32
0.00 35.54
0.00 28.73
0.00 33.13
0.00 2%.35
0.00 33.43
0.0 3.20
r¥RE N 095
0.02%
33.¢
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ANNUAL
TOTAL

11/72178¢
FES MAR APR MAY JUN JUL AUG SEP ocr NOV DEC

WETIGHTED IRRIGATION REQUIREMENT

NOTE -- ANY MONTH WITH #####.4 INDICATES NO DATA AVAILABLE
JAN

FILE == T4WIR3A
SITE -- SHELL WY
UNIT -- INCHES

YEAR

Table IV.3
Weighted Net Irrigation Requirements for Crops
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prevalent under that particular system. The Wyoming Irrigation
Guide, discussions with SCS technicians and discussions with
local farmers were also incorporated.

To calculate a peak diversion requirement, the losses in the
canal or ditch and operational wastes must be added to the Farm
Delivery Requirement. These losses are reflected in a
conveyance efficiency which is defined as that percentage of
water diverted which is available for delivery to the farms.
Peak efficiencies were estimated from examination of soils,
calculation by use of the USBR Moritiz formula and seepage
measurements. Table IV.4 details the conveyance efficiencies
used for this study.

Table 1IV.4
Peak On-Farm and Convevance Efficiencies

On-Farm Conveyance Project Flexibility

Efficiency Efficiency Efficiency Factor
Description 3 % %
White Creek Drg. 40 70 28 1.20
Trapper Creek Drg. 40 70 28 0.80
Horse Creek Drg. 45 75 34 0.90
Upper Beaver Creek 35 75 26 0.90
Lower Beaver Creek 50 75 38 0.90
Fletcher Ditch 30 75 22 1.20
Kershner Ditch 35 65 23 1.20
Frieze Ditch 50 75 38 1.20
Whaley Ditch 60 70 40 0.90
Porter Ditch 60 70 42 0.9%0
Odessa Ditch 60 75 45 1.00
Red Bluff Canal 45 95 43 1.20
Denney Ditch 50 95 24 1.20
Linn Ditch 50 80 40 1.20

- 21 -
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Table IV.4 (continued)

On~-Farm conveyance Project Flexibility

Efficiency Efficiency Efficiency Factor
Description % % %
Linn #2 Ditch 45 75 34 1.20
Shell cCanal 55 65 35 0.90
McDonald Ditch (60) (80) - -
Poverty Flats (45) (90) - -
Garret Lateral (50) (95) - -
Greybull Heights (35) (95) - -

The flexibility factor is a value which accounts for how the
water 1is used or diverted into the system as compared to
diversions based on <crop consumptive wuse and estimated
efficiencies. If the area served by the system is small and
the typical irrigators do not irrigate 24 hours per day, 7 days
a week, the flexibility factor could exceed 1.00. This allows
the irrigator to divert more water than predicted by equation
to meet peak crop requirements. For example, if only one
turnout was served and the irrigator applied water only one
week out of a peak two week period, diversion rates would have
to be twice that calculated by equation. The flexibility
factor would be 2.00 in this case.

In a large system, with many turnouts, system capacity is
seldom available for all irrigators to open their turnouts at
the same time. Additionally, many irrigators do not replace
all of the soil moisture consumed during the peak use period
(usually two weeks to one month). This "mining" of soil
moisture allows a flexibility factor of less than 1.00. A
third factor is re-use of waste water from field to field which
improves overall efficiencies. Commonly larger systems or
projects exhibit a flexibility factor of less than 1.00, i.e.,
less water is diverted than the peak use calculations would

- 22 -
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indicate given reasonable on-farm and conveyance efficiencies.
For this study flexibility factors were determined by comparing
limited diversion records to calculated diversion
requirements. 1t is possible in the case of the Shell Canal
that diversion capacity does not exist to meet peak crop
requirements even with "mining"™ of soil moisture. This 1is
reflected in the low flexibility factor.

10M183.105/0578P



SURFACE WATER SUPPLY

General

The surface water supply within the Shell Watershed was studied
to determine if additional water <can be stored in Lake
Adelaide. Monthly sequential streamflows were developed at
these primary locations in Shell Creek Watershed: Shell Creek
above Shell Creek Reservoir (USGS Gage No. 06278300), Shell
Creek near Shell (USGS Gage No. 06278500) Shell Creek near
Greybull (USGS Gage No. 06279090), and Adelaide Creek above
Adelaide Reservoir (see Figure IV.l).

Streamflows at these locations of interest were analyzed on a
probability basis. The probability study established watershed
yield for different levels of percent chance (e.g., the 50
percent change flow, the 80 percent <change flow, etc.).
Results of the probability analysis will be of general
informational value in assessing the water supply.

Baseline Data

Baseline information for the surface water supply analysis
consisted primarily of streamflow data. Climate and snow data
were considered, but not directly applied in satisfying study
objectives.

Streamflow data within the Shell Creek and Big Horn River
basins consist of daily and instantaneous flow measurements. A
listing of gages and related statistics is given in Table IV.5.

Climate data consisted primarily of monthly precipitation
records. Snow data was used primarily for general information
purposes. Because reasonably satisfactory streamflow data is

- 24 -
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Station Name

Shell Creek above

Station
No.

Table IV.5
Streamgage Stations Within Shell Creek Basin

Period of Record

Drainage
Area

Daily or Instantaneous

Monthly Discharge Annual Peaks Readings
(sq.mi.) (Calendar Yrs.) (Water Yrs.) (Water Years)

Shell Reservoir, WY 06278300

Granite Creek near

Shell Ranger Station,

near Shell, WY

Shell Creek near
Shell, WY

Shell Creek at
Shell, WY

Red Gulch near
Shell, WY

Shell Creek at
Porter Gulch, near
Greybull, WY

Shell Creek near
Greybull, WY

Source: USGS

10M183,105/0615P

06278400

06278500

06279000

06279020

06279050

06279090

23.1

11.1

145

256

47.8

560

1956~current

1961 - 1974

1940-current

1911-1923
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available, it is not necessary to develop a watershed model
that incorporates snow factors in predicting runoff. A listing
of stations is provided in Table IV.6 and IV.7.

Technical Analyses

The following section describes the technical analyses
performed in defining the surface water supply of the Shell
Creek Watershed. The section 1is subdivided into two main
subject areas: Study Period and Streamflow Hydrology.

Study Period. For the purpose of most water availability
studies, it is not sufficient to simply quantify flow for the
historic record period of the stream gages of interest. It is

necessary to determine the 1long-term representativeness of a
specific study period which commonly does not coincide with the
historic record period. To select a representative study
period, available 1long-term and short-term hydrological and
climatological data were analyzed.

The preferred method for determining the long-term hydrologic
representativeness of a selected study period is to compare the
hydrologic characteristics of an abbreviated period for the
stream in question to a long-term measured period for the same
stream. An alternative method is to identify a hydrologically
similar stream in the region having a long period of record and
compare the hydrologic characteristics of the selected study
period to the total record period. Specific to the Shell Creek
Watershed, the streamflow records are not sufficiently complete
and extensive to independently establish long-term
representativeness.

As a substitute for streamflow records, climatological records
for a region can be used in the determination of data and
period suitability. Commonly, precipitation records are used
for this purpose. While it is not true that there is a direct
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Table IV.6
Snow Course Stations Within Shell Creek Basin

Snow Course Name Number Elevation Location

Bald Mountain 7E211/ 9380 S29, T.56N, RIOLW

Bone Spring Divide 7E181/ 9350 Lat 44°40' Long 107°34'
Ranger Creek 7EQ4 8120 S30, TS3N, R88W

Shell Creek 7231/ 9580 Lat 44°30' Long 107°26'

1/ SNOTEL site consisting of snow sensor, precipitation gage,
and temperature instrument with radio telemetry.

Source: SCS

Table IV.7

Selected Climate Stations Within Bighorn River Basin

Index Years of Record
Station No. Latitude Longitude Elev (NGVD) Temp Precip Evap
Basin 0540 44°23" 108°03' 3837 73 75 0
Cody 1840 44°33! 109°04' 4990 72 72 0
Deaver 2415 44°53" 108°36"' 4105 64 64 0
Greybull 4080 44°29' 108°03' 3790 0 31 0
Lovell 5770 44°50' 108°24"' 3837 65 70 0
Powell
(F.S.) 7388 44°47" 108°45" 4370 71 73 0
Shell 8124 44°32" 107°46" 4275 11 24 0
Worland 9770 44°01"' 107°58" 4060 66 69 0

Source: NWS

10M183.105/0613P
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relationship between precipitation and runoff, it is generally
true that on a 1long-term basis, precipitation trends are
reflected in streamflow trends. Therefore, it is reasonable to
use long-term precipitation records and trends as dgeneral
indicators in the determination of long-term streamflow.

An additional reason for using precipitation records is that
generally longer and more complete records exist for
precipitation than exist for streamflow. This is the case for
the Shell Creek Watershed.

Several regional precipitation gages were evaluated for use in
the long-term representative determination including Basin,
Lovell, and Worland, Wyoming. The Basin gage was selected for
a detailed analysis based on station location and 1length of
measured record (1899-1982). Precipitation data for the Basin
station is shown in Table IV.8.

The 40 year period of 1941-1980 was proposed for this study
because of the availability of hydrologic data along Shell
Creek. Three different methods were used in the determination
of long-term representativeness of the 1941-1980 ©period:
cumulative surplus/deficit analysis, statistical parameter
review, and graphical analysis. Each method and its respective
results are described in detail as follows.

Cumulative Surplus/Deficit Analysis

A cumulative surplus/deficit analysis involves constructing
and analyzing a curve which represents the cumulative departure
from the normal precipitation for each year. In the cumulative
surplus/deficit plot, the departure is indicated on the
ordinate, or the vertical axis, and the year of record is
indicated on the abscissa, or the horizontal axis. A positive

departure from the normal precipitation represents a surplus
and a negative departure represents a deficit. For any period
of record, the mathematical operation is such that the plot
will always start and end at zero.

- 29 -
10M183.105/0578P



o€

TOTAL MONTALY PRICIPITATION (HISTORIC)

FiLz -- 34SPRZC

SITc -- BASIN

UnIT =~ INCHES

NITZ =-- ANY MONTH WITA wgesw,.23 INDICATES NO DATA AVAILA3LE 01725785

YZAR JAN FE2 M4AR APR MAY Jun JUL AUG SEP acT N3V JEC ANNUAL

TOTAL
1+l .18 0.00 .40 .80 .50 1.19 .18 .33 1.58 .53 42 .60 5.86
1962 .17 42 .25 47 1.15 <14 .14 0.00 .72 .99 1.87 .35 6.48
1943 .23 «153 «54 T4 57 1.23 .30 .13 .11 bl .32 «29 5.0%
13+4 «72 .13 .30 2.34 1.50 1.57 .85 0.00 .34 .13 .03 «35 8.31
1945 .21 0.00 36 .13 1.31 1.63 .57 .83 1.12 .12 «37 <63 T.45
1345 2% <13 .33 «35 1.397 1.25 .31 .42 1.35 .16 .31 «53 T.82
15417 0.00 «29 .03 1.13 1.76 1.52 .10 .17 1.59 .75 1.48 .03 3.87
19438 .57 .13 J.00 LT7 .56 .72 .73 .13 «57 .13 «23 .03 4.37
1949 17 +nsan ¥t «36 o453 .59 <95 AR AN +ANNE B4 «37 1.08 0.00 0.00 +#pavi.eng
1950 .13 0.0) <09 .73 «33 1.15 « 96 e25 1.50 «15 .38 .28 5,58
1551 .13 .02 .21 <42 .12 1.22 1.5¢ .23 .35 .66 .06 .22 5.86
1952 .11 .14 .26 .87 1.12 .91 58 .25 .15 0.00 .18 .27 4.36
1953 .37 .33 .28 .84 .33 .83 .01 .51 «%5 .51 .31 .10 5.23
1954 .10 .05 e .70 1.59 .73 .51 .15 .17 .21 J.00 .03 4,78
1555 .14 «12 .25 .42 l.44 1.33 1.51 .05 + 36 .07 .39 +35 T.50
1956 .20 <04 .12 .39 53 .51 .12 .23 3.900 .35 .09 .19 2.78
1357 .23 .07 .24 .26 Le43 1.50 <07 o43 .40 .53 e43 0.00 5.55
1558 .05 .58 .23 .27 .73 1.25 1.00 .23 .05 .08 1.03 .14 5.68
13959 .10 .45 .13 1.62 1.35 2.01 0.20 0.00 1.10 .83 .36 .11 8.11
1950 .03 .13 .15 «23 o1 -3 0.00 o Ta .36 . T4 %S 43 4.18
1951 .30 .13 .47 o453 2.11 «23 .15 .03 1.46 1.38 .50 .23 T.43
19562 .56 .12 .15 <94 2.01 .75 T4 1.43 .30 .08 .30 .11 T1.74
1952 «54 .12 .02 1.035 .33 1.73 .20 .07 .32 .32 <30 .49 5.64
1964 «U5 £ 22 «15 1.43 1.13 2.43 «02 1.61 0.390 .11 .38 <42 8.01
1955 .23 .03 .33 .04 «96 1.38 «51 1.16 1.58 .11 0.00 <16 6.73
1356 o 2 .04 .42 1.31 0.00 62 .15 .43 1.12 .02 .14 .15 4.48
1957 .45 .37 o4l .79 59 4,56 .29 .14 1.29 .16 .04 .83 9.91
1953 .10 «29 ) Y 1.25 1.85 .11 2.35 .74 .04 .15 .73 3.37
1929 .15 «04 edb 1.33 « 99 2.52 «35 .82 .08 Y-13 .23 .07 6.73
1370 «23 .12 -30 .91 .85 .23 .54 .01 63 <17 23 .09 4.27
1571 .20 .34 «35 .72 1.55 .16 .15 .61 .32 2.81 .10 .04 T.54
1372 «23 .07 .03 .41 .33 .92 1.16 .15 .28 .32 .23 37 5.14
1973 <17 .03 .25 .71 .31 1.22 .73 .51 2.23 «25 .16 o1d 5.71
13574 «52 0.00 «39 o 24 .94 .27 .79 .20 .32 1.03 .10 0.00 4.54
1373 .36 «19 .07 1.73 2.95 .43 +30 0.09 0.00 1.5% .81 .13 .06
1376 .33 0.0) +12 .63 +43 1.18 «95 .53 1.25 <31 -39 0.00 4.38
i9711 o3 .05 .30 <85 o422 45 .58 1.07 .71 .04 0.00 .14 5.36
197¢ 41 .31 .05 1.63 1.81 25 .78 <54 1.54 .05 .31 .57 3.74
1573 .23 .13 .32 0.00 2.08 .63 .08 1.25 0.00 .33 50 .07 5.42
193¢ .31 0.00 .03 .35 2.58 1.13 .50 .91 l.45 .85 .25 0.09 3.53
1931 <04 .03 052 .18 2.74 .30 .43 1.06 .33 1.09 0.00 «59 T.41
1932 e 0.00 <05 .4 «53 1.24 «36 .57 1.32 .83 .15 <45 6.56
1933 2.30 .02 .23 o4l 1.15 1.25 .05 .37 .15 ebh) ERBER.EH FEIRREE Y SRR aRE VR
MZAN .21 «13 «25 o T2 1.13 1.13 .48 .51 .18 .51 «33 e25 5457
SeJe .19 .17 20 .53 +28 .89 .40 .50 -39 .53 .37 .22 1.462
CdcérFr. VAR <3717 1.149 . 765 .5993 +603 +704 .855 «382 . 7159 1.031 1.117 + 845 246
PERCENT UF

ANNUAL MZAN 3.3% 2.3% 4.1% 11.2% 17.6% 17.5% 7.1% T.9% 12.1% 8.0% 5.1% 4.0¢
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Surplus/deficit curves aid in the identification of surplus
periods, of deficit periods, and of severity and extent of one
condition or another. They also aid in the determination of
variability. The slope of the curve is particularly important
in analyzing the graphical plot. The magnitude of the slope
and the length of the period until the slope changes are both
indications of the magnitude of the cumulative departures and,
hence, indications of the magnitude of a deficit period or of a
surplus period. An abbreviated period can be compared to a
longer period at the station being analyzed to establish the
representativeness of the abbreviated period.

Two surplus/deficit curves were developed for the Town of Basin
precipitation station. The first plot is for the entire Town
of Basin period of record, which is 1899 through 1982 (Figure
IV.2). A second plot was made for the abbreviated period 1941
to 1980 (Figure 1IV.3).

Comparison of Figures 1IV.2 and 1IV.3 1indicates similarities
between the 1941 to 1980 period and the period 1899 to 1982.
Both figqures exhibit a sustained deficit period in the 1950's,
sustained surplus periods in the 1940's and 1960's and average
conditions in the 1970's.

Statistical Parameter Review

The second method used in the determination of 1long-term
representativeness consists of examining statistical parameters
of monthly and annual precipitation data. The Basin station
was used for statistical parameter review. The main parameters
evaluated in this analysis are the arithmetic mean, standard
deviation, and the coefficient of variation. The arithmetic
mean provides a measure of the central or average tendency of
precipitation. The standard deviation describes the absolute
variation of each set of monthly and annual data. The
coefficient of variation describes the relative variation for
monthly and annual data for each trial period.

- 31 -
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Mean annual precipitation during the 1941-80 period was
determined to be 6.55 inches as compared with 6.73 inches for
1899-1982. Hence, mean annual precipitation at Basin was
approximately 3 percent lower in the abbreviated period. It
should be realized that variability in precipitation conditions
is generally dampened during the runoff process. In other
words, a 3 percent difference in precipitation values does not
necessarily apply with equal magnitude to streamflows. Another
point to be factored into the comparison is the accuracy level
of actual measured records. The precipitation values are
probably no better than a plus-or-minus range of 5 to 10
percent.

The standard deviation (SD) of annual precipitation amounts for
1941-80 1is 1.66 as compared with 2.04 for the period
1899-1982. The difference is approximately 19 percent.

The final statistical parameter to be reviewed on an annual
basis is the coefficient of variation (CV). For the period
1941 to 1980, the CV is 0.253, and for the long-term period
1899 to 1982, the CV is 0.302. The difference is about 16
percent, The 16 to 19 percent difference in CV and SD for the
annual precipitation values does not disqualify the period
1941-80 as being reasonably representative of long-term climate
conditions.

Graphical Analysis

An additional way that data and period representativeness
can be reviewed is by using a graphical plot. For this study,
a plot was made of mean annual precipitation for the Town of
Basin station (see Fiqure 1IV.4) for the period 1941 to 1980.
Observation of Figure IV.4 focuses attention on the variability

- 34 -
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and persistence of annual precipitation in the study basin. It
is also possible to note the extent of deviation between the
annual mean for a specific year and the long-term mean for the
study period. The main benefit afforded by use of this type of
analysis is that it allows a visual review and verification of
which periods are wet and which periods are dry.

summary

Because precipitation is the primary input parameter which
dictates the amount of runoff that will occur, it was concluded
that precipitation trends are generally indicative of runoff
trends. Within the level of accuracy that can be obtained for
a study such as this, the period 1941 to 1980 is considered to
be reasonably representative of 1long-term climatic conditions
for the study basin. Using regional precipitation data, it was
found that the period 1941 to 1980 is only slightly more
deficit than a period which extends back to the late - 1890's.
Consequently, the period 1941 to 1980 is considered to be
representative of long-term hydrologic conditions as well as
climatic conditions.

Streamflow Hydrology. Streamflow quantification studies
commonly rely on available hydrologic data. A rule of thumb is
that the greater the quantity of available streamflow data and
the better the quality of the data, the more accurate the study

results will be. Even the most sophisticated hydrologic models
may Yyield poor results when the quantity and quality of
available data is limited. The present study is fortunate 1in
that there are reasonably adequate measured streamflow records
on Shell Creek and regional streams, and hence, significant
synthesization of records was unnecessary. The streamflow
hydrology analysis focused on four locations within the Shell
Creek Watershed: Shell Creek above Shell Creek Reservoir,
Adelaide Creek above Adelaide Reservoir, Shell Creek near
Shell, and Shell Creek near Greybull. The study technique and
results for each of these locations is described below.

- 36 -
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Shell Creek Above Shell Creek Reservoir

The measured period of record for Shell Creek above Shell
Creek Reservoir is 1957 to the present (Table IV.9). The USGS
notes that these records are good except for the winter period,
which are considered only fair. In addition there are no

diversions above the gage.

To £ill in the missing years (1941-1957) in the study period, a
correlation analysis was performed with other streamgages in
the basin. The only significant correlation was with Shell
Creek near Shell, Wyoming. Monthly regression equations are as
follows:

January r = 0.031/
February r = 0.071/
March r = 0.26l/
April r = 0.83%/
May r = O.Sli/
June Yy =1.93x 9-849 y =27 2 =90.90 r = 0.95
July Y = 0.00727 x -3 N =27 % =0.94 r = 0.97
August r = 0.741/
September r = 0.642/
October r = 0.681/
November r = 0.581/
December r = 0.32i/
Where X = monthly flow (AF) for Shell Creek near Shell

Y = monthly flow (AF) for Shell Creek above Shell
Reservoir

1/ Not considered to be a significant correlation.

- 37 -
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MONTHLY STREAMFLIW (HISTCRIC)

FILS -~ 0527830C

SITe -- SHELL CREEK A30VE SHAELL RESZRVOIR
UNIT -~ AF
NJITE -- ANY MINTH WITHA #ssmcyy INODICATES NO DATA AVATLABLE 01723785
YZAR JaN FES MAR aPR MAY JUN JUL AUG ScP ey N3V QEC ANNUAL
TOoTaL
1956 ¢HRE2AUN +RENNINE CRARFRUER CIRNENES CRTRRNIR CURIRAEN CHUNCRTR CREQENRY NGB R2E 386 258 246 tikpstuen
1357 184 167 134 238 2550 15540 3050 585 693 560 455 394 24600
1353 263 19¢ 184 143 17730 5319 2450 1330 433 362 356 277 23638
1359 215 167 154 143 1910 15030 2080 505 316 323 244 245 21339
1360 134 173 2217 454 5340 9550 1240 463 327 265 245 185 13775
1361 132 84 70 114 3830 6500 718 251 500 1080 656 341 19226
1362 212 181 209 1050 4610 15290 2930 393 526 387 256 213 25827
13563 136 102 130 117 13000 16389 1200 297 304 245 224 168 32714
1364 104 87 101 127 7090 15360 5420 765 735 453 393 203 31314
1365 210 127 1+0 201 3850 17380 5070 746 339 506 275 185 23679
1365 141 123 145 147 6240 4090 942 413 2170 27% 230 172 13137
1367 131 85 35 192 8850 17810 5340 7164 650 302 438 205 35453
1368 121 113 126 101 3740 21000 4230 2300 2670 383 521 397 35807
1963 137 137 137 474 15720 6090 3770 565 338 411 296 120 28406
1970 107 86 83 73 5230 16580 2830 599 326 272 236 142 256754
1371 101 89 17 110 5790 16180 2420 165 342 381 236 193 25631
1372 132 9 94 145 5540 14049 2760 1730 10560 126 438 263 27135
1373 152 87 85 130 4350 14430 2050 781 1170 523 317 26% 243715
197« 154 121 151 357 45930 15580 2520 123 446 313 257 192 25430
1375 158 114 1 82 9317 14090 11530 305 257 2139 173 147 28693
1376 106 89 31 100 5610 14470 37170 802 537 512 305 168 25641
1377 129 92 39 312 74170 10500 1130 600 575 113 437 267 22974
1373 219 131 167 224 3500 18960 7370 1530 1210 934 422 327 34934
1379 190 143 155 173 5870 103190 2500 1260 704 392 250 150 23108
1380 95 63 95 323 7030 8540 1470 549 930 310 443 206 20754
1381 132 89 20 504 6950 10060 1410 490 311 403 252 170 20851
1982 133 83 91 141 3730 13920 4350 395 628 331 436 251 23599
1983 136 160 130 235 1320 15740 3350 530 336 +HRsEREY THeATNER taNARVAR rRIE RS
YEAN 156 117 126 2506 6263 13383 32562 837 636 532 335 225% 25229
S.D. 45 37 45 230 3935 4391 2296 523 430 259 116 73 55625

COZF. VAR, «290 -318 «357 .393 .6238 327 - 704 .5631 . 771 -485 «348 323 .210

PERCENT OF

ANNUAL MEAN +5% .43 5% 1.0% 24.0% 51.2%¢ 12.5% 3.2¢% 2.4% 2.0% 1.3% «9%

SUM OF MINTHLY MEANS 259140.4
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A significant correlation did exist with annual flows.
Y = 0.305 X N = 13 r? = 0.79 r = 0.89

Where X
Y

annual flow (AF) for Shell Creek near Shell

annual flow (AF) for Shell Creek above Shell
Reservoir

Annual flows for Shell Creek above Shell Reservoir were
generated using this regression equation. Estimated monthly
streamflows for June and July were subtracted and the resultant
streamflow was divided up between the months of August to May
using the monthly distribution exhibited by the historical
records of 1958-1980.

The extended streamflow record is shown in Table 1IV.10. The
mean annual flow for the study period is 26,294 AF. This is
equivalent to approximately 21.3 inches for the 23.1 square
miles drainage basin. It also reduces to 1140 AF/square miles
watershed yield.

A probability analysis was performed on the Shell Creek above
Shell Creek Reservoir streamflows to identify flow conditions
on a probability basis. The analysis was performed on each
monthly sequence, and the annual sequence, using the Weibull
Plotting Position formula. The Weibull formula takes the
following form:

Probability (decimal) = m
n+l
Where:
m = rank
n = number of data points in the
sequence
- 39 -
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FILE
SITE
UNIT

YEAR

MONTALY STREAMFLIW (HISTORIC & SYNTHETIC)

NAME - 2783FCX1

-- SHELL CREEK ABOVE SHELL RZSERVOIR

-- AF

-~ ANY MONTH WITH ##¥#sze INDICATES NO DATA AVAILASLE

JAN

260
265
131
226
179
232
213
239
256
171
250
276
130
2217

FE3

130
132
95
113
90
14l
135
145
1238
85
125
0
65
114
92
124
167
19¢
1617
179
84
181
102
87
127
123
85

MaR

130
132

95
113

70
1¢1
136
145
128

35
125
138

55
114

92
124
134
134
154
227

10
299
100
101
140
145

35
126
137

33

Tt

APR

391
397
286
340
269
423
409
434
384
256
374
413
1956
341
275
372
233
143
149
454
114
1059

MAY

8454
8533
5138
7359
5818
3173
3850
3400
8314
5545
3109
8960
€237
1378
5939
8058
2550
17780
1910
5340
3800
4610
13090
7030
3850
6240
8850
3740
15720
5230
5790
5540
4360
4590
937
5610
7470
3500

JUN

6283
9562
16011
14923
14140
14372
12959
8061
11395
12360
9240
9347
15328
7518
13702
9413
15540
5310
15080
9650
6500
15290
16880
15860
179890
4090
17310
21000
6090
16680
16130
14043
14430
15530
14090
14470
10500
18360
10310
8540

911

et

794
572

1080

274
902

NOV

529
381
453
358
555

303
215
230
438

01723785
DEC

265
191
226
179
282
273
289
255
171
250
276
130
227
184
248
246
394
217
246
185
341
218
168
203
185
172
206
397
120
142

ANNUAL
ToTAL

20353
24198
29550
30030
30131
31059
31599
24148
25949
24850
25437
25270
25124
20022
25891
22435
24600
29638
21339
138715
13226
256827
32714
31314
29619
13137
35453
358907
28406
25754
25631
27135
24375
25430
23603
26641
229174
34934
23108
20754
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Table 1IV.1ll presents various ©percent chance 1levels for
watershed vyield.

Adelaide Creek Above Adelaide Reservoir

Inflows for Adelaide Reservoir are based on the streamflows
developed at the Shell Creek above Shell C(Creek Reservoir
streamgage. The two drainage basins are located adjacent to
each other and have almost the same mean basin elevation.
Therefore, the unit discharges developed for Shell Creek above
Shell Reservoir are also considered appropriate for Adelaide
Creek above Adelaide Reservoir. Total inflow to Adelaide
Reservoir also reflects the diversion of water from Buckley
Creek and was calculated as follows:

Contribution from
Adelaide drainage 0.15 x Shell Cr. Ab Shell Res.

+

Contribution from
Buckley Creek diversion 0.14 x Shell Cr. Ab Shell Res.

!

Buckley Creek diversion
bypass of 2 cfs 0.06 x Shell Cr. Ab Shell Res.

Total inflow to Adelaide
Reservoir 0.23 x Shell Cr. Ab Shell Res.

The mean annual flow for Adelaide Creek above Adelaide
Reservoir is 6047 AF. Adelaide Reservoir inflow is presented
in Table 1IV.1l2. Results of a probability analysis for each
month and year using the Weibull Plotting Position Formula is
found in Table IV.13.

- 41 -
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FILES

SIT:

UNIT
b4
90
80
70
69
50
40
30
20

10

MONTHLY STREAMFLOW (AISTORIC & SYNTHETIC)

NAME ==

-- SHELL CRcEK A30VE SHELL RESZRVOIR

-~ AFf

JAN

134

129

137

156

204

223

272

281

233

2733FCX1

FE3

140
167
180
196

201

X FIRM YIZLD

MAR

31

86

34

297
230

237

APR

101

373
406
451
795
1092

1190

MAY
3524
4406
3400
5801
2555
7370
8252
88+8
9317

15534

13150

13935

JUN
6304
8680
9709

12317

14065

14454

154565

15394

17717

18911

21367

22203

JuL
1181
1419
1914
2432
2531
2833
3726
4209
5411
1322

12278

13934

T34
165
305
970
1142
1233
1327
17717
2981

3395

317

388

459

533

658

733

838

952

1055

1208

2932

3531

ocT

272

3565

391

508

555

580

1095

1134

NOV

236

2710

309

353

437

454

550

5717

681

717

01723785
DEC

147

171

185

201

323
391
197

393

ANNUAL

20055

22542

24251

25218

25875

25801

292712

30122

32656

35439

37048

37539
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MONTHLY STREAMFLIW (SYNTHETIC)

NAME - ACB3FCX1

AJELAIDE CREEK ABOVZ ADELAIDE RESERVDIR
AF

ANY MONTH WITH ¥wzk##¢ INDICATES NO DATA AVAILABLE

JAN FES3 MAR APR MAY
59 29 29 33 1946
50 30 30 91 1977
43 21 21 65 1425
51 25 25 18 1692
41 20 20 61 1338
54 32 32 97 2109
52 31 31 94 2037
66 33 33 99 2162
58 29 29 83 1912
39 13 19 53 12715
57 23 23 85 1855
63 0 31 95 2050
29 1¢ 14 45 974
52 25 26 73 1696
42 21 21 63 1317
37 28 28 85 1855
42 33 42 54 586
50 44 42 3¢ «039
49 33 35 34 439
44 41 52 104 1223
23 19 16 26 2024
48 41 48 241 1060
31 23 23 26 2930
23 20 23 29 1630
48 23 32 45 8835
32 28 33 33 1435
30 19 19 44 2037
27 25 28 23 850
45 31 31 103 3615
24 19 19 15 1214
23 13 17 25 1331
30 20 21 33 1274
37 20 19 23 1002
37 217 34 82 1055
36 256 20 18 215
24 18 18 23 1230
29 21 22 1856 1718
50 39 38 51 804
43 34 35 41 15480
21 14 21 T4 1630

JUN

1445
2193
3082
3433
3252
3305
23178
1854

JuL

235
425
874
948
1476
607
1131
419
407
663
833
608
436
323
5715
275
703
563
478
235
155
535
2715
1246
1166

1228

AUG

269
273
197
234
185
292
282
293
264
176
253
285
135
235
190
256
134
305
11s
107

205

ocr

182
131
156
123

01723735
DET

ANNUAL
TITAL

«581
5555
5738
6920
6930
7145
72567
5554
59468
5715
5854
5812
5732
4605
5934
5150
5657
5828
4919
4318
4421
6170
7538
7202
5826
3033
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FlLe
SIT:
UNIT

S0

80

70

60

40

30

29

190

NAME -~

MONTHLY STREAMFLIW (SYNTHETIL)

AC83FCX1

¥ FIRM YIELD

-- ADELAIDE CREEK ABOVE ADSLAIDE RESERVOIR

-- AF

JAN

23

29

31

38

43

47

58
62
64
56

67

FEB

13

19

20

22

2%

23

30

32

38

41

45

MAR

18

19

21

23

28

30

32

34

(3

47

52

54

APR
23
23
34
45
60
7%
85
93

103
182
251

2713

May

810
1013
1242
1334
1537
1635
1838
2035
2156
3534
4174

43568

JUN
1450
1395
2233
2833
3234
3324
3555
3673
4074
4343
4914

5106

JUuL
271
326
440
559

593

1244
1684
2824

3216

163
17
185
223

262

305
403
685

781

72
39
107

134

614

812

2CT

62

Bée

39

127

156

171

189

209

252

260

N3V

54

58

62

71

83

100

104

117

126

132

156

155

01/23/85
DEC
33
33
42
46
51
55
60
63
14
90
91

91

ANNUAL
4612
5184
5517
5800
5951
5154
6732
6928
7510
3151
8521

8647
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Shell Creek Near Shell

The measured period of record for Shell near Shell is 1941
to the present (Table 1IV.14). The USGS notes that these
records are good. It is also noted that there is some
regulation by two small reservoirs (Adelaide and Shell) and
there are upstream diversions for approximately 80 acres of
irrigation below the gage. Winter records for 1972 to the
present are missing.

To f£ill in the missing winter records, a correlation analysis
was performed with other streamgages in the basin. There is no
significant correlation with other streamgages, however, there
is a significant correlation between April through September
streamflow and annual streamflow. This is reasonable because
there is a logical physical relationship between these values.
The selected regression equation is as follows:

.841 2

Y = 7.18 X N = 31 r° = 0.98 r = 0.99
annual flow (AF) for Shell Creek near Shell

April through September flow (AF) for Shell Creek
near Shell

where Y
X

Monthly streamflows were generated by subtracting the historic
monthly streamflows for the non-winter months from the
estimated annual flow and distributing the resultant according
to the historical winter monthly distribution. The extended
streamflow 1listing is shown in Table 1IV.15. The mean annual
flow for the study period is 87,594 AF. This is equivalent to
about 11.3 inches for the 145 square mile watershed and equates
to a 604 AF/square mile watershed yield. Because of the small
amount of upstream regulation and depletion, and the good
correlation, this estimate is assumed to approximate natural
flow.

- 45 -
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MONTALY STREAMFLIW (HISTORIC)

FILE -- 0527850C
SITZ -- SHAELL CREEK NEZAR SHELL
UNIT -- AF
NJITE == ANY MINTH WITH $4¥psws INDICATES NO DATA AVAILAGLE 01723785
Y ZAR JAN FEB MAR APR MAY JUN JUL aus SEP aCcT NOV 0tEC ANNUAL
TOTAL
1340 ¢XFICFURN CEXQNHERT CNSHBNNY +URSHSRT CRCUHRBNLY TRLQANNS ¢ HFREREN T RAVCANNR cRESNREH 3590 2330 1340 [X323221]
1341 1850 1670 1910 2080 21630 13720 5050 4710 6050 5360 3510 2740 70850
1342 2470 1910 2000 7360 16540 22500 7750 4840 3310 3050 2740 2560 77130
1343 2330 2069 2320 4100 13200 41239 13000 5240 4130 3030 2730 2260 95750
1344 2160 1979 2100 2220 21660 38029 13730 5219 4470 3380 2850 2620 100260
1345 2330 2030 2120 2090 12100 35570 13950 6560 6240 4370 3320 3020 93800
1945 2620 2340 2950 8220 17710 36360 10010 5310 5830 4300 3830 3270 103350
1947 2170 2480 2510 2199 21800 32160 15650 6130 «930 41190 3620 3420 102430
1543 3000 24190 2450 2600 23620 18400 1670 5340 3180 39300 2710 2509 759930
1349 2230 1350 2050 3170 24140 29100 7510 4500 3840 3070 2600 2300 85410
1950 2140 1360 13920 2520 10120 321990 10650 5980 4430 4200 3030 2520 31700
1351 2040 1730 2020 23590 136930 21510 12550 7100 6170 3380 2740 2520 81970
1352 2330 2029 2040 S«60 23020 23290 10020 5300 3480 23490 2330 2300 85040
1353 2350 2030 2220 2100 5700 41040 8650 56470 3590 2580 2520 2580 80930
1354 2350 1989 2070 2450 20200 16950 6350 4200 2140 2170 1830 2000 64750
1955 1800 1740 2020 2270 17720 34370 3620 4310 2940 2600 2430 2410 84730
1355 2210 2270 2370 2560 24250 22100 5650 3930 2650 22990 2130 2090 74620
1557 1370 1590 1910 2000 9950 31830 3500 5750 3950 3080 2570 23990 76500
1953 2100 1330 2090 2000 24540 14350 7510 6310 4130 2760 2440 2350 2410
1959 21560 1760 1930 2250 7010 34010 7800 6010 4240 3230 2400 235) 75200
1369 1360 13850 1800 2520 11130 16610 49170 4710 2850 2370 2020 1980 55340
1961 1770 1490 1590 1720 18120 15520 4250 4160 2990 3250 2900 2480 60240
1362 2030 1860 2090 5410 19630 34660 10630 5460 4200 3380 3070 2560 94960
1363 2150 1950 2030 2360 16810 39870 7530 5210 3430 23380 2620 2310 33250
1364 2180 1940 2030 2320 14550 443590 17500 7040 5250 4130 2950 2380 107430
1965 2570 2070 2130 2500 8030 54500 15840 6940 5530 4220 2850 2620 103950
1365 2350 1390 2220 2190 17470 9700 4510 35590 22710 2370 2130 2130 52830
1967 1740 1560 1930 2050 134290 48180 17300 5760 5470 49350 3600 2389 103930
1763 2550 2209 2260 2239 7150 58910 13310 8280 71930 571560 45640 37190 113830
1969 2850 2320 2550 5440 26920 16150 12840 6220 +250 3320 3000 2720 83100
1370 2410 2120 2130 2193 13940 41260 10850 6180 4430 3060 2540 2530 93710
1371 2330 2040 2200 2010 17220 37370 8700 6900 4140 3720 +# MRS tauvkINy tERREEER
1372 +hsnvaen +R4EMREY 26249 2757 15950 38590 10730 7660 5340 +RREARENE CHERENRER FCRIHRES tRiaducs
1373 epahegds +484h¥8y 2530 2510 20340 36230 8430 5820 4580 +ATHREN +ERKINER CRARN IS IR E2
1974 +Hunendlh v4nnnedys c¥dnensan 32190 18030 38260 39560 6980 SIN0 +3MERNYE +HSHEHIR +4ps¥ens tRiRdRY
1375 eriw¥34F +HdxdIfe +he¥ypep 2150 5750 2510 23070 1710 5800 +24x#3 A% rindeginy SRR EE tHEBERYY
1375 engnshey visgasine t4ENRETN 2730 17840 397890 11710 7490 5130 +anuasny sH4o2uNen +yueley tREGEHERR
1977 +H3UGH4H +hdenIRE RNy ¥nn 4229 19210 17140 6110 43490 3230 +ABERERE +EFRINER tR¥CHENS tREgRERGY
1373 +¥anndéy +ofRpeny L+SENInNnN 2590 13510 46350 20410 8600 5930 +REFRIEY +R EHVBEY +InINERY (TR 2132
1977 +a8¢tdvd v4upfnd +4CRERER 3213 21710 27700 10850 9710 TOTO +4neptyn +HRReNEN +SpEYNS +ERg Enen
1780 +#¢FEREN +¥RARNLE +n¥gNpER 3280 18030 22130 7830 5740 4450 +ARUARRY CUBRYRYR +RENRENG tRe¥RRRR
1381 +naunsdn +4RENRNE t3ERIRES 4249 21120 25400 7820 5980 JBI0 +HANNERE cRdpIREn +ERBNEHN cpdnindny
1382 ¢#dpenns cnpnshht +o2d0nks 1950 11810 36020 15070 5740 S510 ¢¥#eRIE tRENINYN +¥EIKARY R4S ERES
1383 +4uNSneN +ohegins tniizpne 2370 8450 36030 12530 6590 SBLO +¥R4NINE +avisber +3L24¥RY tEIRYRON
ME AN 22567 1370 2159 3000 15533 31708 10851 5968 4479 3503 2899 2549 35638
SeDe 312 2317 267 1424 5612 11626 4851 1290 1238 925 559 %15 15553
COcF. VAR. .137 .120 «124 «bT4 <339 +366 <447 .215 .237 <268 .202 .162 «193
PERCENT OF

ANMUIAL MEAN 2.5% 2.2 2.5% a s L 4 2 1% *2.4% 6.87 5.7 4 7 r o ELE §
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MONTALY STREAMFLOW (AISTIRIC & SYNTHETIC)

NAME - 2785FCX1
== SAELL CREEK NEAR SHELL

- AF

-=~ ANY MINTH WITH y¢exw¥n¥s INDICATES NO DATA AVAILAILE

JAN

1850
2470
2330
2150
2330
2620
2710
3000
2230
2140
2040
2330
2350
2350
1300
2270
1870
2130
2150
1960
1770
2030
2150
2180
2570
2350
1740
25350
2850
2410
2330
1919
2011
2149
2110
2142
2079
2030
2131
2122

FE3

15790
1919
2960
1970
2030
2340
2480
2410
1350
1369
1790
2020
2030
1380
1740
2270
1590
1330
17690
1350
1490

MAR

1910
2000
2320
2190
2120
2350
2510
2450
2050
1900

APR

2080
1363
4100
2220
2099
8220
2190
2600
3179
2620
2350
5460
2109
2450
2270
2560
2000
2000
22590
2520
1720
5410
2360
2020
2600
2190
2050
2230
5440
2190
2410
2750
2510
3210
2150
2730
4229
2590
32190
3280

MAY

21630
15540
13200
21660
12100
17710
21800
23620
264140
10120
196930
23020

37100
20290
17720
24250

9950
24540

1010
11130
18120
19630
16810
14550

3030
17470

JUN

13720
22500
412990
3g029
35670
36360
32160
18400
29100
32130
21610
23290
41040
16350
34370
22100
31930
14350
34010
16610
15520
364560
39870
44950
54500

9700
48130
58910
16150
412690
37570
38590
36230
38260
42510
39780
17140
463590
27700
22130

01723785
0EC

2740
2560
2269
2420
3020
3270
3420
2500
2300
2520
2520
2300
2589
2300
2410
2990
2390
2350
2350
1980
2480
2560
2310
2380
25620
2130
2980
3110
2720
2530
2158
2248
2436
2391
2423
2356
23517
2433
2405
2433

ANNUAL
TOYAL

70850
77130
951560
100250
93800
103350
102430
759930
86410
81700
81970
85040
80930
64750
847130
74620
765900
72410
75200
55340
60240
34950
89260
107430
109950
52830
108930
1183830
83100
33710
92156
95242
32536
35716
107249
93716
63653
112532
94479
75752
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A probability analysis was also performed for these
streamflows. The analysis was performed for each month on an
annual basis using the Weibull Plotting Position formula.
Table IV.16 summarizes the probability 1levels for watershed
yield.

Shell Creek Near Greybull
Shell Creek near Greybull is a water quality gage.

Instantaneous streamflow measurements are available generally
once a month from the 1960's to the present.

Monthly streamflow estimates were generated by integrating the
area under the curve formed by connecting the points of
measured streamflow. A review of the results indicates that
sufficient points are available to develop a reasonable
hydrograph (Table 1IV.17). This data was used to gain an
understanding of the operation of the Shell Valley.

FLOOD HYDROLOGY

Basin Description

A 3.58-square mile (sm) drainage basin feeds the storage
project as shown in Figure 1IV.5. The basin is drained by
Adelaide Creek which flows southwesterly to Adelaide Dam. The
basin has a length and width of approximately 3.5 miles and 1
mile, respectively. Elevations within the basin range from
approximately 9200 feet NGVD at Adelaide Dam to approximately
10,600 feet NGVD at the upper end of the basin. The basin is
located in Region 1 of Wyoming as defined by the USGS. Land
use in the basin is/primarily forest.
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FILE
SIT:z
UNIT

S0

80

70

60

50

49

30

20

10

MONTALY STREAMFLIW (HAISTIRIC £ SYNTHETIC)

NAME -- 2785FCX1
-- SHELL CREEK NZAR SHELL

-- AF

2036

2140

2155

2276

2357

2406

2615

2855

3025

3032

FZ3
1672
1773
1823
1852
1364
1962
2027
2068
2315
2405
2492

2521

T FIRM YIELD

MAR
1910
1911
1999
2012
2045
2036
2197
2308
2528
2616
3009

3144

APR
2023
2110
2223
2354
2515
2600
27173
3266

543%

MAY
7238
11372
13639
16648
17715
18034
20047
21706
24088
24525
27348

28324

JUN

15583
17392
22241
30192
34190
36303
38491
412156
46210
54184
59703

51511

JuL
5120
7510
17565
3669
9935

10702

12305

13634

17480

2033]

30628

34179

AUG
4230
4816
5213
5463
5183
6082
6485
7023
1153
8583
9909

1036%

SEP
2868
3236
36565
4151

4250

3532

acr
2508
2372
3053
3183
3252
3297
33890
4126
4845
5719
5378

59193

2706

2860

3024

3591

3819

4657

4958

Gls23/85
DEC
2132
2300
2351
2395
2430
2504
2594
2703
3015
3412
37152

3381

ANNUAL
65161
14736
77032
83073
33180
34171
95746

101936
108840
112403
120034

122641
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MONTHLY STREAMFLIW (HISTIRIC)

FILS ~-- GREY3ULC
SITE -- SHELL CREEK NEAR SRZY3ULL
UNIT -- &=
NITE -- AMY MONTH WITH #gvexsx INDICATES NO DATA AVAILABLE 01724785
YehR JAN FE3 MAR APR MaY JUN JuL AU SEP T N3V DEC ANNUAL
TOTAL
1965 ¢#FHRAER +3FFENNT CHIHANTE CAGRNINE CRCHREET CHRENNRY CHFHGHIR CHRINAFT tWSRGN LY 7163 5603 45623 tyigapuer
1969 3928 5987 5171 8743 30753 21793 8136 3713 3438 5171 7327 7322 114398
1970 3739 3303 4400 3335 135120 38335 3317 29373 3747 5594 5758 5145 105154
1371 ¥239 3733 4323 4521 3241 47659 3429 2309 3530 8163 5838 4372 108633
1372 4314 3323 5017 3927 23037 59915 12236 4663 3536 6307 4948 4533 142838
1373 3322 4563 5196 3459 15122 60122 15557 3imn ¢336 4951 5318 4344 139658
1974 «659 4932 42438 2704 13650 11547 30754 285% 2730 3504 ©324 4981 153547
1375 4438 4165 5530 47290 1400 56219 75329 5013 2643 3341 5552 7143 133813
1375 5429 4374 5690 37157 10450 29545 3551 4673 3394 5305 5951 538) 95726
1377 54565 5634 +832 12105 19505 10163 3957 3053 3231 3720 4755 6243 83638
1373 5141 5151 58569 6551 31847 11121 35918 8227 5830 6878 5802 5333 135273
1379 4450 5534 13078 9229 23002 41333 11541 5367 3623 541¢ 3424 2685 135176
1389 2238 2204 3047 2483 14130 24233 4016 1346 1305 2333 3455 2793 66913
1381 2201 2971 1915 5211 653468 41414 7934 2390 2550 +#RuRERE TREQVYIR LHUIWIAS 122223 23 )
MEAN 4553 4345 5410 5490 21835 40325 13039 3394 3632 5461 5434 5203 121430
S.3J. 1336 1217 2629 2887 15037 20331 19950 1574 1416 1644 1153 1483 33351
COEF. VAR. «304 - 280 435 «325 . 734 «304 1.106 «429 +389 301 .212 284 274
PERCENT GF
ANNUAL MEAN 3.7% 3.5% RS 4 b4k 17.7% 32.62 14.6% 3.1% 2.9% 4.4% 4.42 4.2%
SUM OF MONTHLY MZANS 123,391.3
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Baseline Data

Streamflow Data. Adelaide Creek is ungaged.

Soils Data. No soil survey data was available for the Adelaide
Dam drainage basin.

Climate Data. Precipitation, temperature and snow water
equivalent (SWE) is available at the Shell SNOTEL Station.

Size and Hazard Rating

The Corps of Engineers (COE) Phase I Investigation of Adelaide
Dam established the project rating as intermediate in size with
a high downstream hazard potential. The hydraulic height from
dam crest to toe is 31 feet, and capacity to the dam crest is
1920 acre-feet (AF).

An analysis of various breach scenarios of the existing dam was
performed. The resulting outflow from the dam was routed
downstream to the town of Shell using the HEC-1 computer
model. The routing indicates a breach could impact numerous
habitable structures and cause extensive economic loss which
would put the dam in the high hazard potential classification.

Based on the size and hazard rating, the recommended spillway
design flood (SDF) will be the probable maximum £flood (PMF).
The PMF is defined as the flood that may be expected from the
most severe combination of critical meteorological and
hydrologic conditions that may be reasonably possible in a
region.

- 52 -
10M183.105/0578P



Technical Analysis

Probable Maximum Flood.

Probable Maximum Precipitation
The probable maximum precipitation (PMP) is the theoretical

maximum depth of precipitation for a given duration that is
physically possible at a certain time of year (2). The 72-hour
duration PMP was derived using techniques to be included in
Hydrometeorological Report (HMR) 55. HMR 55 is the result of a
joint effort between the NWS, the COE, and the USBR. HMR 55
identified areas of valleys and plateaus that are sheltered by
the first upslope ridges from the strong continuous moisture
inflow expected to produce and sustain large area deneral
storms. Local storms, which are much smaller than general
storms applicable to the rest of the HMR 55 area, can flourish
in these sheltered areas with the greatly reduced moisture
inflow and energy available behind the first upslopes. The
Adelaide Dam drainage basin falls within one of the three major
sheltered areas. The eastern local storm boundary runs
generally along the top of the Big Horn Mountain range in this
part of Wyoming. Within the Big Horn Mountains, areas of high
elevations are generally controlled by the general storm PMP,
while at lower elevations the local storm may control. HMR 55
indicates that for the most part, local storms control the
elevations below about 10,000 feet. HMR 55 also indicates that
whenever a local storm PMP is computed, it should be compared
to the general storm PMP to determine the critical amount. The
Adelaide Dam drainage basin has a mean basin elevation of
approximately 10,000 feet and the general storm PMP was found
to be the critical amount. The 72-hour general storm PMP
generates 29 inches of precipitation. A plot of the 72-hour
depth-duration relationship is shown in Figure IV.6.

A comparison was made with the Savageton, Wyoming storm of
September 27-October 1, 1923. Savageton is located at latitude

43°52' and 1longitude 105°47' and has an elevation of 5100
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feet. This storm generated a 10 sm, 6 hour precipitation of
6.0 inches which is 40 percent of the 6 hour PMP. The maximum
precipitation for the 108-hour storm period was 17.1 inches
which is 59 percent of the 72-hour PMP.

Seasonal Vvariation

HMR 55 provides only all-season PMP estimates. However,
the dates of important storms in the region suggest that the
all-season PMP will occur from early summer through fall.

Placement Over Basin

The Adelaide Dam drainage area is small enough that it
would be completely covered by the general storm.

Subbasins

The Adelaide Dam drainage basin is divided into three
subbasins to better reflect the rainfall-runoff process in the
basin.

Time Distribution of Rainfall
A 60-minute time increment is selected in order to give
good definition to the rising 1limb of the hydrograph.

Incremental values from HMR 55 depth-duration relationship were
rearranged to form a critical design distribution based on the
recommendations of the National Research Council (2) for areas
where no predominant rainfall pattern is evident from past
records.

Antecedant Storms

The possibility of an antecedent storm(s) was accounted for
by assuming saturated ground conditions prior to the occurrence
of a PMP.

Antecedant Snowpack and Snowmelt Floods

Methods of estimating snowmelt have been developed by the
COE (26). The snowmelt evaluation of the Adelaide Dam basin
was accomplished through use of snowmelt indicies, also called
the degree-day method:
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SNWMT = COEF (TMPR-FRZTP)

Where SNWMT = the melt in inches per day
TMPR = the air temperature in °F
FRZTP = the temperature in °F at which snow melts
COEF = the melt coefficient in inches per

degree-day

In order to evaluate the significance of snowmelt in the
Adelaide Dam basin, a critical temperature sequence must be
selected. A review of the Shell SNOTEL records indicates that
significant amount of snow can be present as late as June. HMR
55 indicates that the PMP in this area is most likely to occur
in the months June - September. Therefore, June temperatures
were reviewed. A 3-day period is selected to be consistent
with the duration of the PMP. The highest mean temperature in
June with snow on the ground was 44°F. It is assumed that a
mean daily temperature of 44°F could persist for 3 consecutive
days.

A review of the Shell SNOTEL records indicates that a melt
coefficient of 0.10 is possible.

The temperature at which snow melts was set at 32°F,.

Substituting these parameters into the degree-day method yields
a maximum 3-day melt of 3.6 inches. A review of the June SWE
records at the Shell SNOTEL Station shows a SWE in excess of
3.6 inches is common on June 1., The snowmelt was added to the
PMP to reflect the combined PMP and snowmelt event which is
possible in June.

Loss Rates

Loss rates were estimated based on calibration of runoff
events in the Shell Dam drainage basin. It is assumed that
similar soil conditions exist in the Adelaide Dam drainage
basin. A retention rate of 0.05 inches/hour was selected for
development of the PMF.
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Base Flow

In the case of a small basin, the mean annual flow is a
reasonable base flow to be added to the principal flood. The
mean annual runoff above Adelaide Dam is insignificant relative
to the magnitude of the PMF and was not included.

Runoff Model

Hydrologic calculations were performed using the U.S.
Environmental Protection Agency (EPA) Storm Water Management
Model (SWMM). SWMM is a comprehensive mathematical model for

simulation of runoff quantity and has been used extensively in
the United States and other countries. SWMM has been used by
the U.S. Army Corps of Engineers (COE) in dam hydrologic
studies. The use of the SWMM model was also justified by
simulation of known flood events in the adjacent Shell Dam
drainage.

SWMM requires the following input £for each of the subbasin
areas.

1. width
2. Area
3. Percent impervious
4, Slope

5. Resistance factor for impervious and pervious areas
6. Depression storage for impervious and pervious areas
7. Loss rate

Subbasin width represents the physical width of overland flow
from the subbasin. Widths were estimated using maps of the
area, information developed during calibration known events in
the Shell drainage, and comparison the computed PMF hydrograph
with other regional PMF estimates.

Subbasin areas were measured from USGS maps of the area. The
total contributing area upstream of the Adelaide Dam 1is
approximately 3.58 square miles.
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The percentage of impervious area and slope were estimated from
maps and field reconnaissance.

The resistance factor was selected based on information in the
SWMM manual. A Manning's n of 0.014 was used for impervious
areas and a value of 0.40 was used for pervious areas (forest).

Depression storage was also estimated using information £found
in the SWMM manual.

The PMF hydrograph is shown in Figure IV.7. The PMF hydrograph
has a peak discharge of 10,300 cfs and a 72-hour volume of 5200
AF,

Credibility of Maximum Flood Estimate
To reinforce the credibility of the peak discharge of

10,300 cfs, a comparison was made with historical peak
discharges. The United States Geological Survey (USGS) has
developed a plot of the maximum known floods in Region 1
(Techniques for Estimating Flow Characteristics of Wyoming
Streams, Water Resources Investigation 76-112, Lowham, 1976).
For a drainage area of 3.58 sm, the maximum known flood is
approximately 200 cfs. The computed peak discharge of 10,300
cfs is approximately 50 times as large as the estimated maximum
known peak discharge for the basin.

The Creagher formula is an extensively used empirical formula
which describes the relationship between drainage area and
maximum observed flood discharges (Safety of Existing Dams,
National Research Council, 1983):

(0.894)a ~0-048
Q = 46 CA
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where Q total discharge in cubic feet per second
A = drainage area in square miles = 3.58 sm
coefficient dependent on drainage Dbasin

(@]
[

characteristics, a value of 100 is
recommended for comparison with the PMF

0.894(3.58) ~0.048
46(100)(3.58)
= 13,400 cfs

LGN ©)
| [

Based on past work in this region, it is felt that the Creagher
formula estimates total discharges which are too high. For
example, the peak for Middle Creek Dam in Montana is 32,400
cfs, which 1is only 57 percent of the Creagher formula
estimate. The Middle Creek Dam drainage basin also in a
sheltered area similar to the Adelaide drainage basin. The
computed peak of 10,300 cfs is approximately 75 percent of the
predicted by the Creagher formula which is felt to be
acceptable.

The National Research Council has published enveloping PMF
isolines that extend west to the 103 meridian (Safety of
Existing Dams, National Reserach Council, 1983). By extending
the lines across the border to the Adelaide Dam basin, the PMF
peak discharge is estimated to be approximately 10,000 cfs.

Spillway Design Flood
The Spillway Design Flood (SDF) is the PMF plus a constant
inflow of 550 c¢fs to reflect the maximum capacity of the

proposed diversion from Buckley Creek during an unusual flood
event.

100 Year Flood

The USGS has developed relations for estimating the flood
magnitudes for wungaged sites in Wyoming (Techniques for
Estimating Flow Characteristics of Wyoming Streams, Water
Resources Investigation 76-112, Lowham, 1976). The Adelaide
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Dam drainage basin falls in Region 1 identified by the USGS.
The 100 year flood-frequency equation for Region 1 1is as

follows:
P = 2.57A 0.75 E 1.53
where Pl00 = Peak discharge for 100 year recurrence

interval in cfs

A = Drainage area in square miles = 6.96
E = Mean basin elev. in thousands of feet = 9.88
P100 = 2.57 (6.96) 9°73 (9.88) 133 = 366

Note that this flood estimate is based on the combined area of
Adelaide Creek above the dam and Buckley Creek above the
diversion. The Buckley Creek diversion is designed to divert
100 year f£lood flows.

WATER RIGHTS

There are 17,463.39 acres within the Shell Creek drainage which
currently have valid water rights. An inventory of the
existing adjudicated water rights was developed based on the
"State of Wyoming tabulation of Adjudicated Water Rights in
Water Division No. three" as compiled by the State Bgoard of
Control. Additional "Permits in Good Standing” were included
as the result of a review of records at the State Engineer's
office in Cheyenne, Wyoming. Copies of all certificates of
appropriation, permits in good standing, and any accompanying
maps were obtained.

The point of diversion of each ditch and individual water right
boundaries were mapped on mylar USGS quad base maps. If there
were discrepancies between the legal descriptions on the permit
or certificate and those illustrated by the associated map,
boundaries were plotted to accurately reflect the stated area
of the land with water rights.
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Current irrigation and idle lands were mapped on the quad maps
using the SCS 1969 1irrigated land study as a base. Field
reviews were made to update the 1969 information to current

status. Phreatophytes were mapped directly from USDA aerial
photography used in the 1969 SCS studies. Of the 10,764 acres
of irrigated and idle 1lands mapped, 9,070 acres have valid
water rights.

Appendix E 1lists in downstream order the facility name, each
associated permit number, water right acreage, the status of
each right - adjudicated (A) or permit in good standing (P),
total water right diversion rate and the currently irrigated or
idle lands served by that facility. Note that stock reservoirs
were not included in this table.

Tract numbers on the base maps tie individual water right or
use areas to a specific facility as 1listed in Appendix E.
Rights for which the original point of diversion and means of
conveyance was changed are shown 1listed under the facility
which serves as the current source of supply.

There are a few cases of lands receiving duplicative water
rights. These overlaps are noted as a part of the water right

tabulations in Appendix E.

WATER UTILIZATION

River Basin Model

The U.S. Army Corps of Engineers HEC-3 computer program,
Reservoir System Analysis for Conservation was chosen for use
in this study. HEC-3 operates on a monthly time step. The
model is able to simulate the Wyoming water rights priority
system by passing flows at every node corresponding to
downstream demands having senior rights. Where model accuracy
was not reduced, several rights were "lumped together" as one
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node. Where several rights are included at each node, several
"key" priority dates were utilized instead of using an
individual breakdown of all rights. The "key" priority dates
are as follows:

Pre 1910 - Rights senior to the existing Adelaide Reservoir
1910 - Existing Adelaide Reservoir

1935-1980 - Rights junior to the existing Adelaide Reservoir
1984 - New storage in Adelaide Reservoir

Model node points were specified downstream of Adelaide
Reservoir to the "critical point™ in the Shell Valley, Jjust
downstream of the Whaley Ditch. The diversion for the Shell
Canal, the largest diversion along Shell Creek, 1is located
upstream of the Whaley Ditch. Return flow from the Shell Canal
does not re-enter the system until downstream of the Whaley
Ditch diversion. Therefore, the lowest streamflows along Shell
Valley occur just below the Whaley Ditch diversion. Diversions
downstream of this point are relatively small and can be served
primarily by return flow. The major tributaries in this reach
that support irrigation (Trapper and Horse Creeks) were not
operated because in dry years there will be 1little water
available for use along Shell Creek. These conclusions are
based on a review of streamflow records, diversion records,
previous modeling by others, and discussions with local people
familiar with the basin. Figure IV.8 illustrates how Shell and
Adelaide Creeks were incorporated in the model.

Operation Criteria

The following node by node description presents the operation
criteria used in the HEC-3 model. Listings of all diversions
listed below can be found in Appendix I.
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Node 1. Node 1 is on Adelaide Creek above Adelaide Reservoir.
Streamflow is presented in the surface water supply section of
the report. A diversion equal to 16% of all downstream pre
1910 demands is made at this node. This percentage was
equivalent to the portion of the total drainage area above the
diversion which is located above Adelaide Reservoir. These
demands are senior to storage in the existing Adelaide
Reservoir (priority date, August 8, 1910).

Node 2. Node 2 is the existing Adelaide Reservoir. Reservoir
evaporation 1is considered to be insignificant. Reservoir
seepage 1is included in flows normally passing down Adelaide
Creek. After rehabilitation, seepage is assumed to Dbe
insignificant.

It is anticipated that when the Shell Canal receives a full
water supply, return flows from the Shell Canal can satisfy
shortages that exist along the Whaley Ditch. Therefore,
Adelaide Reservoir releases are made to the Shell Canal only.
The justification for this assumption is as follows. First,
the amount of return flow available to the Whaley Ditch from
the Shell Canal was estimated as follows:

100% amount of water diverted to Shell Canal
-35% amount consumed by crops
65% amount available for return flowl/ along entire

length of canal

x40% portion of return flow from Shell Canal (Mcbonald
Ditch) available to Whaley Ditch and irrigated
land below

x90% portion of return £flow available in month of

diversion assuming some of the return flow 1is
ground water

23.4% amount of Shell diversion available as return
flow to Whaley Ditch

1/ Non-beneficial losses due to phreatophytes accounted for at
node.
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Next, the ratio of Whaley Ditch demand to Shell Canal demand
was calculated to determine what portion of the Whaley Ditch
demand could be satisfied by Shell Canal return flows:

Whaley Ditch Demand 1052 ac/40% eff

Shell Canal Demand = 3955 ac/35% eff = 23.3%
Since 23.4% of the water diverted to Shell Canal should be
available as return flow to Whaley Ditch and Whaley Ditch
demand is 23.3% of Shell Canal, the assumption to release
additional Adelaide Reservoir water only to Shell Canal appears
valid. This means when Shell Canal demands are satisfied 8 out
of 10 years, it is reasonable to assume that Whaley Ditch will
also receive a full supply 8 out of 10 years as a result of
increased return flows. The remainder of the irrigated land
downstream from the Shell Canal and Whaley Ditch diversions are
also benefited by the enlarged project as these lands will be
served primarily by return flow as well. Observations, flows
along Shell Creek, operation studies and discussions with the
water commissioner reinforce this conclusion.

Node 3. Diversions made at Node 1 to bypass the existing
Adelaide Reservoir return to Adelaide Creek at Node 3.

Node 4. A diversion is made at Node 4 equal to all downstream
pre 1984 demands. This limits storage in an enlarged Adelaide
Reservoir to a 1984 water right.

Node 5. Node 5 represents the enlarged Adelaide Reservoir.
Reservoir seepage and evaporation are set equal to zero.

Node 6. Diversions made at Node 4 to bypass the enlarged
Adelaide Reservoir are returned at this node.

Node 7. The confluence of Shell Creek and Adelaide Creek
occurs at Node 7. Streamflows equal those of the Shell Creek
near Shell gage presented in the surface water supply section.
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Streamflow losses below Adelaide Reservoir are assumed to be
reflected in these streamflow records. The operation of Shell
Reservoir 1is not anticipated to change and therefore Shell
Reservoir was not operated in this study. A diversion is made
at this node for pre 1910 City of Greybull demand of 1.3 cfs.

Node 8. Node 8 is a diversion equal to all downstream pre 1910
demands. This limits the remaining City of Greybull demand at
Node 9 to a post 1910 priority.

Node 9. A diversion of 0.3 cfs to the City of Greybull with a
post 1910 water right priority is made at Node 9. The City of
Greybull reports that they divert a constant 1 mgd.

Node 10. Diversions made at Node 8 return to Shell Creek at
Node 10.

Node 11. Node 11 is a diversion for non-beneficial losses due
to phreatophytes. A total of 233 ac of cottonwoods and
saltgrasses were mapped along the Shell Valley upstream of the
Whaley Ditch diversion. The diversion at Node 11 was set equal
to the net irrigation requirement of these phreatophytes as
computed in the water requirements section of the report.

Node 12, Small mainstem Shell Creek diversions above the
Whaley Ditch diversion were "lumped together®™. The depletion
resulting from these diversions was set equal to the net
irrigation requirement for these crops. This is assumed to be
valid because the diversions are relatively small and located
near to Shell Creek so return flow is available to the next
downstream diversion in a short period of time. Diversions at
Node 12 are for small mainstem diversions having pre 1910 water
rights:
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Net irrigation requirements for these lands are presented in
the water

Creek.

User

Smith
Drwenski
Frieze
Kershner
Kershner
Rath
Frieze
Frieze
Frieze
Rath and
Early
Unknown

1/

W.R. Date

1976 -
1980 -
1887 -
1893 -
1895 -
1895 -
1900 -
1900 -
1908 -

1508 -

requirements section.

justify a separate post 1910 node.

1/
2/

in use, no right

idle

10M183.105/0578P
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Acreage

13 ac
1 ac
26 ac
50 ac
157 ac
57 ac
421 ac

31 acz/
4 ac

6 ac
8 ac
774 ac

An additional 2 ac with a
priority date of 1935 is located along the mainstem of Shell
The demand for these 2 ac is insignificant and did not



Node 16. Diversions to the Shell cCanal having pre 1910 water
rights were made at Node 16:

W.R. Date Acreage
1886 - 153 ac
1887 - 222 ac
1893 - 55 ac
1897 - 419 ac
1897 - 8 act/
1899 - 166 ac
1905 - 465 ac
1905 - 123 ac
1905 - 3 act/
1907 - 20 ac
1908 - 489 ac
1908 - 56 aci/
1909 - 1247 ac
1909 - 400 acl/

3826 ac

Diversions to the Shell Canal are based on calculated net
irrigation requirements, on-farm and conveyance efficiencies
and flexibilty £factors. Calibration was accomplished using
information developed as part of the USBR Total Water
Management Study. Diversions were initially estimated by
taking the weighted irrigation requirement times the acreage
listed above and divided by the efficiency given in the water
requirements section. These estimated diversions were compared
to diversion records compiled during the USBR total water
management study. The flexibility factors represent the ratio
of historic diversion measurements to the calculated diversion
estimates. It is assumed that these factors are representative

1/ idle
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of other years during the study period of 1941-1980.
Therefore, all estimated diversions were multiplied by these
flexibility factors listed as follows:

Monthly Flexibility

Month Factor
May 2.3
June 1.2
July 0.9
August

September 3.1
October 3.6

Final diversion estimates were limited to a maximum of 1 cfs
per 35 acres.

Node 17. A diversion equal to Whaley Ditch pre 1910 demand was
made at Node 17. This limits diversions to the Shell Canal at
Node 18 to a post 1910 water right priority.

Node 18. ©Post 1910 rights along the Shell Canal are diverted
at Node 18:

W.R. Date Acreage
1941 - 73 ac
1959 - 33 ac
1963 - 23 ac

129 ac

Diversion requirements were calculated as described for Node 16.

Node 19. Diversions made at Node 17 return to Shell Creek at
Node 19.

- 70 -
10M183.105/0578P



Node 20. Pre 1910 Whaley Ditch diversions are made at Node 20:

W.R. Date Acreage
1889 - 127 ac
1893 - 523 ac
1899 - 100 ac
1901 - 176 ac
1905 - 14 ac
1906 - 79 ac
1906 - 30 ac

1019 ac

Diversion estimates were prepared in the manner described for
Node 16. The same flexibility factors were used for Shell
Canal and Whaley Ditch.

Node 21. Diversions for the remaining post 1910 Whaley Ditch
demand is served from Node 21:

W.R. Date Acreage
1945 - 26 ac
1948 - _71 ac

33 ac

The demands were calculated as described £for Node 20.
Diversions were estimated as for Node 16, with the exception
that the diversions were limited to 1 cfs per 70 acres.

A sample HEC-3 output for one year is provided in Appendix I.

Reservoir Yield

Operations studies are a function of reservoir size and project
demands for irrigation, instream flow and minimum pool. The
reservoir was operated at various sizes to determine the
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optimum size needed to satisfy project demands. Active storage
fell within the range of 1571 AF (existing) up to approximately
5000 AF (topographic potential). The existing pool has a
priority date of 1910 and the enlargement was assigned a
priority of 1984.

Irrigation demand was determined as described in previous
sections. The goal of these operation studies was to meet
these demands in eight out of ten years. Demands were diverted
at the project canal headgates.

Operation studies were conducted at two instream flow levels.
First, instream flows subject to the limitations imposed by the
Big Horn Adjudication Partial Interlocutory Decree were
considered. A review of the document and discussions with the
State Engineers Office indicate that the enlargement of
Adelaide Reservoir would receive a senior water right to the
instream flows found in the decree. For the purpose of
evaluating the enlargement of Adelaide Reservoir, this is the
same as saying there is no instream flow requirement.
Secondly, instream flow was set equal to thirty-three percent
of the average daily streamflow for a given calendar month or
reservoir inflow, whichever is lessor. This was accomplished
by removing thirty-three percent of the streamflow from the
model.

Operation studies were performed with the following minimum
pool criteria. First, no minimum pool requirement was used
except for the dead pool at the outlet works elevation of 219
AF located below the outlet works. Secondly, the minimum pool
volume was established at twenty percent of the total pool
volume. Thirdly, the minimum pool was set in order that the
twenty percent minimum pool could be met in eight out of ten
years.
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All permutations of these <criteria were addressed 1in the

operation studies. The results of these studies are discussed
below.

Yield is the amount of water that can be supplied from the
reservoir during the study period 1941-1980. This was
determined by reviewing the «critical period of the study
period. The operation studies indicate that the critical
period occurred in the early 1960's. The studies indicate that
demands in 1960 were high enough to deplete reservoir storage,
even with the Adelaide Reservoir sized at the topographic
potential. Therefore, in the year 1961, which had high net
irrigation requirements like those of 1960, there 1is no
carryover storage and the amount of water that can be supplied
(yield) is equal to the amount of reservoir inflow only. With
instream flow requirements subject to the Bighorn Adjudication
Interlocutory Decree, the storable inflow is 1444 AF. With
instream flow equal to thirty-three percent of average daily
streamflow, the storable flow is equal to 710 AF. The proposed
reservoir size has no impact on yield because under either
instream flow requirement, the storable flow is less than the
existing active storage pool. Minimum pool requirements do not
impact yield either. Refer to the storage-yield curve (Figure
Iv.9).

In order to better understand the impacts of enlarging Adelaide
Reservoir, a plot of storage versus percent chance water supply
was developed (Figure IV.10). The figure indicates that with
instream flow requirements subject to the Bighorn Decree,
project demands can be met in eight of ten years. With the
minimum pool set equal to the dead pool of 219 AF, the required
total storage volume would be 3019 AF (an increase of 1229
AF). With the minimum pool equal to twenty percent of the
total pool volume, the total reservoir storage would be 3500 AF
(an increase of 1710 AF). The proposed reservoir enlargement
described in this report is based on a total pool volume of
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3500 AF. The figure also shows that with instream flow set
equal to thirty-three percent of average daily streamflow, a
full water supply can be supplied to project lands in only 3.5
out of 10 years as compared with 6.5 out of 10 years under
current conditions. In order to meet the 20 percent mininum
pool criteria in 8 out of 10 years and satisfy demands in 8 out
of 10 years, a total storage volume of 3420 AF would be
required.

WATER QUALITY

Water quality for irrigation in the upper diversions near Shell
is excellent. The water quality degrades as the stream
progresses to the Greybull River, primarily from concentrating
effects and return flows from irrigation. Examination of water
quality records for Shell Creek near the Greybull River from
1965 to 1982 indicate that the water is suitable for
irrigation. Total dissolved solids (TDS) are typically highest
during the low flow periods of August and September. A typical
low flow TDS is 1000 to 1100 ppm. Electrical Conductivity
(Ecw) is typically 1400 to 1500 micromhos. The EC, will
not cause a yield reduction for barley, corn, sugar beets or
alfalfa (See Ayers, 1975 ASCE Specialty Conference). The
Sodium Adsorption Ratios (SAR) are within recommended
guidelines and will not cause so0il permeability problems. No
salt exists in concentrations that would cause root or foliar
toxicity. Dissolved nitrate concentrations are commonly below
levels which may affect sugar beet quality. In summary, the
water is suitable for irrigation throughout the length of Shell
Creek.
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CHAPTER V
PLAN OF DEVELOPMENT

PHYSICAL PLAN

The selection of a plan for rehabilitation of Lake Adelaide Dam
considered several design objectives. The first consideration
was to size the dam to provide an 80% chance diversion
requirement to the irrigated lands diverting from Shell Creek.
This requires enlarging Adelaide Reservoir to a total capacity
of 3500 AF as described in Chapter 1V, Water.

A second consideration was the spillway system with respect to
current Dam Safety Standards. Because of the size of the dam
and potential for damage and 1loss of life downstream, the
spillways were designed to safely accommodate the Probable
Maximum Flood. This is accomplished by use of flood surcharge
storage, discharge through the principal spillway and
excavation of an auxiliary spillway in the borrow area south of
the dam. The principal spillway consists of an 8 foot and 5
foot diameter glory hole incorporated into the outlet works
system. This spillway is designed to handle the 100 year flood
frequency events.

A third consideration is rehabilitation of the outlet works and
enlargement of the dam without taking the existing dam out of
service. Improvement of the existing outlet works can be made
by Jjacking a cement-mortar lined steel pipe into the existing
conduit. An inclined service gate will be installed on the
upstream side of this pipe for control of outlet works
releases. A new larger outlet conduit will be installed
beneath the new embankment to enlarge the dam.

- 77 -
10M183.105/0578P



The embankment to enlarge the dam will be placed on the
downstream side. However, the first order of business will be
construction of a cutoff trench to minimize the underseepage
now occurring. This trench will consist of either a
combination of excavation and drilled caisson wall or a slurry
wall. Then the embankment can be brought up to an elevation
approximately 20 feet higher than the existing dam crest.

GEOTECHNICAL INVESTIGATION

A field exploration program was performed during the period
from July 23 through August 14, 1984. The purpose of the
program was to identify the existing soil ©profile and
engineering soil characteristics on which to base design
criteria for enlarging Lake Adelaide Dam. This investigation
consisted of exploration borings using a truck mounted drill
rig, and a geologic investigation. This section of the report
summarizes the work performed during these field
investigations. The findings during these field investigations
are summarized in the subsequent sections.

Exploration Borings

The field drilling program included 16 exploration borings
located as shown on Figure V.1l and on Sheet No. 1 in Appendix A
of this report. The locations and elevations of the borings
were surveyed by HKM Associates.

The drilling was performed by Rollins, Brown & Gunnell, Inc.,
(RBG) Provo, Utah under the direction of an HKM professional
engineer and professional geologist. The drill rig used was a
truck mounted CME-55., The borings were advanced using an NX
(2.97 inches 0.D.) size rock bit and core barrel.
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The borings were extended to depths of from 5.0 to 78.5 feet.
Ground water levels were measured and soil samples were taken
for field classification during the field drilling. Continuous
logs of the holes were made and are detailed on the Logs of
Exploration Holes, Sheet No. 1 in Appendix F.

Standard penetration resistance tests (N values on logs) were
conducted in the exploration borings to obtain soil samples and
to provide an indication of the relative density and strength
of the subsoils. Several disturbed samples were also recovered
from the drill cuttings. Undisturbed 2.5-inch diameter,
thin-walled tube samples were recovered from the existing
embankment £fill and NX core samples were obtained in the
foundation and abutment bedrock materials as the drilling
progressed. The samples were carefully sealed in plastic to
preserve their natural moisture content. The undisturbea tube
samples were sealed and carefully boxed for transportation.

All samples recovered during the exploration program were then
taken to HKM laboratories and inventoried. A few samples,
selected for engineering strength tests, were sent to RBG
laboratories in Provo, Utah for testing. The remainder of the
samples were analyzed for physical characteristics at the HKM
laboratory. Photos of the NX core samples can be examined in
the design file at the HKM Associates office in Billings,
Montana.

Six (6) of the holes, Drill Hole (DH) Nos. 1-6, were made at
the area of the existing embankment to investigate the
foundation and abutment conditions for the proposed
improvements. Ten (10) borrow exploration holes were made on
the west side of the lake to evaluate potential construction
materials. The informational goals of each of these holes is
described in Table V.l1.
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Table V.1

Informational Goals of Exploration Borings

Drill Hole No.

1

101-103, 105

104, 106-108

109
110

10M183.105/0578P

Purpose

To investigate the foundation at the new dam
axis, and to evaluate stability and seepage
control needs

To investigate the left abutment at new dam
axis and determine suitability for the new
embankment

To investigate the foundation and seepage
along the new dam axis

To investigate the center section and
foundation of the existing dam; critical for
stability analysis

To investigate the right abutment of the
proposed axis

To investigate the right abutment of the
existing dam

To investigate an original borrow area and
evaluate the soils for construction material

To investigate the potential spillway and to
evaluate the material as borrow.

To evaluate a new potential borrow area
To investigate an alternative spillway site

and evaluate the materials for potential
borrow
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The locations of DH Nos. 1-6 were selected by HKM and approved
by personnel from the Wyoming Water Development Board and the
Forest Service prior to drill pad construction and drilling.
Lath was placed at each hole for identification. Drill pad
construction is described later in this section.

Field Permeability Tests

During the subsurface investigation, in-place permeability
tests were performed in the embankment soils, the overburden
soils and in the bedrock. The purpose of these tests was to
determine the consistency of the soil permeability rates and to
establish criteria for seepage analyses. These tests were
performed in accordance with procedures used by the U.S. Bureau
of Reclamation Designation E-18. Water losses were measured,
in gallons per minute, using constant pressure heads. The
results of the permeability tests are presented on the Log  of
Exploration Holes shown on Sheet No. 1 of Appéndix F. The
results of this information was used to <calculate seepage
quantities.

Drill Pad Construction

Drill pads were constructed at DH Nos. 1, 2, 3 and 6 for the
purpose of access by the drill rig. These pads were
constructed using a crawler tractor with a dozer blade. The
pads were constructed with a balanced cut and fill except at
DH-6 where fill was hauled to the pad from the old borrow area
located west of the reservoir.

Trees were removed from the pad area by pushing them over with
the dozer or by cutting. Removal of these trees was approved
by the Forest Service prior to the pad construction as
described previously in this section.
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Monitoring Tubes and Hole Completion

Monitoring tubes were placed in DH 1-6 to monitor piezometric
ground water surfaces. These are 3/4 inch diameter schedule 40
PVC pipes, slotted in the lower end. Two tubes were placed in
DH-4 to monitor the pressure head at different elevations 1in
the same hole. Each tube was plugged on the lower end and
capped on the upper end with a push-on cap. A collar was also
placed around the upper end of the tube to provide future
access as described in the next subsection.

The depths of the drill holes and installed monitoring tubes
are summarized in Table V.2, Drill Hole Completion. This
information is also detailed on the Logs of Exploration Holes,
Sheet 1 of Appendix F. All the hole are backfilled with
on-site silty or clayey sand and gravel.

Table V.2
Drill Hole Completion
Drill Hole Monitoring
Hole Depth (ft) Tube Depth (ft) Perforation/Material

1 60.5 58.5 Perforated below 5', in
foundation gravel

2 58.5 58.5 Perforated in bottom 20°',
in abutment bedrock

3 58.0 58.0 Perforated in bottom 20',
in foundation

4 78.5 78.5 Perforated in bottom 20°',
in bedrock

4 78.5 78.5 Perforated in bottom 10°',
in sandfill

5 60.0 60.0 Perforated in bottom 20°',
in abutment bedrock

6 50.0 50.0 Perforated in bottom 20°',
in abutment bedrock.
Gravel backfill from 15
to 50', sandfill above 15'
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Table V.2 (continued)

Drill Hole Monitoring

Hole Depth (£ft) Tube Depth (ft) Perforation/Material

101 10.5 none (-) Backfilled with drill
cuttings

102 5.0 -

103 20.0 -

104 20.0 -

105 7.5 -

106 8.0 -—

107 21.0 -

108 9.5 -

109 10.0 -

110 20.0 -

NOTE: Hole 1locations for DH 1-6 are shown on Figure Hole
location for DH-101 through 110 are shown on Sheet 1 in
Appendix A.

Drill Hole Caps

Collars and caps have been constructed for each of the drill
holes. The collars consist of a 6 inch diameter casing about 2
feet long placed around the top of each monitoring tubes to
allow future access. Push-on caps have been placed both on the
6 inch casing and the 3/4 inch tubes. The caps are buried
below ground to reduce vandalism. A metal pin is buried
adjacent to the cap to enable location by metal detector, if
required. An exception to this procedure was warranted at
Drill Hole No. 1 where the cap is about 6 inches above ground
to reduce the potential £for inundation during high volume
discharge from the low level conduit.

Reclamation

Reclamation was performed throughout the entire work area on
August 14, 1984. This work consisted of:

. Shaping the drill pads

. Filling wheel ruts

. Limbing the trees

. Reseeding disturbed areas
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The drill pads were regraded where appropriate to conform to
the natural topograph. The pad at DH-1 was left approximately
level (originally had about 2:1, horizontal to vertical) to
allow rapid revegetation. Wheel ruts were also graded to
approximately conform to the original contour. Near the stream
channel, the ruts were not completely filled.

All trees which had been cut down or pushed over by the dozer
were limbed with the exception of a few branches on the
undersides of some large trees. Additionally, trees which had
been cut down or pushed over along the sides of the access road
were limbed.

Seed was spread over all disturbed areas at the damsite. This
included, drill pad, wheel ruts, stream banks, camping area
access trails and the disturbed original borrow area. The seed
was a mix variety which was specified by the Forest Service,
It was spread by hand broadcasting at a rate of about 16 1lbs
per acre.

The seed mix consisted of:
1l 1b sweetgrass
5 lbs brome grass
5 1lbs bluegrass
5 1lbs orchard grass

GEOLOGIC INVESTIGATION

Geologic Setting

The reservoir is formed in a glacial basin in Precambrian
granitic terrain along the west edge of the crest of the
Bighorn Mountains. With the exception of scattered small areas
of bedrock outcrops, glacial deposits form the valley walls and
valley floor below the dam. These deposits consists of a
heterogeneous mixture of silt, sand and rock. Undoubtedly, the
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glacial deposits form the valley floor beneath the reservoir.
Minimal clay was noted in the glacial deposits during this
investigation. The silt and sand are angular crystals and
appear to be the result of weathering of bedrock evenly
dispersed across the valley floor during and after glacial
transport. No evidence of alluvial deposits in the valley

floor was noted other than the armoring immediately underlying
the stream proper.

The Bighorn Range c¢onsists of an exposed northwest-trending
core of metamorphic and igneous rocks of Precambrian age with a
thick overlying sequence of Paleozoic and Mesozoic sedimentary
rocks along its flanks. The sedimentary rocks dip away from
the core into bordering basins where they are covered by
continental sedimentary rocks of Tertiary age that lap onto the
sides of the range and in some localities onto the crystalline
core.

The crystalline rocks of the core exhibit a long and complex
Precambrian history of regional and local metamorphism,
plutonism, and tectonism. Subsequent erosion formed a rather
uniform surface of low relief. During Paleozoic and most of
Mesozoic time, the Precambrian rocks were part of a stable
platform upon with a thick succession of sedimentary rocks were
deposited. The present day Bighorn Range began to form in Late
Cretaceous time, by upwarping of the range and downwarping of
large basins to the east and west. (Kilsgaard, Ericksen,
Pattern and Bieniewski, 1972, Mineral Resources of the Cloud
Peak Primitive Area, Wyoming USGS Bulletin 1371-C.)

Local Geology

The core of the Bighorn Range is underlain by a complex of
rocks. In the Lake Adelaide area, granitic rocks are
dominant. Gray biotite granite is the principal granitic rock,
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although red granite, gray quartz diorite, and quartz monzonite
are common. This lithologic variation is evident in the Lake
Adelaide area as bedrock in the left abutment is a red granite
while the bedrock forming the left abutment is a gray quartz
monzonite.

Glacial deposits cover the left abutment. The right abutment,
however, is exposed and is a steep slope composed of large
talus blocks. In-place bedrock on the right abutment exhibits
a random joint pattern and the talus blocks are the result of
breakage along these 2zones of weakness. No prominent faults
were noted in the reservoir area. The great majority of the
basin is covered by glacial deposits which would mask evidence
of faults.

Examination of cores obtained during the drilling program shows
the bedrock 1is highly weathered to depths of about 20 feet
below the bedrock surface. Fracturing and Jjoints also extend
beneath the surface. However, the fractures and joints have
healed due to the formation of clay minerals and as a result,
the bedrock is relatively water tight.

Historic Seismicity

A history of earthquakes in the region has been obtained from
the National Geophysical and Solar Terrestrial Data Center in
Boulder, Colorado. The history indicates that about 13 events
with intensities of V or greater have been recorded within a
150 mile radius of the embankment as shown on Figure V.2.
Apparently no earthquakes have occurred within the recording
period with Richter magnitude greater than 6. Some large
earthquakes have occurred in the Yellowstone Park area at
locations near or slightly more than 150 miles from the site.
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Based on the information available, little or no quantitative
data exists as to how the damaging action of an earthquake in
the site area may diminish as a function of distance between
the dam sites and the epicenter or fault where the waves are
generated. The following relationship represents a probable
attenuation of damaging action.

Radial Distance Probable Attenuation of
From Epicenter/Fault Damaging Action

Lake Adelaide Dam may experience:

0-10 miles No diminuation of damaging
movements which may occur at the
fault.

at 50 miles 50 to 75% of the damage which

could be expected near the fault.

at 150 miles Little damage compared to what
could be expected near the fault.

Seismic Design Considerations

Lake Adelaide Dam is located in seismic zones 2 as identified
by the U.S. Corps of Engineers seismic 2zone map. Zone 2
exhibits potential for moderate damage from seismic action.
Based on the seismic history and the moderate potential for
damage, a seismic coefficient of 0.05 was used to represent the
horizontal acceleration created by seismic waves during an
earthquake event. This value is applied in the psuedostatic
method of analysis for embankment stability described later in
this report.
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GEOTECHNICAL ANALYSIS

Laboratory Analysis

Representative field samples were selected for laboratory
testing after careful visual examination of the soil and
consideration of the design criteria. The physical soils
property tests were performed in the HKM laboratory and the
engineering property tests were performed by Rollins, Brown and
Gunnell, Inc. in Provo, Utah.

Test Purpose of Test

Natural Moisture Content To determine the natural (in situ) water
(ASTM D-2216) content and to correlate the moisture
contents with the phreatic surface.

Atterberg Limits To provide an indicator of the shear
(ASTM D-423 & D-424) strength and compressibility of the
soil.

Particle-Size Distribution To determine the grain sizes of the soils
(ASTM D-422) for classification and identification
of physical characteristics.

Natural Unit Density To determine the (in situ) dry unit weight
(ASTM D-2937) of the soil.

Unconfined Compression To determine the shear strength
(ASTM D-2938) parameters of the bedrock.

Moisture - Density Curve To determine the relationship of water to
(ASTM D-698) the density of soil during a compaction
or remolding process.
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Test Purpose of Test

Direct Shear To determine the consolidated drained
(ASTM D-3080) shear strength of the soils.
Triaxial Shear To determine the consolidated drained

shear strength of the soils.

The laboratory tests were performed in strict accordance with
applicable ASTM procedures. A Summary of the Laboratory Test
Results is presented on Sheet No. 1 of Appendix F. Additional
test data for individual tests is detailed on Plate Nos. 1-15
of Appendix F.

Subsurface Conditions

General. This section of the report describes the physical and
engineering characteristics of the subsoils. These
characteristics were determined by field and laboratory tests.
Laboratory test results indicating the physical characteristics
of the soils are presented in plates 1-15 in Appendix F. A
reference relating the laboratory test results to the material
in the field is presented on Table V.3.

Table V.3
Reference of Laboratory Soils Test Results

Zone Material Plate No. (Appendix F)
Foundation sand 1, 2 & 4
Foundation gravel 5
Existing embankment 3 &6
Original and potential

borrow source 7, 8, 13 & 15
Proposed spillway excavation

and potential borrow sources 9, 10, 11, 12 & 14
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Ground water measurements are also presented in this section of
the report. The presence of water in the foundation abutments
and the existing embankment are also described.

Embankment Soils

Existing Embankment. The existing embankment is a homogeneous
rolled earthfill structure 719 feet 1long, 31 feet high at
maximum section and 15 feet wide at the crest. Test results
indicate that the embankment soil is a gravelly sand witn a 8

to 10 percent fines, passing the 200 sieve. Tests indicate
that the material is granular, nonplastic. This material has a
dry unit weight of 125 pounds per cubic foot and an internal
angle of friction of 36°.

Standard penetration resistance (N values) tests performed 1in
the embankment indicate values range from 7 to 18 blows per
foot. Permeability test results indicate values vary from 44
to 1900 feet per year, an average rate of about 80 feet per
year appears to be representative of this material.

In Drill Hole No. 4 organic material was encountered at a depth
of 28.5 feet. The presence of this material suggests that all
of the topsoil may have not been removed at the time of the
original construction.

The embankment is considered semi-pervious based on a
representative permeability rate of about 80 feet per year.

The following classifications are generally used, particularly
by the U.S. Bureau of Reclamation, to describe the permeability
of soils:
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Permeability in

Feet Per Year Description
less than one impervious
1-100 semi-pervious
greater than 100 pervious

Riprap. The riprap on the upstream face of the dam is a well
indurated monzonite (granite). It is 1loose rock with an
estimated average size of about 8 inches in diameter. It
appears to be approximately 1-1/2 feet thick and it is
underlain by the gravelly sand described in the previous
subsection.

Abutments
Left Abutment. Both abutments consist of bedrock overlain by

thin layers of glacial material. The left and right
designation for the abutments 1is determined by looking

downstream.

Glacial Deposits. Findings indicate that the left abutment is
composed primarily of monzonite overlain by sandy gravel., The
gravel has a permeability ranging from 16 to 6600 feet per year
and averaging about 2000. N values range from 50 to near 100
blows per foot. The gravels, cobbles and boulders are

typically subrounded to angular.

Bedrock. The monzonite bedrock has a permeability of from
about 1 to 11 feet per year. The rock quality designation
(RQD) varies from 70 to 100 percent and averages about 95
percent. The permeability test results and the RQD suggest
that this material is competent and will provide an adequate
abutment for the proposed structure.
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The RQD is a method of estimating the insitu rock gquality. RQD
values are presented on the Logs of Exploration Holes sheet of
Appendix F. The relationship between these values and the rock
quality is represented in Table V.4.

Table V.4
Rock Quality

RQD (%) Rock Quality
90-100 Excellent
75-90 Good

50-75 Fair

25-50 Poor

0-25 Very Poor

Right Abutment.

Glacial Deposits. Bedrock outcrops high on the right
abutment. A sand and gravel glacial material covers the lower
areas between the boulders. The glacial material 1is a
relatively thin (7.8 to 16.5 feet in DH Nos. 5 and 6) layer of
very dense sandy gravel and large loose boulders. The boulders
are up to 20 feet in diameter.

Bedrock. The bedrock in the right abutment consists of
fractured granite. This rock is fractured to a depth of at
least 60 feet. The rock quality designation for this material
varies from 0 to 92 and averages about 50. This suggests that
the quality of the rock is fair. The dry unit weight of this
rock is 158 pounds per cubic feet. The unconfined compressive
strength is 77 kips per square foot.

Permeabilities in the right abutment are also low suggesting
that very little water is seeping through the highly fractured
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rock. Results of the permeability tests indicate that the rate
in the upper 10 feet of the bedrock is about 1900 feet per
year. The average permeability in the bedrock below a depth of
about 10 feet is only about 4 feet per year. Close examination
of rock cores taken from the right abutment indicate that the
fractures are filled with a clayey sand material which has
effectively decreased the permeability of the rock.

During the field investigation several very small springs were
observed in the rock outcrop on the right abutment. These
springs appear to be merging from fractures in the rock. These
springs will be accounted for in the design of the right
abutment of the proposed structure.

Landslide. An ancient landslide has been identified on the
right abutment. This slide is very old and appears stable at
present. It appears that the failure plane of the slide is-
relatively deep within the abutment. Cores taken from drill
hole no. 5 in the right abutment suggest that the slip plane
may be as deep as 35 feet. Because considerable glacial
material has been deposited in the valley floor, a large amount
of weight has been added to the toe of the slide, thus creating
stable conditions.

In the design configuration of the proposed structure, the
contact area between the embankment and the slide may be
reduced by paralleling the existing embankment. This would
place the proposed embankment slightly upstream of the slide
area. A portion of the downstream toe of the proposed
embankment will be in the area of the slide. However, this
encroachment does not appear to pose a significant risk to the
structure.

- 95 -
10M183.105/0578P



Foundation

The foundation material in the valley floor consists of silty
sand and sandy gravel underlain by bedrock at a depth of about
48 feet. Permeabilities in the sandy gravel are very high and
extremely variable. Test results varied from 100 to 55,000
feet per year. In general the permeabilities appear to be
higher as shown on Sheet No. 7 of Appendix A.

N values in these material were very high with an average of
near 100 blows per foot. In general the foundation soils
appear to be of high internal strength and to have 1low
compressibility.

Bedrock in the foundation area consists of monzonite. Under
the existing embankment this monzonite appears to be highly
weathered with an RQD averaging about 28 indicating poor
quality. The dry unit weight is 142 pounds per cubic foot.
The unconfined compressive strength of the monzonite is 59 kips
per square foot. The permeability test results indicate rates
of less than 100 feet per year throughout the monzonite bedrock
in the foundation area.

In the area of DH-1l (at the downstream toe of the proposed
embankment) the bedrock quality is higher. The RQD averages 87

and the permeability is less than 4 feet per year.

Borrow Areas

Proposed Spillway Area. The predominant material along the
alignment of the proposed spillway (DH 104, 106-108) is silty
sand. At isolated locations (DH-7) a sandy dravel was
encountered underlain by silty sand at a depth of about 13

feet. Many large cobbles and boulders are scattered throughout
the area. The silty sand has 15-19 percent passing the No. 200
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sieve and is granular nonplastic. The maximum dry density is
about 134 pounds per cubic foot (Plate No. 1l4) with an optimum
moisture content of 7.4 percent. This material could provide a
high strength semi-pervious soil compacted into the proposed
embankment.

Alternate Borrow Sources.

An original borrow area, located in the area of DH - 101, 102,
103 and 105, contains predominantly silty sand similar to the
sand previously described in the proposed spillway area with
slightly more fine material (25%). Many large cobbles and
boulders are scattered throughout this area. Processing of
this material would require screening off the larger (+ 6-inch)
material.

Borrow materials in the areas of DH 109 and 110 are very
similar to the silty sand previously described. The distance

from these borrows areas to the proposed axis is greater.

GROUND WATER AND SEEPAGE

Ground water elevations were measured at the time of completion
of the exploration holes. At the conclusion of the field
exploration each of the holes were again measured to determine
fluctuations on the ground water levels. Table V.5 presents
the original measured elevations and the water levels measured
on August 14, 1984,
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Table V.5
Ground Water Measurements

Drill Hole No. Depth Upon Completion (ft) Depth 8/14/84 (ft)

1 4.0 4.0
2 24.0 24.0
3 10.7 10.7
4 (alluvium) 7.0 12.5
4 (bedrock) 7.0 24.0
5 10.9 10.9
6 9.8 9.8

Based on these readings the phreatic surface through the
embankment appears to be high. Ground water appears to be
seeping from the downstream toe of the embankment in small
rivlets. It does not appear that any of the seepage 1is
carrying fines with it, suggesting that piping 1is not a
problem. Ground water at the toe of the existing embankment is
at the ground surface along most of the 1length of the
structure. The ground water elevations throughout the
foundation area of the proposed structure appear to be at or
near the ground surface.

Ground water in the 1left abutment does not appear to be a
problem, Permeabilities in the right abutment suggest that
seepage is not a problem. However, because of the presence of
seepage and a highly fractured nature of the right abutment, it
appears prudent to include a drainage system in the design of
the right abutment contact.
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DESIGN

Dam Enlargement

Available Material. As indicated earlier in this report, the

dam site is located in a glaciated area and the only material
available for construction of a dam is a silty gravelly sand.
Tests performed on the available material indicate that the
amount of silt and clay size particles varies from about 15 to
23 percent; the amount of sand particles varies from 58 to 60
percent, while the gravel is in the range of 17 percent. The
existing embankment was constructed from the silty sand, and
laboratory tests performed on samples of this material indicate
a textural range similar to that indicated above. Field
permeability tests performed on the material in the existing
embankment varied from 44 feet per year to 990 feet per year.

Laboratory tests performed on the silty sand densified to 95
percent of the maximum laboratory density, as determined by
ASTM D 698, indicates a permeability coefficient of 5.6 feet
per year. This permeability coefficient is considerably less
than the permeability coefficient obtained from the material
within the embankment, and the differences between the field
and laboratory permeability coefficient <c¢an partially be
accounted for by the differences in the in-place density
condition.

Embankment Cross Section. Since the selection of the materials
in the immediate vicinity of the site is limited, a homogeneous
type structure 1is contemplated for the proposed embankment

modification. Side slopes of 3 horizontal to 1 vertical have
been used for the upstream slope, and 2 horizontal to 1
vertical have been used for the downstream slope. The adequacy
of these slopes will be demonstrated later in the report.
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It should be recognized, that while material within the
modified embankment section is relatively homogeneous, the
entire structure, including the existing £facility and the
foundation, is heterogeneous and anisotropic. It is expected
that the permeability coefficients of the modified embankment
section will be considerably less than those for the existing
structure and that the permeability coefficients for the
foundation will be many times greater than the embankment
materials.

Dam Alignment. The topography of the dam site along with the
existing dam is presented on Sheet 1 of Appendix A. It will be
observed that the topography narrows sharply where the existing
dam is located and continues downstream for a considerable
distance. The existing topography dictates that the dam be
enlarged by construction downstream from the existing
centerline. As indicated earlier in this report, the dam will
be raised 20 feet in order to obtain the required storage. A
plan view of the proposed enlargement is also shown on Sheet 1
of Appendix A. The alignment shown constitutes the only
feasible alignment for the proposed facility.

Foundation Treatment

Cutoff Trench. The results of the subsurface investigation
indicate that the depth of the bedrock through the maximum
section is relatively deep. The subsurface investigation also
indicates that the permeability of the overburdened material is
relatively high with permeability coefficients varying from

7,000 to 55,000 feet per year. Visual observations downstream
from the existing structure indicate that considerable seepage
is occurring beneath this facility. It is necessary therefore,
that any new construction must have as its basic objective the
reduction of seepage in the overburden materials in the stream
bed. This objective can be accomplished by excavating the
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existing granular materials and replacing them with the less
pervious materials from the proposed borrow areas.

It should be noted that several problems exist in constructing
a cutoff trench for the proposed facility. The only logical
place to construct the cutoff trench is at the downstream toe

of the existing facility. The cutoff trench must be
constructed with side slopes sufficiently flat that instability
problems will not exist. Furthermore, since considerable

seepage 1is occurring through the foundation materials, the
cutoff trench must be dewatered in order to permit the
placement of the backfill material. Another factor which
influences the construction of a cutoff trench in this area
involves the nature of the overburden material in the area
where the proposed cutoff will be located.

Results of the subsurface investigation indicate that a
considerable number of large cobbles and boulders exist in the
upper portion of the soil profile in this area.

We propose to dewater the site by constructing five drainage
wells along the downstream slope of the existing facility. The
approximate location of the drainage wells are presented in
Appendix A. If the cutoff trench is excavated completely to
bedrock along the maximum section, side slopes approaching 2
horizontal to 1 vertical are necessary to provide stable slopes
on the upstream side of the excavation. This condition
requires the <construction of a cutoff trench approximately
equal in volume to the dam enlargement above ground. An
alternate to constructing a fully penetrating earth cutoff
would be to construct a partial earth cutoff combined with a
caisson wall extending to bedrock. Under this condition, a
cutoff trench would have side slopes of 1.5 horizontal to 1
vertical and would extend to a depth of approximately 35 feet
below the existing ground surface at the maximum section.

- 101 -
10M183.105/0604P



The profile of the dam enlargement along the proposed alignment
is presented on Sheet No. 2 of Appendix A. The area to be
covered by the caisson wall is shown in the profile in this
figure. An alternate to constructing the caisson wall would be
to eliminate it entirely. This consideration appears to have
some merit since the results of the field permeability tests
performed in Test Hole No. 1, which was located downstream from
the cutoff trench area, indicate that the permeability
coefficient of the subsurface material in the 20 foot section
above the bedrock is substantially less than the permeability
coefficient in the area where the partial cutoff trench is
located.

An alternate to constructing either a partial or complete earth
cutoff would be to use a slurry trench cutoff extending to
bedrock. The proposed location of a slurry trench cutoff is
shown as an alternate in Appendix A for various cross sections
through the dam. The principle objection to a slurry trench
cutoff is associated with the excavation of the large boulders
in the subsurface material using the slurry trench excavating
technique.

It 1is our opinion that <considerable difficulty may be
encountered in excavating the large boulders with the slurry
trench excavating equipment. However, the cost for
constructing a slurry trench may be less expensive than either
a fully penetrating or a partially penetrating earth cutoff.
The slurry trench should be considered as a primary approach
for decreasing flow through the foundation materials. It is
our recommendation, therefore, that either a slurry trench, or
a partially penetrating earth cutoff with a caisson wall be
considered for the proposed facility. Additional drilling may
indicate that the boulders in the profile are not as extensive
as the present subsurface investigation indicate and that a
slurry trench cutoff may be more cost effective than an earth
cutoff.
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Foundation Grouting. The results of the field permeability

test, performed during the subsurface investigation, indicate
that the bedrock material has permeability coefficients
generally less than 100 feet per year. It should be noted,
however, that the subsurface investigations performed to date
do not fully define the permeability characteristics of the
right abutment. With the exception of this area, however, it
is our opinion that the permeability of the bedrock materials
is sufficiently low that grouting of the foundation bedrock is
not warranted.

Our experience indicates that in general when the permeability
coefficient 1is less than 100 feet per year, very little
improvement can be obtained in the permeability characteristics
of the bedrock material. For this reason, we recommend that no
attempt be made to grout the foundation bedrock in either the
left abutment or below the overburden materials in the stream
bed. Additional drilling will be required to determine if
grouting of the right abutment will be required.

Foundation Stripping. The major problem associated with
foundation stripping exists along the right abutment. The

bedrock conditions in the right abutment are very irregular
with overlaps and protrusions dominating the surface
conditions. In order to provide a satisfactory surface for
compacting materials adjacent to the bedrock, the entire right
abutment must be stripped to remove the irregular surface which
exists 1in this area. It is anticipated that considerable
blasting will be required to provide a relatively smooth slope
at this location.

As indicated earlier in this report, considerable seepage is
occurring through the foundation bedrock and the area
downstream from the existing dam is in a marshy condition.
Dewatering of the site will be required before stripping
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operations can be performed. The stripping operations should
include removal of all vegetative matter which covers the site,
along with the organic top soil throughout the area.

Internal Drainage

An adequate internal drainage system 1is essential for the
stability of the proposed structure. The internal drainage
system for the proposed facility includes: (1) Chimney Filter
and Pipe Drains, (2) Right Abutment Drainage Blanket and (3)
Right Abutment Drainage Wells.

Chimney Filter and Pipe Drains. Since the available embankment
material limits the cross section of the embankment enlargement
to a homogeneous type structure, it is imperative that a
chimney drain be constructed within the embankment to prevent
seepage water from intercepting the downstream face. The
proposed location of the chimney filter for various cross
sections is shown in Sheet No. 3, Appendix A. It will be
observed that the chimney filter is 4 feet wide and has its

upstream surface adjacent to the center line of the dam. The
recommended gradation of the filter material for the chimney
filter drain is shown in Sheet No. 3, Appendix A.

It is anticipated that processing of the material in the
available borrow areas will be required to obtain the filter
gradation indicated in Sheet No. 3, Appendix A. Since the cost
of the filter material will be relatively high, the filter
drain does not extend to the downstream toe of the proposed
facility. We recommend that pipe drains be installed at
locations as shown in Sheet No. 1, Appendix A, to permit any
water entering the filter drain to be discharged to the
downstream toe of the dam. The pipe drains are 8 inches in
diameter and are located on a concrete cradle (see sheets 1 and
3, Appendix A). The details of the connection between the
filter and the drain 1line are also shown in Sheet No. 3,
Appendix A.
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Right Abutment Drainage Blanket. As indicated earlier in this

report, additional subsurface investigations will be required
to fully define the permeability characteristics of the right
abutment. The geology of the abutment, along with visual
observation of the existing conditions, indicates that some
seepage may occur through the right abutment. In order to
eliminate the buildup of pore pressures between the embankment
and the abutment, an abutment drainage blanket will be placed
between the bedrock and the embankment fill downstream from the
chimney filter. The location of this drainage blanket is shown
approximately in Sheet No. 1, Appendix A.

As indicated above, stripping of the bedrock to provide a
relatively smooth surface will be required before the placement
of the drainage blanket can be performed.

Right Abutment Drain Wells. In the absence of more information
on the permeability characteristics of the right abutment, we

believe that drainage wells will be required in the right
abutment to intercept any flow which tends to move around the
right end of the dam. The drainage well will consist of a
4-inch hole extending to a distance of 100 feet into the right
abutment. The 4 inch hole will be cased with 3-inch slotted
PVC pipe. BEach drainage well will terminate in the drainage
blanket located along the interface between the abutment and
the £ill material. The location of the drainage wells, along
with the typical section, are shown in Sheet No. 2 of Appendix
A,

Slope Stability Considerations

A slope stability analysis has been performed for the following
cases: (1) The downstream slope of the dam during the cutoff
trench construction, (2) The upstream slope of the dam during
sudden draw down, (3) The downstream slope of the dam during
steady state seepage conditions and (4) A pseudostatic analysis
for cases 2 and 3 above.
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In performing the stability computations, a computer model of
Spencers Method has been used. Spencers Method satisfies both
force and moment equilibrium, and 1is considered to be a
satisfactory method of slope stability analysis. The shear
strength parameters for the proposed embankment material have
been determined from triaxial tests, and the results of these
tests indicate that if the material is densified to an in-place
unit weight equal to 95 percent of the maximum laboratory
density as determined by ASTM D-698, a friction angle of about
39 degrees is obtained with 0 cohesion. In performing the
stability computations, a friction angle of 37 degrees has been
assumed in the analysis for the embankment material.

The results of the subsurface investigation indicates that all
of the overburden materials in the stream bed is dgranular type
soils in a relatively dense condition. A friction angle of 36
degrees has been used to characterize this material.

Stability of the ExXxisting Structure. Evidence exists that not
only has seepage occurred through the foundation material below
the base of the dam, but that the downstream slope of the
embankment has been historically saturated. Local slumping of
the downstream face has occurred which could have only taken
place if the embankment materials were saturated. Evidence
also exists which indicates that rock was placed in the scarp
of a slide on the downstream portion of the dam in an attempt
to stabilize the area. Saturation of the downstream face at
first appears to be incompatible with the characteristics of
the foundation material. As indicated earlier in this report,
the permeability coefficient for the foundation materials are
substantially greater than the permeability characteristics of
the embankment. If the embankment were homogeneous and
isotropic, the high pervious material in the foundation would
tend to act like a large horizontal underdrain. The phreatric
surface would then exist at the toe of the dam. The subsurface
investigation indicated that the permeability characteristics
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within the embankment vary considerably, and that the distinct
possibility exists that channelization can occur through the
existing embankment. Under these conditions water channeling
through the existing embankment would readily intersect the
downstream face. This water would contribute to the slumping
which has occurred. If the entire mass of sand on the
downstream portion of the dam becomes saturated by continued
seepage through this material a slope stability failure could
occur again in this area. PFurthermore, it is our opinion, that
a factor of safety against a slope stability failure in this
area is relatively low, and we recommend that if the project
does not proceed as presently contemplated that remedial
measures be taken to prevent saturation of the downstream face.

A possible approach to preventing saturation of the downstream
slope is to use vertical drain wells located along the axis of
the dam. A series of vertical drain wells located
approximately 10 feet apart and extending into the pervious
material in the foundation would tend to function 1like a
chimney drain and prevent the saturation of the downstream face
of the dam. Vertical drains have been used in a number of
locations with success.

The Downstream Slope During Construction of the Cutoff Trench.
A slope stability analysis has been performed for the
downstream slope of the dam with a cutoff trench constructed on
side slopes of 1 to 1 and 1.5 to 1. In performing this
analysis, it has been assumed that the ground water level will
be located at the base of the dam, upstream from the wells.
The approximate location of the cutoff trench for the maximum
section is shown in Sheet No. 3, Appendix A. The results of
the stability analysis indicate that the factor of safety for
the partial cutoff trench having side slopes of 1 horizontal to
1 vertical is about 1.05. If the side slopes are flattened to
1.5 horizontal to 1 vertical, and if the drainage wells are
effective in intercepting the seepage occurring through the
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foundation materials, a factor of safety of about 1.25 is
obtained. The failure surface for this condition is shown in
Sheet No. 5, Appendix A. While this factor of safety is not
sufficient for long term stability it will be adequate during
construction.

It is recommended that the cross sections shown in Sheet No. 3
be used for the construction of the cutoff trench.

Upstream Slope During Sudden Draw Down. A stability analysis
was performed for the upstream slope of the enlarged embankment
under sudden draw down conditions. Since the permeability of
the subsurface material beneath the dam is highly pervious
relative to the embankment material, the flow lines will be
essentially vertical under the sudden draw down conditions, and
the pore pressures within the embankment will approach =zero.
The results of the stability computations for the conditions
assumed above indicate a factor of safety of 2.3. Since the
sudden draw down case is not a catastrophic type situation, a
factor of safety of 1.3 1is generally considered to be
satisfactory. The location of the critical failure surface for
this condition is shown in Sheet No. 6, Appendix A, along with
the shear strength parameters used in the analysis.

It is possible that some pore pressures will exist within the
embankment during the sudden draw down conditions due to the
anisotropic and nonhomogeneous characteristics of the
embankment. However, it is our opinion, that a factor of
safety of 2.3, will cover any adverse affects associated with
the development of high pore pressures.

Downstream Slope During Steady State Conditions. Since the
chimney drain will be located near the center of the dam, the
entire downstream portion of the dam will remain unsaturated
during the steady state seepage condition. The equihydraulic
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headline distribution developed during the seepage analysis was
used in this analysis to specify pore pressure throughout the
dam. An effective stress analysis was performed to determine
the factor of safety for this case.

The shear strength parameters used 1in this analysis are
tabulated in Sheet No. 6, Appendix A. The results of the
stability analysis indicate a factor of safety of 1.62 for the
downstream slope under steady state seepage conditions.

The location of the critical failure surface for this case is
also presented in Sheet No. 6, Appendix A. A factor of safety
of 1.5 is generally considered satisfactory for the downstream
face under steady state seepage conditions. It is apparent
that the calculated factor of safety 1is greater than the
normally accepted value which indicates that the stability of
the downstream slope will be satisfactory under the design
considered.

Seismic Stability Considerations. The proposed dam is located
in Seismic Zone 2 and has a low potential for seismic
activity. Algermission and Associates, of the U.S. Geological
Survey, indicate that the horizontal acceleration which has a

90 percent probability of not being exceeded in 50 years is
about 0.04 g. They also indicate that the horizontal
acceleration which has a 90 percent probability of not being
exceeded in 250 years is about 0.07 g.

Under seismic activity an earth dam usually only experiences a
massive failure when either liquifaction of the embankment or
the foundation c¢an occur. Otherwise, the dam experiences
deformation depending on the magnitude of the earthquake and
the character of the soil.
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While a pseudostatic analysis does not provide reliable
information on the dynamic stability of an earth dam, it does
perhaps provide some indication of the safety against excessive
deformation. A pseudostatic analysis has been performed for
both upstream and downstream slopes considered in the static
analysis. The critical failure surface obtained in the static
analysis for both the upstream and downstream slopes were used
in this analysis. In the analysis a horizontal force
equivalent of 0.05 g was applied at each slice. The results of
the analysis indicate a factor of safety of at least 2.0 for
the sudden draw down case and 1.4 for the steady state seepage
case. It is our opinion that if the materials within the
proposed embankment addition are densified to 95 percent of the
maximum laboratory density as determined by ASTM D1557-78 that
the structure will be safe during the expected seismic action.

Seepage Considerations

Existing Structure. It is our understanding that the major
portion of the seepage from the reservoir basin for the
existing facility is occurring through the overburden material

beneath the base of the existing dam. As indicated earlier in
this report, the permeability coefficients obtained during the
subsurface investigations are relatively high in the foundation
area indicating that a substantial amount of water can seep
through the foundation zone. 1In order to obtain an indication
of the magnitude of the seepage losses, a seepage analysis was
performed using a finite element computer program developed by
the Corps of Engineers and designated as SSFP. A considerable
variation occurred in the permeability coefficients through the
existing cross section of the dam and foundation. The results
of the subsurface investigation indicate that the permeability
coefficients of the foundation material beneath the dam varied
from about 7,500 to 55,000 feet per year. A seepade analysis
has been performed for the existing structure assuming that the
amount of flow through the embankment is insignificant compared
to the seepage through the foundation area. The results of
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this seepage analysis indicates that the amount of water
flowing through the foundation amounts to approximately 4 cubic
feet per second which is equivalent to about 8 acre feet per
day. The seepage loss at this rate throughout the entire year
results in a 1loss of about 2920 acre feet. It 1is our
understanding that a loss of about 2500 hundred acre feet has
been observed during past periods of time. As a result of the
high permeability coefficients in the foundation area, it 1is
apparent that a fully penetrating cutoff section will be
required to reduce the seepage losses throughout the
foundations to a tolerable magnitude.

The Enlarged Embankment. A seepage analysis has also been

performed for the proposed embankment section as shown in Sheet
No. 7, Appendix A. The analysis assumes a partial earth cutoff.
combined with a caisson wall extending to bedrock. The
permeability coefficients for each of the sections of the
embankment and foundation are shown in Sheet No. 7, Appendix
A. The equihydraulic headline distribution for this condition
is presented in Sheet No. 8, Appendix A. In performing this
analysis it has been assumed that the loss in head through the
foundation material is insignificant compared to the
embankment. This means that the line designated as ABCD in
Sheet No. 8, Appendix A is an equipotential line. The results
of the seepage analysis indicates that approximately 0.2 to 0.3
cfs will flow through the embankment and the foundation
materials. Additional seepage may occur through the bedrock in
the right abutment. The magnitude of this seepage cannot be
estimated at the present time.

Slope Protection

Since the proposed site is 1located in a glaciated area, an
abundant supply of material that can be used for slope
protection for the proposed facility is immediately available.
The existing slope protection appears to have performed
satisfactorily and the amount of new slope protection will be
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limited to the proposed embankment enlargement. We recommend
that the slope protection be 1.5 feet thick with a 12 inch
thick filter layer wunderlying the riprap material. The
recommended gradation for the riprap and for the filter beneath
the riprap is presented in Sheet No. 1, Appendix A.

Freeboard

The freeboard requirement was estimated using techniques
developed by the COE (28). A design wind having a velocity of
64 mph and a duration of 10 minutes was selected. Using this
design wind, the wind setup and wave runup were calculated to
be 0.1 feet and 2.7 feet, respectively. Wind setup reflects
the higher pool elevation at the downwind area of the pool.
The total wave height, above the still reservoir pool, is
estimated to be 2.8 feet.

By placing riprap on the downstream face of the embankment,
short duration wave overtopping can be tolerated, as 1in a
rainfall event. For this reason, the reservoir pool was
allowed to rise to the dam c¢rest during the PMF routing.
During the PMF, waves could conceivably overtop the dam for
5-1/2 hours. This length of time is not long enough to result
in a dam breach from wave action.

The 100-year flood, however, is more likely the result of a
snowmelt event, in which peak flows could last several days.
For this event, adequate freeboard must be maintained. The
proposed principal spillway would provide a minimum of 5.4 feet
of freeboard during the 100-year flood.

Principal Spillway and Outlet Works

The existing outlet works conduit was inspected on July 12,
1984, The conduit is constructed from reinforced concrete pipe
sections 8 feet long. The Jjoints appear to be gasketed;
similar to a "lock-joint" manufactured at one time in Casper,
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Wyoming. A field inspection report is included in Appendix C
of this report. From this inspection it was concluded that :the
outlet conduit is in a poor state of repair and should be
rehabilitated or replaced. The first four sections upstream
from the outlet are in poor condition and should be replaced
irregardless of the outcome of this proposal.

As shown in Figure V.3, the proposed morning glory spillway is
located near the end of the fourth joint of pipe. The existing
dam must be excavated back to this point. The outlet conduit
will be rehabilitated by Jjacking a cement-mortar lined steel
pipe into the conduit. The pipe will be heavy wall for 1long
life, with welded joints and approximately 29 inches outside
diameter. The pipe will be jacked through the existing slide
gate and the gate will be abandoned. A new sluice gate will be
installed on the upstream toe of the dam as shown in Figure
V.3. This will allow this portion of the outlet conduit to be
rehabilitated without excavating the existing conduit and
taking the dam out of service.

The outlet conduit downstream of the morning glory spillway
will be new pipe. This pipe will be pretensioned concrete
cylinder pipe, reinforced concrete pipe or cement-mortar 1lined
steel pipe with a protective coating. The best type of pipe
will evolve out of the final design. This pipe is sized to
handle the 100 year inflows from the morning glory spillway.
The outlet section of the principal spillway consists of a
concrete headwall and well graded riprap to prevent erosion
downstream of the dam. It is felt that property sized riprap
will have greater longitivity in this climate than an exposed
concrete stilling basin. In addition, the use of riprap will
result in lower tailwater which would allow adequate
ventilation necessary for open channel flow in the conduit.
This ventilation will reduce the instabilities that are typical
of conduit spillways during high flows.
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Several types of principal spillways were considered for this
dam. Any type of chute spillway on or near the dam embankment
was discounted as problems arising during an unusual flood
event could result in a dam breach. The existing rock lined
spillway could breach the embankment if high flows occurred.
Neither abutment lends itself topographically to a chute type
spillway. The amount of concrete used in this dam should be
limited as aggregate sources are limited and this climate
degrades exposed concrete rapidly. Tunneling through either
abutment would be prohibitively expensive for this size of
dam. These considerations lead to use of precast concrete
manhole sections to form a morning glory type of spillway.
This type of spillway can be constructed quickly which is
important in this short season area. The quality control can
be maintained at the plant. Additionally, the spillway will
not be damaged if an unusual flood event should occur. For
these reasons, a morning glory type of principal spillway was
chosen to handle the routed 100 year flood peak of 366 cfs.

Auxiliary Spillway

The basic concept of the auxiliary spillway is to pass any
flood larger than the 100 year £flood up to the probable maximum
flood (PMF). The spillway itself will sustain damage but the
dam will not be overtopped and breached. This spillway will be
constructed as a part of the borrow for the dam embankment.
The spillway is located as shown on Sheet 9 of Exhibit A and is
a trapezoidal earth channel. The crest 1is 155 feet wide
narrowing to a channel 20 feet wide with 2:1 side slopes. The
flow from this spillway will be directed to a point just below
Shell Reservoir so as not to add to the Shell Reservoir
spillway capacity. This spillway, combined with the principal
spillway, will pass the routed PMF flood, which peaks at 6470
cfs; the largest flood thought to be hydrometerologically
possible. The actual cost of constructing this spillway is
minor as the borrow is needed to raise the embankment.
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Buckley Creek Diversion

The existing Buckley Creek Diversion consists of a steel plate
diversion across Buckley Creek with a slide gate turnout
discharging to a ditch flowing into Mud Lake. Buckley Creek
has eroded a channel around the steel plate diversion. The
present system passes most of the flows down Buckley Creek with
a small portion diverted to Mud Lake which flows into Lake
Adelaide.

The proposed Buckley Creek Diversion will consist of a dike
across Buckley Creek at the location of the existing
diversion. The existing diversion ditch will be enlarged to
provide material for the dike and to carry the 100 year flow of
220 cfs into Mud Lake and Adelaide Creek. The dike is designed
as a homogeneous fill section with a graded gravel filter drain
in the downstream toe. An 8-inch diameter corrugated metal
pipe through the dike will allow an instream flow of 1-2 cfs to
pass on down Buckley Creek. Both faces of the dike will be
stabilized with 18-inch riprap. Riprap will be placed along
the channel 350 feet upstream from the dike to contain flood
flows and prevent erosion. The diversion ditch will be
riprapped for a length of 660 feet, which includes the entire
excavation area. Riprap and homogeneous fill will be obtained
by sorting materials during excavation of the diversion ditch.
This method of construction will cause little surface scarring
and provide channel riprap with a minimum of handling. Details
of the proposed diversion are shown in Figure V.4 and Figure
V.5.

Access Road

It is our understanding that the existing dam was constructed
about 1915 with teams of horses, wagons, and slips.
Mobilization of this equipment did not require an improved
access road. Today's equipment will be mechanical, much larger
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in size, and will require an improved access road to travel to
the dam. A good road will also encourage maintenance of the
dam as access Wwill be much easier. An improved access road
will be important to the Contractor in meeting the optimistic
construction schedule described in Chapter VI.

The access road will 1likely be a controversial issue. There
are two factions involved; those wanting to limit access to the
area and those desiring to improve access for recreational
purposes. The Forest Service has indicated that if access 1is
improved that sanitary and campground facilities must be
provided to accommodate the additional people. It is not the
purpose of this report to treat the environmental issues of an
improved access road and <campground facilities. Enough
reconnaissance design was completed to develop low level cost
estimates for these facilities and these costs are included as
a part of this project. It 1is suggested that the Forest
Service be involved in the final design of both the access road
and campground facilities.

An alternate plan is to close the access road after
construction from Shell Dam to Lake Adelaide Dam. This may not
be practical because 1) the access road must be an improved,
gravel surfaced road to accommodate modern construction
equipment; 2) once the road is open, a portion of this public
will expect it to remain so and; 3) an improved road will
encouradge maintenance of the dam which is important.

The access road branching from the road near the divide to
Shell Dam will essentially remain in the same location and
alignment. The road will be surfaced with gravel as a single
lane with turnouts provided at approximate 1000 foot
intervals. Cross drainage will be provided where needed and
provisions to control erosion made. Grades may be lessened
near Shell Dam and the switchbacks will be made somewhat wider.
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The existing trail from Shell Dam to Lake Adelaide presently
has numerous steep dgrades; some exceeding 30 percent. It is
proposed that this trail be closed and seeded to grass. The
location for the new road is shown on Sheet 10 of Exhibit A
which allows much flatter grades. Construction of this road
will be similar to the divide to Shell Dam road; single lane
with turnouts and cross drainages.

A typical cross section of the access road is also presented on
Sheet 10 of Exhibit A. This design is partially based on
Forest Service standards for a logging road. The final design
will likely change after input from Forest Service personnel.
This presentation will provide a starting point for review as
well as a reconnaissance estimate of costs.

Campground Facilities

Improved access roads will result in increased recreational
activities on Lake Adelaide and the surrounding area. The
Forest Service has indicated that facilities must be provided
to accommodate the recreationists. This will reduce
environmental problems from human waste, garbage accumulations,
camping near the lake, uncontrolled campsites, fire, etc. It
is proposed to provide 10 campsites on the ridge on the
vicinity of the o0ld dam tender's cabin. (See Sheet 10 of
Exhibit A.) The access road would travel through this area and
spur roads would branch off to each campsite. Picnic tables
and fire pits with grates would be provided at each site. A
centrally 1located pit toilet would be provided for the
campsite. If possible, a well with a hand pump would be
provided. A well may be very difficult to develop in this
area, however. It is expected that the Forest Service would be
involved with the design details of this campground area.
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DESIGN SUMMARY

Table V.6 has been prepared to provide a comparison of the
existing situation and the proposed design. Figure V.6 1is
presented to show elevation versus area and capacity.

In summary, it is proposed to enlarge the dam to provide 1700
acre feet of additional capacity. The outlet works will be
replaced and a new glory hole principal spillway will be
provided. An auxiliary spillway will be provided to protect
the dam against any £flood event. Additional water will be
diverted from Buckley Creek. An improved access road and
campground facilities will be provided as a part of this
project. The new dam will be larger and much safer than the
older dam.
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Table V.6
LAKE ADELAIDE DAM AND RESERVOIR
PRINCIPAL CHARACTERISTICS SUMMARY TABLE

Parameter Existing Proposed
Structural Height (ft) 30 50
Dam Crest Elevation (ft MSL) 9,260.0 9,280.0
Normal Water Surface Elev. (ft MSL) 9,256.0 9,272.0
Minimum Pool Level (AF) 2192/ 7003/
Active Storage Capacity (AF), 1984 1,575 2,800
Total Storage Capacity (AF), 1984 1,794 3,500
PMF Peak Inflow (cfs) 1/ 10,300
PMF Peak Outflow (cfs) 1/ 6,470
100 Yr. Peak Outflow (cfs) 1/ 366
Maximum 100 Yr. W.S. Elev. (ft MSL) 1/ 9,274.6
Spillway Design Flood 500 cfs + PMF 2/
Maximum W.S. Elev. (ft MSL) 1/ 9,279.9
Freeboard at Maximum W.S. 1/ 0.1

1l/ No information is available on hydrologic investigations
used in the design of the original structure.

2/ Equal to dead pool at outlet works level.

3/ Equal to 20 percent of total pool volume
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RESERVOIR SEDIMENTATION

The sediment yield of the drainage basin has an affect upon its
useful life and eventual storage capacity. The drainage does
not appear to generate significant sediment as native grasses
are well established, considerable bedrock exposure exists and
there is minimal disturbance, such as roads, logging, etc.
During the summer of 1984, the natural lake was cross-sectioned
and was found to be 10 to 15 feet deep in places. The
reservoir is 70 years old. The fact that the natural lake has
not filled with sediment is evidence that sediment inflows are
very low in this drainage.

A topographic survey was completed in 1911 as a part of the
water right application. During the fall of 1974, a
topographic survey was completed as a basis for a water right
amendment. These surveys essentially identified the
configuration of the lake water surface. The 1974 survey was
based on three elevations; the normal water surface of 9260
feet m.s.l. (HWL of El. 496 on 1974 survey); an existing water
surface El. 9241 m.s.l. at the time of the survey (September
15, 1974); and a low water surface of El. 9233; apparently
determined by sounding. A second survey and topographic
mapping was completed 10 years later (September 11, 1984).
Comparison of these three surveys indicates very 1little
deposition has taken place. Given the accuracy of the surveys,
it would be difficult to exactly quantify accumulations. It is
estimated that deposits were less than 20 acre feet in the
recent 10 year period or 2 acre feet per year. The sediment
yield would be 0.6 AF/sq. mi./year.
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Considering the Buckley Creek Diversion, the drainage area is
approximately 7 square miles. Given a 100 year period and a
0.6 AF/sqg. mi. deposition rate approximately 420 AF would be
yielded to the reservoir. Assuming a 90 percent trap
efficiency 375 AF of capacity would be lost. Considering 300
AF of dead storage (natural lake) and bank storage, the
reservoir will not be affected by sediment given a 100 year
period. Sediment accumulations are 1likely to be 1less than
predicted.
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EXISTING DAM SAFETY CONSIDERATIONS

If Lake Adelaide Dam is not enlarged as proposed, the owners
(Shell Canal Company) should plan to upgrade the existing dam
to present day standards. Specifically the following problems

should be corrected:

1.

The existing outlet works is in need of repair.
Pressure flows from cracks in the conduit could remove
significant amounts of embankment resulting in a
breech. Collapse of the conduit could cause erosion
as well. It is recommended that the existing conduit
be replaced or a liner inserted as suggested in this
chapter.

The spillway system will not pass the PMF as
identified using HMR 55 precipitation values. Two
options may be considered. An auxiliary spillway
could be excavated in the 1location planned for the
enlarged dam. The second option would be to armor or
protect the «c¢rest and downstream face with large
riprap or soil-cement such that overtopping would not
result in a breach.

As discussed in the Design Section of this chapter,
the stability of downstream slope 1is questionable.
Remedial measures <c¢ould include installation of
vertical drain wells approximately 10 feet apart or
flattening the slope to a stable configuration.
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Preliminary cost estimates have been developed for this work.
It is estimated that the remedial work will equal approximately
75% of the construction cost of the enlarged dam. It is much
easier to construct the auxiliary spillway if the crest of the
dam is 20 feet higher. If present day dam safety standards are
to be followed, all things being equal, the enlarged dam
proposal would be the logical choice.
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CHAPTER VI
ESTIMATED COSTS

ESTIMATES OF COST

Estimates of cost have been prepared for the construction of
the Lake Adelaide Dam enlargement and associated facilities.
They are based on the criteria and general design
considerations presented in Chapter V.

The total estimated construction cost of the project, based on
projected January 1987 cost levels is $2,068,100.00. This
estimate includes direct construction costs, a 20% allowance
for contingencies, inflation, cost of investigations,
engineering and construction administration, interest during
construction and WWDC participation. A summary of these costs
appears in Table V1.2

Projected Future Costs

It 1is anticipated that contracts for construction of this
project could not be awarded before June of 1987. On the basis
of past history, an allowance should be made for inflation
above July 1984 cost levels used to develop direct costs.
Although difficult to predict, an allowance of 20 percent has
been included to accommodate a reasonable cost escalation. It
is hoped that actual inflation will be much less.

Special Use Permit, Environmental Assessment

The dam, Buckley Creek Diversion, auxiliary spillway and access
road are located on United States Forest Land; therefore no
land acquisition or right-of-way costs are necessary. There
will be a cost to acquire the Special Use Permit and
accommodate its provisions or environmental mitigation. This
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cost will be an unknown until Forest Service response to this

project is known. However, a cost of $50,000 is included as a
representation.

Engineering and Administration

No contracts for engineering, other than the feasibility study,
have been entered into by the WWDC; therefore these costs are
based on estimates. These estimates include additional field
drilling and surveying, the preparation of plans and
specifications, field inspection and construction
administration and development of an operations manual.

In addition to the engineering, the WWDC will incur certain
administrative costs. These costs have not been included 1in
the estimates.

A total estimated cost of 20 percent for additional field
drilling, engineering and administration has been applied to

the construction cost estimates.

Estimated Direct Cost to Project Facilities

Estimates of direct costs have been prepared for guidance in
project evaluation given information available at the time of
the estimate. Final costs will vary from these estimates due
to better detail, changing market condition, changes in project
scope and other factors. However, costs developed in this
report should be sufficiently accurate to make financial
decisions and obtain funding. Direct costs or those costs
obtained from unit cost extensions are summarized in Table VI.l.
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Table VI.1
ESTIMATED DIRECT COST OF PROJECT FACILITIES

Estimated
Direct
Proposed Facility Cost

Principal Spillway and outlet works $ 175,000
Auxiliary Spillway 270,000
Dam Enlargement 541,000
Buckley Creek Diversion 30,000
Campground Facilities 50,000
Access Road 86,000

TOTAL DIRECT COST $1,152,000

Interest During Construction

If financial aid is obtained as part of a Federal Program, such
as the USBR Small Loans Act, agricultural users may not have to
repay the 1loan with interest. However, the Shell Valley
Watershed Improvement District users may be required to repay
their allocated portion with interest. It is suggested that
these users be required to repay interest during construction
(IDC) on the loan amount of $550,000.00. Computations for a
typical IDC are shown in Table VI.4. Actual IDC will depend
upon how loan funds are distributed.

CONSTRUCTION PROGRAM

Preconstruction

The exact program for construction for a project of this scope
depends to a dJgreat extent upon the date the money becomes
available. It has been assumed that the legislative approval
granted, and the contract validation with the District
successfully completed by June 1, 1986. This 1is the date
assumed that the money will become available.
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Table VI.2

SUMMARY OF ESTIMATED PROJECT COSTS

Total Direct Cost

Contingencies (20%)
Subtotal

Project cost increase (20%)
Subtotal

Engineering (9%)

construction Administration (11%)
Subtotal

Interest during construction (IDC)

Special use permit, Environmental Assessment

Water rights

TOTAL CONSTRUCTION COST

Feasibility Report

TOTAL PROJECT COST

Less WWDC contribution
Special use permit,
Environmental Assessment
Water rights
Feasibility report
State Sponsored grant

50,000
10,000
150,000

1,458,100

Shell Valley Watershed Improvement District Loan
(based on 25% of Total Project Cost less IDC)

$1,152,000
230,400
1,382,400
276,480
1,658,880
150,000
182,500
1,991,380
16,720
50,000
10,000

$2,068,100

$ 150,000

$2,218,100

1,688,100

$ 550,000
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The design is to be finished, complete with approved plans and
specifications, by January 1, 1987. A contract would be
awarded by June of 1987.

Construction Period

The construction of project facilities is estimated to require
2 years. This allows sufficient time considering the 3 and 4
month construction season at this location. The proposed
facilities are to be ready to receive water by November 1,
1988. A schedule for Expenditure of Funds is shown in Table
VI.3.

Table VI.3
SCHEDULE FOR EXPENDITURE OF FUNDS l/

Fiscal Contributed
Year Function Loan Funds Funds

1987 Water Rights, Permits $ 60,000
Engineering 150,000

Construction Contracts $275,000 560,000

1988 Engineering 182,500
Construction Contracts $275,000 548,880

TOTAL LOAN FUNDS ADVANCED $550,000 $1,501,380

1/ Funds do not include IDC or feasibility report costs

It is envisioned that the Contractor would start on the access
road construction in late July of 1987. Mobilization c¢ould
then begin and camps set up. As soon as Lake Adelaide 1is
emptied (by September 1) the cutoff trench construction can
begin. A goal would be completion of the cutoff trench that
fall and early winter. The outlet works should also be
completed.

As soon as the weather allows the next spring, the embankment
could be started. The construction of the auxiliary spillway
would progress as a part of the borrow for the embankment.
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After high water, the Buckley Creek Diversion would be
constructed. The embankment would be topped out in late fall
and the Environmental Mitigation work can be completed. The
dam would be ready for storage of water the next spring. This
construction sequence should allow enlargement of the dam
without losing a storage season.

ANNUAL OM&R (OPERATION, MAINTENANCE, AND REPLACEMENT) COSTS

It is projected that OM&R costs will be 1.00 per AF by 1988.
These costs include a minimal amount for a dam tender,
administrative costs and «costs for annual maintenance of
control gates, riprap, etc.
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Table VI.4

Interest During Construction

Sum Sum Amount For
Year of 1/2 Current Year Previous Year Previous Computing 4%
Construction Loan Funds Loan Funds Loan Funds Years Interest Interest Interest
1987 275,000 137,500 0 0 137,500 5,500
1988 275,000 137,500 275,000 5,500 418,000 16,720
TOTAL INTEREST DURING CONSTRUCTION $16,720
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Table VI.5
LAKE ADELAIDE
ESTIMATE OF DIRECT CONSTRUCTION COSTS

Principal Spillway and Outlet Works

Unit
Item Quantity Unit  Cost Total
Mobilization Lump Sum 10,000
Concrete 175 CY $ 500 $87,500
24"x24" Sluice Gate 500 LB 2.50 1,250
Gate Lift and Assec. Lump Sum 1,800
1-1/2" Dia. Encased Stem 150 FT 12.50 1,875
Trash Racks 2865 LB 2.00 5,730
Conduit
29" 0.D. Steel,
Cement Mortar Lined 130 LF 80 10,400
96" dia. to 60" dia.
RCP Transition 20 LF 250 5,000
60" dia. Tee 1 Ea 2500 2,500
60" dia. Pipe 175 LF 125 21,875
Large Riprap 950 (044 10 9,500
Filter Gravel 185 CcY 12 2,220
Excavation 2000 CcY 2.00 4,000
Compacted Fill 270 CY 5.00 1,350
Dewatering 10,000
Principal Spillway & Outlet Works Total $175,000
Auxiliary Spillway
Unit
Item Quantity Unit  Cost Total
Mobilization Lump Sum 20,000
Clearing and Grubbing 3 Ac $1000 $ 3,000
Excavate, Load, and
Haul to Dami/ 100,000 cy 2.50 250,000
Auxiliary Spillway Total $270,000

l/ 40,000 CY are required for auxillary spillway channel;
60,000 CY are required as additional borrow for dam
embankment.
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Table VI.5 (continued)
LAKE ADELAIDE
ESTIMATE OF DIRECT CONSTRUCTION COSTS

Embankment Slurry Trench Cutoff

Unit

Item Quantity Unit  Cost Total
Mobilization Lump Sum $ 60,000
Clearing Foundation Lump Sum 3,000
Process (remove large

rock for riprap) and

Compact Earthfill in

Embankmentl/ 92,000 CY § 1.00 92,000
Slurry Trench 20,400 ££2  PT  $11.00 224,400
Filter Material

(chimney drain and

riprap bedding) 7,636 cY $10.00 76,360
Loose Rock Riprap 4,185 cY $10.00 41,850
Preparation of Rock

Surfaces 3,287 cY $ 5.00 16,430
Horizontal Drainage Well 400 FT $50.00 20,000
Drain Pipe (Including

cradle) 240 FT $29.00 6,960

SLURRY TRENCH CUTOFF TOTAL $541,000

1l/ 40,000 CY are required for auxillary spillway channel;
60,000 CY are required as additional borrow for dam
embankment.
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Table VI.5 (continued)
LAKE ADELAIDE

ESTIMATE OF DIRECT CONSTRUCTION COSTS

Earth Cutoff and Caisson Wall (Alternative)

Unit
Item Quantity Unit  Cost Total
Mobilization Lump Sum $ 60,000
Clearing Foundation Lump Sum 3,000
Excavation Cutoff Trench 41,000 cY $ 3.00 123,000
Caisson Wall 1,875 £t2 FT $90.00 168,750

Process (remove large rock
for riprap) and Compact
Earthfill in Embankmentl/ 133,000 CcY $ 1.00 133,000

Additional Excavation

from Borrow 45,000 CcY $ 2.50 32,500

Filter Material (chimney

drain and riprap bedding) 7,636 CcY $10.00 76,360

Loose Rock Riprap 4,185 cY $10.00 41,850

Preparation of Rock

Surfaces 3,287 CY $ 5.00 16,435

Dewatering Wells (12") 200 FT $60.00 12,000

Horizontal Drainage Well 400 FT $50.00 20,000

Drain Pipe (including

cradle) 240 FT $29.00 6,960
EARTH CUTOFF AND CAISSON WALL TOTAL $693,855

1/ 40,000 CY are required for auxillary spillway channel;
60,000 CY are required as additional borrow for dam
embankment.
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Table VI.5 (continued)

LAKE ADELAIDE

ESTIMATE OF DIRECT CONSTRUCTION COSTS

Buckley Creek Diversion

Item

Mobilization

Excavate and Place
Homogeneous Fill for dike
Riprap (18")

Gravel Drain

8" CMP

Remove Existing

Diversion Structure

Unit

Quantity Unit Cost
Lump Sum

525 CY §$ 4.00

1,700 CcY 14.00

50 CcY 12.00

50 FT 10.00

1 LS  ===-—-

Buckley Creek Diversion Total

Campground Facilities

Item

Pit Toilet, installed
Picnic tables

Fire pits and grates
Sitework, clearing, etc.
Trash cans, signing, misc.
Well with pump

Unit
Quantity Unit  Cost
1 Ea. $30,000
10 Ea. 200
10 Ea. 100
Lump Sum
Lump Sum
Lump Sum

Campground Facilities Total

10M183.105/0604P
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Total
$§ 2,000

2,100
23,800
600
500

1,000
$ 30,000

Total

$ 30,000
2,000
1,000
5,000
2,000

10,000

$ 50,000



Table VI.5 (continued)
LAKE ADELAIDE
ESTIMATE OF DIRECT CONSTRUCTION COSTS

Access Road

Unit
Item Quantity Unit cost Total
County Road to Shell Reservoir (14,000 ft):
Earthwork 2,000 CcY $ 2.00 $ 4,000
Gravel Surfacing 5,000 cY 7.50 37,500
18" CMP Culverts 150 Ft. 20.00 3,000
Subtotal 44,500
Shell Reservoir to Adelaide (5,000 £t):
Clearing 6 AC $1,000 $ 6,000
Earthwork 10,000 CcY 2.00 $20,000
Gravel Surfacing 1,800 cY 7.50 13,500
18" CMP Culverts 100 Ft. 20.00 2,000
Subtotal $41,500
Access Road Total $86,000
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CHAPTER VII
PROJECT EVALUATION

INTRODUCTION

The primary purpose of this chapter is to present an estimate
of a typical farmer's ability to pay for additional water
developed by the Lake Adelaide Enlargement. This analysis
develops a foundation for the financial program presented in
Chapter VIII. An estimate of indirect benefits stemming from
increased agricultural activity and an estimate of benefits
from irrigating additional 1land is also presented in this
chapter.

It is understood that there is no "typical" farmer in the Shell
Valley Watershed. For example, younger farmers with a heavy
debt load are going to be less financially stable than
established farmers. Sugar beet farmers exhibit a different
repayment ability as compared to livestock and feed
enterprises. It is also understood that markets £luctuate
considerably and weather poses a constant risk. For example, a
2% reduction in "prices received" would totally eliminate any
payment capacity for additional irrigation water. For these
reasons, it is recommended that the loan be repayed within a
reasonable range of the estimated ability to pay. Actual
percentages are negotiable; for purposes of this report a range
of 75% to 125% is assumed. During the poor years 75% would be

paid and during the good years 125% would be paid, averaging
100% over the term of the loan.

Over 10,000 acres are irrigated in the Shell Valley Watershed.
Of this area it is estimated that 8,000 acres are within the
boundaries of the Watershed Improvement District. It 1is
assumed that 5,000 acres may benefit from additional storage
water. Of this acreage, it is estimated that approximately 660
acres not presently irrigated would require a full measure of
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late season supplemental water (new lands or idle lands). The
remaining acreage would receive an additional 1late season
supply, particularly during dry years. These assumptions
provide a basis for the following Agricultural Economic
Analysis.

AGRICULTURAL PAYMENT CAPACITY

Introduction

This phase of the project evaluates the economic consequences
of the proposed modifications to Lake Adelaide which are
designed to increase 1its storage capability. A reasonable
portion of the cost of the project must be borne by those who
receive benefits from it. Therefore, this section evaluates
the ability of the agricultural water users, in the Shell
Valley area, to pay for their allocated project costs.

Methodology

The determination of agricultural water users' ability to pay
for the proposed project generally follows guidelines and
procedures approved by the Bureau of Reclamation. Budgets were
prepared for a representative farm operation in the Shell
Valley. The representative farm is of the size to provide
reasonably full-time employment to the farm operator and an
adequate return to his labor, management, and equity. The farm
size, crop mix, machinery complement, farming practices, and
other data for the representative farm were determined via
personal interviews with Shell Valley farmers, businessmen, and
local officials. The budgets prepared for this farm use yields
which reflect the "with project" scenario.

Area farmers indicated that yields could be increased, on the
average, at least 10% if adequate water was available.
Therefore, the ability to pay, presented in this section,
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assumes that the project is completed and additional water is
supplied to farmers.

Data, Assumptions, and Analysis

The representative farm used to determine repayment capacity
consists of 300 acres of which 290 acres is farmed, 5 acres is
waste (for roads and ditches), and 5 acres is reserved for the
farmstead. The land base is valued at $1,000 per acre. The
tillable acres are classified as Class A irrigated agricultural
land for tax purposes.

The material costs and machinery complements are derived
primarily from “"Costs of Producing Crops, Worland Area,
Wyoming, 1981-82", Bulletin 664R which was published by the
Agricultural Extension Service, University of Wyoming in
December of 1981. This information was updated to reflect 1984
prices. In addition, data gathered from personal interviews
were used to supplement and refine the budgets. The Bureau of
Reclamation recommends that interest, return to equity, and
depreciation be calculated using current equipment prices. It
was decided that some machinery on any typical farm will be
"used" equipment and thus, some adjustments in machinery prices
were made. A sinking fund approach was used to calculate
depreciation. The interest rate employed was 14.85 percent.
It is assumed that the operator would hire part-time, seasonal
help.

The sales prices for crops used in the budgets are normalized
prices as reported by the Bureau of Reclamation, Upper Missouri
Region, Billings, Montana, except where noted otherwise. It 1is
important to note that present market prices are below these
normalized prices, reflecting a depressed agricultural
economy. However, market prices have also been above
normalized prices in the past 5 years. Since market prices are
a sensitive input to payment capacity calculations, the
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normalization process has been adopted to smooth out historical
fluctuations. Data for taxes on land, machinery, and
improvements were provided by the Big Horn County Assessor's
Office.

The crop mix for the representative farm is considered under
two different scenarios -- "with" and "without"™ sugar beets.
The inclusion of sugar beets, as a potential crop for the
representative farm, is Jjustified because a few farmers
currently produce beets in the Shell Valley. The production of
sugar beets is likely to increase a farmer's ability to pay for
supplemental water. However, the "typical" farmer in the Shell
Valley does not raise beets and will probably have a lower
repayment capacity. For informational purposes, it was decided
to include beet production in one of the two scenarios. In
addition, there is some uncertainty over the continued
production and refining of sugar beets in the area. This
should be considered when a final evaluation of 1long-term
repayment capacity is formulated.

The crop mix in the first scenario consists of 95 acres of
alfalfa hay, 115 acres of malting barley, 40 acres of corn for
grain, and 40 acres of corn for silage. While it is unlikely
that a single producer would produce small acreages of both
corn for silage and grain, each was included to reflect their
impact on production in the valley. The return over variable
costs is $69,856 and the return over both variable and fixed
costs is $15,563. (Appendix B). From this, an allowance for
the opportunity cost of operator 1labor and management is
subtracted. Previously, interest and a return to equity on the
operator's dwelling was included as a production fixed cost.
However, it can be argued that this reflects a farm perquisite
and, therefore, is added to obtain an adjusted net farm income
of $2,262. This results in a repayment capacity per acre of
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$7.54. Since the variable costs of production includes a $7.00
per acre charge for water, this figure represents the ability
for the representative farm to pay for supplemental water. The
$7.54 repayment capacity is generated because of the increased
yields associated with the additional water and the use of
normalized prices, which are generally higher than current
market prices.

The second scenario considers the production of sugar beets.
In this case, the crop mix of the representative farm includes
70 acres of alfalfa hay, 120 acres of malting barley, and 100
acres of sugar beets. The methodology and procedures are
similar to the first scenario. The return over variable and
fixed costs totals $20,914 and results in an adjusted net farm
income of $7,613. The repayment capacity per acre equals
$25.38 and is generated through an increase in yields and the
use of normalized prices, which are higher than current market
prices.

Conclusions

An incremental payment capacity for supplemental water of $7.54
per acre is generated for a representative 300 acre farm that
produces alfalfa hay, malting barley, corn for grain, and corn
for silage. An incremental payment capacity of $25.38 per acre
is generated for a representative 300 acre farm that produces
alfalfa hay, malting barley, and sugar beets. These figures
are developed after allowing for variable costs of production,
fixed <costs, interest and a return to equity on 1land,
machinery, and improvements, and a return to the operator's
labor and management.

Each payment capacity figure was calculated using a procedure
recommended by the Bureau of Reclamation. This procedure
includes the use of sinking fund depreciation and normalized
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prices. In each case, the payment capacity is generated via a
projected increase in production over current average yields
and the use of normalized prices. If present market prices are
used in the analysis, the payment capacity would be zero.

AGRICULTURAL BENEFITS

Introduction

Agricultural benefits, as a result of the Lake Adelaide
rehabilitation project, can be classified into two categories
-- direct and indirect benefits. The direct benefits can be
further separated into two types. The first considers the
added net farm income of the estimated increase in production
as a direct result of an increase in the water supply. The
second considers the added net farm income which is generated
when additional water allows the use of currently idle or newly
developed lands within the Shell Valley Watershed Improvement
District.

The indirect benefits are those which are caused by increases
in direct agricultural benefits. Increases in the purchase of
production inputs generate additional economic activity.
Therefore, indirect agricultural benefits will be calculated
for the land that is currently idled, but would be placed in
production if adequate water was available. Indirect benefits
associated with the 10% production increase on currently
irrigated land are assumed to be insignificant since the only
input, which is assumed to change, is the use of additional
water. Technically, there may exist a slight increase in the
use of output oriented production items (e.g. grain bins,
commodity transportation, etc.), however, it is assumed that
these effects would be insignificant.
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Increases in Yields

Direct agricultural benefits are dgenerated because of an
increase in net farm income which results from an increase in
production. During personal interviews with area farmers, most
indicated that their yields suffered slightly because of a lack
of water. On average, most indicated that yields could be
increased at least 10% over current yields if adequate water
were available. This production increase results in an average
increase of net farm income for all crops, except sugar beets,
(alfalfa hay, malting barley, corn for grain, corn for silage)
of $31.71 per acre. This assumes that the producers are
charged $7.54 per acre (their ability to pay) for the
additional water. All other costs are held constant, although
slight increases in harvest costs may be incurred. However,
these would probably be minimal. It is estimated that 4,028
acres may benefit from additional storage and produce a crop
other than sugar beets. Therefore, total net farm income from
these crops could have been increased by a total of $127,728
(see Appendix B).

The direct benefits from the increased yield of sugar beets is
calculated separately because the higher net return per acre
would distort the average. This return can be applied to only
310 acres (which is approximately the number of acres of beets
produced in 1984). It 1is assumed that all commercial
irrigators and all crops would have to be charged a similar
rate for additional water. Therefore, $7.54 of additional
water costs per acre is included. The total increase in net
farm income, as a result of increased sugar beet yields, is
$20,900.
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Finally, the total direct agricultural benefits of the
increased production is estimated at $148,628 annually.

Use of Additional Irrigable Land

Direct agricultural benefits would also be generated in the
form of additional net farm income if an increase in the supply
of water would allow additional lands to be irrigated.
Currently, 660 acres of land are idle. It is assumed that this
land 1is of ©poorer quality than that which 1is currently
irrigated. Therefore, sugar beets are excluded as a potential
crop alternative for the new land. 1In addition, the yields of
the remaining potential crops (alfalfa hay, malting barley,
corn for grain, corn for silage) have been reduced from the
levels in the payment capacity budgets to current average
levels as reported by area farmers (without the project) to
reflect the poorer quality land. It is assumed that this idled
land would be reassessed from Class C grazing land to Class B
irrigated land which would increase taxes by $41.25 per acre.
Additional breaking and clearing costs would be incurred as
well.

The average increase in net farm income per acre from these
four crops is $126.20. This figure multiplied by the number of
idled acres results in an increase in direct agricultural
benefits of $83,544 (Appendix B).

Indirect Agricultural Benefits

Changes in economic activity of one sector of an economy cause
corresponding changes in other sectors. These "ripple" effects
are best measured through the use of a multiplier which 1is
calculate by an input-output (I-0) model. 1In this project, the
use of an output multiplier is appropriate since it measures
the total change in the output of an economy that results from
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a change in the output of a single sector. An appropriate
output multiplier for crop production for Wyoming was not
found. However, economists at Montana State University,
Bozeman, have recently completed a state-of-the-art I-O model
for Montana. It is assumed that the agricultural economies of
Montana and Wyoming are similar. Therefore, the results of the
Montana I-0 model are used in this project. The Montana model
indicates that the output multiplier for all crops is 1.73.
This figure indicates that $1.73 of total output is generated
in the economy for every $1.00 of output generated in crop
production. The total output includes the original $1.00
change. Therefore, it can be stated that an additional $0.73
of output is generated in an economy for every $1.00 generated
by crop production.

Calculation of the indirect benefits requires that the output
multiplier be multiplied by the total revenue that is generated
on the idled lands. The average total revenue per acre of the
idled land is $359.57. This figure multiplied by 662 acres
results in an increase in the output of agriculture of
$238,035. The output multiplier multiplied by $238,035 results
in $411,800 of total output being generated in the economy
(including the original $238,035). Therefore, the additional
indirect agricultural benefits equals the difference between
the two figures, or $173,765.

Summarz

The increase in direct agricultural benefits, as a result of
increased yields, is estimated as $148,628 (see Appendix B
worksheets). The increase in direct agricultural benefits, as
a result of the use of current idle 1land, is estimated as
$83,544. The additional indirect agricultural benefits 1is
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estimated as $173,765 (see Appendix B worksheets). Therefore,
the total direct and indirect agricultural benefits that result
from the proposed project is estimated to be $405,937 per year.

Increased Yields $148,628
Idle Land 83,544
Indirect Ag Benefits 173,765

TOTAL $405,937

COST - BENEFIT ANALYSIS

The total project cost of the Lake Adelaide Rehabilitation is
$2,218,100.00 as developed in Chapter VI. These costs must be
analyzed so as to compare WwWith benefits. A 50 year term is
assumed based on past State loans and the expected life of 50
years for the dam before major repairs are needed. For
comparison purposes a 40 year term is also shown. Both of
these terms are conservative as the existing dam |has
experienced 70 years of service. Considering the fact that
sedimentation is minimal, a 100 year life for the dam and
reservoir basin would not be unreasonable.

Three interest rates are presented, 8%, 9% and 10%. These are
rates that are typical of bond rates, the Federal Discount Rate
and 1long term returns on investments of the Wyoming Water
Development Account funds. The following matrixes of benefit
cost/ratios are presented.

Benefit/Cost Ratios
Direct Benefits Of $232,172

Interest Rate Term
40 years 50 years
8% 1.25 1.28
9% 1.13 1.15
10% 1.02 1.04
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Benefit/Cost Ratios
Direct and Indirect Benefits Of $405,937

Interest Rate Term
40 years 50 years
8% 2.18 2,23
9% 1.97 2,01
10% 1.79 1.82

DAM SAFETY BENEFITS

A clear weather breach of the existing dam was simulated using
the Corps of Engineers' HEC-1 computer model. The peak
discharge at Shell was found to be 9200 cfs. Techniques used
on other projectsi/ were used to estimate the probable cost
of damages attributable to this event. Based on the analysis,
the cost of damages was found to be $1.4 million. These costs
are simply reported here but are not included as benefits in
this analysis.

SUMMARY

A total payment capacity for water in the Shell Valley has been
estimated to be $14.54 per acre. Assuming a $7.00 per acre
existing charge, $7.54 may be available for additional payment
for supplemental water. Any additional debt not yet incurred
should be subtracted from this value, i.e. the Shell Canal
project which is pending. It is important to note that present
market conditions would allow no payment capacity. However,
long term markets must be considered in this analysis.

1l/ ECO Northwest, Ltd., "Probable Maximum Flood Damage
Estimates Hyalite Reservoir", Working Paper #1, Submitted
to HKM Associates, June, 1984.

- 150 -
10M183.105/0604P



From the standpoint of the State of Wyoming, the investment is
a feasible one. Benefits exceed costs in all of the various
scenarios presented. This analysis does not include
recreational and flood control benefits. These benefits are
likely minimal, however.
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CHAPTER VIII
FINANCIAL PROGRAM

INTRODUCTION

Numerous State and Federal programs are in place to finance
water development projects. The Federal programs, with the
possible exception of the USBR Small Loans Program, have not
been a viable source of revenue recently. It is assumed that
the funding mechanism for this project will be a low interest
loan and grant from the Wyoming Water Development Account. It
is assumed that the feasibility study costs will be directly
funded from the Water Development Account and the District will
eventually repay a portion of these costs if a project should
materialize.

The Board of Directors of the Shell Valley Watershed
Improvement District has requested a loan of 25% of total
project cost with a term of 50 years and an interest rate of
4%, Given a total project cost less IDC of $2,201,380.00 (see
Table V1.2, Chapter VI), 25% of this value would equate to a
loan of $550,000.00 (rounded). The annual loan repayment would
be $25,602.61 (50 years, 4%, CRF - 0.04655).

RECOMMENDED PROGRAM

The exact financial program cannot be defined until the
following factors are known:

1. The number of acres which will be assessed.

2. The number of small users with a flat rate assessment.

3. The expected O&M charges.

4. The size and establishment rate of an emergency fund.

5. Any special conditions imposed during legislative
approval.
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A typical financial program is presented here for purposes of
discussion. This program is based on assumptions for the first
four factors listed in the previous paragraph. It is assumed
that the assessment base would range from 5,000 to 8,000
acres. This base would include many of the irrigators under
the Shell Canal, those irrigators with Jjunior priorities and
irrigators wishing to develop new lands. The assessment base
will evolve out of a poll of the membership of the District.

It is assumed that 25 small users would be involved irrigating
tracts less than 10 acres in size. It is suggested that these
users be assessed $100.00 per year. This value is based in
part upon assessment of this type by other entities and, in
part, by analysis of alternative costs of supplying this water,
such as wells, pumping from the Big Horn River, etc. This
assessment would include O&M charges, emergency fund reserves,
etc. and would generate $2,500.00 per year.

The O&M charge necessary to operate this reservoir is estimated
to be $1.00 per AF of active storage. This would require
$3,280.00 of revenue to be generated by assessment. The $1.00
per AF is typical of reservoirs of this size. This value will
likely be reduced or increased to meet needs on a year to year
basis.

It is generally recommended that an emergency operating reserve
of twice the annual O&M revenue be established. This fund
would be available for unusual repairs or unforeseen expenses
should they occur. This account could be established over a 5
to 10 year period and would total $6,560.00 when established.
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The following summary table is presented:

Loan Repayment $25,604.00 (4% - 50 years)

o&M 3,280.00 ($1 per AF active
storage)

Emergency Reserve 656.00 (10 year period)

Total Revenues Needed $29,540.00

Less Small Tract Charge 2,500.00
Balance $27,040.00

Assessment per acre with 5,000 acre base: $5.41
Assessment per acre with 8,000 acre base: $3.38
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LAKE ADELAIDE DAM

PLANS AND DETAILS
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NET INCOME FOR A 300 ACRE REPRESENTATIVE FARM IN THE

SHELL VALLEY, 1984 (without beets).

Item

Gross Farm Income

Less: Total Variable Costs

Return Over Variable Costs

Less: Total Fixed Costs

Return Over Variable and Fixed Costs

Less: Opportunity Cost for Operator
Labor and Management 1/

Plus: Interest and Return to Equity
on Operator's Dwelling 2/

Net Farm Income

Repayment Capacity Per Acre 3/

Total
Farm

$118,343

$48,487

$15,563

$16,403

1/ Annual earnings of production and nonsupervisory
workers on payrolls in manufacturing in Wyoming
for 1983, "Earnings And Employment®, U. S.
Department of Labor, Bureau of Labor Statistics.

2/ Considered as a farm perquisite.

3/ Net farm income of $2,262 divided by 300 acres.



CROP PRODUCTION AND TOTAL REVENUE FOR A 300 ACRE REPRESENTATIVE FARM
IN THE SHELL VALLEY, 1984 (without beets).

Yield
Per Total Sales Total

Crop Acres Units Acre 1/ Product Price 2/ Revenue
Alfalfa Hay 95 Ton 5 475.0 $67.11 $31,877
Malting Barley 115 Bu. 100 11,500.0 4,22 48,530
Corn For Grain 40 Bu. 125 5,000.0 3.65 18,250
Corn For Silage 40 Ton 22 880.0 22.37 19,686

Farmstead/Wastage 10
TOTAL 300 $118,343

1/ Yields are fram a combination of personal interviews with Shell
Valley farmers and the Wyoming Agricultural Statistics. Each yield
has been increased by 10% to reflect additional production due to a
greater availability of water if the project is completed.

2/ Normalized prices for Wyoming as reported by the Bureau of
Reclamation, Upper Missouri Region, Billings, Montana except
for corn silage which was unavailable. Its price is estimated as
one-third of the alfalfa hay price.



TOTAL COSTS OF PRODUCTION FOR A 300 ACRE REPRESENTATIVE FARM

IN THE SHELL VALLEY, 1984 (without beets).

Total

Alfalfa Malting Corn for Corn for Farm
Hay Barley Silage Grain Expenses

ITEM (95 Ac) (115 Ac) (40 ac) (40 Ac) (1984)

CASH COSTS
Seed $1,404 $622 $622 $2,648
Fertilizer $2,961 3,494 1,691 1,691 9,837
Herbicide 33 1,462 732 732 2,959
Insecticide 544 544
Other Materials 979 87 30 30 1,126
Custom Hire 470 443 154 154 1,221
Fuel 1,745 2,273 1,463 967 6,448
Irr. Water 665 805 280 280 2,030
Mach. Vvar. Costs 2,658 2,425 1,328 991 7,402
Imp. Var. Costs 427 625 180 180 1,412
Taxes-BEquip. 831 909 579 386 2,705
Utilities 392 475 165 165 1,197
Hired Labor 834 995 546 397 2,772
Insurance-Bquip. 114 123 79 53 369
-Imp. 149 212 63 63 487
Gen. Overhead 640 787 396 336 2,159
Int. Operating 941 1,156 581 493 3,171
VARIABLE COSTS $14,383 $17,675 $8,889 $7,540 $48,487
FIXED COSTS

Stand Establish 1/ 2,541 $2,541
Machinery Deprec. 12,284
Improv. Deprec. 187
Taxes-Land 2/ 1,150
-Imp. 3/ 574
Interest Improv. 1,260
Interest Land 3,658
Interest Machinery 12,341
Bquity Improv. 3,482
Bquity Land 10,112
Bquity Machinery 6,703
TOTAL FIXED COSTS $54,293
TOTAL COSTS $102,780

1/ stand establishment costs are calculated by multiplying the

value of the Worland Enterprise Cost Study ($24.77) by 95 acres

and by a composite update factor (1.08) which is the simple

average of the fuel, machinery, seed, and fertilizer update factors.
2/ land taxes are calculated by miltiplying the assessed value per acre

by the number of acres and the mill levy (.069488).

The assessed

values are as follows: farmstead, $120/acre (5 ac); waste, $1/acre

(5 ac); Class A irrigated land, $55/acre (290 ac).

This information

is from the Big Horn County Assessor's Office.

3/ Building and improvement taxes are calculated by multiplying the
value of the structures by 8% and the mill levy. Information is
from the Big Horn County Assessor's Office.



VARIABLE CASH COSTS OF PRODUCING ALFALFA HAY IN THE

SHELL VALLEY, 1984 (without beets).

1981/1984 Alfalfa Alfalfa

Price Hay Hay Costs
Update Costs Per Costs

ITEM Factor 1/ Acre (95 Ac)

CASH COSTS
Seed

Fertilizer 1.02 $31.17 $2,961
Herbicide 1.16 0.35 33
Insecticide 1.16 5.73 544
Other Materials 1.01 10.30 979
Custom Hire 1.10 4,95 470
Fuel 0.95 18.36 1,745
Irr. Water 2/ 1.00 7.00 665
Mach. Var. Costs 1.25 27.98 2,658
Imp. Var. Costs 1.02 4.50 427
Taxes-Equip. 3/ 1.00 8.75 831
Utilities 4/ 1.18 4.13 392
Hired Labor 5/ 1.00 8.78 834
Insurance-~Equip. 1.11 1.20 114
-Imp. 1.11 1.57 149

Gen. Overhead 6/ 1.00 6.74 640
Interest Oper 7/ 1.00 9.91 941

TOTAL $151.41 $14,384

1/ Update factors are from the August issue of Agri-
cultural Outlook. The factor updates prices from 1981
to August, 1984.

2/ From personal interviews with Shell valley farmers.

3/ Total machinery value multiplied by 15% and by the
mill levy (.069488). Information from the County
Assessor's Office.

4/ The update factor for utilities is from the "Bureau
of Labor Statistics, Monthly Labor Review"”.

5/ Labor is hired at $5.50 per hour. The values used per
acre are one-third that used in "Costs of Producing -
Crops Worland Area, Wyoming 1981-1982" Bulletin 644R,
Agricultural Extension Service, University of Wyoming,
Laramie, due to a reduced labor requirement for this
smaller farm.

6/ General overhead is 5% of cash costs.

7/ Interest on operating capital is calculated by using a

a l4% interest rate on all cash costs for one-half
year.



VARIABLE CASH COSTS OF PRODUCING MALTING BARLEY IN THE

SHELL VALLEY, 1984 (without beets).

1981/1984 Malting Malting
Price Barley Barley
Update Costs Per Costs
ITEM Factor 1/ Acre (115 Ac)
CASH COSTS

Seed 1.11 $12.21 $1,404
Fertilizer 1.02 30.39 3,494
Herbicide 1.16 12.71 1,462

Insecticide 1.16
Other Materials 1.01 0.76 87
Custom Hire 1.10 3.85 443
Fuel 0.95 19.77 2,273
Irr. Water 2/ 1.00 7.00 805
Mach. Var. Costs 1.25 21.09 2,425
Imp. Var. Costs 1.02 5.44 625
Taxes~-Equip. 3/ 1.00 7.90 909
Utilities 4/ 1.18 4.13 475
Hired Labor 5/ 1.00 8.65 995
Insurance-Equip. 1.11 1.07 123
-Imp. 1.11 1.84 212
Gen. Overhead 6/ 1.00 6.84 787
Interest Oper 7/ 1.00 10.05 1,156

TOTAL $153.69 $17,675

1/ Update factors are from the August issue of Agri-
cultural Outlook. The factor updates prices from 1981
to August, 1984.

2/ From personal interviews with Shell Valley farmers.

3/ Total machinery value multiplied by 15% and by the
mill levy (.069488). Information from the County
Assessor's Office.

4/ The update factor for utilities is from the "Bureau
of Labor Statistics, Monthly Labor Review"”.

5/ Labor is hired at $5.50 per hour. The values used per
acre are one-third that used in "Costs of Producing
Crops Worland Area, Wyoming 1981-1982" Bulletin 644R,
Agricultural Extension Service, University of Wyoming,
Laramie, due to a reduced labor requirement for this
smaller farm.,

6/ General overhead is 5% of cash costs.

7/ Interest on operating capital is calculated by using a

a 14% interest rate on all cash costs for one-half
year.



VARIABLE CASH COSTS OF PRODUCING CORN FOR SILAGE IN THE
SHELL VALLEY,

1984 (without beets).

1981/1984 Corn for Corn for
Price Silage Silage
Update Costs Per Costs
ITEM Factor 1/ Acre (40 Ac)
CASH COSTS
Seed 1.11 $15.54 $622
Fertilizer 1.02 42.28 1,691
Herbicide 1.16 18.30 732
Insecticide 1.16
Other Materials 1.01 0.76 30
Custom Hire 1.10 3.85 154
Fuel 0.95 36.57 1,463
Irr. Water 2/ 1.00 7.00 280
Mach. Var. Costs 1.25 33.19 1,328
Imp. Var. Costs 1.02 4.50 180
Taxes-Equip. 3/ 1.00 14.47 579
Utilities 4/ 1.18 4.13 165
Hired Labor 5/ 1.00 13.65 546
Insurance-Equip. 1.11 1.98 79
-Imp. 1.11 1.57 63
Gen. Overhead 6/ 1.00 9.89 396
Interest Oper 7/ 1.00 14.54 581
TOTAL $222.20 $8,888
1/ Update factors are from the August issue of Agri-

2/
3/

4/
5/

6/
1/

cultural Outlook. The factor updates prices from 1981
to August, 1984,

From personal interviews with Shell valley farmers.
Total machinery value multiplied by 15% and by the
mill levy (.069488). Information from the County
Assessor's Office.

The update factor for utilities is from the "Bureau

of Labor Statistics, Monthly Labor Review”.

Labor is hired at §5.50 per hour. The values used per
acre are one-~third that used in "Costs of Producing
Crops Worland Area, Wyoming 1981-1982" Bulletin 644R,
Agricultural Extension Service, University of Wyoming,
Laramie, due to a reduced labor requirement for this
smaller farm.

General overhead is 5% of cash costs.

Interest on operating capital is calculated by using a
a 14% interest rate on all cash costs for one-half
year.



VARIABLE CASH COSTS OF PRODUCING CORN FOR GRAIN IN THE
SHELL VALLEY, 1984 (without beets).

1981/1984 Corn for Corn for
Price Grain Grain
Update Costs Per Costs
ITEM Factor 1/ Acre (40 Ac)
CASH COSTS
Seed 1.11 $15.54 $622
Fertilizer 1.02 42.28 1,691
Herbicide 1.16 18.30 732
Insecticide 1l.16
Other Materials 1.01 0.76 30
Custom Hire 1.10 3.85 154
Fuel 0.95 24.19 967
Irr. Water 2/ 1.00 7.00 280
Mach. Vvar. Costs 1.25 24.76 991
Imp. Var. Costs 1.02 4,50 180
Taxes-Equip. 3/ 1.00 9.64 386
Utilities 4/ 1.18 4,13 165
Hired Labor 5/ 1.00 9.93 397
Insurance-Equip. 1.11 1.32 53
-Imp. 1.11 1.57 63
Gen. Overhead 6/ 1.00 8.39 336
Interest Oper 7/ 1.00 12.33 493
TOTAL $188.48 $7,539
1/ Update factors are from the August issue of Agri-
cultural Outlook. The factor updates prices from 1981

to August, 1984.

2/ From personal interviews with Shell valley farmers

3/ Total machinery value multiplied by 15% and by the
mill levy (.069488). Information from the County
Assessor's Office.

4/ The update factor for utilities is from the "Burea
of Labor Statistics, Monthly Labor Review".

5/ Labor is hired at $5.50 per hour. The values used

u

per

acre are one-third that used in "Costs of Producing

Crops Worland Area, Wyoming 1981-1982" Bulletin 64

4R,

Agricultural Extension Service, University of Wyoming,

Laramie, due to a reduced labor requirement for th
smaller farm.

6/ General overhead is 5% of cash costs.

7/ Interest on operating capital is calculated by usi
a 14% interest rate on all cash costs for one-half
year.
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MACHINERY COMPLEMENT AND DEPRECIATION FOR A 300 ACRE
REPRESENTATIVE FARM IN THE SHELL VALLEY, 1984 (without beets).

YEARS
OF SINKING ANNUAL
1984 USEFUL FUND DEPREC-
MACHINE/VEHICLE 1/ COsT LIFE 1/ FACIOR 2/ IATION
Vehicles :
Pickup - 1/2 Ton $6,000 8 0.07339 $440
Truck - 2 Ton 15,000 16 0.01827 274
Truck - 2 Ton 6,000 16 0.01827 110
Tractors :
125 Hp 41,000 10 0.04974 2,039
80 Hp 25,000 10 0.04974 1,243
Tillage :
Plow - 4-16's 6,000 10 0.04974 298
Roller Harrow - 15°' 7,500 8 0.07339 550
Leveler - 45' x 12' 7,500 12 0.03491 262
Tandem Disc - 15°' 6,000 10 0.04974 298
Field Cultivator - 15' 3,500 12 0.03491 122
Spike Harrow - 24' 1,000 20 0.01000 10
Planting :
Grain Drill - 14' 9,219 10 0.04974 459
Corn Planter - 4 Row 3,750 8 0.07339 275
Cultivation :
Corn Cultivator-4 Row 5,625 10 0.04974 280
Harvest :
Swather - 12° 15,000 10 0.04974 746
Cambine 30,000 10 0.04974 1,492
Corn Head - 4 Row 6,000 10 0.04974 298
Corn Chopper - 2 Row 10,000 6 0.11482 1,148
Baler 7,485 10 0.04974 372
Miscellaneous :
Ditcher 2,875 10 0.04974 143
Blade 3,375 12 0.03491 118
Sprayer 5,750 10 0.04974 286
Loader - Front Mount 7,875 10 0.04974 392
Auger - Gas 42' 2,250 12 0.03491 79
Fuel Tanks 1,616 15 0.02136 35
Siphon Tubes - 2,000’ 4,040 10 0.04974 201
Gated Pipe - 2,000’ 6,060 15 0.02136 129
Shop BEquipment 10,100 25 0.00485 49
Weed Burner 3,250 12 0.03491 113
Pipe Wagon 1,000 15 0.02136 21
TOTAL $259,770 $12,284

1/ From "Costs of Producing Crops Worland Area, Wyoming 1981-1982"
Bulletin 644R, Agricultural Extgnsion.Service, University of
Wyoming, Laramie, and personal interviews. _

2/ The sinl’c'mg fund' factor is calculated at a 14.8% interest rate
which is a four year average of the Greybull, Wyaming

Production Credit Association (1981-1984).



INTEREST ON MACHINERY DEBT AND RETURN TO EQUITY FOR
A 300 ACRE REPRESENTATIVE FARM IN THE SHELL VALLEY,
1984 (without beets).

TOTAL INVESTMENT $259,770
NON-REAL ESTATE DEBT-TO-ASSET RATIO 1/ 32.10%
DEBT PORTION $83,386
EFFECTIVE INTEREST RATE 2/ 14.80%
Subtotal $12,341
EQUITY PORTION $176,384
RATE OF RETURN TO EQUITY 3/ 3.80%
Subtotal $6,703
TOTAL INTEREST AND RETURN TO EQUITY $19,044

1/ A four year simple average (1980-1983) from
"Economic Indicators of the Farm Sector, State
Income and Balance Sheet Statistics, 1982"

ERS, USDA, for Wyoming.

2/ A four year simple average of the Greybull, Wyoming
Production Credit Association (1981-1984) as
reported by John King, Field Office Manager.

3/ From "Economic Indicators of the Farm Sector,
Income and Balance Sheet Statistics, 1982". The
simple average rate of return to equity for
1970 - 1982.



BUILDING AND IMPROVEMENTS COST AND DEPRECIATION FOR A 300 ACRE
REPRESENTATIVE FARM IN THE SHELL VALLEY, 1984 (without beets).

1981/1984 YEARS
PRICE OF SINKING ANNUAL
BUILDING AND 1981 UPDATE 1984 USEFUL FUND DEPREC~-

IMPROVEMENTS 1/ COST 1/ FACIOR 2/ COST LIFE 1/ FACTOR 3/ IATION

Machine Shop $22,670 1.02 s23,123 30 0.00523 $l21

Machine Shed 9,360 1.02 9,547 30 0.00523 50
Fences 3,000 1.02 3,060 30 0.00523 16
Dwelling 66,250 1.02 67,575

TOTAL $103,306 $187

1/ From "Costs of Producing Crops Worland Area, Wyoming 1981-1982"
Bulletin 644R, Agricultural Extension Service, University of
Wyaming, Laramie.

2/ Update factors are fram the August issue of Agricultural Outlock
ERS, USDA.

3/ The sinking fund factor is calculated at an interest rate of
10.79% which is the four year average of the Eighth Farm Credit
District (1981-1984).



INTEREST ON BUILDING AND IMPROVEMENT DEBT AND RETURN
TO EQUITY FOR A 300 ACRE REPRESENTATIVE FARM IN THE
SHELL VALLEY, 1984 (without beets).

TOTAL INVESTMENT $103,306
REAIL ESTATE DEBT-TO-ASSET RATIO 1/ 11.30%
DEBT PORTION $11,674
EFFECTIVE INTEREST RATE 2/ 10.79%

Subtotal $1,260
EQUITY PORTION $91,632
RATE OF RETURN TO EQUITY 3/ 3.80%

Subtotal $3,482
TOTAL INTEREST AND RETURN TO EQUITY $4,742

1/ A four year simple average (1980-1983) from
"BEconomic Indicators of the Farm Sector, State
Income and Balance Sheet Statistics, 1982"

ERS, USDA, for Wyoming.

2/ A four year average of the Eighth Farm Credit
District (1981-1984).

3/ From "Economic Indicators of the Farm Sector,
Income and Balance Sheet Statistics, 1982%". The
simple average rate of return to equity for
1970 - 1982.



LONG TERM REAL ESTATE INTEREST ON DEBT AND RETURN TO
EQUITY FOR A 300 ACRE REPRESENTATIVE FARM IN THE SHELL
VALLEY, 1984 (without beets).

TOTAL INVESTMENT 300 Acres @ $1,000 1/ $300,000
REAL ESTATE DEBT-TO-ASSET RATIO 2/ 11.30%
DEBT PORTION $33,900
EFFECTIVE INTEREST RATE 3/ 10.79%

Subtotal $3,658
EQUITY PORTION $266,100
RATE OF RETURN TO EQUITY 4/ 3.80%

Subtotal $10,112

TOTAL INTEREST AND RETURN TO EQUITY $13,770

1/ Prom Don Becker of the Federal Land Bank in
Worland, Wyoming and personal interviews.

2/ A four-year simple average (1980-1983) from
"Economic Indicators of the Farm Sector, State
Income and Balance Sheet Statistics, 1982"

ERS, USDA, for Wyoming.

3/ A four year average of the Eighth Farm Credit
District (1981-1984).

4/ From "Economic Indicators of the Farm Sector,

Income and Balance Sheet Statistics, 1982", The
simple average rate of return to equity for
1970 - 1982.



NET INCOME FOR A 300 ACRE REPRESENTATIVE
SHELL VALLEY, 1984 (with beets).

FARM IN THE

Item

Gross Farm Income
Less: Total Variable Costs

Return Over Variable Costs

Total Pixed Costs

Less:

Return Over Variable and Fixed Costs

Less: Opportunity Cost for Operator
Labor and Management 1/
Plus: Interest and Return to Equity

on Operator's Dwelling 2/

Net Farm Income

Repayment Capacity Per Acre 3/

Total
Farm

$160,333
$76,244
$84,089
$63,175

$20,914

$16,403

$25.38

1/ Annual earnings of production and nonsupervisory
workers on payrolls in manufacturing in Wyoming
for 1983, "Earnings And Employment”", U. S.
Department of Labor, Bureau of Labor Statistics.
2/ Considered as a farm perquisite.

3/

Net farm income of $7,613 divided by 300 acres.



CROP PRODUCTION AND TOTAL REVENUE FOR A 300 ACRE REPRESENTATIVE FARM
IN THE SHELL VALLEY, 1984 (with beets).

Yield

Per Total Sales Total
Crop Acres Units Acre 1/ Product Price 2/ Revenue
Alfalfa Hay 70 Ton 5 350.0 $67.11 $23,489
Malting Barley 120 Bu. 100 12,000.0 4.22 50,640
Sugar Beets 100 Ton 23 2,300.0 37.48 86,204

Farmstead/Wastage 10
TOTAL 300 $160,333

1/ Yields are from a cambination of personal interviews with Shell
Valley farmers and the Wyoming Agricultural Statistics. Each yield
has been increased by 10% to reflect additional production due to a
greater availability of water if the project is campleted.

2/ The alfalfa hay and malting barley prices are normalized prices
for Wyoming as reported by the Bureau of Reclamation, Upper
Missouri Region, Billings, Montana. The price of sugar beets has
been normalized by calculating a eight-year average of beet prices
(1977-1984, 1983 and 1984 are preliminary and projected prices,
respectively) and multiplying it by the increase in the GNP
implicit price deflator (from Agricultural Outlook) from 1981 to
1984.



TOTAL COSTS OF PRODUCTION FOR A 300 ACRE REPRESENTATIVE FARM

IN THE SHELL VALLEY, 1984 (with beets).

Total

Alfalfa Malting Sugar Farm
Hay Barley Beets Expenses

ITEM (70 Ac) (120 Ac) (100 Ac) (1984)

CASH COSTsS
Seed $1,465 $1,323 2,788
Fertilizer $2,182 3,646 6,727 12,555
Herbicide 24 1,526 3,102 4,652
Insecticide 401 6,566 6,967
Other Materials 721 91 414 1,226
Custom Hire 347 462 7,370 8,179
Fuel 1,285 2,372 5,058 8,715
Irr. Water 490 840 700 2,030
Mach. Var. Costs 1,958 2,531 5,314 9,803
Imp. Var. Costs 315 652 664 1,631
Taxes-Equip. 597 924 1,919 3,440
Utilities 289 496 479 1,264
Hired Labor 615 1,038 1,943 3,596
Insurance-Equip. 84 128 270 482
-Imp. 110 221 203 534
Gen. Overhead 471 820 2,103 3,394
Int. Operating 692 1,205 3,091 4,988
VARIABLE COSTS $10,581 $18,417 $47,246 $76,244
FIXED COSTS

Stand Establish 1/ 1,873 $1,873
Machinery Deprec. 16,195
Improv. Deprec. 232
Taxes-Land 2/ 1,150
-Imp. 3/ 622
Interest Improv. 1,364
Interest Land 3,658
Interest Machinery 15,681
Equity Improv. 3,771
Equity Land 10,112
Equity Machinery 8,517
TOTAL FIXED COSTS $63,175
TOTAL COSTS $139,419

1/ stand establishment costs are calculated by multiplying the
value of the Worland Enterprise Cost Study ($24.77) by 70
acres and by a composite update factor (1.08) which is the
average of the fuel, machinery, seed, and fertilizer update

Land taxes are calculated by multiplying the assessed value

per acre by the number of acres and the mill levy (.069488).

farmstead, $120/acre

(5 ac); waste, $1/acre (5ac); Class A irrigated land,

factors.
2/
The assessed values are as follows:
$55/acre (290 ac).
County Assessor's Office.
3/

the value of the structures by 8% and the mill levy.

This information is from the Big Horn

Building and improvement taxes are calculated by multiplying

This

information is from the Big Horn County Assessor's Office.



VARIABLE CASH COSTS OF PRODUCING ALFALFA HAY IN THE

SHELL VALLEY, 1984 (with beets).

1981/1984 Alfalfa Alfalfa
Price Hay Hay Costs
Update Costs Per Costs
ITEM Factor 1/ Acre (70 Ac)
CASH COSTS
Seed
Fertilizer 1.02 $31.17 $2,182
Herbicide 1.16 0.35 24
Insecticide 1.16 5.73 401
Other Materials 1.01 10.30 721
Custom Hire 1.10 4,95 347
Fuel 0.95 18.36 1,285
Irr. Water 2/ 1.00 7.00 490
Mach. Var. Costs 1.25 27.98 1,958
Imp. Var. Costs 1.02 4.50 315
Taxes-Equip. 3/ 1.00 8.53 597
Utilities 4/ 1.18 4.13 289
Hired Labor 5/ 1.00 8.78 615
Insurance-Equip. 1.11 1.20 84
~-Imp. 1.11 1.57 110
Gen. Overhead 6/ 1.00 6.73 471
Interest Oper 7/ 1.00 9.89 692

TOTAL $151.16 $10,581

1/ Update factors are from the August issue of Agri-
cultural Outlook. The factor updates prices from 1981
to August, 1984.

2/ From personal interviews with Shell Vvalley farmers.

3/ Total machinery value multiplied by 15% and by the
mill levy (.069488). Information from the County
Assessor's Office.

4/ The update factor for utilities is from the "Bureau
of Labor Statistics, Monthly Labor Review"”.

5/ Labor is hired at $5.50 per hour. The values used per
acre are one-third that used in "Costs of Producing
Crops Worland Area, Wyoming 1981-1982" Bulletin 644R,
Agricultural Extension Service, University of Wyoming,
Laramie, due to a reduced labor requirement for this
smaller farm.

6/ General overhead is 5% of cash costs.

7/ 1Interest on operating capital is calculated by using a

a 14% interest rate on all cash costs for one-half
year.



VARIABLE CASH COSTS OF PRODUCING MALTING BARLEY IN THE
SHELL VALLEY, 1984 (with beets).

1981/1984 Malting Malting
Price Barley Barley
Update Costs Per Costs
ITEM Factor 1/ Acre (120 ac)
CASH COSTS

Seed 1.11 $12.21 $1,465
Fertilizer 1.02 30.39 3,646
Herbicide 1.16 12.71 1,526

Insecticide 1.16
Other Materials 1.01 0.76 91
Custom Hire 1.10 3.85 462
Fuel 0.95 19.77 2,372
Irr. Water 2/ 1.00 7.00 840
Mach. Var. Costs 1.25 21.09 2,531
Imp. Var. Costs 1.02 5.44 652
Taxes~-Equip. 3/ 1.00 7.70 924
Utilities 4/ 1.18 4,13 496
Hired Labor 5/ 1.00 8.65 1,038
Insurance-Equip. 1.11 1.07 128
-Imp. 1.11 1.84 221
Gen. Overhead 6/ 1.00 6.83 820
Interest Oper 7/ 1.00 10.04 1,205
TOTAL $153.47 $18,416

1/ Update factors are from the August issue of Agri-

cultural Outlook. The factor updates prices from 1981

to August, 1984.

2/ Prom personal interviews with Shell valley farmers

3/ Total machinery value multiplied by 15% and by the
mill levy (.069488). Information from the County
Assessor's Office.

4/ The update factor for utilities is from the "Burea
of Labor Statistics, Monthly Labor Review”.

5/ Labor is hired at $5.50 per hour. The values used per

u

acre are one-third that used in "Costs of Producing

Crops Worland Area, Wyoming 1981-1982" Bulletin 64

4R,

Agricultural Extension Service, University of Wyoming,

Laramie, due to a reduced labor requirement for th
smaller farm.
6/ General overhead is S% of cash costs.

7/ 1Interest on operating capital is calculated by using a

a 1l4% interest rate on all cash costs for one-half
year.

is



VARIABLE CASH COSTS OF PRODUCING SUGAR BEETS IN THE

SHELL VALLEY,

1984 (with beets).

1981/1984 Sugar Sugar
Price Beet Beet
Update Costs Per Costs
ITEM Factor 1/ Acre (100 Ac)
CASH COSTsS

Seed 1.11 $13.23 $1,323
Fertilizer 1.02 67.27 6,727
Herbicide 1.16 31.02 3,102
Insecticide 1.16 65.66 6,566
Other Materials 1.01 4.14 414
Custom Hire 1.10 73.70 7,370
Fuel 0.95 50.58 5,058
Irr. Water 2/ 1.00 7.00 700
Mach. Var. Costs 1.25 53.14 5,314
Imp. Var. Costs 1.02 6.64 664
Taxes~Equip. 3/ 1.00 19.19 1,919
Utilities 4/ 1.18 4.79 479
Hired Labor 5/ 1.00 19.43 1,943
Insurance-Equip. 1.11 2.70 270
-Imp. 1.11 2,03 203
Gen. Overhead 6/ 1.00 21.03 2,103
Interest Oper 7/ 1.00 30.91 3,091
TOTAL $472.44 $47,244

1/ Update factors are from the August issue of Agri-

2/
3/

4/
5/

6/
7/

cultural Outlook.
to August, 1984.

The factor updates prices from 1981

From personal interviews with Shell Valley farmers.
Total machinery value multiplied by 15% and by the
Information from the County

mill levy (.069488).
Assessor's Office.

The update factor for utilities is from the "Bureau
of Labor Statistics, Monthly Labor Review”.
The values used per
acre are one-third that used in "Costs of Producing
Crops Worland Area, Wyoming 1981-1982" Bulletin 644R,
Agricultural Extension Service, University of Wyoming,
Laramie, due to a reduced labor requirement for this

Labor is hired at $5.50 per hour.

smaller farm.

General overhead is 5% of cash costs.
Interest on operating capital is calculated by using a
a 1l4% interest rate on all cash costs for one-half

year.



MACHINERY CCMPLEMENT AND DEPRECIATION FOR A 300 ACRE
REPRESENTATIVE FARM IN THE SHELL VALLEY, 1984 (with beets).

YEARS
OF SINKING ANNUAL
1984 USEFUL FUND DEPREC-
MACHINE/VEHICLE 1/ CosT LIFE 1/ FACIOR 2/ IATION
Vehicles :
Pickup - 1/2 Ton $6,000 8 0.07339 $440
Truck - 2 Ton 15,000 16 0.01827 274
Truck - 2 Ton 6,000 16 0.01827 110
Truck - Tandem 35,179 18 0.01346 474
Tractors :
125 Hp 41,000 10 0.04974 2,039
80 Hp 25,000 10 0.04974 1,243
Tillage :
Plow - 4~16's 6,000 10 0.04974 298
Roller Harrow - 15°' 7,500 8 0.07339 550
Leveler - 45' x 12° 7,500 12 0.03491 262
Tandem Disc - 15' 6,000 10 0.04974 298
Field Cultivator - 15' 3,500 12 0.03491 122
Spike Harrow - 24' 1,000 20 0.01000 10
Planting :
Grain Drill - 14' 9,219 10 0.04974 459
Beet Planter - 6 Row 3,750 8 0.07339 275
Chemical Boxes - 2 3,750 8 0.07339 275
Cultivation :
Beet Cultivator-6 Row 5,625 10 0.04974 280
Beet Roller - 6 Row 1,750 20 0.01000 17
Harvest :
Swather - 12' 15,000 10 0.04974 746
Cambine 30,000 10 0.04974 1,492
Beet Defoliater-6 Row 15,625 8 0.07339 1,147
Beet Puller - 3 Row 30,000 6 0.11482 3,444
Baler 7,485 10 0.04974 372
Miscellaneous :
Ditcher 2,875 10 0.04974 143
Blade 3,375 12 0.03491 118
Sprayer 5,750 10 0.04974 286
Loader - Front Mount 7,875 10 0.04974 392
Auger - Gas 42' 2,250 12 0.03491 79
Fuel Tanks 1,616 15 0.02136 35
Siphon Tubes - 2,000' 4,040 10 0.04974 201
Gated Pipe - 2,000’ 6,060 15 0.02136 129
Shop Bquipment 10,100 25 0.00485 49
Weed Burner 3,250 12 0.03491 113
Pipe Wagon 1,000 15 0.02136 21
TOTAL $330,074 $16,195

1/ From “"Costs of Producing Crops Worland Area, Wycming 1981-1982"
Bulletin 644R, Agricultural Extension Service, University of
Wyoming, Laramie, and personal interviews.

2/ The sinking fund factor is calculated at a 14.8% interest rate
which is a four year average of the Greybull, Wyoming
Production Credit Association (1981-1984).



INTEREST ON MACHINERY DEBT AND RETURN TO EQUITY FOR
A 300 ACRE REPRESENTATIVE FARM IN THE SHELL VALLEY,
1984 (with beets).

TOTAL INVESTMENT $330,074
NON-REAL ESTATE DEBT-TO-ASSET RATIO 1/ 32.10%
DEBT PORTION $105,954
EFFECTIVE INTEREST RATE 2/ 14.80%
Subtotal $15,681
EQUITY PORTION $224,120
RATE OF RETURN TO EQUITY 3/ 3.80%
Subtotal $8,517
TOTAL INTEREST AND RETURN TO EQUITY $24,198

1/ A four year simple average (1980-1983) from
"Economic Indicators of the FParm Sector, State
Income and Balance Sheet Statistics, 1982"

ERS, USDA, for Wyoming.

2/ A four year simple average of the Greybull, Wyoming
Production Credit Association (1981-1984) as
reported by John King, Field Office Manager.

3/ From "Economic Indicators of the Farm Sector,
Income and Balance Sheet Statistics, 1982". The
simple average rate of return to equity for
1970 - 1982.



BUILDING AND IMPROVEMENTS COST AND DEPRECIATION FOR A 300 ACRE
REPRESENTATIVE FARM IN THE SHELL VALLEY, 1984 (with beets).

1981/1984 YEARS
PRICE oF SINKING ANNUAL
BUILDING AND 1981 UPDATE 1984 USEFUL FUND DEPREC-

IMPROVEMENTS 1/ COST 1/ FACTOR 2/ COST LIFE 1/ FACTOR 3/ IATION

Machine shop $22,670 1.02 823,123 30 0.00523 $l21

Machine Shed 9,360 1.02 9,547 30 0.00523 50
Fences 3,000 1.02 3,060 30 0.00523 16
Beet Labor House 8,400 1.02 8,568 30 0.00523 45
Dwelling 66,250 1.02 67,575

TOTAL $111,874 $232

1/ From "Costs of Producing Crops Worland Area, Wyoming 1981-1982"
Bulletin 644R, Agricultural Extension Service, University of
Wyoming, Laramie.

2/ Update factors are from the August issue of Agricultural Outlook
ERS, USDA.

3/ The sinking fund factor is calculated at an interest rate of
10.79% which is a four year average of the Eighth Farm Credit
District (1981-1984).



INTEREST ON BUILDING AND IMPROVEMENT DEBT AND RETURN
TO EQUITY FOR A 300 ACRE REPRESENTATIVE FARM IN THE
SHELL VALLEY, 1984 (with beets).

TOTAL INVESTMENT $111,874
REAL ESTATE DEBT-TO-ASSET RATIO 1/ 11.30%
DEBT PORTION $12,642
EFFECTIVE INTEREST RATE 2/ 10.79%
Subtotal $1,364
EQUITY PORTION $99,232
RATE OF RETURN TO EQUITY 3/ 3.80%
Subtotal $3,771
TOTAL INTEREST AND RETURN TO EQUITY $5,135

1/ A four year simple average (1980-1983) from
"Economic Indicators of the Farm Sector, State
Income and Balance Sheet Statistics, 1982*"

ERS, USDA, for Wyoming.

2/ A four year average of the Eighth Farm Credit
District (1981-1984).

3/ From "Economic Indicators of the Farm Sector,
Income and Balance Sheet Statistics, 1982". The
simple average rate of return to equity for
1970 - 1982.



LONG TERM REAL ESTATE INTEREST ON DEBT AND RETURN TO
EQUITY FOR A 300 ACRE REPRESENTATIVE FARM IN THE SHELL
VALLEY, 1984 (with beets).

TOTAL INVESTMENT 300 Acres @ $1,000 1/ $300,000
REAL ESTATE DEBT-TO-ASSET RATIO 2/ 11.30%
DEBT PORTION $33,900
EFFECTIVE INTEREST RATE 3/ 10.79%
Subtotal $3,658
EQUITY PORTION $266,100
RATE OF RETURN TO EQUITY 4/ 3.80%
Subtotal $10,112

TOTAL INTEREST AND RETURN TO EQUITY $13,770

1/ From Don Becker of the Federal Land Bank in
Worland, Wyoming and personal interviews.

2/ A four year simple average (1980-1983) from
"Economic Indicators of the Farm Sector, State
Income and Balance Sheet Statistics, 1982"

ERS, USDA, for Wyoming.

3/ A four year average of the Eighth Farm Credit
District (1981-1984).

4/ From "Economic Indicators of the Farm Sector,

Income and Balance Sheet Statistics, 1982". The
simple average rate of return to equity for
1970 - 1982.



INCREASED NET RETURNS PER ACRE RESULTING FROM A 10 PERCENT YIELD INCREASE,
SHELL VALLEY, 1984.

Alfalfa Malting Corn for Corn for Sugar

Hay Barley Grain Silage Beets
Item (tons) (bushels) (bushels) (tons)

ADDED RETURNS

Increased Yield 0.5 10 10 2 2

Sales Price Per Unit $67.11 $4.22 $3.65 $22.37 $37.48

Added Revenue Per Acre $33.56 $42.20 $36.50 $44.74 $74.96
ADDED COSTS

Additional Water Costs

Per Acre $7.54 $7.54 $7.54 $7.54 $7.54

NET RETURNS PER ACRE $26.02 $34.66 $28.96 $37.20 $67.42




DIRECT AGRICULTURAL BENEFITS TO THE SHELL VALLEY PROJECT RESULTING
FROM A 10 PERCENT YIELD INCREASE, SHELL VALLEY, 1984.

Average Total Total

Increased Non—-Beet Sugar Total
Returns Irrigated Beet Increased
Per Acre Acres Acres Returns

Crop 1984 1984 1984 1984
All Crops Except Beets 1/ $31.71 9401 $298,106
Sugar Beets Only $67.42 310  $20,900
TOTAL BENEFTTS $319,006

1/ The average increased net returns per acre for alfalfa hay,
malting barley, corn for grain, and corn for silage is $31.71.



DIRECT AGRICULTURAL BENEFITS TO THE SHELL VALLEY WATERSHED
IMPROVEMENT DISTRICT RESULTING FROM A 10 PERCENT YIELD
INCREASE, SHELL VALLEY, 1984.

Average Total Total

Increased Non-Beet Sugar Total
Returns Irrigated Beet Increased
Per Acre Acres Acres Returns
Crop 1984 1984 1984 1984
All Crops Except Beetsl/ $31.71 4,0282/ $127,728
Sugar Beets Only $67.42 310 $ 20,900
TOTAL BENEFITS $148,628

1/ The average increased net returns per acre for alfalfa hay,
malting barley, corn for grain, and corn for silage 1is
$31.71.

2/ Assumes 5000 acres benefit from additional storage less 310
acres of sugar beets and 662 acres of idle lands.

DIRECT AGRICULTURAL BENEFITS TO THE SHELL VALLEY PROJECT
DUE TO ADDITIONAL IRRIGABLE LAND USE, SHELL VALLEY, 1984.

Alfalfa Malting corn for corn for

Hay Barley Grain Silage
Item (tons) (bushels) (bushels) (tons)
ADDED RETURNS
Expected Yield 1/ 4 90 100 19
Sales Price Per Unit $67.11 $4.22 $3.65 $22.37
Total Revenue
Per Acre $268.44 $379.80 $365.00 $425.03
ADDED COSTS
variable Cost
Per Acre2/ $151.41  $153.69  $188.48  $222.20
Additional Water Costs
Per Acre 3/ $7.54 $7.54 $7.54 $7.54

Stand Establishment4/ $8.92
Breaking Costs

Per Acre 5/ $3.40 $3.40 $3.40 $3.40
Increased Taxes
Per Acre 6/ $41.25 $41.25 $41.25 $41.25

TOTAL CASH COSTS PER ACRE$212.52 $205.88 $240.67 $274.39

Return Over Cash Costs

Per Acre $55.92 $173.92 $124.33 $150.64
Average Return
Per Acre 7/ $126.20
Total Idle Acres 662
Direct Benefit $83,544
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1/
2/
4/
5/

6/

7/

The yields used are below those used in the payment
capacity budgets to reflect the use of poorer land.

From payment capacity budgets.

Ability to pay from payment capacity budgets.

The payment capacity budget figure of $26.75 for stand
establishment for 1984 divided by three years.

From "Custom Rates For Farm-Ranch Operations in Wyoming,
Guides for 1983-1984", Bulletin 703R, Division of
Agricultural Economics, University of Wyoming, Laramie.
The value for custom moldboard plowing i the toughest
conditions ($24/acre) 1is added to the custom rate for
discing in toughest <conditions ($10/acre) and 1is then
spread over 10 years.

It is assumed that the land would increase from Class C
grazing ($3.75 per acre assessed value) to Class B
irrigated ($45 per acre).

The average return per acre of alfalfa hay, malting barley,
corn for grain, and corn for silage on the additional
irrigable land.
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APPENDIX C

FIELD INSPECTION NOTES

LOW LEVEL CONDUIT

LAKE ADELAIDE DAM
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FIELD INSPECTION

Low Level Conduit
Lake Adelaide Dam
By
Dan L. Dyer, Roger J. Perkins
and Ralph L. Rollins
July 12, 1984

The low level conduit in the existing Lake Adelaide Dam
embankment is a 30 inch diameter reinforced concrete pipe.
The inside surface of the conduit is in very poor condition
from the outlet upstream for four sections. Each section
is about 8' 1long. At these sections deterioration has
occurred on the floor of the conduit where water has
apparently frozen and spalled the concqgte. The roof and
sides on the conduit, in these first four sections, are not
in poor condition relative to the floor.

Between joints 5 through 8 the conduit appears to be in
relatively good condition. Near 3joint 5 there are roots
coming into the conduit through the joint. At the 9th
joint water appears to be coming into the conduit from
overhead. This water 1likely originates from the phreatic
surface intersecting the conduit.

Calcium deposits are observed at the 10th joint on the roof
of the conduit.

Between joints 10 and 11 there is a crack all the way
around the conduit. Water is seeping into the conduit from
all sides at the rate of an estimated one gallon per minute.

10M183.105/0610P



10.

11.

12,

13.

The conduit is cracked near Jjoint 17. This may be from
settlement because it appears that the roof is in

compression while the floor is in tension.

The conduit between Jjoints 12 and 16 appears to be in
relatively good condition.

At the 16th joint there is some leakage into the conduit.

At the 20th joint water is coming in a crack which extends
all the way around the conduit., The flow in the conduit at
this location appears to be slightly deeper suggesting that
the conduit is slightly displaced vertically.

There is a pressure flow into the conduit at joint 19. The
flow is into the 1left side, facing upstream. The hole
through which the water is shooting into the conduit is
approximately 1/2 inch in diameter.

Just upstream of joint number 20 there is a leak into the
conduit. This crack is from 6 inches to a foot away from
the joint itself. There are two or three places along the
conduit where this type of crack occurs.

There appears to be a total of 22 joints in the conduit.

At joint 20 the pipe appears to be displaced at the roof
approximately 1/2 inch.

At joints 21 and 22 the concrete appears very rough. There
is not a smooth transition from one section to the next.
The joint appears slightly displaced.
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14. Water is leaking into the conduit around the gate seat on
the downstream side. The gate valve does not seat properly.

15. The gate itself appears to be in fairly good condition. It
is a vertical slide gate.

16. At joint number 6 there is a salt deposit on the roof of
the conduit. Water 1is entering the conduit at this
location.

In conclusion, the conduit is in need of repair. While it is
operating satisfactorily presently, it could develop serious
problems because of the cracks and holes in the pipe. There is
a hole in the second section of the conduit from the downstream
end near the first joint. The hole extends all the way through
the conduit and £fill soil is exposed. The entire conduit
should be replaced or rehabilitated. While the existing
vertical gate may be in good condition, the gate seal is in
very poor condition and must be replaced. Approximately 100
gallons a minute was flowing through the conduit at the time of
this investigation. The gate is completely closed, therefore,
this volume is leakage through the seal of the gate. The wing
walls at the outlet of the conduit appear to be fairly good
condition with the exception of spalling concrete along the
wing walls at various locations. At the connection between the
conduit and the wing wall there is some displacement; probably
the result of frost heave. There is a broad crested weir
located approximately 50 feet downstream of the outlet. The
weir has a staff gage located on the west bank of the channel.
The gage will record a maximum of one foot of flow over the
weir. Beyond that, it appears that the weir becomes
inundated. On about Augqust 6th, Ben Menzel and Dan Dyer opened
the slide gate to allow an increased flow through the conduit.
We opened the gate far enough to raise the flow at the staff
gage to 0.85 feet.
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APPENDIX E

SHELL VALLEY WATER RIGHTS AND IRRIGATED LANDS INVENTORY

DRAINAGE: Shell Creek
Total Water Right Irrigated Lands Idle Lands
Water Diversion With With Total
Permit Permit Priority Tract Right Rate Water No Water Total Water No Water Total Irr. & Idle USGS
Name Status No. Date Acres cfs/(AF) Rights Rights Irr, Rights Rights Idle Acres QUAD

Shell

Reservoir A 2200R 10/20/19M 1948.94 AF
Adelaide

Reservoir P 1921R  8/8/1910 1448.6 AF

Shell Ranger

Station Pipe-

1ine No. 1 A 19802 7/23/1943 1.0 0.015

Shell Ranger

Station P.L.

No. 2 A 19803  7/23/1943 S.S. {Sup. Supply to 1 acre under #19802)

Shell Ranger

Station

Irrigation

ditch A 18893  2/26/1938 1.17 0.02

Lockard Pipe-

line A 22667 2/8/1966 0.0228 {Domestic Use)
Shell Ranger

Station Pipe-

line A 18907 2/26/1938 0.03 (Domestic Use)
Shell Ranger

Station Rearing

Pond Res. A 5437R 7/3/1941 0.58 AF
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APPENDIX E (continued)

SHELL VALLEY WATER RIGHTS AND IRRIGATED LANDS INVENTORY

DRAINAGE : Shell Creek
Total Water Right Irrigated Lands Idle Lands
Water Diversion With With Total
Permit Permit Priority Tract Right Rate Water No Water Total Water No Water Total Irr. & Idle USGS
Name Status No. Date No. Acres cfs/(AF) Rights Rights Irr. Rights Rights Idle Acres QUAD
Shell Rearing
Pond Res.
Supply Pipe-
line A 19669  7/3/194 Supply
Pipeline
Hamilton
Pipeline A 23113 8/17/1966 0.045 (Domestic Use)
Emmett
Pipeline A 22869 8/30/1967 0.0302 (Domestic Use)
10M183.105/0585P
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APPENDIX E (continued)
SHELL VALLEY WATER RIGHTS AND IRRIGATED LANDS INVENTORY

DRAINAGE : Granite Creek (Trib. to Shell)
Total Water Right Irrigated Lands Idle Lands
Water Diversion With With Total
Permit Permit Priority Tract Right Rate Water No Water Total Water No Water Total Irr, & Idle USGS
Name Status No. Date No. Acres cfs/(AF) Rights Rights Irr, Rights Rights Idle Acres QUAD

Riley Pipe-

line A 22617 11/12/1963 0.0084 (Domestic Use)
Asp & Murphy

Pipeline A 22616 11/12/1963 0.0084 (Domestic Use)
Horn No. 1

Pipeline A 22624 11/12/1963 0.12 (Domestic Use)
Fun Valley

Pipeline P 26269 3/2/1978 0.014 (Miscellaneous Use)
Meier Pipeline A 22619 11/12/1963 0.012 (Domestic Use)

Perkins Pipe-

line #2 A 22598  9/15/1965 0.0135 (Domestic Use)

Horn No. 3

Pipeline A 22618 11/12/1963 0.016 (Domestic Use)
Horn No. 3

Pipeline p 6603E 11/26/1976 0.016 {Domestic Use)
W.C.P. Spring A 22620 11/12/1963 0.054 (Domestic Use)

10M183.105/0585P
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APPENDIX E (continued)
SHELL VALLEY WATER RIGHTS AND IRRIGATED LANDS INVENTORY

DRAINAGE: Shell Creek
Water Right Irrigated Lands
Diversion With
Permit Permit Priority Tract Rate Water Total Irr. & Idle USGS
Name Status No. Date No. cfs/(AF) Rights QUAD
Fender A 3246 6/10/1901 1-214 Black Mtn.
A 6
B 14
1-216 Black Mtn.
A 13
1-215 Black Mtn,
1-218 Black Mtn,
1.05 33
* Includes 5 acre overlap with #508 - Kershner Ditch. irr, lands accounted for under Kershner Ditch.
Fletcher A 8627 9/4/1908 1-212 Black Mtn.
A 5
B 4
c 4
1-217 Black Mtn,
0.87 13
Kershner A 508 6/1/1893 1-213 Black Mtn.
A 45
B 4
c 1
1.23 50
* Includes 5 acre overlap with Fender #3246, irr. lands tabulated under this right.
10M183.105/0585P Page 4 of 67



APPENDIX E (continued)
SHELL VALLEY WATER RIGHTS AND IRRIGATED LANDS INVENTORY

DRAINAGE: Shell Creek
Total Water Right Irrigated Lands ldle Lands
Water Diversion With With Total
Permit Permit Priority Tract Right Rate Water No Water Total Water No Water Total Irr. & Idle USGS
Name Status No. Date No. Acres cfs/(AF) Rights Rights Irr. Rights Rights Idle Acres QUAD
Kershner A 176E 12/26/1895 1-210 101.8 Black Mtn.
A 2
B 56
1-211 12 Black Mtn,
1-209 3 Black Mtn,
1-197 131.3 Shell
A 15
B 30
C 18
D 20 Shell
1-198 1 Shell
233.1 3.33 141.0 16.0 157.0 157.0
Boylan A 16159 5/17/1921 S.S. (Supplemental Supply for 8 acres under Boylan #6799) Black Mtn.
Greybull
Pipeline P 19279 9/2/1938 17.85 (Municipal Use) Black Mtn,
Greybull
Pipeline
{TF~McDonald) A 430 3/7/1893 1.326 (Municipal Use)
Goton Spring
Branch P 23790 2/11/1972 1-219 6.3 0.09 0 0 Black Mtn.
Unknown Ditch 1-208 8 8 8 Black Mtn.
10M183.105/0585P Page 5 of 67



APPENDIX E (continued)

SHELL VALLEY WATER RIGHTS AND IRRIGATED LANDS INVENTORY

DRAINAGE: Shell Creek
Total Water Right Irrigated Lands Idle Lands
Water Diversion With With Total
Permit Permit Priority Tract Right Rate Water No Water Total Water No Water Total Irr., & Idle USGS
Name Status No. Date No. Acres cfs/(AF) Rights Rights Irr, Rights Rights Idle  Acres QUAD
Rath A 1010 7/5/1895 1-199 82,0 Shell
A 4
B 53
82.0 1.17 57 57 57
Rath & Earley A 8538 7/13/1908  1-193 32,0 Shell
A 1
1-196 5 Shell
32,0 0.46 1 5 6 6
Allen No. 1
Spring P 25707 5/18/1976 0.056 (Domestic Use)
Shell Canal
(T.F.-
McDonald) A Terr Spg-1886 1-187 245.0* Shell
A 147
B 4
1-195 2 Shell
245.0 3.50 151 2 153 153
* Includes 20 acre overlap with Highline #1716, irr. lands tabulated under this right.
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APPENDIX E (continued)
SHELL VALLEY WATER RIGHTS AND IRRIGATED LANDS INVENTORY

DRAINAGE: Shell Creek
Total Water Right Irrigated Lands Idle Lands
Water Diversion With With Total
Permit Permit Priority Tract Right Rate Water Total Water No Water Total Irr. & Idle USGS
Name Status No. Date No. Acres cfs/(AF) Rights Irr. Rights Rights Idle Acres QUAD
Shell Canal
(T.F.
McDonald) A 430 3/7/1893 1-188 65.0 Shell
A 55
65.0 0.93 55 55 55
Shell Canal
(T.F.
McDonald) A 271E 9/18/1897 1-169 429.0 Shell
A 8
B 192
c 6
D 139
1-181 108.0 Shell
A 12
B n
c 57
1-205 Shell
537.0 7.66 417 419 8 427
Shell Canal
(T.F. -
MdDonald) A 1330E 1/6/1905 1-164 351.2* Shell
A 13
B (Transfer to Whaley D.)
c 163
10M183,105/0585P Page 7 of 67



APPENDIX E (continued)

SHELL VALLEY WATER RIGHTS AND IRRIGATED LANDS INVENTORY

DRAINAGE: Shell Creek
Total Water Right Irrigated Lands Idle Lands
Water Diversion With With Total
Permit Permit Priority Tract Right Rate Water No Water Total Water No Water Total Irr, & Idle USGS
Name Status No. Date No. Acres cfs/(AF) Rights Rights Irr. Rights Rights Idle Acres QUAD
D 93
1-165 5 Shell
1-207 3 Shell
1-140 240.0 Devils
Kitchen
A 8
B 7
c 17
D
591.2 8.44 457 8 465 465
* Does not include 23.8 acres transferred to Whaley Ditch.
Shell Canal
(T.F.-North) A 18934 3/31/1938 S.S. {Sup.Supply to 0.62 acres under 1330E - Enl, McDonald)
Shell Canal
(T.F.-Spring
Cr.) A 17571 8/2/1922 S.S. (Sup.Supply to 115 acres under 1330E - Enl, McDonald)
Shell Canal
(T.F. -
McDonald) A 1439E 5/22/1905 1-175 115.0 Shell
A 4
B 20
c 1
1-183 75.0 Shell
A 3
B 6
c 13
10M183.105/0585P Page 8 of 67



APPENDIX E (continued)

SHELL VALLEY WATER RIGHTS AND IRRIGATED LANDS INVENTORY

DRAINAGE: Shell Creek
Total Water Right Irrigated Lands Idle Lands
Water Diversion With With Total
Permit Permit Priority Tract Right Rate Water No Water Total Water No Water Total Irr, & Idle USGS
Name Status No. Date No. Acres cfs/(AF) Rights Rights Irr., Rights Rights Idle  Acres QUAD
1-176 2 Shell
1-177 3 Shell
1-178 9 Shell
190.0 2. 112 11 123 3 3 126
Shell Canal
(ToFo -
McDonald) A 1938E 4/10/1907 1-191 20.0 Shell
A 10
1-194 10 Shell
20.0 0.29 10 10 20 20
Shell Canal
(T.Fo -
McDonald) A 5986E 6/23/1959 1-171 42,0 Shell
A 33
42,0 0.60 33 33 33
Shell Canal
(T.F. - Allen Devils
and Hough) A Terr. Spg-1887 1-121 235.0 Kitchen
A 169.0
1-136 2 Devils
Kitchen
10M183,105/0585P Page 9 of 67



APPENDIX E (continued)
SHELL VALLEY WATER RIGHTS AND IRRIGATED LANDS INVENTORY

DRAINAGE: Shell Creek
Total Water Right Irrigated Lands Idle Lands
Water Diversion With With Total
Permit Permit Priority Tract Right Rate Water No Water Total Water No Water Total Irr. & Idle USGS
Name Status No. Date No. Acres cfs/(AF) Rights Rights Irr, Rights Rights Idle Acres QUAD
1-120 15 Devils
Kitchen
1-137 6 Devils
Kitchen
1-144 5 Devils
Kitchen
1-138 25 Devils
Kitchen
235 3.36 169 53 222 222
Shell Canal
(T.F.-Call &
Pilcher) P 15598 8/7/1919 S.S. (Sup.Supply for lands under #Terr-Allen & Hough)
Shell Canal
(T.F.-Call &
Pilcher) P 15599 10/7/1919 S.S. (Sup.Supply for lands under #Terr-Allen & Hough)
Shell Canal A 8290 3/20/1908 1-80 85.0 Devils
Kitchen
A 45
B 17
1-81 9 Devils
Kitchen
1-82 10 Devils
Kitchen
1-52 100.0 Wild Horse
Flats
A 63
1-56 75.0 Wild Horse
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APPENDIX E (continued)

SHELL VALLEY WATER RIGHTS AND IRRIGATED LANDS INVENTORY

DRAINAGE: Shell Creek
Total Water Right Irrigated Lands Idle Lands
Water Diversion With With Total
Permit Permit Priority Tract Right Rate Water No Water Total Water No Water Total Irr. & Idle USGS
Name Status No. Date No. Acres cfs/(AF) Rights Rights Irr, Rights Rights Idle  Acres QUAD
Flats
A 62
1-58 502.0 Wild Horse
Flats
A 26
B 12
c 3
D 150
E 32
F 21
G 5
1-61 9 Wild Horse
Flats
1-41 102.5 Greybull
South
A 4
B 53
1-43 11.5 0 Greybull
South
1-59 6 Wild Horse
Flats
1-60 2 Wild Horse
Flats
1-62 1 Wild Horse
Flats
1-63 1 Wid Horse
Flats
1-42 10 Greybull
South
10M183,105/0585P Page 11 of 67



APPENDIX E (continued)
SHELL VALLEY WATER RIGHTS AND IRRIGATED LANDS INVENTORY

DRAINAGE: Shell Creek
Total Water Right Irrigated Lands Idle Lands
Water Diversion With With Total
Permit Permit Priority Tract Right Rate Water No Water Total Water No Water Total Irr, & Idle USGS
Name Status No. Date No. Acres cfs/(AF) Rights Rights Irr, Rights Rights Idie Acres QUAD
1-38 1 Greybull
South
1-72 3 Wild Horse
Flats
876.0 12.49 437 52 489 56 56 545
Shell Canal A 2084E 6/1/1909 1-6 72.44 Greybull
North
A 8
B 9
C 3
1-7 530.31* Greybull
North
A 10
B 153
o 49
D 48
E 3
F 2
G 5
1-23 3 Greybull
North
1-24 1 Greybull
North
1-19 2 Greybull
North
1-17 1 Greybull
North
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APPENDIX E (continued)
SHELL VALLEY WATER RIGHTS AND IRRIGATED LANDS INVENTORY

DRAINAGE: Shell Creek

Total Water Right Irrigated Lands Idle Lands
Water Diversion With With Total
Permit Permit Priority Tract Right Rate Water No Water Total Water No Water Total Irr. & Idle USGS
Name Status No. Date No. Acres cfs/(AF) Rights Rights Irr, Rights Rights Idle Acres QUAD
1-18 2 Greybull
North
1-25 130.5 Greybull
South
A 47
B 8
c 2
1-29 51.0 Greybull
South
A 18
B 6
C 4
D 4
1-30 40.3 Greybull
South
A 5
B 6
c 8
1-26 8 Greybull
South
1-27 15 Greybull
South
1-28 3 Greybull
South
1-31 2 Greybull
South
1-32 16 Greybull
South
1-33 9 Greybull
South
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APPENDIX E (continued)
SHELL VALLEY WATER RIGHTS AND IRRIGATED LANDS INVENTORY

DRAINAGE: Shell Creek
Total Water Right Irrigated Lands Idle Lands
Water Diversion With With Total
Permit Permit Priority Tract Right Rate Water No Water Total Water No Water Total Irr. & Idle USGS
Name Status No. Date No. Acres cfs/(AF) Rights Rights Irr, Rights Rights Idle  Acres QuAD
1-34 14 Greybull
South
1-35 15.0 Greybull
South
A 1
1-36 23,0 Greybull
South
A 17
1-39 14.0 Greybull
South
A 4
1-37 2 Greybull
South
1-40 2 Greybull
South
1-83 60.0 Devils
Kitchen
A 27
1-129 15.0 Devils
Kitchen
A 7
1-106 20.0 0 Devils
Kitchen
1-146 20.0 0 Devils
Kitchen
1-126 5 Devils
Kitchen
1-128 10 Devils
Kitchen
1-130 8 Devils
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APPENDIX E (continued)
SHELL VALLEY WATER RIGHTS AND IRRIGATED LANDS INVENTORY

DRAINAGE: Shell Creek

Total Water Right Irrigated Lands Idle Lands
Water Diversion With With Total
Permit Permit Priority Tract Right Rate Water No Water Total Water No Water Total Irr., & Idle USGS
Name Status No. Date No. Acres cfs/(AF) Rights Rights Irr, Rights Rights Idle Acres QUAD
Kitchen
1-131 91.0 Devils
Kitchen
A 25
B 32
c 16
1-132 3 Devils
Kitchen
1-135 5 Devils
Kitchen
1-133 10 Devils
Kitchen
1-134 5 Devils
Kitchen
1-141 5 Wild Horse
Flats
1-48 8.0 Wild Horse
Flats
A 3
1-49 1 Wild Horse
Flats
1-50 4.0 Wild Horse
Flats
A 3
1-51 1 Wild Horse
Flats
1-54 3 Wild Horse
Flats
1-55 4 Wild Horse
Flats
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APPENDIX E {continued)
SHELL VALLEY WATER RIGHTS AND IRRIGATED LANDS INVENTORY

DRAINAGE: Shell Creek
Total Water Right Irrigated Lands Idle Lands
Water Diversion With With Total
Permit Permit Priority Tract Right Rate Water No Water Total Water No Water Total Irr. & Idle USGS
Name Status No. Date No. Acres cfs/(AF) Rights Rights Irr, Rights Rights Idle Acres QUAD
1-53 140.0 Wild Horse
Flats
A 62
B 8
1-65 100.0 Wild Horse
Flats
A 91
1-64 8 Wild Horse
Flats
1-57 52 Wild Horse
Flats
1-66 34 Wild Horse
Flats
1-67 10 Wild Horse
Flats
1-68 50.0 Wild Horse
Flats
A 20
1-69 701.0 Wild Horse
Flats
A 53
B 52
c 8
D 99
1-74 12 Wild Horse
Flats
1-75 207.0 Wild Horse
Flats
A 99
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APPENDIX E (continued)
SHELL VALLEY WATER RIGHTS AND IRRIGATED LANDS INVENTORY

DRAINAGE : Shell Creek
Total Water Right Irrigated Lands Idle Lands
Water Diversion With With Total
Permit Permit Priority Tract Right Rate Water No Water Total Water No Water Total Irr. & Idle USGS
Name Status No. Date No. Acres cfs/(AF) Rights Rights Irr. Rights Rights Idle Acres QUAD
B 7
c 4
D 3
E 5
1-73 37.0 Wild Horse
Flats
A 24
1-76 5.0 0 Wild Horse
Flats
1-45 105 Wild Horse
Flats
1-46 12 Wild Horse
Flats
1-47 25 Wild Horse
Flats
1-44 3 Wild Horse
Flats
1-192 2 Wild Horse
Flats
1-220 3 Devils
Kitchen
1-109 100 Devils
Kitchen
1-116 3 Devils
Kitchen
1-166 54,0 Shel1l
A 48 Shell
1-167 8 Shell
1-168 12.0 0 Shell
1-170 2.0 Shell

10M183.,105/0585P
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APPENDIX E (continued)

SHELL VALLEY WATER RIGHTS AND IRRIGATED LANDS INVENTORY

DRAINAGE : Shell Creek
Total Water Right Irrigated Lands Idle Lands
Water Diversion With With Total
Permit Permit Priority Tract Right Rate Water No Water Total Water No Water Total Irr. & Idle USGS
Name Status No. Date No. Acres cfs/(AF) Rights Rights Irr. Rights  Rights Idle  Acres QUAD
A 2,0
1-172 2.0 Shell
A 2.0
2404,55 34,29 804 443 1247 326 74 400 1647
* Includes 40.32 acre overlap with # Terr Dunshee, Proof 3975. Irr, lands tabulated under Dunshee.
Shell Canal A 5312E 5/24/1941 1-184 140.0 Shell
A n
1-206 2 Shell
140.0 2.0 n 2 73 73
Shell Canal P 5445E 2/18/1947 Reservoir Supply 0 0 Shell
Shell Canal A 6091E 1/18/1963 1-70 20.29 Wild Horse
Flats
A 16
1-71 7 Wild Horse
Flats
20,29 0.29 16 7 23 23
Shell Canal A 6374E 12/24/1970 Reservoir Supply 0 0
Shell Canal
(T.F.-Whaley) A 462E 9/18/1899 1-95 278.0* Devils
Kitchen
A 153

10M183.105/0585P
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APPENDIX E (continued)
SHELL VALLEY WATER RIGHTS AND IRRIGATED LANDS INVENTORY

DRAINAGE: Shell Creek

Total Water Right Irrigated Lands Idle Lands
Water Diversion With With Total
Permit Permit Priority Tract Right Rate Water No Water Total Water No Water Total Irr. & Idle USGS
Name Status No. Date No. Acres cfs/(AF) Rights Rights Irr, Rights Rights Idle Acres QUAD
1-97 10 Devils
Kitchen
1-96 3 Devils
Kitchen
278.0 3.97 153 13 166 166
* Includes only that portion of Tract 1-95 transferred to Shell Canal.
Perkins
Reservoir A 6709R 1/18/1963 95,55 AF
Edwards
Reservoir A 7350R 12/24/1970 16.61 AF
Smith &
Nicholas P 18665 5/23/1935 1-190 30.0 Shell
A 2
30.0 0.43 2 2 2
Drwenski No. 4
Irrigation
System P 27860 4/16/1980 1-189 2.2 Shell
A 1 1
2.2 0.03 1 1 1
Drwenski No. 3 P 27859 4/16/1980 S.S. {Sup. Supply for lands under #18665, #27858, #27860)
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APPENDIX E (continued)
SHELL VALLEY WATER RIGHTS AND IRRIGATED LANDS INVENTORY

DRAINAGE: Shell Creek

Total Water Right Irrigated Lands Idle Lands
Water Diversion With With Total
Permit Permit Priority Tract Right Rate Water No Water Total Water No Water Total Irr. & Idle USGS
Name Status No. Date No. Acres cfs/(AF) Rights Rights Irr. Rights Rights Idie Acres QUAD
Drwenski No. 2 P 27858 4/16/1980 S.S. (Sup. Supply for lands under #18665, #27859, #27860)
Drwenski No. 1 P 27857 4/16/1980 S.S. (Sup. Supply for lands under #4715E - Enl. Bench)
Smith No. 1 P 25722 6/1/1976 1-186 24.0 Shell
A 13
24.0 0.34 13 13 13
Frieze A Terr Spg 1887 1-163 50.0 Shell
A 26
50.0 0.7 26 26 26
Frieze A 605E 12/17/1900 1-160 608.0 Shell
A N
B 14
c 5
D 235
E 31
F 95
G 3
1-161 2 Shell
1-162 15 Shell
1-157 25 Shell
1-182 7 Shell
1-200 5 Shell
1-155 1 Shell
1-156 3 Shell
608,0 8.67 378 43 421 16 15 31 452
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APPENDIX E (continued)

SHELL VALLEY WATER RIGHTS AND IRRIGATED LANDS INVENTORY

DRAINAGE: Shell Creek
Total Water Right Irrigated Lands Idle Lands
Water Diversion With With Total
Permit Permit Priority Tract Right Rate Water No Water Total Water No Water Total Irr., & Idle USGS
Name Status No. Date No. Acres cfs/(AF) Rights Rights Irr, Rights Rights Idle Acres QUAD
Frieze A 1964E 10/12/1908 1-185 18.0 Shell
A 4
18.0 0.26 4 4 4
Whaley A Terr -1889 1-158 142.0 Shell
A 79
B 16
1-180 3 Shell
1-179 3 Shell
1-159 26 Shell
142.0 2.03 95 32 127 127
Whaley A 42E 6/17/1893 1-154 618.0 Shell
A 21
B 415
c 9
D 8
E 15
1-152 12 Shell
1-173 3 Shell
1-174 3 Shell
1-139 74,0 Devils
Kitchen
A 37
692.0 10,03 505 18 523 523

10M183,105/0585P
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APPENDIX E (continued)
SHELL VALLEY WATER RIGHTS AND IRRIGATED LANDS INVENTORY

DRAINAGE: Shell Creek
Total Water Right Irrigated Lands Idle Lands
Water Diversion With With Total
Permit Permit Priority Tract Right Rate Water No Water Total Water No Water Total Irr. & Idle USGS
Name Status No. Date No. Acres cfs/(AF) Rights Rights Irr. Rights Rights Idle Acres QUAD
Whaley A 462E 9/18/1899 1-95 156.0%* Devils
Kitchen
A {Transfer to Shell Canal)
B 94
1-98 6 Devils
Kitchen
156.0 2,22 94 6 100 100
* Does not include 278 acres transferred to Shell Canal)
Whaley A 650E 4/22/1901 1-115 123.0 Devils
Kitchen
A 6
B 12
c 16
D 7
1-125 146.0 Devils
Kitchen
A 6
B 100
c 11
1-122 4 Devils
Kitchen
1-123 5 Devils
Kitchen
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APPENDIX E (continued)

SHELL VALLEY WATER RIGHTS AND IRRIGATED LANDS INVENTORY

DRAINAGE: Shell Creek
Total Water Right Irrigated Lands
Water Diversion With With Total
Permit Permit Priority Tract Right Rate Water No Water Total Water Total Irr. & Idle USGS
Name Status No. Date No. Acres cfs/(AF) Rights Rights Irr, Rights Idle Acres QUAD
1-124 2 Devils
Kitchen
1-127 7 Devils
Kitchen
269.0 3.83 158 18 176 176
Whaley A 1730E 12/10/1906 1-142 150.0 Devils
Kitchen
A 21
B 17
c 44
D 9
E 16
1-143 2 Devils
Kitchen
150.0 2.14 77 2 79 30 30 109
Whaley
(T.F.-
McDonald) A 1330E 1/6/1905 1-164 23.8* Shell
B 14
23.8 0.34 14 14 14

* These lands transferred from McDonald #1330E to Whaley Ditch.

10M183.105/0585P
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APPENDIX E (continued)

SHELL VALLEY WATER RIGHTS AND IRRIGATED LANDS INVENTORY

DRAINAGE: Shell Creek
Total Water Right Irrigated Lands Idle Lands
Water Diversion With With Total
Permit Permit Priority Tract Right Rate Water No Water Total Water No Water Total Irr. & Idle USGS
Name Status No. Date No. Acres cfs/(AF) Rights Rights Irr, Rights Rights Idle Acres QUAD
Whaley A 5420E 4/19/1945 1-112 20.0 Devils
Kitchen
A 1
1-113 4 Devils
Kitchen
1-114 20.0 11 Devils
Kitchen
40.0 0.57 22 4 26 26
Whaley A b472E 7/26/1948 1-110 15.24 Devils
Kitchen
A 4
B 3
15.24 0.22 7 7 7
Whaley A 6196E 12/6/1967 1-111 2.96 0.04 0 0 Devils
Kitchen
Whaley
(T.F.-Khaley
Secondary) A 22810 12/6/1967 Sec. {Sec. Supply to 2.96 ac under #6196E) 0

Supply

10M183,105/0585P
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APPENDIX E (continued)

SHELL VALLEY WATER RIGHTS AND IRRIGATED LANDS INVENTORY

DRAINAGE: Shell Creek
Total Water Right Irrigated Lands Idle Lands
Water Diversion With With Total
Permit Permit Priority Tract Right Rate Water No Water Total Water No Water Total Irr. & Idle USGS
Name Status No. Date No, Acres cfs/(AF) Rights Rights Irr, Rights Rights Idle Acres QUAD
Flitner A 19680 6/3/1941 1-201 25.0 Shell
A 13
1-203 9.0 0 Shell
1-204 3.0 0 Shell
37.0 0.53 13 13 13
Flitner
(T.F. -
Frieze) A 1348E 3/11/1905 1-202 54.0 Shell
A 43
1-153 3 Shell
54,0 0.77 43 3 46 46
Porter Canal A 365 11/18/1892 1-117 1050* Devils
Kitchen
A 21
B 32
c 51
D 80
E 27
F 49
G 374
1-107 7 Devils
Kitchen

10M183,105/0585P
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APPENDIX E (continued)
SHELL VALLEY WATER RIGHTS AND IRRIGATED LANDS INVENTORY

DRAINAGE: Shell Creek

Total Water Right Irrigated Lands Idle Lands
Water Diversion NWith With Total
Permit Permit Priority Tract Right Rate Water No Water Total Water No Water Total Irr. & Idle USGS
Name Status No. Date No. Acres cfs/(AF) Rights Rights Irr. Rights Rights Idle Acres QUAD
1-119 22 Devils
Kitchen
1-118 40 Devils
Kitchen
1050.0 14.99 634 69 703 703
* 20 acres on Proof #3978 duplicated on Proof #3980. 15 acres duplicated on #Terr-Odessa, irr. lands accounted for under this
right.
Porter Canal A 1726E 4/22/1907 1-108 43.0* Devils
Kitchen
A 1
43,0 0.61 1 1 1
* 33 acres overlap with # Terr-Odessa, irr. lTands accounted for under Odessa Ditch.
Porter Canal A 322E 1/21/1898 1-105 146.0 Devils
Kitchen
A 42
B 38
146.0 2.09 80 80 80
Porter Canal A 1464E 11/3/1905 1-104 54.0 Devils
Kitchen
A 42
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APPENDIX E (continued)
SHELL VALLEY WATER RIGHTS AND IRRIGATED LANDS INVENTORY

DRAINAGE: Shell Creek

Total Water Right Irrigated Lands Idle Lands
Water Diversion With With Total
Permit Permit Priority Tract Right Rate Water No Water Total Water No Water Total Irr. & Idle USGS
Name Status No. Date No. Acres cfs/(AF) Rights Rights Irr, Rights Rights Idle Acres QUAD
1-103 9 Devils
Kitchen
1-102 10 Devils
Kitchen
54.0 0.77 42 19 61 61
Odessa A Terr 1/10/1887 1-100 359.0% Devils
Kitchen
A 26
B 5
C 179
D 4
1-148 4 Devils
Kitchen
1-149 13 Devils
Kitchen
1-150 8 Devils
Kitchen
1-101 32 Devils
Kitchen
359.0 5.14 214 57 2N 2N

* Includes 15 acre overlap with #365 - Porter Canal, irr. lands accounted for under Porter Canal.
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APPENDIX E (continued)

SHELL VALLEY WATER RIGHTS AND IRRIGATED LANDS INVENTORY

DRAINAGE: Shell Creek
Total Water Right Irrigated Lands Idle Lands
Water Diversion With With Total
Permit Permit Priority Tract Right Rate Water No Water Total Water No Water Total Irr. & Idle USGS
Name Status No. Date No. Acres cfs/(AF) Rights Rights Irr, Rights Rights Idle Acres QUAD
Odessa A 2031E 3/23/1909 1-99 35.0 0 Devils
Kitchen
35.0 0.50 0 0 0
Red Bluff
Canal A 16412 8/3/1922 1-94 12.0 Devils
Kitchen
A 6
1-93 3 Devils
Kitchen
1-89 10.0 Devils
Kitchen
A 8
B 1
1-91 35.0 Devils
Kitchen
A 8
57.0 0.81 23 3 26 26
Red Biuff
Canal
(T.F. -
Scharen) A 5274 1/21/1903 1-90 20.0 Devils
Kitchen
A 20
1-88 15.0 Devils
Kitchen

10M183,105/0585pP
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APPENDIX E (continued)
SHELL VALLEY WATER RIGHTS AND IRRIGATED LANDS INVENTORY

DRAINAGE: Shell Creek
Total Water Right Irrigated Lands Idle Lands
Water Diversion With With Total
Permit Permit Priority Tract Right Rate Water No Water Total Water No Water Total Irr. & Idle USGS
Name Status No. Date No. Acres cfs/(AF) Rights Rights Irr, Rights Rights Idle Acres QUAD
A 8
B 2
1-87 1N Devils
Kitchen
1-85 5 Devils
Kitchen
1-92 9 Devils
Kitchen
1-86 20.0 Devils
Kitchen
A 6
B 1
1-84 7 Devils
Kitchen
55,0 0.78 37 32 69 69
Denny A Terr 5/8/1888 1-78 230.0 Devils
Kitchen
A 102
230.0 3.29 102 102 102
Denny A 609E 7/29/1901 1-77 35.0 Devils
Kitchen
A 15
35.0 0.50 15 15 15
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APPENDIX E (continued)

SHELL VALLEY WATER RIGHTS AND IRRIGATED LANDS INVENTORY

DRAINAGE: Shell Creek
Total Water Right Irrigated Lands Idle Lands
Water Diversion With With Total
Permit Permit Priority Tract Right Rate Water No Water Total Water No Water Total Irr. & Idle USGS
Name Status No. Date No. Acres cfs/(AF) Rights Rights irr, Rights Rights Idie Acres QUAD
Denny A 1274E 4/18/1904 1-151 12.0 0 Devils
Kitchen
1-11 13.0 0 Greybull
North
25.0 0.35 0 0
Boulden A 22424 1/18/1963 Sec. Sup. (Secondary Supply to 20.29 ac Under 6091E)
Dunshee A Terr 4/15/1888 1-4 597.0 Greybull
North
A 16
B 25
c 38
D 13
E 5
F 2
G 5
H 122
I 67
1-14 20 Greybull
North
1-20 15 Greybull
North
1-21 15 Greybull
North
1-22 14 Greybull
North
597.0 8.53 226 44 270 67 20 87 357
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APPENDIX E (continued)
SHELL VALLEY WATER RIGHTS AND IRRIGATED LANDS INVENTORY

DRAINAGE: Shell Creek

Total Water Right Irrigated Lands Idle Lands
Water Diversion With With Total
Permit Permit Priority Tract Right Rate Water No Water Total Water No Water Total Irr. & Idle USGS
Name Status No. Date No. Acres cfs/(AF) Rights Rights Ire, Rights Rights Idle Acres QUAD
Dunshee A 1275E 4/18/1904 1-149 3.0 Devils
Kitchen
1-12 25,0 Greybull
North
A 14
1-15 n Greybull
North
25.0 0.35 14 14 28 28
Dunshee
(T.F.-Linn) A 3777 3/10/1917 1-3 30.0 Greybull
North
A 18
1-10 3 Greybull
North
30.0 0.43 18 3 21 21
Dunshee A 3786E 4/2/1917 1-5 21.7 Greybull
North
A 19
21.7 0.31 19 19 19
Dunshee A 5859E 6/19/1956 1-16 70.81 Greybull
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APPENDIX E (continued)
SHELL VALLEY WATER RIGHTS AND IRRIGATED LANDS INVENTORY

DRAINAGE: Shell Creek
Total Water Right Irrigated Lands Idle Lands
Water Diversion MWith With Total
Permit Permit Priority Tract Right Rate Water No Water Total Water No Water Total Irr. & Idle USGS
Name Status No. Date No. Acres cfs/(AF) Rights Rights Irr., Rights Rights Idle Acres QUAD
North
A 6
B 9
1-79 20.0 0 Devils
Kitchen
90.81 1.30 15 15 15
Cropsey A 20877 11/29/1951  1-13 9.0 Greybull
North
A 6
9.0 0.13 6 6 6
Linn A 3721 2/13/1902 1-8 110.0 Greybull
North
A 33
1-2 33.0* 0
143.0 2.04 33 33 33

* Includes only those lands not transferred to Linn No. 2. Also includes 20 acre overlap with #Terr-Dunshee, irr. Tlands
accounted for under Dunshee Ditch.

Unknown Ditch 1-9 4 4 4 Greybull
North
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APPENDIX E (continued)

SHELL VALLEY WATER RIGHTS AND IRRIGATED LANDS INVENTORY

DRAINAGE: Shell Creek
Total Water Right Irrigated Lands Idle Lands
Water Diversion With With Total
Permit Permit Priority Tract Right Rate Water No Water Total Water No Water Total Irr. & Idle USGS
Name Status No. Date No. Acres cfs/(AF) Rights Rights Irr. Rights Rights Idle Acres QUAD
Linn No. 2 A 3721 2/13/1902 1-2 126.0 Greybull
North
A 4
B 32
126.0 1.80 36 36 36
Linn No. 2 A 2446E 4/6/19M 1-1 58.0 0,80 0 0 Greybull
North
10M183.105/0585P
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APPENDIX E (continued)

SHELL VALLEY WATER RIGHTS AND IRRIGATED LANDS INVENTORY

DRAINAGE: White Creek (Trib. to Shell Cr.)
Total Water Right Irrigated Lands Idle Lands
Water Diversion With With Total
Permit Permit Priority Tract Right Rate Water No Water Total Water No Water Total Irr. & Idle USGS
Name Status No. Date No. Acres cfs/(AF) Rights Rights Irr., Rights Rights Idle Acres QUAD
Boylan A 6799 7/10/1905 5-1 227.0 Black Mtn.
A 7
B 8
c 6
D 52
227.0 3.24 73 73 73
10M183,105/0585P
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APPENDIX E (continued)
SHELL VALLEY WATER RIGHTS AND IRRIGATED LANDS INVENTORY

DRAINAGE: Cottonwood Creek (Trib. to Shell Creek)
Total Water Right Irrigated Lands Idle Lands
Water Diversion With With Total
Permit Permit Priority Tract Right Rate Water No Water Total Water No Water Total Irr. & Idle USGS
Name Status No. Date No. Acres cfs/(AF) Rights Rights Irr, Rights Rights Idle Acres QUAD
Cottonwood
S.S. A 17878 1/12/1931 S.S. (Supplemental Supply for 657 Ac served from Horse Creek)
10M183.105/0585P
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APPENDIX E (continued)
SHELL VALLEY WATER RIGHTS AND IRRIGATED LANDS INVENTORY

DRAINAGE: Red Gulch Creek (Trib. to Shell Creek)

Total Water Right Irrigated Lands Idle Lands
Water Diversion With With Total
Permit Permit Priority Tract Right Rate Water No Water Total Water No Water Total Irr. & Idle USGS
Name Status No. Date No. Acres cfs/(AF) Rights Rights Irr, Rights Rights Idle Acres QUAD
M.E. Jackson A 3722 2/13/1902 1-145 30.0 Devils
Kitchen
A 4 4
30.0 0.42 4 4 4
Sabin Spring
No. 1 A 19522 2/13/1941 Not 10.0 0.14 0 0 Bush
Mapped Butte
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APPENDIX E (continued)
SHELL VALLEY WATER RIGHTS AND IRRIGATED LANDS INVENTORY

DRAINAGE: North Fork Beaver Creek
Total Water Right Irrigated Lands Idle Lands
Water Diversion With With Total
Permit Permit Priority Tract Right Rate Water No Water Total Water No Water Total Irr., & Idle USGS
Name Status No. Date No. Acres cfs/(AF) Rights Rights Irr. Rights Rights Idie Acres QUAD
Frank St.
Jermain A 7196  5/5/1906 2-63 36.0 0.51 0 0 Leavitt
Reservoir
Bullinger
Diversion A 23032 7/14/1966 0.61 (Stock use only) 0
St. Jermain A 1415 1/15/1897 2-66 118.0 Leavitt
Reservoir
A 20
B 2
¢ 7
D 9
E 5
F 5
G 4
H 7
2-67 6 Leavitt
Reservoir
118.0 1.69 59 6 65 65
St. Jermain A 1496E 1/19/1906 2-72 27.0 Leavitt
Reservoir
A 6
27.0 0.38 6 6 6
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APPENDIX E (continued)
SHELL VALLEY WATER RIGHTS AND IRRIGATED LANDS INVENTORY

DRAINAGE: North Fork Beaver Creek
Total Water Right Irrigated Lands Idle Lands
Water Diversion With With Total
Permit Permit Priority Tract Right Rate Water No Water Total Water No Water Total Irr. & Idle USGS
Name Status No. Date No. Acres cfs/(AF) Rights Rights Irr. Rights Rights Idle Acres QUAD
Ben F. Roe
No. 1 Res. A 2454R 7/27/1912 14.35 AF
Ben F. Roe
No. 2 Res. A 2455R 11/22/1912 18.65 AF
Mathews A 1341 10/15/1896 2-79 14.0 Leavitt
Reservoir
A N
2-82 78.0 Leavitt
Reservoir
A 4
2-78 3 Leavitt
Reservoir
2-80 8 Leavitt
Reservoir
2-81 2 Leavitt
Reservoir
2-83 3 Leavitt
Reservoir
92,0 1.31 15 16 31 31
Miller Spring
Pipeline No.1 P 24942 9/4/1975 0.056 (Stock Use)
Miller Spring
Pipeline No.2 P 24943 9/4/1975 0.056 (Stock Use)
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DRAINAGE: North Fork Beaver Creek

APPENDIX E (continued)

SHELL VALLEY WATER RIGHTS AND IRRIGATED LANDS INVENTORY

Total Water Right Irrigated Lands Idle Lands
Water Diversion With With Total
Permit Permit Priority Tract Right Rate Water No Water Total Water No Water Total Irr. & Idle USGS
Name Status No. Date Acres cfs/(AF) Rights Rights Irr. Rights Rights Idle Acres QUAD
Miller Spring
Pipeline No.3 P 24944 9/4/1975 0.056 (Stock Use)
Miller Spring
Pipeline No.4 P 24945 9/4/1975 0.056 (Stock Use)
Miller Spring
Pipeline No.5 P 24946 9/4/1975 0.056 (Stock Use)
Miller Spring
Pipeline No.6 P 24947 9/4/1975 0.056 {Stock Use)
10M183,105/0585P Page 39 of 67



APPENDIX E (continued)
SHELL VALLEY WATER RIGHTS AND IRRIGATED LANDS INVENTORY

DRAINAGE: South Fork Beaver Creek

Total Water Right Irrigated Lands Idle Lands
Water Diversion With Wi th Total
Permit Permit Priority Tract Right Rate Water No Water Total Water No Water Total Irr. & Idle USGS
Name Status No. Date No. Acres cfs/(AF) Rights Rights Irr, Rights Rights Idle Acres QUAD
Davis A 2967 12/22/1900 2-64 114.0 Leavitt
Reservoir
A 39
2-65 1 Leavitt
Reservoir
114.0 1.70 39 1 40 40
Davis A 2747E 7/27/1912 2-68 121.0 Leavitt
Reservoir
A 40
2-69 15 Leavitt
Reservoir
121.0 1.72 40 15 55 55
Kimbro No. 1 A 11335 6/21/1912 2-70 12.0 Leavitt
Reservoir
A 7
12.0 0.17 7 7 7
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APPENDIX E (continued)
SHELL VALLEY WATER RIGHTS AND IRRIGATED LANDS INVENTORY

DRAINAGE : South Fork Beaver Creek

Total Water Right Irrigated Lands Idle Lands
Water Diversion With With Total
Permit Permit Priority Tract Right Rate Water No Water Total Water No Water Total Irr. & Idle USGS
Name Status No. Date No. Acres cfs/(AF) Rights Rights Irr, Rights Rights Idle Acres QuAD
London A 686 9/1/1894 2-120 41.0 Leavitt
Reservoir
A 5
B 15
c 1
2-119 6 Leavitt
Reservoir
2-121 3 Leavitt
Reservoir
2-14 229.0 Shell
A 10
B 4
c 4
D 1
E 31
2-15 3 Shell
2-16 7 Shell
2-17 4 Shell
270.0 3.86 108 23 131 131
London A 4082E 1/5/1920 2-20 65.0 Shell
A 6
B 13
2-21 4 Shell
2-19 n Shell
2-22 3 Shell
2-24 18 Shell
65.0 0.93 19 36 55 55
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APPENDIX E (continued)

SHELL VALLEY WATER RIGHTS AND IRRIGATED LANDS INVENTORY

DRAINAGE: South Fork Beaver Creek
Total Water Right Irrigated Lands Idle Lands
Water Diversion With With Total
Permit Permit Priority Tract Right Rate Water No Water Total Water No Water Total Irr. & Idle USGS
Name Status No. Date No, Acres cfs/(AF) Rights Rights Irr, Rights Rights Idle Acres QUAD
Venerable
Sprinkler
System P 25276 8/24/1976 2-71 15,28 0.22 0 0 Leavitt
Reservoir
Miller No. 1 P 24562 5/30/1974 2-73 199.4 2.85 0 0 Leavitt
Reservoir

10M183,105/0585P
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APPENDIX E (continued)
SHELL VALLEY WATER RIGHTS AND IRRIGATED LANDS INVENTORY

DRAINAGE: Hudson Falls Creek (Trib. to Cedar Creek)
Total Water Right Irrigated Lands Idle Lands
Water Diversion MWith With Total
Permit Permit Priority Tract Right Rate Water No Water Total Water No Water Total Irr., & Idle USGS
Name Status No. Date No. Acres cfs/(AF) Rights Rights Irr. Rights Rights Idle Acres QUAD
Hunt A 5363 3/17/1903 2-74 155.0 Leavitt
Reservoir
A 4
B 1
C 42
2-75 29 Leavitt
Reservoir
155.0 2.2 47 29 76 76 Leavitt
Reservoir
Hunt P 6542E 5/30/1974 S.S. (Sup. Supply for lands under #24562 - Miller No. 1 and #6543E - Enl.

Cedar Creek)

Miller Spring
Pipeline No.7 P 24948 9/4/1975 0.0112 (Stock Use)

Miller Spring
Pipeline No.8 P 24949 9/4/1975 0.0112 {Stock Use)
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APPENDIX E (continued)
SHELL VALLEY WATER RIGHTS AND IRRIGATED LANDS INVENTORY

DRAINAGE: Cedar Creek (Trib. to Beaver Creek)

Total Water Right Irrigated Lands Idle Lands
Water Diversion With With Total
Permit Permit Priority Tract Right Rate Water No Water Total Water No Water Total Irr. & Idle USGS
Name Status No. Date No. Acres cfs/(AF) Rights Rights Irr, Rights Rights Idle Acres QUAD
Cedar Creek A 5364 3/17/1903 2-76 30.0 Leavitt
Reservoir
A 4 4
2-77 5.0 0 Leavitt
Reservoir
(Also Sup. Supply for 75 acres under #5363 - Hunt Ditch)
35.0 0.50 4 4 4
Cedar Creek P 6543E 5/30/1974 S.S. {Sup. Supply for lands under #24562 - Miller No. 1 and #6542E - Enl. Hunt)
Howe A 12217 12/18/1912 2-85 11.0 Leavitt
Reservoir
A 5
2-86 15.7 Leavitt
Reservoir
A 10
2-87 7 Leavitt
Reservoir
2-88 6 Leavitt
Reservoir
26.7 0.38 15 13 28 28
Good A 14993 12/17/1917  2-117 35.0 0 Leavitt
Reservoir
2-118 20.0 0 Leavitt
Reservoir
55.0 0.78 0 0
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APPENDIX E (continued)

SHELL VALLEY WATER RIGHTS AND IRRIGATED LANDS INVENTORY

DRAINAGE: Red Canyon Creek (Trib., to Beaver Cr.)
Total Water Right Irrigated Lands Idle Lands
Water Diversion With With Total
Permit Permit Priority Tract Right Rate Water No Water Total Water No Water Total Irr. & Idle USGS
Name Status No. Date No. Acres cfs/(AF) Rights Rights Irr, Rights Rights Idle Acres QUAD
Miller No. 1
Reservoir 7334R  7/29/1970 23.65 AF
Miller No. 1
Reservoir 7446R 12/17/1971 14.29 AF
Spring Ditch 17468 1/21/1919 2-84 3.5 0.05 0 0 Leavitt
Reservoir
Betty 14746 5/16/1917 2-18 40.0 Shell
A 29
2-23 40.0 Shell
A 40
80.0 1.14 69 69 69
Leavitt 13197 12/8/1913 2-31 3.7 0 Shell
2-32 29.0 0 Shell
32.7 0.46 0 0
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APPENDIX E (continued)
SHELL VALLEY WATER RIGHTS AND IRRIGATED LANDS INVENTORY

DRAINAGE: Mainstem - Beaver Creek
Total Water Right Irrigated Lands Idle Lands
Water Diversion With With Total
Permit Permit Priority Tract Right Rate Water No Water Total Water No Water Total Irr. & Idle USGS
Name Status No. Date No. Acres cfs/(AF) Rights Rights Irr. Rights  Rights Idle Acres QUAD
Bernie A 6672 5/20/1905 2-95 148.0 Leavitt
Reservoir
A 22
B 35
2-91 22 Leavitt
Reservoir
148.0 2.11 57 22 79 79
Bernie A 1512E 2-14-1906 2-92 66.0 Leavitt
Reservoir
A 48
2-94 3 Leavitt
Reservoir
66.0 0.94 48 3 51 51
Bernie A 1511E  3/4/1906 2-90 40.0 Leavitt
Reservoir
A 18
B 6
2-122 5 Leavitt
Reservoir
2-93 7 Leavitt
Reservoir
40.0 0.57 24 12 36 36
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APPENDIX E (continued)

SHELL VALLEY WATER RIGHTS AND IRRIGATED LANDS INVENTORY

DRAINAGE: Mainstem - Beaver Creek
Total Water Right Irrigated Lands Idle Lands
Water Diversion With With Total
Permit Permit Priority Tract Right Rate Water No Water Total Water No Water Total Irr. & Idle USGS
Name Status No. Date No. Acres cfs/(AF) Rights Rights Ire, Rights Rights Idle Acres QUAD
Bernie A 2204E 4/25/1910 2-89 7.0 0 Leavitt
Reservoir
2-100 8.0 0 Leavitt
Reservoir
15.0 0.21 0 0
Trout A 386 1/3/1893 2-98 59.0 Leavitt
Reservoir
A 43
2-99 3 Leavitt
Reservoir
59.0 0.84 43 3 46 46
Trout A 905E 8/23/1902 2-96 164.0 Leavitt
Reservoir
A 118
2-97 58 Leavitt
Reservoir
164.0 2,35 118 58 176 176
Trout A 1540E 5-3-1906 2-105 90.0 Leavitt
Reservoir
A 18
2-106 10 Leavitt
Reservoir
90.0 1.29 18 10 28 28
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APPENDIX E (continued)
SHELL VALLEY WATER RIGHTS AND IRRIGATED LANDS INVENTORY

DRAINAGE: Mainstem - Beaver Creek
Total Water Right Irrigated Lands Idle Lands
Water Diversion With With Totatl
Permit Permit Priority Tract Right Rate Water No Water Total Water No Water Total Irr, & Idle USGS
Name Status No. Date No. Acres cfs/(AF) Rights Rights Irr, Rights Rights Idle Acres QUAD
Calvin A 1923  8/9/1898 2-101 16.0 ] Leavitt
Reservoir
2-102 6.0 0 Leavitt
Reservoir
2-103 15.0 0 Leavitt
Reservoir
2-104 11.0 0 Leavitt
Reservoir
48.0 0.69 0 0
Calvin A 1438E 5/22/1905 2-111 28.0 Leavitt
Reservoir
A 15
(overlap w/ 2-112) 10.0* 0 Leavitt
Reservoir
38.0 0.54 15 15 15
* Consists of lands overlapping with 10 acres under #811E - Calvin, irr. lands accounted for under #811E,
Calvin A 811E  3/5/1902 2-112 199.0 Leavitt
Reservoir
A 131
B 11
2-10 8.0 0 Leavitt
Reservoir
2-116 2.0 0 Leavitt
Reservoir
2-123 9 Leavitt
Reservoir
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APPENDIX E (continued)
SHELL VALLEY WATER RIGHTS AND IRRIGATED LANDS INVENTORY

DRAINAGE: Mainstem - Beaver Creek
Total Water Right Irrigated Lands Idle Lands
Water Diversion With With Total
Permit Permit Priority Tract Right Rate Water No Water Total Water No Water Total Irr. & Idle USGS
Name Status No. Date No. Acres cfs/(AF) Rights Rights Irr. Rights Rights Idle Acres QUAD
2-113 9 Leavitt
Reservoir
2-114 2 Leavitt
Reservoir
209.0 2.97 142 20 162 162
Tolen A 3678 1/17/1902 2-107 34,0 0 Leavitt
Reservoir
2-110 5.0 0 Leavitt
Reservoir
39.0 0.55 0 0
Tolen A 1546E 4/16/1906 2-108 36.0 0.51 0 0 Leavitt
Reservoir
Tolen A 1532E 3/29/1906 2-109 15.0 0.21 0 0 Leavitt
Reservoir
Leavitt
Reservoir A 6220R 4/19/1954 643.45 AF
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APPENDIX E (continued)

SHELL VALLEY WATER RIGHTS AND IRRIGATED LANDS INVENTORY

DRAINAGE: Mainstem - Beaver Creek
Total Water Right Irrigated Lands Idle Lands
Water Diversion With Wi th Total
Permit Permit Priority Tract Right Rate Water No Water Total Water No Water Total Irr. & Idle USGS
Name Status No. Date No. Acres cfs/(AF) Rights Rights Irr. Rights Rights Idle Acres QUAD
Williams A 1005 7/5/1895 2-4 75.0 Shell
A 7
B 15
2-5 4 Shell
2-5 6 Shell
75.0 1.05 22 10 32 32
Trone & Hurt A 10616 3/11/1911 2-2 193.0 Shell
A 3
B 84
c 11
2-3 4 Shell
2-7 4 Shell
193.0 2.76 98 8 106 106
Trone & Hurt A 3205E 12/8/1913 2-11 136.0 Shell
A 20
B 23
c 3
136.0 1.94 46 0 46 46
Trone & Hurt A 3558E 11/15/1915 2-27 67.0 0.96 0 0 Shell
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APPENDIX E (continued)

SHELL VALLEY WATER RIGHTS AND IRRIGATED LANDS INVENTORY

DRAINAGE : Mainstem - Beaver Creek
Total Water Right Irrigated Lands Idle Lands
Water Diversion With Wi th Total
Permit Permit Priority Tract Right Rate Water No Water Total Water No Water Total Irr. & Idle USGS
Name Status No. Date No. Acres cfs/(AF) Rights Rights Irr. Rights Rights Idle Acres QUAD
Crandall A 691 4/19/1894 2-115 36.0 Leavitt
Reservoir
A 4
2-1 39.0 Shell
A 1
B 6
75 1.07 n N 1
Kenyon A Terr -1888 2-8 50.0 Shell
A 15.0
B 5.0
50 0.71 20 20 20
Kenyon A 682 4/3/1894 2-9 15.0 Shell
A 6.0
2-12 10.0 Shell
15 0.21 6 10 16 16
Kenyon A 2328 1/7/1897 2-29 66.0 Shell
A 7
B 24
2-30 10 Shell
66 0.94 31 10 4 4]
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APPENDIX E (continued)

SHELL VALLEY WATER RIGHTS AND IRRIGATED LANDS INVENTORY

DRAINAGE: Mainstem - Beaver Creek
Total Water Right Irrigated Lands Idle Lands
Water Diversion With With Total
Permit Permit Priority Tract Right Rate Water No Water Total Water No Water Total Irr. & Idle USGS
Name Status No. Date No. Acres cfs/(AF) Rights Rights Irr, Rights Rights Idle Acres QUAD
Kenyon
(T.F.
Anderson) A 853 11/24/1894 2-25 26.0 Shell
A 12
26.0 0.37 12 12 12
Anderson A 853 11/24/1894 2-25 67.0 Shell
B 8
C 5
D 27
E 5
2-33 2 Shell
2-34 7 Shell
2-35 5 Shell
67.0 0.96 40 12 52 5 2 7 59
Anderson A 3559E 11/15/1915 2-28 21.0 Shell
A 10
B 6
2-26 4 Shell
21.0 0.30 10 4 14 6 6 20
Arthur Mason A 6217 7/28/1904 2-36 4.0 Shell
A 23
41.0 0.58 23 23 23
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APPENDIX E (continued)
SHELL VALLEY WATER RIGHTS AND IRRIGATED LANDS INVENTORY

DRAINAGE: Mainstem - Beaver Creek
Total Water Right Irrigated Lands Idle Lands
Water Diversion With With Total
Permit Permit Priority Tract Right Rate Water No Water Total Water No Water Total Irr. & Idle USGS
Name Status No. Date No. Acres cfs/(AF) Rights Rights Irr, Rights Rights Idle Acres QUAD
Arthur Mason A 5417E 10/10/1946 Supply ditch for Ewen Res.
Ewen No. 3 A 21842 6/24/1957 2-39 15.0 Shell
A 3
15.0 0.21 3 3 3
Ewen-Pence
Gulch
Reservoir A 6067R 10/15/1953 78.45 AF
Ewen No. 1 A 13194 6/6/1913 2-37 21.8 Shell
A 20
2-38 4 Shell
21.8 0.3 20 4 24 24
Ewen No. 2 A 13195 6/6/1913 2-41 15.6 Shell
A 3
B 5
2-40 10 Shell
2-42 1 Shell
15.6 0.22 8 1M 19 19
Pense A Terr -1888 2-45 20,0 Shell
A 20
20.0 0.28 20 20 20
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APPENDIX E (continued)
SHELL VALLEY WATER RIGHTS AND IRRIGATED LANDS INVENTORY

DRAINAGE: Mainstem - Beaver Creek
Total Water Right Irrigated Lands Idle Lands
Water Diversion With Wi th Total
Permit Permit Priority Tract Right Rate Water No Water Total Water No Water Total Irr. & Idle USGS
Name Status No. Date No. Acres cfs/(AF) Rights Rights Irr, Rights Rights Idle Acres QUAD
Pense A 1807 3/28/1898 2-44 55.0 Shell
A 39
2-43 4 Shell
55,0 0.79 39 4 43 43
Pense A 1850E 3/19/1908 2-60 14.0 Shell
A n
14.0 0.20 11 n N
Ewen
Reservoir A 5583R 10/10/1946 132.40 AF
Bond A 13196 6/20/1913 2-46 17.3 Shell
A 7
17.3 0.24 7 7 7
Beaver A 270 5/5/1892 2-50 132.0 Shell
A 7
B 62
c 15
D 2
2-56 5.0 Shell
A 2
2-48 5 Shell
137.0 1.97 88 5 93 93
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APPENDIX E (continued)
SHELL VALLEY WATER RIGHTS AND IRRIGATED LANDS INVENTORY

DRAINAGE: Mainstem - Beaver Creek
Total Water Right Irrigated Lands Idle Lands
Water Diversion With With Total
Permit Permit Priority Tract Right Rate Water No Water Total Water No Water Total Irr. & Idle USGS
Name Status No. Date No. Acres cfs/(AF) Rights Rights Ire, Rights Rights Idle Acres QUAD
Beaver A 1601E 8/6/1906 2-52 5.0 Shell
A 5
2-53 5.0 Shell
A 5
2-54 19 Shell
2-57 9.0 Shell
A 2
B 3
19.0 0.27 15 19 34 34
Beaver A 1808E 9/16/1907 2-49 11.0 Shell
A 4
B 6
2-51 32.0 Shell
A 7
B 2
c 7
D 2
2-55 34.0 Shell
A 3
B 2
c 4
D 5
77.0 1.10 42 42 42
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APPENDIX E (continued)

SHELL VALLEY WATER RIGHTS AND IRRIGATED LANDS INVENTORY

DRAINAGE: Mainstem - Beaver Creek
Total Water Right Irrigated Lands
Water Diversion With Total
Permit Permit Priority Tract Right Rate Water No Water Total Total Irr. & Idle USGS
Name Status No. Date No. Acres cfs/(AF) Rights Rights Irr. Acres QUAD
Beaver A 3192E 6/20/1913 2-47 19.2 0.27 0 0 Shell
Loveland A Terr 6/15/1888 2-58 15,0 Shell
A 8
2-62 1 Shell
2-61 3
15,0 0.21 8 4 12 12 Shell
Bratsky
Pipeline P 24516 11/20/1974 2-59 76.0 1.09 0 0 Shell
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APPENDIX E (continued)

SHELL VALLEY WATER RIGHTS AND IRRIGATED LANDS INVENTORY

DRAINAGE: Horse Creek
Total Water Right Irrigated Lands Idle Lands
Water Diversion With With Total
Permit Permit Priority Tract Right Rate Water No Water Total Water No Water Total Irr. & Idle USGS
Name Status No., Date No. Acres cfs/(AF) Rights Rights Irr, Rights Rights Idle Acres QUAD
Frank Gould
No. 2 A 17817 12/12/1930 3-1 30.0 Shell
A 9
B 8
c 1
3-2 9 Shell
30.0 0.43 18 9 27 27
Lampman No. 2 A 1573 9/13/1897 3-5 80,0 Shell
A 13
B 2
80.0 1.14 15 15 15
Lampman No. 2 A 1871E 5/22/1905 3-12 40% Shell
A 21
3-11 7
40.0 0.57 21 7 28 28
* Includes overlap of 4 acres with #510 Kershner and Lampman, proof #4022. Irr. lands accounted for under this right.
Lampman A Terr. 5/1/1887 3-4 145.0 Shell
A 83
B 3
c 6
3-3 8 Shell
3-6 2 Shell
145.0 2,07 92 10 102 102
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APPENDIX E (continued)

SHELL VALLEY WATER RIGHTS AND IRRIGATED LANDS INVENTORY

DRAINAGE: Horse Creek
Total Water Right Irrigated Lands Idle Lands
Water Diversion With With Total
Permit Permit Priority Tract Right Rate Water No Water Total Water No Water Total Irr. & Idle USGS
Name Status No. Date No. Acres cfs/(AF) Rights Rights Irr, Rights Rights Idie Acres QUAD
Kershner &
Lampman
(Original
POD) A 510 6/1/1893 3-7 12.0 Shell
A 7.0
(Overlap w/3-12) 4.,0*
16.0 0.23 7.0 7 7
* Consists of 4 ac overlap of lands under #1871E - Lampman No. 2, irr. lands accounted for under Lampman No. 2.
Walter A Terr. 4/1/1888 3-10 28,0 Shell
A 21
3-9 13 Shell
28,0 0.40 21 13 34 34
Kershner
Reservoir A 1281R 4/30/1908 12.0 AF
Kershner &
Lampman
(New POD) A 510 6/1/1893 3-13 32.0 Shell
A 14
B 9
32.0 0.46 23 23 23
10M183,105/0585P

Page 58 of 67



APPENDIX E (continued)

SHELL VALLEY WATER RIGHTS AND IRRIGATED LANDS INVENTORY

DRAINAGE: Horse Creek
Total Water Right Irrigated Lands Idle Lands
Water Diversion With With Total
Permit Permit Priority Tract Right Rate Water No Water Total Water No Water Total Irr, & Idle USGS
Name Status No. Date No. Acres cfs/(AF) Rights Rights Irr, Rights Rights Idle Acres QUAD
Kershner &
Lampman
(new POD) A 882E 7/14/1902 3-15 25.0 Shell
A 21
3-14 5 Shell
3-16 9 Shell
(Also supply ditch for Lampman Reservoir)
25.0 0.35 21 14 35 35
Kershner &
Lampman
(New POD) A 4398E 11/14/1923 3-8 40,0 Shell
A 10
40,0 0.57 10 10 10
Lampman
Reservoir A 318R 7/14/1902 6.00 AF
Bench A 3648 1/9/1902 3-18 94.0 Shell
A 3
B 31
c 31
D 9
3-17 2 Shell
3-28 3 Shell
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APPENDIX E (continued)
SHELL VALLEY WATER RIGHTS AND IRRIGATED LANDS INVENTORY

DRAINAGE: Horse Creek

Total Water Right Irrigated Lands Idle Lands
Water Diversion With With Total
Permit Permit Priority Tract Right Rate Water No Water Total Water No Water Total Irr. & Idle USGS
Name Status No. Date No. Acres cfs/(AF) Rights Rights Irr. Rights Rights Idle Acres QUAD
3-19 2 Shell
3-25 2 Shell
3-26 1 Shell
94.0 1.33 74 10 84 84
Bench A 2380E 2/11/1911 3-23 125.0 Shell
A 23
B 10
125.0 1.78 33 33 33
Bench A 475  3/5/1931 3-24 25,0 Shell
A 15.0
25,0 0.36 15 15 15
Austin A Terr 4/26/1887 3-21 148.0 Shell
A 35
B 39
c 3
D 6
3-20 4
148.0 2,12 83 4 87 87
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APPENDIX E (continued)
SHELL VALLEY WATER RIGHTS AND IRRIGATED LANDS INVENTORY

DRAINAGE: Horse Creek
Total Water Right Irrigated Lands Idle Lands
Water Diversion With With Total
Permit Permit Priority Tract Right Rate Water No Water Total Water No Water Total Irr. & Idle USGS
Name Status No. Date No. Acres cfs/(AF) Rights Rights Irr, Rights Rights Idle Acres QUAD
Leavitt
Pipeline P 23409 1/16/1970 3-22 45,6 0.65 0 0 Shell
E.W. Smith A 17840 12/12/1930 3-27 13.0 Shell
A 3
13.0 0,19 3 3 3
Emerick A 14358 6/3/1916 3-29 10.0 0.14 0 0 Shell
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DRAINAGE: Trapper Creek

APPENDIX E (continued)

SHELL VALLEY WATER RIGHTS AND IRRIGATED LANDS INVENTORY

Total Water Right Irrigated Lands Idle Lands
Water Diversion With With Total
Permit Permit Priority Tract Right Rate Water No Water Total Water No Water Total Irr., & Idle USGS
Name Status No. Date No. Acres cfs/(AF) Rights Rights Irr, Rights Rights Idle Acres QUAD
Jenks A 2563 4/20/1900 4-1 56.0 Black Mtn,
A 14
B 5
c 10
4-2 5
56.0 0.80 24 24 5 5 10 34
Cull No. 2 A 3727 2/13/1902 4-4 47.0 Black Mtn.
A 22
B 4
4-5 13 Black Mtn,
47.0 0.67 26 26 13 13 39
Cull No. 1 A 3720 2/13/1902 4-3 36.0 0.5 0 0 Black Mtn.
Nathan A 6220 6/11/1904 4-6 14.0 Black Mtn,
A 3
B 5
14.0 0.20 8 8 8
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DRAINAGE: Trapper Creek

APPENDIX E (continued)
SHELL VALLEY WATER RIGHTS AND IRRIGATED LANDS INVENTORY

Total Water Right Irrigated Lands
Water Diversion With Total
Permit Permit Priority Tract Right Rate Water No Water Total Total Irr. & Idle USGS
Name Status No. Date No. Acres cfs/(AF) Rights Rights Irr, Acres QUAD
Hatten A 1075 11/13/1895 4-14 60.0 Black Mtn.
A 27
B 3
c 2
4-16 5 Black Mtn.
4-1 15 Black Mtn.
4-15 4 Black Mtn.
60.0 0.86 14 24 38 38
Hatten A #1262E 8/8/1904 4-18 23.0 Black Mtn.
A 14
B 3
4-12 28,0 Black Mtn.
A 14
B 2
4-9 18.0 Black Mtn.
A 1
B 3
4-17 3 Black Mtn.
4-21 12.0 Shell
A 3
B 5
4-22 2 Shell
81.0 1.15 45 5 50 50
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DRAINAGE: Trapper Creek

APPENDIX E (continued)

SHELL VALLEY WATER RIGHTS AND IRRIGATED LANDS INVENTORY

Total Water Right Irrigated Lands Idle Lands
Water Diversion With With Total
Permit Permit Priority Tract Right Rate Water No Water Total Water No Water Total Irr. & Idle USGS
Name Status No. Date No. Acres cfs/(AF) Rights Rights Irr. Rights Rights Idle Acres QUAD
Crain-Jenks A 7438 8/11/1906 4-19 42,0 Black Mtn.
A 3
B 25
4-13 14.0 Black Mtn,
A 9
4-10 35.0 Black Mtn,
A 6
B 6
c 1
4-20 2 Black Mtn,
4-7 15 Black Mtn.
4-8 4 Black Mtn.
91.0 1.30 50 21 n A
Highline A 1716  1/21/1898 4-29 181.0* Shell
A 91
B 30
4-25 47 Shell
4-37 2 Shell
181.0 2,57 121 49 170 170

* Includes a duplication of 20 acres under #Terr-McDonald, proof #3966.

10M183.105/0585P

Irr. lands accounted for under McDonald Ditch.
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APPENDIX E (continued)
SHELL VALLEY WATER RIGHTS AND IRRIGATED LANDS INVENTORY

DRAINAGE: Trapper Creek

Total Water Right Irrigated Lands Idle Lands
Water Diversion With With Total
Permit Permit Priority Tract Right Rate Water No Water Total Water No Water Total Irr. & Idle USGS
Name Status No. Date No. Acres cfs/(AF) Rights Rights Irr. Rights Rights Idle Acres QUAD
Highline A 1962E 10/9/1908 4-30 55.0 Shell
A 23
55.0 0.78 23 23 23
Highline A 2469E 5/5/1911 4-36 14,1 0.20 0 0 Shell
Highline A 1522 9/7/1906 4-33 60.0 Shell
A 2
B 15
c 4
4-31 5.0 0 Shell
4-32 10 Shell
4-34 10 Shell
65.0 0.93 21 20 4. 4]
Saban & Brown A 3132 4/22/1901 4-24 57.0 Shell
A 2
B 15
c 3
D 7
E 17
4-23 9 Shell
57.0 0.78 37 9 46 7 7 53
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APPENDIX E (continued)

SHELL VALLEY WATER RIGHTS AND IRRIGATED LANDS INVENTORY

DRAINAGE: Trapper Creek
Total Water Right Irrigated Lands Idle Lands
Water Diversion With With Total
Permit Permit Priority Tract Right Rate Water No Water Total Water No Water Total Irr. & Idle USGS
Name Status No. Date No. Acres cfs/{AF) Rights Rights Irr. Rights  Rights Idle Acres QUAD
Saban & Brown A 1244E 5/19/1904 4-26 9.0 Shell
A 1
B 4
9.0 0.12 5 5 5
Willard A 1039 8/16/1895 4-28 40.0 Shell
A 20
4-27 2 Shell
40.0 0.57 20 2 22 22
Casey Pipelne P 24240 10/15/1973 4-35 9.14 0.13 0 0 Shell
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APPENDIX E (continued)
SHELL VALLEY WATER RIGHTS AND IRRIGATED LANDS INVENTORY

DRAINAGE: SUMMARY

Total Water Right Irrigated Lands Idle Lands
Water Diversion With With Total
Permit Permit Priority Tract Right Rate Water No Water Total Water No Water Total Irr., & Idle USGS
Name Status No. Date No. Acres cfs/(AF) Rights Rights Irr. Rights Rights Idle Acres QUAD
Shell Creek
& Minor
Tributaries 11766.07 187.359 6151 1014 7165 503 112 615 7780
White Creek 227.0 3.24 73 0 73 0 0 0 73
Granite Creek 0 0.2623 - all domestic use 0
Beaver Creek
& Tributaries 3758.48 54.6184 1473 368 1841 11 2 13 1854
Horse Creek 896.6 12.79 436 67 503 0 0 0 503
Trapper Creek 815.24 11.57 394 130 524 25 5 30 554
TOTAL 17,463.39 269.8397* 8,527 1,579 10,106 539 119 658 10,764

* (Includes awarded diversion rates for stock and domestic uses.)
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APPENDIX F

GEOTECHNICAL DRILL LOGS AND PLATES

10M183.105/0608P
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HEM ASSOCIATES

EGGINEERN - ARCIITECTS - PLANNERS

GRAIN SIZE DISTRIBUTION

PROJECT NO._10M183.105 LAB NO. 3741
PROJECT NAME Lake Adelaide Dam FiELD NO, D.H.1l (5'-6%)

OATE SAMPLED _July, 84  DATE TESTED_8-28-84

SAMPLED BY _D.L.D. TESTED BY J.R, & J.P.
TYPE SAMPLE Sack SAMPLE LOCATION

SO!L DESCRIPTION GRAVELLY SAND

GRAVEL SAND FINES
COARSE TO
FIN
MEDIUM INE SILT CLAY
U.S. STANDARD {SIEVE SIZES
S E | o Q
£ - Q o o o (-]
s 8 Sw - - o4 4 =2 -
£ € 3 8N S o < : .
r¥rg; % fFfF f ¢ ¢
100 ‘K'N I I T I
1! IR
' j
) \ | 1
a0 TN | | ' l
I I RN
| \¥ ]
= N, X
z So | | | |
. N |
= N I
- 1 il | N |
: 1 4 1 !
40 ] T 1 T
| L N
i 1
| | | T
20 ; ; ' el
| | | | l
| + : !
T
f i | | I
] ; - f : 1 ! -
- - - - e - j -
e 3 S ¢ 53 s 3 g
o S e o P °
GRAIN DIAMETER MM
Il GRAVEL, Passing 3" & retained on no. 4 sieve %
q —-_—0__
2). SAND, Passing na. 4 sieve B retained on no. 200 sieve, 63 %

3). SILT & CLAY, Passing no. 200 sieve 27 %

Plate Na. 1



FORM ST-5-80

HEKAN ASSOCIATES

EGCIREERY - ARCIUTECTS « PLANNERS

GRAIN SIZE DISTRIBUTION

PROJECT NO._10M183.105 LAB NO.__ 3746

PROJECT NAME Lake Adelaide Dam FIELD NO._D.H. 3 (20'=21k')
DATE SAMPLED July 84 DATE TESTED___ 8-27-84
SAMPLED BY _D.L.D. TESTED BY J.R.& J.P.
TYPE SAMPLE _gaqk SAMPLE LOCATION

SOIL DESCRIPTION GRAVELLY SAND

GRAVEL SAND FINES
COARSE TO
1 ILT A
MEDIUM FINE StiL CLAY
U.S. STANDARD [SIEVE SIZES
= e ' o -]
e s o Qo (-3 o Q
58 5z + S % v 2Q
£ g &> 3 5
. e a™ g g = g g g
100 [ '1 1 f ! ;
H\ IHHEIEL
I i : l
| ‘ '
80 ! I | I |
\ | | ] :
1y
N [ |
= HENL I I l
z Sor- [ ] ]
: | \ |
s { | |
|
g , NI (] ]
w n ] '
'S 40 ‘ \ ] 1]
| 1IN L
{ T |
] N |
I I | \ | ]
20 T I \L 1
\
| ' ] { N
t T |
I | | |
o ; Ll f
s 2 3§ g5 E s 3 g
\ ¢ & o o o 2 pe
GRAIN DIAMETER MM
Il GRAVEL, Passing 3" & retained on no. 4 sieve —_29 _ _ %

2). SAND, Passing no. 4 sieve B retained on no. 200 sieve. —_—1l —_%_

3). SILT & CLAY, Passing no. 200 sieve 10 %

Plate No. 2



HEKAN ASSOCIATES

EGGILEERYN - ARCRITECTS - PLANNERS

PERCENT FINER

GRAIN SIZE DISTRIBUTION

FORM

PROJECT NO. 10M183. 1045

PROJECT NAMELgke Adelaide Dam FIELD NO.D.H, 4 (10'-11° )
DATE SAMPLED _Julv/Auqust, 84 DATE TESTED_ 8-27-84

SAMPLED BY D.L.D
TYPE SAMPLESack

sSol

100

80

60

40

LAB

L DESCRIPTION__ GRAVELLY SAND FILL

NO. 3750

ST-5-80

TESTED BY_J.R. & J,P.

SAMPLE LOCATION

20

GRAVEL SAND FINES
COARSE TO
FIN !
MEDIUM E SILT CLAY
U.S. STANDARD |SIEVE SIZES
-~
g 3 e o L g 3
s = ﬂ:' Se - - ot ¢ - ~
£ £ 3 = 5 o 4 :
L IS -: g g =z g : g
1 1 14 i ! | ] ;
\ HHEIRE
[ | 1 } |
\
| L
. ]
SRR
. | ' LIth
1} l i l
I I l l | ‘ '
| 1 i
‘ ' g 1y :
1
I l
l L 1 1 !
| i 1 |
| B e
t } T
1 | I
Y } I I |
| N | |
| N L
1 ' ! ~
\K
{ | | | l - N L
f 1 i L | in LL“\\
[ + 1 v
= 2 3§ 5% s 3 g
- o S e o ° pd °
GRAIN DIAMETER MM
)= GRAVEL, Passing 3" 8 retained on no. 4 sieve —_ 40 S
2). SAND, Passing no. 4 sieve B retained on no, 200 sieve, _80 _ _%_
3). SILT & CLAY, Passing no. 200 sieve 1o Yo_
Plate No. 3



HEKN ASSOCIATES

INGIEERY - ARCHITECTS - PLANNERS

PERCENT FINER

GRAIN SIZE DISTRIBUTION

PROJECT NO. 10M183.1085 LAB NO.

PROJECT NAME _Lake Adelaide Dam
DATE SAMPLED _July/August, 84

SAMPLED BY _D.L.D
TYPE SAMPLE Sack

sol

100

80

80

3782

FORM

ST-5-80

L DESCRIPTION__GRAVELLY SAND

FIELD NO.
DATE TESTED

TESTED BY _.J.R.& J.P,
SAMPLE LOCATION

4 0'-31%"')

— i

20

GRAVEL SAND FINES
COARSE TO
1
MEDIUM FINE SILT CLAY
U.S. STANDARD |SIEVE SIZES
=
S e o o tla g 3
T Sa Se . < ; . - w
= s = &8N ' 3 1
L g g 2 g g g
| 11 i | : J ;
| | |
I i ; |
| ]
N IR
I\J { ! ! l‘
. \\ I ! ARl
1] l ]
LR AR
: i | i i
1] | \ dH L
T \ 1
IRRE l
I 1 3 1 !
i N
| INTL T
I N | l
1 |
O
I | EVENY
U l ] l .'1. 1
: TN Tl iR
I 1 ! 1 1
. .. & a- v o 1
2 = S ¥ =53 s 8 3
. G ° e o ° s °
GRAIN DIAMETER MM
1. GRAVEL, Passing 3" 8 retained on no. 4 sieve -8 _ %

2). SAND, Passing no. 4 sieve B retained on no, 200 sieve,
3). SILT & CLAY, Passing no. 200 sieve

Plate

-_—58 2

Yo

—d4 %



HEKAN ASSOCIATES

CINEERN - ARCRITECTS - PLANNERS

a1

abd

PERCENT FINER

FORM ST-.5-80

GRAIN SIZE DISTRIBUTION

PROJECT NO.__10M183.105

LAB NO. 3754

PROJECT NAME Lake Adelaide Dam  FIELD NO._ D m.4 (45'-44%)

DATE SAMPLED July/afigust, 84  DATE TESTED_8-27-84
TESTED BY

SAMPLED BY

D.I..D

TYPE SAMPLE

Sack

SOIL DESCRIPTION

SANDY GRAVEL

J.R.& TI.P

SAMPLE LOCATION

GRAVEL SAND FINES
COARSE TO
MEDIUM FINE SILT CLAY
- u.s. STANDARD SIEVE SIZES
S H o Q
IR + 2 & ¢ = 3
£ £ £S5 o 3 ] 1
” =" g g = g : g
100 pr—rd L1 1 i L : } T
| | I
| i 1 l
| I
80 A\ ! | l | |
N | ] i | I‘
| l l }
S 1
N f IR
60 b= I ] ! l l
l N, ! ' !
[
| \\ W
L L 1 '
40 i \N‘ | )
| NG T
Y i N
I | N L
y |\L ] ]
20 1 ‘ \ ¢ T
|
| : | \'H“ |
T
] I ! | !
i 1 1
2 ¥ S % E55 3 ¢ 3
- -] o ) o o o o
GRAIN DIAMETER MM
I)- GRAVEL, Passing 3" 8 retained on no. 4 sieve —_— - %
2). SAND, Passing no. 4 sieve B retained on no, 200 sieve, 44 __%_
3). SILT & CLAY, Passing no. 200 sieve 11 %

Plate No.5



HEKMN ASSOCIATES

EGCINEERS -ARCINTECTS - PLANNERS

PERCENT FINER

GRAIN SIZE DISTRIBUTION

PROJECT NO.__ 19M183. 1405 LAB NO.

PROJECT NAMELake Adelaide Dam

OATE SAMPLED _Iuly/august,. 84  DATE TESTED 8=27-84
TESTED BY_J.R.& J.P.
SAMPLE LOCATION

SAMPLED BY __D.L.D.
TYPE SAMPLE __Sack

sSol

f00

80

80

40

L DESCRIPTION __GRAVELLY SAND FILL

3759

FORM ST-5-80

FIELD NO.

D.H.6 (0'-1%"')

20

GRAVEL SAND FINES
COARSE TO
FIN 1 Y
MEDIUM INE SILT cLA
U.S. STANDARD |SIEVE SIZES
-_
g % s s & g 38
s & E Se . = ; A < ~
€ £ =N i > ]
. N e =™ g g = g : g
| [ \ ; { { ] ;
I | |
NI , Al
1
| A
L ]
\ | | | ll
\ | ] ! !
! |
| L T
1 | | t
N T
| !
M I
I \ 1 ! 1 '
| \ i | |
N
4
. N
' i\ | l {
\ ¥
I N |
i l NN | '
1 1 i -
| | ! | et
' 1 1 1 o
1 ] I° 3 |- ; v L
e 3§ 85% s 3 3
- -1 P 6 o e o c
GRAIN DIAMETER MM
- GRAVEL, Passing 3" 8 retained on no. 4 sieve —_—21 _ _ %
2). SAND, Passing no. 4 sieve B retained on no. 200 sieve, —_—55 ____20_
3). SILT & CLAY, Passing no. 200 sieve 8 Yo

Plate

NaQ.6



FORM ST-5-80

HEKAN ASSOCIATES

EGGINEERSN - ARCRITECTY - PLANNERS

GRAIN SIZE DISTRIBUTION

PROJECT NO._]10M183.105 LAB NO. 3702

PROJECT NAME Lake Adelaide Dam FIELD NO._D.H. 101 (5-10"')
DATE SAMPLED July, 84 DATE TESTED 3-28-34
SAMPLED BY __D.L.D. TESTED BY J.R.& J.P
TYPE SAMPLE SACK SAMPLE LOCATION

SO!L DESCRIPTION SILTY SAND

GRAVEL SAND FINES
COARSE TO
MEDIUM FINE SILT CLAY
U.S. STANDARD |SIEVE SIZES
s fc’ - Q l =4 S
S T A A A
msZZw $§ 2 = 3 ¢ ¢
100 111 1 | : } ;
N W] (]
N ! !
| YHHTT T
“ RN I ”
TN
; | ] | !
i r\ 1
< | UN TH
z 50 T l |
. | WHTIN !
=
g ' WHHITINGT T
5 l 1 1 LI !
Y 40 | 1 ] \
| {IEATIEEERN
T ]
T T T
20 ; I I ‘ !
: IR
T !
4 L L |
o ] ' o JORNS :
e 2 3§ 25 E i 3 S
. o e o o e e o
GRAIN ODOIAMETER MM
I)- GRAVEL, Passing 3" & retained on no. 4 sieve —_—5 e _ %
2). SAND, Passing no. 4 sieve B retained on no. 200 sieve, ___6_5_ I
3). SILT & CLAY, Passing no. 200 sieve 30 Y

Plate No. 7



HEKAN ASSOCIATES

EGGINEERS - ARCRITECTS » PLARNEDRS

PERCENT FINER

GRAIN SIZE DISTRIBUTION

FORM ST-5-80

PROJECT NO._10M183.105

LAB NO.__ 3704

PROJECT NAME1ake Adelaide Dam FIELD NO. p. g

DATE SAMPLED July/August, 84  DATE TESTED_8-27-84
SAMPLED BY D.L.D.

SOIL DESCRIPTION

TYPE SAMPLE __gsack

SILTY SAND

103 (1'=5")

TESTED BY_J.R.& J.P.

SAMPLE LOCATION

GRAVEL SAND FINES
COARSE TO
1
MEDIUM FINE SILT cLAY
U.S. S}'ANDARD SIEVE SIZES
Py -
v o -1
NIET - 28 ¢ 2 3
£ £ ¢ I > > ]
" N -: 2 g z g g g
100 (=l L1l i L ' } T
| | !
P | L ) |
N ] 3 ‘
N Rl
80 N I l '
NWHIERA n
) l ! Lth
i l i
1 i jilin
50 X T | |
LN
1
, MIN (]
il 1
40
| | I |
1 NG
f f \
1 | | | N\LK
* : ! : : TN
U : % ] ' L\‘E:
T ~N
| I I L R
. i il Al Tl
e 2 T3 0§ 835 % s 3 3
- ] s e o e P c
GRAIN DIAMETER MM
). GRAVEL, Passing 3" 8 retained on no. 4 sieve —_—LlT %
2). SAND, Passing no. 4 sieve 8 retained on no. 200 sieve. -5 %
3)- SILT & CLAY, Passing no. 200 sieve 25 Yo

Plate No.

8



HEM ASSOCIATES

EGGINEERY - ARCHITECTS - PLANNERS

GRAIN SIZE DISTRIBUTION

PROJECT NO.__10M183.105 LAB NO. 3710

PROJECT NAME Lake Adelaide Dam  FIELD NO._104 (10'-15')
DATE SAMPLED July/August  DATE TESTED.8-27-84
SAMPLED BY _D.L.D, TESTED BY J.R.& J.P.
TYPE SAMPLE _gack SAMPLE LOCATION
SOIL DESCRIPTION ___ STLTY SAND

GRAVEL SAND FINES
COARSE TO
1
MEDIUM FINE SILT cLAY
U. S. S':'ANDARD SIEVE SIZES
s <
< o (-]
5 5% 5% + 28 ¢ e 3
£ = N 5 O > ] 5
L B g g z g g 2
100 L L i L !
\ HHEEL
! . ikl
N i | !
s IR
1N ;
80
, ] ! ph
i K l 1y
= | \ ! ! ! .li
z 50 1 \ | | ‘
- I l
- | l !
& 1 |
e 1 N ! l
w TANEN ] |
& 40
} N[ i
| N L
T i
20 ' N | ! ]
! ST
| | | | “‘LT%‘
i i } | N
j \hq
i I ! H ! ~~%
L | L | \\{\‘
o i J N ] {_ - : J
e @ I ¥ 233 s 8 3
- P P o Py o 2 s
GRAIN DOIAMETER MM
I)- GRAVEL, Passing 3" & retained an no. 4 sieve —_d %
2). SAND, Passing na. 4 sieve B retained on no. 200 sieve, —_—t8 %
3). SILT & cLay, Passing no. 200 sieve 15 %

Plate No. 9



HEKMN ASSOCIATES

CINEERS -ARCLITECTS - PLANNERS

Ine

abd

PERCENT FINER

PROJECT NO.

PROJECT NAME _ Lake Adelaide Dam FIELD NO.

GRAIN SIZE DISTRIBUTION
10M183.105

LAB NO.__3712

FORM ST-5-80

D.H. 105 (1-5)

DATE SAMPLED _Julv/Auqust DATE TESTED8-27-~84

SAMPLED BY _D.L.D.
TYPE SAMPLE gack

TESTED BY

J.R.

& J.P.

SOIL DESCRIPTION__GRAVELLY SAND

SAMPLE LOCATION

GRAVEL SAND FINES
COARSE TO
MEDIUM FINE SILT CLAY
U.S. STANDARD |SIEVE SIZES
s % o ! s 3
fs8¢5% + = s 3 2 3
= ~ . - . o
P g 2 2 g 2 ¢
100 e L 1 | ! : ! :
T |
— | { | |
- 1 \
| ! | | ‘
. N L | |
| | (TR | I
: ) ' | | 1'h
h i i ‘ i l
" '!!1 I l I li ! I
” i TR [
1] | N (] |
1 I\
] NG (]|
40! | i ¢ : !
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1 1 N ]
l | IEENL
h N | LI
* ' T T
| N
L T
=
| | | | I =t
s 1 . 1 ! \“\JHL
° X - ° - - o =
2 = s $ o5 o S 3
. e ] s o e ° o
GRAIN DIAMETER MM
Il GRAVEL, Passing 3" 8 retained on no. 4 sieve —_ -
2. SAND, Passing no. 4 sieve B retained on no. 200 sieve. _80 . Y
3). SILT & CLAY, Passing no. 200 sieve —__22 o
Plate No. 10



H l{ 1“ ASS"‘ !A‘les FORM ST-5.80

HCINEERS -ARCHRITECTS - PLANMERS

GRAIN SIZE DISTRIBUTION

PROJECT NO._10M183.105 LAB NO. 3716

PROJECT NAME_Lake Adelaide Dam _ FIELD NO._D.H. 107 (0'-10')
OATE SAMPLED ___July/August, 84 pATE TESTED 8-27-84
SAMPLED BY __D.L.D, TESTED BY J.R.§& J.P.

TYPE SAMPLE __gack SAMPLE LOCATION
SOIL DESCRIPTION _SIEEY SAND

GRAVEL SAND FINES
COARSE TO
N
MEDIOM FINE SILT cLAY
U.S. STANDARD [SIEVE SIZES
3
§ 3 Q Qo L 8 3
£ 538> + T % <« 2 q
£ £33 8 9 5 g
priis ¢ % F § ¢ g
[{e]] 1 1
#L\J__K I l : T
AL ; 5 |
N ]
" , dH ]
| | i ! l|
. 1 | ! :
] . [
£ o | \ ! l l
z { | 1
z RV |
- | | |
- i
g | N T
- 1 i ! '
& 40 I i \\ i |
| ! il
T ]
=° T T T
|
| : } ! l
T
i I | | '
o } + t 1t
s 8 3 ¥ g5 E s 3 3
v o P s o e 3 px
GRAIN OIAMETER MM
I)- GRAVEL, Passing 3" 8 retained on no. 4 sieve 12 Y
2). SAND, Passing no. 4 sieve 8 retained on no, 200 sieve. -89 Y
3). SILT & CLAY, Passing no. 200 sieve 19 %,

Plate No. 11



H KA ASSOCIATES rom sTaee

SHCINEERS - ARCRITECTS - PLANRERS

GRAIN SIZE DISTRIBUTION

PROJECT NO. _10Mm183 105 LAB NO.__ 3717

PROJECT NAMELake Adeliade Dam _ FIELD NO._D.H, 107 (10'-13'
DATE SAMPLEDJuly 1984 DATE TESTED 8-28-84
SAMPLED BY _D.L.D. TESTED BY J.R.& J.P.
TYPE SAMPLE _gack SAMPLE LOCATION

SOIL DESCRIPTION__ SILTY SAND

GRAVEL SAND FINES
COARSE TO
Fi ILT Y
MEDIUM NE SiL CLA
uU.S. STANDARO SIEVE SIZES
s 3 s 3
TERE - 2 & 2 s 3
£ &> ¢ > 5
rriTn ¢ fF OfF ¢4
100 ‘\ I t T
N | | |
| . ikl
| | '
8o ' ‘ ' !‘
| I I { li‘
\ [ ! AR
i \\ [ i
< | \ !l ' l l
z s0 1] \ l | i I
.
5 1 '}‘\J\ l l !
‘a_‘ I N\l 1 '
40 i ) i 1
| U N (!
! N
1 | | | ‘“NU‘
20 | } ; : ]
|
| l ! ! '
T t
I I I i
° ; R e
e 82 "z § 23i s 3 g
- =) ° e o ° s °
GRAIN DIAMETER MM
I)l- GRAVEL, Passing 3" & retained on no. 4 sieve —_—12 %
2. SAND, Passing no. 4 sieve B retained on no. 200 sieve. 60 ___%_
3). SILT & CLAY, Passing no. 200 sieve 23 o,

Plate No. 12



HEKN ASSOCIATES

ENGIREERS -ARCIITECTS - PLARNEDRS

PERCENT FINER

GRAIN SIZE DISTRIBUTION

FORM

ST-35-80

PROJECT NO._ 10M183.105 LAB NO.__ 3681

PROJECT NAMEW FIELD NO._Dozer Excavation
DATE SAMPLED July/August, 84 DATE TESTED 8§-27-84
SAMPLED BY _D.L.D. TESTED B8Y J.R.& J.P.
TYPE SAMPLE _gack SAMPLE LOCATION

SOIL DESCRIPTION__GRAVELLY SAND

GRAVEL SAND FINES
COARSE TO
MEDIUM FINE SILT CLAY
U.S. STANDARD |SIEVE SIZES
H ':5 o | g 3
AR >+ 2 s 9 2 Q
£ =S ¢ 3 ] ] 1
" 4: - -= g g g g : g
100 | 111 ] | : ! ;
N l | | |
' IRSURbRIET
|
. TR | e el
| l Lith
N ]
sl LN .
N ] ] i l
' \ it !
i
1 N T
RN i L '
40 | T N i 1
| HEONC D]
J I N
IR
20 l | !
)L TN
T
! ) 1 { '\\\*H..~
[*) ! ! o o - o s
s ¢ 3§ £S5 % g 3 S
- o P 6 o ° s e
GRAIN OIAMETER MM
). GRAVEL, Passing 3" 8 retained on no. 4 sieve —_—31 _ %
2). SAND, Passing no, 4 sieve B retained on no, 200 sieve. ____25___%:_
3). SILT & cLAy, Passing no. 200 sieve 14 Yo

Plate No. 13



HEMN ASSOCIATES

MOISTURE DENSITY RELATIONS OF SOILS

Project No. 10M183.108 Lab No. 3716 D.H. 107 (0-10"')

Project Name _Lake Adelaide Dam Test Designation -ASTM D698
Date Sampled Iuly, 1984 Date Tested _8=23~-84

Soit Class. SILTY SAND % Passing + 4Sieve 88%

Maximum Dry Density 133.7 PCF

Optimum Moisture 7.4%

MOISTURE-DENSITY GRAPH
135

133 A

131 /

129 y K

DRY UNIT WEIGHT Ibs/cu. ft.

127

e

=y
-

125

0 z _4 5 8 10 12
Plate No. 14

WATER CONTENT (Percent of dry weight )



HEN ASSOCIATES

ENCINEERS - ARUMTECTS - PLANNKES

MOISTURE DENSITY RELATIONS OF SOILS

Project No. 10M183.1058 Llab No. 3681 Dozer Excavation
Project Name __Lake Adelaide Dam Test Designation AST1 D-698

Date Sampied July, 1984 Date Tested 8-23-84

Soit Class. _ GRAVELLY SAND % Passing + 4Sieve 69

Maximum Dry Density 130.1 PCF

Optirnum Moisture 1.1%

MOISTURE-DENSITY GRAPH
132

130 =

128 -4

126

DRY UNIT WEIGHT Ibs/cu. f1t.

124

122

0 2 4 6 8 10 12

WATER CONTENT (Percent of dry weight ) Plate No. 15
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APPENDIX G

TYPICAL CONSUMPTIVE USE AND NET IRRIGATION
REQUIREMENT AND MEAN MONTHLY TEMPERATURE
AND PRECIPITATION FOR SHELL, WYOMING



H.K

YEAR JAN
1973 20.60
YEAR JAN
1973 -90
YEAR JAN
1973 6. 44
CROP
ALFALFA
SUGARBEETS
CORNCSILAGE)
GRAINCSPRING)

ELEVATION 3-- 4275 FEET

INPUT

GROWING SEASON
TEMPERATURE
PRECIPITATION
QUTPUT

GROMING SEASON

oM. ASSOCIATES

DATA SUMMARY
BLANEY-CRIDOLE CONSUMPTIVE USE ANALYSIS

FE®
29.40

FES
<40

FEB
6' 56

FILENANME
T4GROW

SHELTPE3
SHELPCE3

74CON

REGI

ON SHELL

wy

MEAN MONTHLY TEMPERATURE CDEGREES F)

SEP
59.20

SEP
2.98

SEP
8.42

MAR APR MAY JUN Jui AUG
41.40 44.50 57.90 67.50 T4.20 73.90
AVERAGE MONTHLY PRECIPITATION CINCHES)
MAR APR MAY JUN JuL AUC
-85 3.26 .80 2.42 1.68 .28
MONTHLY X OF DAVTIME HOURS
MAR APR HAY JUN JuL AUG
8.29 .07 10.29 10.43 10.53 9.71
LATITUDE:- 44 DEGREES 32 MINUTES
CROP DATA
PLANTING DATE HARVEST DATE
APR » 29 ocy » 26
APR v 14 ocy 11
HAY s 10 SEPT , 15
APR s 17 AUG s 25
LIBRARY VOLUME
AL2DATA VoL 5535
A120ATA VoLSS5
AL20ATA VoL SS5S
A12DATA VoL S55

END OF INPUT DATA FOR BLANEY~CRIDDLE FORMULA

11721784

acy NOV DEC
$3.50 36.80 32.00

ocr NOV DEC
«25 -78 «35
1] NOV DEC

7.63 6.47 65.18

DEPTH (INS)

L K I ]

ANNUAL
49.24

ANNUAL
14.95

ANNUAL
100.00



MONTHLY USAGE TABLE-~BLANEY/CRIDOLE CONSUMPTIVE USE ANALYSIS
STATIONS~SHELL
*&¥k CROP #*#%#% ALFALFA
THE YEAR BEING CONSIDERED IS:-

MONTH

ADJUSTED TEMP.

ADJUSTED PRECIP.

ADJUSTED X DH.

ADJUSTED KT
ADJUSTED KC
ADJUSTED X
ADJUSTED F

JAN

20.60
90
6.44

-30
40
.12
1.32

CONSUMPTIVE USECIN) .16
UPEAK

CON. USE/ZDAY (IN) -00
EFFECTIVE PRECIP. «56
NET IRR. REQ°D. ~<40

FEB

29.40
.‘o
6.56

.30
«40
.12
1.92

MAR

41.40
.as
8.29

«40
40

16
3.43

55

.01
54

<01

APR

45.55
3.15
8.77

«47
-40

Qla
3.93

16

.02
1.8¢

-1.08

APR

50.87
-11
.Jo

«56
1.05

059
-15

009

«09
0.00

1973
HAY

57.90
.80
10.29

.68
1.08
-Té
5.95

JUNE

67.50
2.42
10.43

-85
1.13
«97
7.03

JueLy

T74.20
1.68
10.53

«96
1.10
1.07
7.01

AUG

73.90
.z'
%.71

.96
1.05
1.02
T.17

SEPT

59.20
2.98
.C‘z

<71
.98
- 70
4.98

GROWING SEASON

4.46

.l‘
-63

3.83

6. a‘

«22
2.05

4.79

8.41
«30
.21

1.61

6.80

acy

53.25
.21
6“0

«80
-9

55
3.40

1.88

«07
'09

1.79

GROWING SEASON CONSUMPTIVE USE =
GROWING SEASON NEV IRR REQD =

7.33 3.50
«23 .11
21 2.04
T.12 1.46
32.51 1IN.
25.88 IN.

ocy

46.38
.o‘
1.23

.‘.
.‘o

.19
57

.11

.02
0.00

11

Nov

36.80
.78
6.47

.32
40

12
2.37

31

<01
49

-.18

DEC

32.00
.35
6.“

.30
.‘o

.12
1.97

«24

.00
-19

ANNUAL

34.87

24.39



MONTHLY USAGE TABLE--BLANEV/CRIDDLE CONSUMPTIVE USE ANALYSIS
STATIONZ-SHELL
*k%% CROP *%%% SUGARBEETS
THE YEAR BEING CONSIDERED IS3-

MHONTH JAN
ADJUSTED TEMP. 20.60
ADJUSTED PRECIP. «90
ADJUSTYED X DH. 6.44
ADJUSTED KT -30
ADJUSTED KC «25
ADJUSTED K 07
ADJUSTED F 1.32
CONSUMPTIVE USECIN) .10
UPEAK

CON. USE/DAY (IN) «00
EFFECTIVE PRECIP. <56
NET IRR. REQ°D. ~e46

FE8

29.40
40
6.56

30
.zs

07
1.92

«14

‘oo
.23

~-«09

1973
MAR APR APR MAY JUNE JULY AUG SEPT ocY
41.40 43.63 47.60 5T7.90 67.50 74.20 73.90 59.20 55.37
«85 1.52 1.74 .80 2.42 1.68 28 2.98 =09
8.29 4.23 4.84 10.29 10.43 10.53 9.71 8.42 2.T%
<%0 44 «50 «68 -85 «96 «96 .71 <64
«25 «25 - %6 57 «86 1.11 1.24 1.17  1.07
-10 .11 «23 «39 .13 1.08 1.20 .83 68
3.43 1.84¢ 2.30 $.95 7.03 7.81 T-.17 4.98 1.50
GRONWNING SEANASON
2T E S S E SIS E T EEEESEEETEEEIRTRNEEELEIESESITETETS
=35 «20 «54 2.37 5.20 8.49 8.62 4.14 1.03
.31
«01 .01 <03 -07 17 .27 27 13 «09
53 93 1.07 56 1.87 1.61 .22 2.12 0.00
~«18 -e73 ~«53 1.81 3.33 6.88 8.40 2.02 1.03
SE IS EE IS ESEEESEZESESESTEEEISSETESERTTREZTZZIT IR
GROWING SEASON CONSUMPTIVE USE = 30.39 1IN.
GROWING SEASOMN NET IRR REQD = 22.94 1IN.

acy

50.27
.16
4.92

55
.25

.13
2.‘,

'3‘

01
.o‘

.3‘

NOV

36.80
.78
6.47

«32
25

-08
2.37

.19

.00
.48

-e29

DEC

32.00
.35
6.18

.Jo
-25

.07
1.97

15

.00
.19

-.04

ANNUAL

31.86

21.45



MONTHLY USAGE TABLE-—-BLANEV/CRIDOLE CONSUMPTIVE USE ANALYSIS
STATION:-SHELL
%% CROP *&k*% CORNCSILAGE)
THE YEAR B8EING CONSIDERED IS:z-

MONTH JAN

ADJUSTED TEMP. 20.60
ADJUSTED PRECIP. -90
ADJUSTED % DH. 6.44
ADJUSTED KXY 30
ADJUSTED KC «25
ADJUSTED K 07
ADJUSTED F 1.32

CONSUMPTIVE USECIN) .10
UPEAK

CON. USEZ/DAY (IN) <00
EFFECTIVE PRECIP. «56
NET IRR. REQ°D. - 46

FEs

29.40
«40
6.56

.30
.25
.o'
1.92

MAR

41.40
-85
8.29

«40
.25

10
3.43

«35

.ol
53

-e18

APR

44.50
3.25
9.07

45
«25

.11
4.03

.46

.01
1.87

-1.41

MAY

53.29
«26
3.32

.60
.zs

15
1.76

«27

.02
<12

15

GROWING SEASON CONSUMPTIVE USE =
GROWING SEASON NET IRR REQD =

1973

HAY JUNE JuLy AUG SEPTY

59.37 67.50 74.20 73.90 62.81
.56 2.42 1.68 .28 1.49

6.97 10.43 10.53 %.71 4.21
.71 -85 «96 «96 -7
«46 63 99 1.06 1.00
.32 «53 .96 1.02 .17

4.13 7.03 7.81 T.17 2.64

6RAOWING SEASON

1.34 3.80 T1.5¢ T7.38 2.04
.27
.06 12 24 23 13
35 1.73 1.53 21 1.01
1.01 2.07 6.01 7.17 1.03
ZETTTEARNEESEERZTTITXETEITETETTESITEES
22.12 1IN,
17.29 IN.

SEPT

57.80
‘.‘9
4.21

.6.
25

17
2.43

.62

.oz
.92

~«50

acy

53.50
25
71.63

«61
.zs

.15
4.08

.62

02
.12

NOV

36.80
.'.
6.‘7

.25
-08
2.37

.oo
.‘s

-e29

DEC

32.00
135
6.18

30
.zs

07
1.97

15

.oo
-19

~.06

ANNUAL

24.82

14.97



MONTHLY USAGE TABLE--BLANEY/CRIDDLE CONSUMPTIVE USE ANALYSIS
STATIONS-SHELL
*#¥%& CROP #¥*x¥ GRAINCSPRING)

THE YEAR BEING CONSIDERED [S:-

MONTH JAN

ADJUSTED TEMP. 20.60
ADJUSTED PRECIP. «90
ADJUSTED ¥ DH. 6. 44
ADJUSTED KT 30
ADJUSTED KC 25
ADJUSTED K «07
ADJUSTED F 1.32

CONSUMPTIVE USECIN) .10
UPEAK

CON. USE/DAY (IN) .00
EFFECTIVE PRECIP. 56
NET IRR. REQ-D. ~.46

FEB

29.40
<40
6.56

30
.zs

001
1.92

.“

-00
023

-+09

19713
MAR APR APR MAY JUNE JuLy AUG AUG
41.40 43.86 48.23 57.90 67.50 74.20 73.13 67.838
-85 1.85 1.41 .80 2.42 1.68 «23 «05
8.29 5.14 3.93 10.29 10.43 10.53 7.83 1.88
« 40 44 52 .68 -85 «96 95 86
.25 23 «36 .16 1.26 1.06 -28 «25
.10 .11 -18 «52 1.07 1.02 «26 .21
3.43 2.25 1.89 5.95 1.03 7.81 5.72 1.27
GROWING SEASON
FEAXZETESIEITTITITTITEECINITTTTTINEBITS
«35 25 «36 3.12 7.58 8.05 1.52 .27
«29
01 .01 .02 -10 25 25 «06 -06
53 .11 87 .58 2.14 1.57 -11 0.00
-.18 ~.86 -e51 2.54 S.44 6.48 1.41 27
S CEEEIEEIEEIIEIESTEERITEEEIEITIRNTETTETES
GROWING SEASON CONSUMPTIVE USE = 20.63 1IN,
GROWING SEASON NET IRR REQD = 15.36 1IN.

SEPT

59.20
2.98
8.42

71
25

.17
‘. 98

02
1.77

-.89

ocv

53.50
'zs
7.63

61
025

Ols
4.08

62

02
12

NOV

36.80
.78
6.67

32
<25

.08
2.37

.19

00
48

~e29

DEC

32.00
.35
6.18

-30
.25

.07
1.97

.‘s

.00
19

-.04

ANNUAL

23.58

13.32



H.K.M. ASSOCIATES

YEAR JAN
1973 20.60
YEAR JAN
1973 «90
YEAR JAN
1973 b.44
CRrRoOP
COTTONWOODS

SALTGRASS 12-36

ELEVATION 3-- 4275 FEET

INPUT

GROWING SEASON
TEMPERATURE
PRECIPITATION
OUTPUT

GROWING SEASON

END OF INPUT DATA

DATA SUNMARY
BLANEY-CRIDDLE CONSUMPTIVE USE ANALYSIS

FEB
29.40

FEB
«40

FEB
6.56

FILENAME
GROWSP

SHELTPE3
SHELPCE3

CONUP

MAR
41.40

MAR
.85

MAR
8.29

REGI

ON SHELL

WY

MEAN MONTHLY TEMPERATURE (DEGREES F)

APR MAY JUN
44.50 57.90 67.50

JUL
T4.20

AUG
73.90

SEP
$9.20

AVERAGE MONTHLY PRECIPITATION CINCHES)

APR M
3.26

MONTHLY X OF DAYTIME HODURS

APR M
9.07 10
LATITUDE:S -

PLANTING DATE

APR
APR

LIBRARY
Al12DATA
A12DATA
A120ATA

A12DATA

s 17
s 17

VOLUME
VaL555
voL555
VOLS555

VOLSSS5

FOR BLANEY-CRIDDLE FORMULA

AY JUN
-80 2.42

AY JUN
029 xo.‘a

JUL
1.68

JuL
10.53

AUG
.2‘

AUG
9.71

44 DEGREES 32 MINUTES

CROP DATA

HARVEST DATE

NGOV
NOV

1
1

SEP
2.98

SEP
8.42

ocT
53.50

ocy
25

ocy
T.63

10710784

NOV DEC
36.80 32.00

NovV DEC
.78 35
NOV DEC

6.47 6.18

OEPTH (INS)

ANNUAL
49.24

ANNUAL
14.95

ANNUAL
100.00



MONTHLY USAGE TABLE--BLANEY/CRIDOLE CONSUMPTIVE USE ANALYSIS
STATION:-SHELL
*5¥% CROP *%&% COTTONWOODS
THE VEAR BEING CONSIDERED ISz~

MONTH JAN
ADJUSTED TENMP. 20.60
ADJUSTED PRECIP. «90
ADJUSTED I One. 6.44
ADJUSTED KT 30
ADJUSTED KkC 25
ADJUSTED K 07
ADJUSTED F 1.32
CONSUMPTIVE USECIN) .10
UPEAK

CON. USE/DAY (IN) 00
EFFECTIVE PRECIP. 56
NET IRR. REQ°D. ~e 46

FEB

29.40
«40
6.56

30
.zs

07
1.92

14

-00
«23

-+09

MAR

41.40
-85
8.29

40
.25

3.43

«35

<01
«53

-.18

1973
APR APR MAY JUNE JUuLY AUG SEPT ocT NOV
43.86 48.23 57.90 67.50 74.20 73.90 59.20 53.50 44.74
1.85 1.41 -80 2.42 1.68 «28 2.98 «25 .03
5.14 3.93 10.29 10.43 10.53 9.71 8.42 7.63 .22
b4 «52 -68 -85 96 «96 .71 61 -46
25 1.22 1.39 1.84 1.97 1.83 1.69 1.51 1.41
.11 <63 «95 1.57 1.91 1.76 1.20 «92 «64
2.25 1.89 5.95 7.03 7.61 T7.17 4.98 4.08 .09
GROWING SEASON
IS E SN E I E RS EEI SRS IS IS TISEEIASEETTEEEIETEEREZTTEEE
25 1.20 5.69 11.08 14.98 12.58 6.00 3.79 .06
.57
.01 -09 .18 36 <48 40 .19 .12 .06
1.11 91 «67 2.42 1.68 .28 2.35 <14 0.00
-.86 «29 5.02 8.66 13.30 12.40 3.65 3.65 -06
ZEET IS E TR T T TE IR I T I T ETTEITEITEEEEEZIETIZTLEILITITBEIERIEEIZZER
GROWING SEASON CONSUMPTIVE USE = 55.48 IN.
GROWING SEASON NET IRR REQD = 47.03 IN.

T WARNING - CROP COTVONWOOGDS IS NOT INCLUDED IN THE STANDARD GROUP QF 9 CROPS
THIS CROP WILL NOT BE PASSED ON TO THE WEIGHTED IRRIGATION PROGRAMI

NOV

38.09
15
6.25

<34
«25

.08
2.38

.21

«00
«46

-.25

DEC

32.00
35
6.18

30
25

07
1.97

.00
.19

-2 04

ANNUAL

56.68

45.15



MONTHLY USAGE TABLE--3LANEY/CRIDDLE CONSUMPTIVE USE ANALYSIS
STATION:-SHELL
*%kk CROP #*x%& SALTGRASS 12-36
THE VEAR BEING CONSIDERED IS:-

MONTH JAN

ADJUSTED TENWP. 20.60
ADJUSTED PRECIP. «90
ADJUSTED % DH. 644
ADJUSTED KT -30
ADJUSTED KC «25
ADJUSTED K 07
ADJUSTED F 1.32

CONSUMPTIVE USECIN) .10
UPEAK

CON. USE/DAY (IN) -00
EFFECTIVE PRECIP. «56

NEV IRR. REQD. -46

FEB

29.40
40
6.56

«30
.zs
07
1.92

00
023

-+09

MAR

41.40
.as
8.29

<40
.25

.10
3.43

'35

-01
53

-.18

APR

43.86
1.85
S5.14

L)
-25

.11
2.25

25

'ol
1.11

-.86

1973
APR HAY JUNE JUuLY AUG SEPT ocr NOV

48.23 57.90 67.50 74.20 73.90 59.20 53.50 44.74
1.41 -80 2.42 1.68 .28 2.98 «25 .03
3.93 10.29 10.43 10.53 9.7 8.42 7.63 .22

«52 68 -85 «96 96 «71 «61 «46
«67 .71 .83 -89 .87 «80 «63 «54
34 «49 .70 87 -d4 57 «39 - 24
1.89 5.95 7.03 7.81 T.17 4.98 4.08 09

GROWING SEASON
PRI AT I ST E ST A E ISR IS S EESEI X EEASITIETZSTSTEITEERZRITS
«66 2.92 5.00 6.82 6.07 2.86 1.59 .02
«24
05 -09 16 .22 -19 09 «05 .02
.88 <58 1.85 1.47 19 1.97 .12 0.00

-.22 2.34 3.15 $5.35 5.88 -89 1.47 .02

GROWING SEASON CONSUMPTIVE USE = 25.94 IN.
GROWING SEASON NET IRR REQD = 18.88 1IN.

L WARNING ~ CROP SALTGRASS 12-36 IS NOT INCLUDED IN THE STANDARD GROUP OF 9 CROPS
THIS CROP WILL NOT BE PASSED ON TO THE WEIGHTED IRRIGATION PROGRAMI

NOV

38.09
15
6.25

.3‘
«25
.08
2.38

DEC

32.00
35
6.18

.30
25

«07
1.97

15

00
-19

=06

ANNUAL

27.14

17.00



FILE
SITE
UNIT
NITE

MZAN MONTHLY TEMP.(HISTORIC & SYNTHZTIO)

ANY MONTH WITH #¥¢au.¢ INDICATES NO DATA AVAILAJLE

APR

43.1
48.0
51.7
45.5
39.6
53.5
45.6
49.0
49.9
42.3
41.9
47.6
39.7
4.5
43.6
“2.4
4l.7
43.1
43.1
44.9
42.3
45.7
42.8
43.3
45.9
41.5

JUN

50.7
62.9
623
61.1
57.9
63.4
65.9
67.0
65.8
63.3
57.7
70.2
66.9
63.6
62.6
72.1
63.3
64.3
71.2
68.4
T2.4
65.0
64.8
62.3
63.9
63.3
6l1.1
63.2
57.6
68.4
68.3
63.3
67.5

ANNUAL

45.0
45.6
4T.4
43.5
45.5
48.%
49.2
47.4%
46.5
45.1
46,5
47.2
43.3
43.3
4543
45.9
45.5
47.3
45.9
4T.5
45.3
45.3

COEF. VAR.

PERCENT OF
ANNUAL MEAN

SHELTPE4
SHELL WY
DEGREES F
JAN FE3 MAR
24.9 28.83 34.7
18.3 21.9 33.2
22.1 29.9 30.1
22.8 24.1 32.8
22.3 27.1 34.5
24.8 27.1 38.2
22.7 29.3 33.9
24.4 24.4 32.4
18.6 22.4 36.2
22.8 29.8 33.6
21.9 29.5% 31.1
21.5 23.3 32.3
31.5 30.0 37.4
25.9 35.1 31.6
26.4 256.6 30.0
24.6 24.2 34.8
13.2 27.9 36.0
23.1 29.56 34.9
24.2 25.4 36.5
24.9 27.5 35.8
22.1 32.3 371.8
18.5 25.8 33.4
13.4 33.1 37.1
23.1 25.3 31.3
30.5 27.0 271.7
25.7 238.7 36.3
26.1 29.17 35.8
20.9 30.1 39.6
21.4 27.6 33.5
24.8 32.4 33.5
2445 28.3 35.0
21.9 30.2 “l. b
20.6 29.4 41.4
20.5 36.4 0.8
24.5 23.1 34.4
22.9 27.7 33.3
20.2 23.3 34.7
19.4 15.3 2.7
14.5 22.5 34.9
21.1 26.5 33.3
22.3 27.7 34.6
3.3 3.8 3.0
«146 -1317 .086
4.1% 4.9% 6.2%

SUM OF MONTHLY MEANS

56042

sanjeaadws] ATyjuop uesy SuTmoAM ‘TTaYS



MONTALY PRECIP.(HISTARIC & SYNTHETIC)

FILE -- SHELPCES4
SITE -- SHELL wY
UNIT -- INCHES
NOTE -- ANY MONTH WITH #s¢x.#¢ INDICATES NO DATA AVAILASLE
YZAR JAN FEB KAR APR MAY JUN JuL AUG SEP acT NOV
1341 45 .26 87 1.09 .88 1.49 N .60 1.39 .87 %9
1942 ) .69 52 .75 1.45 .41 o4l 26 t.01 1.23 2.19
1343 .29 .42 .82 1.03 95 1.59 57 45 .38 .72 59
1944 1.01 .43 57 2.63 1.31 1.838 1.14 <26 1.13 -39 «29
1945 .48 .26 «63 o435 1.62 2.01 «35 1.17 1.42 .33 .64
1945 .51 45 .83 .62 1.37 1.56 58 «63 2.17 1.05 58
1947 «26 47 29 1.49 2.08 1.83 .35 b4 1.91 1.04 1.79
1943 «95 «45 «26 1.06 36 1.01 1.92 -45 -85 453 50
1949 <44 <42 -84 .73 <97 1.24 .71 «69 -85 1.38 26
1950 .45 25 <35 <98 1.22 1.46 1.25 .52 1.92 .42 «65
1951 -39 .23 .48 .69 1.01 1.52 1.38 «55 .53 -4 «32
1952 .38 43 «33 1.16 1.42 1.29 «96 .53 .42 «26 45
1953 «33 65 .55 1.15 1.22 1.12 27 «19 .73 .13 58
1954 36 .31 17 .93 1.91 1.07 <79 <43 b4 .48 «26
1955 .41 .33 «53 .63 1.75 2.21 1.82 .32 1.15 .33 «56
1936 47 -39 -39 «57 31 ] .38 50 «26 .62 .35
19517 55 «35 51 53 1.74 1.81 «33 .71 «87 .81 .11
1958 «31 .86 «50 54 1.02 1.55 1.29 55 31 -3¢ .78
1959 54 .93 09 1.23 1.64 1.1 «30 .16 1.02 1.09 .81
13960 .10 .61 .16 .10 <46 1.37 0.00 - 75 1.07 1.05 69
1951 0.00 -3 .62 «40 1.43 .38 40 «04 1.97 2.13 .33
1962 <43 .36 -10 -85 1.85 1.18 1.12 1.038 &7 .01 -80
1953 1.63 .17 .00 2.07 1.396 1.97 .07 0.00 1.28 59 o4l
1954 .62 .26 Y 1.12 1.58 2.99 0.00 2.91 0.00 «45 -89
1965 .65 .24 «38 .15 1.39 1.05 1.29 1.23 1.54 0.00 <05
1966 -46 .18 <52 1.28 .12 1.0 .37 «66 T4 .10 42
1967 .31 .64 .28 1.92 .19 4.84 .28 .39 1.48 <46 26
1908 .36 -17 «bé .09 2.49 3.o7 .71 2.43 1.09 .38 .26
1909 .42 .10 05 <72 «85 4.38 .10 .30 25 1.23 .58
1970 569 «29 1.00 1.89 1.18 .81 .35 .10 1.25 45 .58
19711 <84 -96 .45 -85 2.27 o495 .33 .66 15 3.47 «57
1972 «50 .20 «57 63 65 1.21 1.46 1.0¢ 1.03 1.33 63
1373 «30 40 35 3.25 .80 2.42 1.68 .23 2.98 .25 -78
1974 -24 0.00 .31 .31 1.40 .35 .70 .83 1.04 1.70 T4
13975 2.12 .21 19 -84 2.20 1.73 o714 0.00 0.00 57 .51
1976 .2 26 .38 .93 76 1.48 .31 .81 1.55 .53 .66
1977 .71 34 1.09 1.1% 59 .13 .36 1.37 99 30 .29
1378 .89 1.10 .31 2.17 1.00 .52 1.07 .82 1.35 .31 «58
1979 .50 .33 .28 .25 2.41 .96 34 1.55 «26 .65 .78
1980 .53 «26 <35 .62 2.93 1.43 .38 1.20 1.76 1.15 <40
MEAN .58 .40 «48 1.00 1.33 1.53 .71 .71 1.26 -T6 -50
5.J. .33 .23 -25 .63 .62 «95 o9 53 +65 .63 <37
COEF. VAR. 650 «594 -539 -678 <4587 .621 693 .831 «620 327 .622
PERCENT OF
ANNUAL MZAN 5.0% 4.1% 5.0% 10.3% 13.8x 15.8% T.3% T.3¢ 10.3% 7.9% 6.2%

SUM OF MONTHLY MEANS

11719734
DEC ANNUAL
TOTAL
.83 10.22
.63 10.04
«55 3.36
.63 12.24
.91 10.33
.81 11.22
«34 12.30
.35 8.18
«26 3.78
55 10.03
43 J.18
«54 8.27
35 3.53
.29 3.08
.63 10.88
.45 5.39
25 8.97
.83 8.87
0.00 9.11
«65 7.01
55 8.58
.22 3.49
.73 9.37
.51 11.78
.07 3.55
50 6.40
-84 12.34
.83 12.32
.16 .11
43 3.01
0.00 11.60
1.37 11.47
<35 14.95
.77 8.39
.03 3.19
«26 3.26
41 8.31
-85 11.417
.33 8.70
30 11.36
.51 9.72
.34 1.87
-373 132
5.3%
9.7

uoTle3zTdIoa1d ATYIuoR uesly BurtwoiAM ‘TT9US
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APPENDIX H

RIVER BASIN MODEL DIVERSION



DIVERSIONS

FILE -- 6136
SITE -~ WHALEY+SHELL#MAINSTEM
UNIT -~ AF
NITE -=- ANY MONTH WITH #s¢##.3 INDICATES NO
YZAR JAN FE3 MAR APR
l3e1l 12.8 11.5 12.8 15.9
1342 12.8 11.5 12.8 33.0
1343 12.8 11.5 12.8 105.5
1344 12.8 11.5 12.8 19.6
1945 12.8 11.5 12.8 15.3
1345 12.8 11.5 14.3 205.5
1347 12.8 11.5 12.8 33.5%
1943 12.8 11.5 12.8 85.1
1949 12.38 11.5 12.8 120.7
1359 12.8 11.5 12.8 12.3
1351 12.8 11.5 12.8 21.8
1352 12.8 11.5 12.8 4T.%
1353 12.8 11.5 12.8 12.3
1354 12.8 11.5 12.8 18.4
1355 12.8 11.5 12.8 23.7
1356 12.8 11.5 12.8 25.2
1357 12.8 11.5 12.8 23.7
1358 12.8 11.5 12.8 46.6
1953 12.3 11.5 12.8 12.4
1360 12.8 11.5 12.8 40.4
1361 12.8 11.5 12.8 27.5
1362 12.3 11.5 12.8 23.2
1353 12.8 11.5 12.8 12.4
1964 12.38 11.5 12.8 15.2
1365 12.38 11.5 12.8 45.7
1366 12.8 11.5 12.8 13.0
1367 12.8 11.5 12.8 12.3
1368 12.8 11.5 12.8 15.3
1363 12.8 11.5 12.8 108.5
1370 12.8 11.5 12.8 12.3
1371 12.8 11.5 12.8 2440
1372 12.8 11.5 12.8 29.8
1373 12.8 11.5 12.8 17.7
1374 12.8 11.5 16.6 223.3
1375 12.8 11.3 12.8 12.3
1375 12.8 11.5 12.8 53.5
1377 12.8 11.5 12.8 44.5
1373 12.8 11.5 12.8 12.3
1379 12.8 11.5 12.8 34.3
1380 12.8 11.5 12.8 55.0
MEAN 12.7 11.5 12.9 43.3
S.0. 9 -0 5 48.9

COZF. VAR, .000 .002 «049 1.130

PERCENT 2JF

ANNUAL MZAN 3% «2% «3% «9%

SUM OF MONTHLY MEANS

Node 1 Diversions

DATA AVAILABLE

MAY JUN

967.8 463.6
654.1 1143.1
759.7 913.2
761.0 307.2
335.1 568.5

812.9 1144.5
909.5 1029.3
313.5 1250.5

1143.7 114401

258.0 337.1
7719.9 69447
857.1 1355.1
342.4 1030.1
570.2 i013.1

675.0 793.4
938.3 1380.4
571.1 857.5
1255.9 982.5

413.6 1270.38

1038.0 1196.7

7T10.2 1393.9
634.7 1154.4

T82.5 394.8
676.4 5556.1
570.1 1)68.2
1125.5 379.0
723.0 333.3
199.4 501.3
1138.8 3%5.7

683.8 1252.5
606.4 1365.1
874.2 12382.5

1092.4 989.9

571.3 1143.1
499.6 1012.3

1146.3 1030.1
1072.5 1397.8

578.5 1110.2
439.8 1089.9
450.0 1333.3

284.5 276.1
<377 <275
14.9% 19.9%

JUuL

1436.9
1363.8
1235.8
1120.6
1425.7
1302.1
1459.3
1157.1
1243.6
10391.7
1153.1
1131.7
1430.3
1458.2
1309.4
1422.2
1471.0

958.7
1420.9
1467.9
1449.9
1095.1
1446.8
1473.0
1213.5
1475.1
1642643
1388.6
1367.9
1459.4
i308.1

950.9
1138.9
117444
1121.8
1450.4
1324.5
1102.0
1433.9
1217.6

01/22/85

DEC

12.3
12.8
12.3
12.

12.3
12.8
12.3
12.8
12.3
12.3
12.3
12.3
12.3
12.3
12.8
12,

12.38
12.8
12.3
12.3
12.3
12.9
12.8

ANNUAL
TOTAL

4413.9
5057.3
5353.4%
4561.8
4170.5
5215.2
6060.5
6002.9
5480.5
3583.1
421%.5
5447.5
52649%.3
5506.5
4776.17
6353.10
4975.0
5727.3
5191.9
5336.0
5277.4
4322.1
6082.3
4335.0
3333.0
5331.4
476543
3824.4
5545%.7
5207.1
5111.3
4753.5
528356.0
5022.5
5054.7
5S173.0
5320.9
4923.4
4355.%
4332.5

59049.3



FILE
SITE
UNIT
NJTZ

YCAR

S.D.
COZF. VAR.

PeRCEINT OF

ANNUAL MEAN

SUM JF MONTHLY MZANS

G141

OIVERSIONS

ALL DIWNSTREAM DIVERSIONS

AF

Node 4 Diversions

ANY MONTH WITH ##¢sr.¥ INDICATES NO DATA AVAILAGLE

JAN

15.6
15.6
15.6
15.6
15.6
15.6
15.6
15.5
1.6
15.6
15.5
15.6
15.6
15.6
15.6
15.6
15.6
15.6
15.6
15.6
15.6
15.6
15.6
15.5
15.6
15.6

15.6

32

FE3

14.2
14.2
14.2
14.2
1642
14.2
14,2
14,2
14.2
14.2
14.2
14.2
14.2
14.2
14.2
14.2
14,2
14.2
14.2
14.2
14.2
14.2
14.2
14.2
14.2
14.2
14.2
1402
14.2
14,2
14.2
14.2
14.2
14.2
14.2
14.2
14,2
1402

MAR

15.6
15.5
15.6
15.6
15.6
17.2
15.6
15.6
15.6
15.6
15.6
15.6
15.6
15.6
15.6
15.6
15.6
15.6
15.6
15.6
15.6
15.6
15.6
15.6
15.6

APR

13.3
42.7
112.4
22.7
18.3
214.5
37.1
91.4
127.90
15.2
25.0
51.4%
15.2
21.4
26.9
29.5
25.9
50.5
15.3
44,2
30.3
31.6
15.3
13.1
49.7
15.9
15.2
13.3
11%4.5
15.2
27.2
33.2
20.3

MAY

14.5%

JUN

480.8
1189.0
34440
835.3
589.1
1131.3
1063.7
1287.9
1181.0
866.0
719.4
1392.4
1064.0
1552.7
321.1
1417.7
387.90
1015.3
1308.0
123%.90
1435.2
1191.5%
325.2
579.5
1103.1
1011.5
352.2
523.0
411.3
1283.7
1402.4
1319.9
1022.7
1173.2
10490.0
1064.0
1435.1
1145.1
1125.4
1123.7

JUL

1475.2
1402.2
1275.2
1156.6
1464.0
1340.4
1497.7
1134.0
1236.0
1126.9
1139.9
11567.9
1518.7
1436.6
1347.7
1450.6
1509.4

990.5
145%9.3
1536.3
1488.2
1130.4
1485.2
1511.4
1251.8
1513.5
1464.6
1426.9
1406.3
14937.8
1346.4

992.7
1175.3
1296.2
1151.2
1438.8
1362.9
1137.5
1472.2
1256.0

AUG

1081.9
1094.3
1081.0
1052.93
1125.0
957.1
1179.0
1037.5
933%.1
10539.7
1024.0
996.9
1320.56
1123.4
1302.0
355.5
1193.3
1158.2
1230.2
343.0
1346.0
T49.4%
1315.4%
563.5
756.7
1024.6
1185.2
890.7
1242.3
1412.4%
1306.7
934.6
1153.3
1023.93
1182.4
395.9
720.3
322.5
350.9
725.3

SEP

429.1
T49.2
1014.0
757.2
632.8
648.5
1026.3
1036.1
304.9
604.6
522.38
928.6
330.2
1229.2
659.7
1034.1
T76.1
1128.3
834.7
93842
320.7
633.0
1138.8
327.3
141.1
1209.1
350.8
759.5
1275.2
353.8
431.7
656.3
475.4
677.4
942.1
486.5
943.5
359.6
921.2
652.5

017237385
DEZ ANNUAL
TOTAL
15.5 4579.2
15.5 5238.5
15.5 5553.5
15.6 4337.3
15.56 4322.3
15.6 5403.3
15.5 6263.4
15.5 6203.8
15.56 5571.7
15.5 4033.5
15.5 4381.3
15.6 553%.5
15.5 5423.1
15.6 55695.5
15.5 4349%.4
15.5 6255.5
15.56 5152.0
15.5 5330.0
15.5 5363.5
15.5 6133.3
15.5 5450.2
15.6 4486.2
15.86 6283.3
15.5 4493.3
15.6 33856.0
15.6 6023.3
15.5 4335.3
15.5 3363.5
15.5 5333.7
15.5 5373.3
15.5 5285.5
15.5 4333.3
15.5 5473.5
15.5 5132.7
15.5 5211.5
15.4 5354.3
15.56 6013.%
15.5 4183.1
15.5 5023.5
15.5 4495.6
15.56 5227.53
-0 575.3
.000 129
<32
55227.5



MAY

5968.9
4008.2
4668.3
4676.8
2327.1
5000.6
5604.5
3129.5
T068.5
1532.8
4734.9
5277.3
2050.2
3483.9
413%.0
5159.38
3489.5
7832.4
2505.3
§720.3
4358.8
3886.9
4811.0
4147.7
3483.7
5954.9
4438.7
1156.3
7350.0
4194.,1
3710.3
5334.0
6747.6
3490.7
3042.7
7087.8
6623.2
3535.8
2659.2
27132.7

Node 8 Diversions

JUN

2820.6
7067.9
5630.6
4968.3
347545
7076.3
6353.4
7739%.5
7073.3
5155.1
426544
8392.5
6361.2
6292.5
4382.1
8550.7
5283.4
60643
7865.5
T402.5
86665
7133.5
55160
4023.7
6539345
6042.1
2041.6
3581.7
2402.7
7151.1
B455.4
7333.5
6107.3
7099.1
6250.0
636145
8659.5
6361.9
6735.3
67125.0

JUL

8900.6
8443.9
1650.5
6924.3
8830.7
8058.2
9041.1
7152.0
7730.1
6743.1
7127.0
6993.4
3171.9
9033.9
3103.8
3208.8
9113.8
5911.9
8300.9
9094.8
8981.9
6764.7
3962.7
9126.5
7504.5
9139.6
3834.4
3598.8
8459.9
9041.6
8095.6
5925.8
7038.4
7250.1
5931.4
9048.0
8198.3
5807.9
8831.9
7530.2

AUG

6465647
6542.3
6461.5
6290.2
6735.2
5706.3
7057.9
6196.4
55956.56
6331.3
6113.9
5949.3
7334.1
6719.4
7317.7
5703.7
7175.7
6931.7
T7370.2
5651.1
8093.0
4%44.3
7901.3
3319.1
4488.7
6117.8
7095.8
4083.4
T443.5
8507.3
734744
5563.2
6901.7
6170.0
T115.1
5333.38
4271.0
4385.9
5059.3
4304.6

SEP

2504.9
4442.1
6052.56
4430.3
37137.4
3332.8
6127.4
6137.0
4773.3
35567.1
3072.0
5532.6
5907.5
713712.6
3900.5
6174.9
4604.5
6748.1
4960.9
5956.1
18+8.8
3738.8
7120.5
§5264.8

762.5
7247.1
5728.4
4504.1
7650.3
2109.8
2823.4
3879.9
2735.1
4032.8
564745
2852.5
5623.4
214449
5487.2
3917.5

4 2 8 8 8 B 8 8 5 8 6 e 5 8 B 6 & e & & 8 6 8 e s 4 8 B e 2 e 4 s e 0 s v 0+

COO0POCUCO0OO0OO0O0COOOOOOHPROOLDOOOOLOCODODOO0OO0O~NOODOO O

OO0 0O WOOOOCO0DOUOO0OODOOLDOOONODODODOOODOO0OODDOOOO0OO0O

01723785

DEC

® 8 6 & 8 0 0 4 8 # & 5 8 8 B 0 5 4 8 4 % 0 8 6 6 & S % e b s s 2 % s s s e
COO0O0O0OO0UOVOOOLOLOLLLOLODDOOLODOODOD LUV RRODODOLDOO O

COCO0OUOLDOLOoOUOLODULUDOODODODOLLODOOULWLOODOLDOLLUOLOUWODODODOLODOWC O

ANNUAL
TOTAL

26684.9
30671.4
32552.5
2819644
25125.0
31655.4
36333.2
36573. 4
33314.9
2332%.6
25432.9
33107.9
31871.5
33475.4
28314.5
36891.4
30160.3
34355.9
3150441
3616049
32044.1
26073.2
37074.6
26160.3
23048.0
35506.4%
283843.3
2236245
34351.3
31504.5
31005.7
28307.3
32097.5
30453.3
30552.9
31391.8
35440.93
24237.7
29405.7
26138.3

e - - - —— - ——— " . = = e - = " = - " = - . e G 4n W AW A W TS P S M wr  mam e e ae e -

DIVERSIONS

FILE -~ G:Z134
SITE ~-— WAALEY+SHELL+MAINST:ZM
UNIT == AF
NITS -= ANY MONTH WITH ¢#z#e.¢ INODICATES NO DATA AVAILABLE
YZAR JAN FE3 MaR APR
1341 0.0 0.0 0.0 22.9
1942 0.0 0.0 0.0 16647
1343 0.0 0.9 0.0 589.1
1944 0.0 0.0 0.0 45.0
1345 0.0 0.0 0.0 19.0
13456 0.0 0.0 9.5 1207.7
1347 0.0 0.0 0.0 133.0
1943 0.9 0.0 0.0 451.6
13493 0.0 0.0 0.0 677.3
1350 0.0 0.0 0.0 0.0
1351 0.0 0.0 0.0 59.5
1352 0.0 0.0 0.0 219.5
1353 0.0 0.2 0.0 0.0
1354 0.0 0.0 0.0 33.0
1955 0.0 0.0 0.0 71.2
1355 0.0 0.0 0.0 86.8
1357 0.0 0.0 0.0 T71.2
1953 0.0 0.0 0.0 21407
1359 0.0 0.0 0.0 1.0
1360 0.0 0.0 0.0 175.7
1361 0.0 0.0 0.0 95.0
1362 0.0 0.0 0.0 99.7
1353 0.0 0.0 0.0 1.0
1364 0.0 0.0 0.0 18.1
1365 0.0 0.0 0.0 209.0
1365 0.0 0.0 0.0 o7
1367 0.0 0.0 0.0 0.0
1963 0.0 0.9 0.0 19.9
1969 0.0 0.0 0.0 602.2
1370 0.0 0.0 0.0 0.0
1371 0.0 0.9 0.0 73.2
1372 0.0 0.0 0.0 109.2
1373 0.0 0.0 0.0 3442
1374 0.0 0.0 23.7 1353.1
1375 0.0 0.0 0.0 0.0
1376 0.0 0.0 0.0 253. 4
1377 0.0 0.0 0.0 201.4
1373 0.0 0.0 0.0 0.9
1373 0.0 0.0 0.0 137.7
1380 0.0 0.0 0.0 267.2
MEAN 3.0 0.0 .8 133.6
S.D. 0.0 0.0 4.0 305.8

CIZF. VAR.+R¥4. M 88 +RES. 24 4.822 1.573

PERCENT OF

ANNUAL MEAN 0.0% 0.0% 0.0% .63

SUM JF MONTHLY MEANS

26.4%

5.723

0.0%

A X3 2 P LT

0.0%

30513.0
4115.2
136

30,518.90



Node 11 Diversioms

DIVERSIONS
FILE -- OPH233A
SITE -- SHELL
UNIT -~ AF
NITE -— ANY MONTH WITH ##¢s.n% INDICATES NO DATA AVAILABLE 01723785
YZAR JAN FE3 MAR APR MAY JUN JUuL AUG SEP T NDV JEC ANNUAL
TOTAL
1941 0.900 0.00 0.00 9.61 6T.35 55.53 221.33 164.65 34.85 5.43 .00 0.09 559.38
1942 .00 0.00 0.00 21.26 42.91 125.23 227.46 177.37 67.18 13.93 0.00 0.00 6T75.41
1343 .00 0.00 0.00 24.65 43.25 104.65 217.37 182.22 80.48 29.31 0.00 0.00 685.96
1944 0.00 0.00 0.00 4.95 53.10 31.93 173.12 164.55 62.13 27.96 0.00 0.00 583.76
1945 0.00 0.00 0.00 2.52 43.59 76.30 214.07 157.55 52.81 28.93 0.00 0.00 575.30
1346 0.00 0.00 « 17 43.20 45.93 133.78 251.73 157.37 55.33 14.17 0.00 0.00 T13.37
1947 0.00 0.00 0.00 12.81 62.03 115.91 2484932 188.34% 85.59 38.73 0.00 0.09 153.46
1948 7.920 0.00 0.90 22.52 17.84 135.62 1956.20 1712.51 Bl.45 22.81 0.20 0.00 103.00
1949 J.00 0.00 0.00 28.15 67.138 125.33 215.78 150.67 64.34 5.72 0.00 0.00 568.31
1950 0.00 0.00 0.00 0.00 35.11 108.83 165.31 138.73 43.33 31.94% 0.00 0.09 530.37
1951 .00 0.00 0.00 8.64 62.32 32.52 173.58 150.77 53.22 10.48 0.00 0.00 547.65
1552 0.00 0.00 0.00 17.57 55.24 1¢9.89 186.30 156.43 93.00 26460 0.00 0.090 595412
1953 .00 0.00 0.90 0.00 41.55 133.13 261.05 171.25 8l.16 26.21 0.00 0.00 Tla.44
1954 3.00 0.00 0.20 11.55 44.55 116.93 243.11 170.57 84.36 17.65 0.00 0.00 6544932
1355 2.00 0.00 0.00 12.42 52.03 33.43 205.59 197.27 62.52 27.65 0.00 0.00 552.01
1955 J.J0 0.00 0.20 11.28 63.12 158.05 210.28 142.71 83.58 25.72 0.00 0.00 710.34
1957 0.00 0.00 0.00 8.93 49.31 103.00 241.73 176.69% 65.53 15.04 0.00 0.00 560426
1958 .00 0.090 0.00 14.55 85.23 112.42 147.35 178.63 85.14 23.53 0.00 0.02 64745
1859 0.00 0.00 0.30 5.82 37.36 153.468 211.25 174.55 62.23 9.99 0.00 0.00 555441
1560 1.00 0.00 0.00 19.02 70.48 136.93 251.93 150.33 69.30 19.22 0.00 0.00 717.33
1561 J.00 0.00 0.00 11.74 53.49 177.456 226.20 200.86 31.35 2.52 0.00 0.02 703.56
1552 .00 0.00 0.00 17.86 43.59 127.37 1771.56 139.12 Té.36 33.20 0.00 0.00 513.08
1953 J.00 0.00 0.00 4.46 53.41 107.85 229.39 193.13 83.29 37.75 0.90 0.09 115.39
1964 0.00 0.00 0.00 10.09 51.74 31.06 255.42 193.39 73.00 15.93 0.00 0.00 594.73
1355 .00 0.00 0.20 20.67 42.31 118.73 194.65 138.15 26439 31.35 0.00 0.00 573.28
1966 .00 0.00 0.00 6.50 82.03 115.52 256.01 150.33 87.417 13.70 .00 0.00 T17.74
1957 .00 0.09 0.00 4.07 6l.54 30.87 221.15 172.03 63.644 21.05 0.00 0.00 599%.30
1953 0.00 0.00 0.00 2.52 28454 33.63 203.37 105.23 52.71 23.838 0.00 0.00 510.46
1969 0.00 0.00 0.20 26.01 70.57 51.45 225.51 205.52 94.36 8.05 0.00 0.00 582.01
1370 0.00 0.00 0.00 2.31 57.27 146.73 225413 139.70 45.72 .11 0.90 0.00 583.5¢
1971 J.00 0.09 0.90 14.46 4446 152.71 133.24 210.75 53.30 1.45 0.00 0.09 532.01
1972 0.00 0.00 0.00 16.60 53.44 1%4.75 158.63 154.94% 53.83 10.87 0.00 0.09 603.08
1373 7.00 0.00 0.00 2.81 T1.45 114.65 181.06 177.45 44,07 45.790 <717 0.00 542.01
1374 .20 0.00 3.20 45.04 55.21 153.87 191.96 146.73 73.20 27.89% o717 0.00 103.03
1975 J.00 0.00 0.20 0.00 23.933 102.90 213.39 158.32 101.16 28.3¢4 0.00 0.00 533.57
1976 3.00 0.00 0.00 18.34 Tl.45 112.52 249,31 150.33 60.09 14.07 0.00 0.00 575.19
1377 0.00 0.00 0.00 17.47 6550 171.45 224.26 125.82 65.82 20.67 0.00 0.00 592.01
1973 J.00 0.00 0.00 6.69% 45.43 123.00 182.32 135.82 43.33 15.63 0.00 0.00 557.34
1979 0.00 0.00 0.00 15.82 36.89 123.29 221.93 141.05 92.22 23.68 0.00 0.00 584.92
1930 .00 0.00 0.00 20.67 33.83 122.13 200.67 123.13 56439 12.42 0.00 0.00 569.38
MEAN 1.00 0.00 «29 13.60 54.46 117.83 212.30 1562.14 67.25 20.7% .03 0.00 643.15
S.0. 0.00 0.02 «51 10.42 14.35 31.22 28.96 25.53 17.71 10.67 .17 0.00 62.14
COEF. VAR.raaR. 24N 4Ny, 0y 5.207 . 1656 243 «26% .136 «157 «253 «316 G.414 txpv ¥4 .035
PERCENT OF
ANNUAL MEAN 0.0% 0.02% 0.02 2.1% 8.4% 18.2% 32.8% 25.0% 10.4% 3.2% 0.0% 0.0%

S5UM OF MONTHLY McZANS ) 54942



Node

DIVERSIONS

FILe DMSTTée
SITE SH4ELL CREEK MAINSTEM
UNIT AF
NJTE ANY MIONTH WITH *#sxs.¢ INDICATES NO DATA AVAILASBLE
YZAR JAN FE3 MAR APR MAY JUN
1341 0.0 0.0 0.0 1.2 145.4 128.3
1342 0.0 0.0 0.0 9.0 37.6 322.7
1343 0.0 0.0 0.0 31.9 113.7 257.1
1944 0.0 0.0 0.0 2.4 113.9 22549
1345 0.0 0.0 0.0 1.0 56.6 158.7
1345 0.0 0.0 .5 65.5 121.8 323.1
1347 0.0 0.0 0.0 7.2 136.5 2904
1343 0.0 0.0 0.0 25.0 198.0 353.4
1349 0.0 0.0 0.0 36.8 172.1 323.0
13590 0.0 0.0 0.0 0.0 37.3 2354 %
1951 0.0 0.0 0.0 3.2 116.38 194.3
1352 0.0 0.0 0.0 11.9 128.5 384.3
1353 0.0 0.0 0.0 0.0 50.1 290.5
1354 0.0 0.0 0.0 2.0 84.38 287.3
1355 0.0 0.0 0.0 3.8 100.8 222.3
1355 0.0 0.0 0.0 4.7 150.0 416.2
1357 0.0 0.0 0.0 3.8 85.0 241.2
1353 0.0 0.0 0.0 11.6 130.7 27649
13953 0.0 0.0 0.0 o0 61.0 359.2
1360 0.0 .0 0.0 3.5 153.7 338.0
1361 0.0 0.0 0.0 5.1 106.1 445.5
1362 0.0 0.0 0.0 5S¢4 34.6 326.0
1363 0.0 0.0 0.0 o0 117.1 251.193
1364 0.0 0.0 0.0 9 101.0 183.7
1365 0.0 0.0 0.0 11.3 34.3 301.4
1966 0.0 0.0 0.0 2 159.4 275.9
1367 0.0 0.0 0.0 0.0 108.1 93.2
1363 0.0 0.0 0.0 1.0 28.4 168.1
1963 0.0 0.0 0.0 32.7 179.0 109.7
1370 0.0 0.0 0.0 0.0 102.1 353.9
1371 0.0 0.0 0.0 3.9 30.3 397.0
1372 0.0 0.0 0.0 5.9 131.1 362.5
1373 0.0 0.0 0.0 1.8 154,.3 273.0
1374 0.0 0.9 1.2 T73.4 153.7 425.1
1375 0.0 0.0 0.0 0.0 25.7 214.0
1375 0.0 0.0 0.0 14.0 172.6 290.5
1377 0.0 0.0 0.0 10.9 151.3 433.5
1373 0.0 0.0 0.0 0.0 36.1 313.3
1373 0.0 0.0 0.0 7.4 55.0 307.6
13930 0.0 0.0 0.0 14.5 66.5 307.1
MEAN 0.0 0.0 Pt} 10.5 113.3 286.9
S.De 0.0 0.0 «2 16.6 45.3 87.46

CIEF. VAR.+RER_ HEX +4N%, 44 4.822 1.579 <400 +305

PERC=NT OF

ANNUAL MEAN 0.0% 0.02 0.0% «82 3.8% 22.3%

SUM OF MONTHLY MEANS

12 Diversions
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6 @ 5 & 4 & 6 4 5 6 5 02 0 9 9 & 0 B e s e 8 * 4 4 e b 3 & S s s s O e 2 0 s e s

[ N
PR e - - - - - - - N - - -

COCUNNOWOOQLQORFL rroOouroOLEROWOENOWLERMOOOEFMEFHFONWDO
8 8 & 5 6 8 & 8 & & 6 6 & 0 & B 8 8 0 % 8 8 6 B S+ O & % S 4 b 0 8 s 4 v e s

[
WO OWOUUOOO"OOOODOOWOOFEFODOLUCLLOFOBLROODOrOWOWVIVIOD

[ad ~N

—

+

-

w

N
OO0 O0DO0OCOO0UVOOUOOOHRODOODODOCOODOOOOOOO

N
OO0 LOULODOUCULODODOOLOOLOLODOOLWODODDODOLDDLDOoDODODODODOODLDOCOOO

® 6 6 6 8 6 & ¥ 5 & & 8 & P 6 K B G 8 6 & 6 % 0 B e 0 T 3 6 * 8 8 4 2 s v o s s

COO0ULVOO0OOOUVVODOOUOOOLUODUOLDOUOOLOLODOCOODODDUOLODOoODOOLODOLDO O

- e - - - - - - - == - - -

ANNUAL
TOTAL

1164.5
1310.2
1285.5
1135.3
1122.3
1331.56
1492.5
1407.7
1333.4%
1027.90
1072.3
1323.3
1483.3
1405.3
123645
1491.2
1362.1
1237.7
1370.4
1492.38
1529.7
1093.5
1470.1
1164.3
1061.9
1495.5
1172.3

330.7
1310.1
1465.5
1381.5
1176.3
126T.8
1273.7
1306.9
1364.3
142543
106547
1261.%
1113.3

- . - .-~ " - e e = . - - -

1,288.3



Node 16 Diversions

JUN

2182.9
54T0.0
4357.6
3345.0
25690.5
5476.4
4321.5
5389.8
54T4.5
3983.5
3301.0
6490.0
4323.0
436%.9
3773.3
6490.0
4083.93
4593.5%
6087.2
5123.9
6490.0
552%.6
426349
311440
5107.4
4576.0
1580.0
2343.3
1359.5
5998.7
6490.9
6144.5
4728.5
5345.0
4565.0
4923.3
6490.0
5310.5
5212.5%
5204.5

OIVERSIONS

FILE -- 05C33264
SIT:Z -- SHELL CANAL
UNIT -- AF
NITE =~ ANY MONTH WITH #pe¢g¥.® INDICATES NO DATA AVAILASBLE
YEAR JaN FESZ MAR APR MAY
1941 0.0 0.0 0.0 17.5 4T722.7
1342 0.0 0.9 0.0 127.3 3171.4
1343 0.0 0.0 0.0 451.8 3693.6
1344 0.0 0.0 0.0 34.9 3700.3
1945 0.0 0.0 0.0 14.5 1841.2
1345 0.0 0.0 T.2 926.3 39%6.6
1347 0.0 0.0 0.0 102.90 $4434.4
1343 0.0 0.0 0.0 354.1 5432.2
1343 0.0 0.0 0.0 519.9 5532.8
13590 0.0 0.0 0.0 0.0 1212.7
1351 0.0 0.9 0.0 45.6 3733.3
1352 0.0 0.0 0.0 168.4 4175.5
1353 0.0 0.0 0.0 0.0 1630.1
13564 0.0 0.0 0.0 29.1 2756.6
1355 0.0 0.2 0.0 54.6 3274.3
1355% 0.0 0.0 0.0 66.5 4873.8
1357 0.0 0.2 0.0 S4.06 2761.0
133 0.0 0.0 0.0 16%.7 5137.2
13593 0.0 0.0 0.0 .3 1932.2
1360 0.0 0.0 0.0 134.8 5317.3
1361 0.0 0.0 0.0 72.8 3448.7
1362 0.0 0.3 0.0 165 3075.4
1363 0.0 0.0 0.0 -3 3806.6
1364 0.0 0.0 0.0 13.9 3231.8
1355 6.0 0.0 0.0 160.3 2756.3
1365 0.0 0.0 0.0 3.5 5502.9
1367 0.0 0.0 0.0 0.0 3512.0
1363 0.0 0.0 0.0 1¢.5 922.8
1363 0.0 0.0 0.0 461.3 3315.5
1379 0.0 0.0 0.0 0.0 3318.4
1371 0.0 0.0 0.0 5642 2935.7
1372 0.0 0.0 0.0 83.8 4259,.9
1373 0.0 0.2 0.0 26.2 5338.8
1374 0.0 0.0 18.2 1037.8 25713.0
1375 0.0 0.0 0.0 0.0 2233.0
1376 0.0 0.0 0.0 198.2 5608.1
1377 0.0 0.0 0.0 1564.5 5240.%
1373 0.0 0.0 0.0 0.0 2737.5
1373 0.0 0.0 0.0 105.96 2111.9
1389 0.0 0.0 0.0 204.9 2162.2
MIAN J.9) 0.0 -5 148.5 3553.5
S.D. J.0 0.0 3.0 234.5 1411.2

COEF. VAR.+han. B8y +HR¥ w2¥ 4.822 1.579 «335

PERCENT QOF

ANNUAL MEAN 0.0% 0.0¢% 0.0% .67 15.4%

SUM OF MONTHLY MZANS

JUL

5710.0
5441.5
53836.3
5282.3
5710.0
6147.2
6710.0
5455,9
5837.0
5144.1
5436.9
5335.0
5710.0
6710.0
5132.1
5710.0
5710.0
4510.0
5710.0
5710.0
5710.0
5150.5
5710.0
6710.0
5724.9
5710.0
5710.0
6559.7
5461.3
5710.0
5175.8
4520.56
5369.3
5524.0
4961.0
5710.0
6254.2
51393.5
5710.0
5744.5

5084.7

6%3.8
115

25.7%

20.4%

SEP

1994.5
3537.0
4819.4
3575.4
2975.9
3051.8
4879.0
49326.4
3835.6
2840.3
2446.1
4405.4
4703.9
5870.5
3105.8
4916.8
3566.3
53712.2
3950.2
47%2.6
1472.1
2977.90
56%59.7
439%9,2

507.1
5770.5
4551.3
3536.4
6039.5
1679.9
2248.1
3089.4
2217.5%
3305.0
44T71.0
2271.3
«417.7
1707.3
4359.2
3119.3
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w

56

w o~
W
COONFHFNOOCHFOOWLO

OOV MOOOLCWO OND

NOV

[ N-NeN-N-N-

s & 8 8 5 P 8 8 6 2 8 s e B % s s s a2 v o

e & & 8 o & 5 8 s s s & s 0 s

OO0 O0O0CO0O0OO0OO0OO0OOCOODONODODODOOOODODOCOOOOO

01723785

JEC

® & 6 9 0 6 & 2 e s 8 0 0 & 8 s s & e v s a2

@ & & & 0 & . s 0 0 v e e e 0

OOV LULUOOCLDOLLUOOCUOLDOLCOLOLULODODLDLDLODODODOLWOLOOLO O

0.0
0.0
+34d. ¥R

0.0%

ANNUAL
TOTAL

20532.5
23311.1
25355,2
21945.5
19444.8
24531.3
2859T.4
28522.6
25330.56
18185.3
19755.3
25771.0
24455,.8
25884.2
2244541
2859442
23171.2
27223.0
24434.4
27932.5
24457.1
20253.3
28773.1
20087.3
17330.1
27397.38
22417.1
17813.5
26795.3
24291.5
23973.2
22403.5
25302.2
24153.0
22363.0
24197.7
27409.3
13791.3
227172.%
20294.7

23716.3
3202.2
.135

23,715.3



Node 18 Diversions

DIVERSIONS
FILE -- DSC123A
SITZ -~ SHAELL CANAL
UNIT -- AF
NOTE -~ ANY MONTH WITH ##3#¢.4 INDICATES NG DATA AVAILABLE 01723785
YZAR JAN FES MAR APR MAY JUN JUuL LY SEP ocr NJV DEC ANNUAL
TOTAL

1341 0.0 0.0 0.0 .5 159.1 T3.4 133.0 168.5 7.2 2.0 0.0 0.0 661.9
1342 0.0 0.0 0.0 403 106.8 184.1 133.0 170.4 119.2 0.0 0.0 0.0 773.0
1343 0.0 0.0 0.0 15.2 124.4 145.7 193.0 168.3 162.4 40.6 0.0 0.0 853.7
13454 0.0 0.0 0.0 1.1 124.7 129.4 177.7 163.9 120.5 21.5 0.0 0.7 739.1
1345 0.0 0.0 0.0 -l 62.0 90.5 193.0 175.4 100.3 0.0 0.0 0.0 521.3
1345 0.0 0.0 .2 31.2 133.3 184.3 133.0 148.5 102.8 20.6 0.0 0.0 81¢.3
1347 0.0 0.0 0.0 3.4 149.4 165.7 133.0 183.93 154.4 70.5 .0 0.0 932.5
1343 0.0 0.0 0.0 11.9 193.0 187.9 133.6 161.¢ 166.0 13.2 0.0 0.0 922.3
1943 0.0 0.0 0.0 17.5 136.4 184.3 133.0 145.8 128.2 10.4 0.0 3.0 36T.)
1350 0.0 0.9 0.0 9.0 «0.38 134.3 173.1 164.9 35.7 9.0 0.0 0.0 507.0
1351 0.0 0.0 0.0 1.5 127.8 111.1 182.5 159.3 2.4 0.0 0.0 0.0 563.2
1352 0.0 0.0 0.0 5.5 140.7 1387.0 179.5 155.0 148.5 20.0 0.0 J.0 335.5
1353 0.0 0.0 0.0 0.0 5.9 n63.7 133.0 193.0 153.5 11.7 0.0 0.9 777.90
1354 0.0 0.0 0.0 9 32.8 163.9 133.0 175.0 137.0 14.6 0.0 0.0 827.4%
1355 0.0 0.0 0.0 1.8 110.3 127.2 193.0 193.0 104.7 0.0 0.0 0.0 739%.1
1355 0.0 0.0 0.0 2.2 1564.2 187.0 133.0 148.5 165.7 37.9 0.0 0.0 393.8
1357 0.0 0.0 0.0 1.3 93.0 137.6 193.0 186.9 123.5 11.3 0.0 .0 T4T7.5
13958 0.0 0.0 0.0 55 193.0 153.0 151.7 180.5 131.1 31.1 0.0 0.0 301.2
1353 0.0 0.0 0.0 .0 56.8 187.0 133.0 192.0 133.1 0.0 0,0 0.0 772.9
1360 0.0 0.0 0.0 4e5 179.1 187.0 193.0 147.2 159.8 31.3 0.0 0.0 902.1
1361 0.0 g.0 0.0 2.4 116.2 1870 193.0 193.0 49.6 0.0 0.0 0.0 T41.3
1362 0.0 0.0 0.0 2.5 103.6 186.0 173.6 115.3 100.3 0.0 0.0 0.0 48249
1363 0.0 0.0 0.0 .0 128.2 143.7 133.0 193.0 137.0 72.2 2.2 0.9 913.5
1464 0.0 0.9 0.0 .4 110.5 104.3 133.0 85.4 148.3 0.9 0.0 0.0 643.7
1365 0.0 0.9 0.0 5.4 32.3 171.3 192.56 116.3 20.4 J.0 0.0 0.0 50).3
1366 0.0 0.0 0.0 .1 135.4 157.4 193.0 15%.4 137.0 0.0 0.0 0.0 382.4
1367 0.0 0.0 0.0 0.9 118.3 53.1 193.0 184.3 153.7 13.0 0.0 0.0 T22.2
1363 0.0 2.0 0.0 o4 31.0 95.9 133.0 105.5 120.9 2444 0.0 0.0 572.3
13693 0.0 0.0 0.0 15.5 133.0 62.6 133.0 193.9 137.0 11.¢ 0.0 0.0 355.5
13790 0.0 0.0 0.0 0.0 111.8 i87.0 133.0 193.9 56.6 0.0 0.0 0.0 Tél.4
1371 6.0 0.0 0.0 1.3 98.9 187.0 133.0 193.) 75.7 0.0 0.0 0.0 T43.5
1372 0.0 0.0 0.0 2.8 143.5 187.0 152.1 145.1 104.1 0.0 0.0 0.0 734.7
13573 0.0 0.0 0.0 -3 179.9 153.2 130.7 179.3 T74.7 67.0 0.0 0.9 842.3
1374 0.0 0.0 ] 34.9 17.0 154.0 159.0 152.0 35.0 23.0 0.0 0.0 700.5
13715 0.0 0.0 0.0 0.0 56.0 132.0 143.0 154.0 129.0 33.0 0.0 0.0 662.0
1375 0.0 0.0 0.0 8.5 138.9 165.7 133.0 1338.9 16.5 12.1 0.0 3.0 782.1
1377 0.0 0.0 0.0 5.2 176.5 187.0 133.0 111.2 150.9 5.1 .2 6.0 874.3
13713 0.0 0.0 0.0 0.0 4.2 178.3 174.7 127.3 57.5 0.0 0.0 0.0 532.7
1973 0.0 0.0 0.0 3.5 T1.1 175.% 193.90 131.3 147.2 11.7 0.0 0.0 734.1
1380 0.0 0.0 0.0 5.9 72.3 175.2 133.0 112.1 105.1 17.3 0.0 0.7 583.1
MZAN 0.0 0.0 D 5.0 121.6 153.5 135.8 153.2 122.4 17.3 .0 0.0 16543
5.C. 0.0 0.0 .1 7.9 45.2 38.0 13.2 23.7 3.3 20.5 .3 2.0 101.1

COEF. VAR.eHzg. #¢n +3¥N, 380 4.822 1.579 . 3830 e 247 071 «180 «353 1.183 5.T23 +asz. 404 .132

PERCINT JF

ANNUAL MEAN 0.9% 0.0% 0.0% .12 15.9% 20.1%¢ 24432 20.8% 15.0% 2.3% 0.0% 0.0%

SUM OF MONTHLY MEZANS 165.3



Node 20 Diversions

JUuL

164243
1501.2
1360.1
1231.0
1589.9
1432.¢
L747.6
1271.5
1374.3
1198.8
1267.0
1243.3
1790.0
1742.2
1440.7
1573.5
1730.0
1051.0
1567.6
1787.9
1703.3
1202.6
1638.9
1750.0
1334.2
1730.0
1592.6
1528.7
1505.8
1748.0
1439.3
1053.5
1251.3
1373.0
1438.0
i752.8
1457.5
1210.3
1628.3
1338.7

acr

27
14

NOWWwo o
CoOoOwWwWwoo

485. 4
132.¢%
72.0
0.0
0.0
138.
8l.1
93.5
0.0
26145
78.4
214.3
0.9
215.6

497.4

z
o
-<

oOococoo o

® 6 8 5 4 o 8 6 4 6 8 2 & B S s 6 ° F S 4 8 0 & 8 8 % B S % B 6 6 8 B s % s 6 @
COO0OUVMOODO0OOODO0OLOOLOLOITODOOOODOOCOLDOCODOOODOHNRODODOOO
COO0O0OoOUCOLODOUODOLLOLOOODLODOCLDODDOCOULODLDODOLDDO O
@ 6 & 4 & 2 8 5 % 8 6 0 2 5 P S 2 6 6 % S 3 T B s B & 8 4 8 s e g 0 s s 0
COO0O0OOLOOLULOLOLDULLIOLOLLLVOULOLOLODLLODDOOLOULORDODLO Q@

COO0OHOQODOQLOOOOOODODOLODUVMOODODOODODODODOOCOOODOLO

o

ANNUAL
TOTAL

43B7.5
5543.3
5309.7
5115.0
4553.3
5731.3
6343.2
6548.0
6043.3
4215.7
450645
6012.0
532644
6205.3
5231.3
6505.39
562549
6345.1
5693.1
673445
6057.3
4723.3
6331.%
4903.1
4155.3
6612419
5253.7
4153.0
624545
534544
554443
5223.1
5327.5
5013.0
63771.9
5323.1
6605.5
4380.1
5372.%
4730.2

DIVERSIONS

FILS -- DWD1019A
SITE -- WHALEY DITCH
UNIT -- A=
NITE -- ANY MONTH WITH s#e¢#.* INODICATES NO DATA AVAILABLE
YZAR JAN JUN
1941 0.0 0.0 0.0 50843
1342 0.0 0.0 0.0 127541
1943 0.0 0.9 0.0 1315.8
1944 0.0 0.0 0.0 29%5.3
1345 0.0 0.0 0.0 627.2
1946 0.0 0.0 1.6 127645
1947 0.0 0.0 0.0 1147.3
1348 0.0 0.0 0.0 1396.3
1343 0.0 0.0 0.0 1275.2
1350 0.0 0.0 0.0 930.0
1351 0.0 0.0 0.0 15%.5
1352 0.0 0.0 0.0 1518.2
1953 0.0 0.0 0.0 1147.5
1354 0.0 0.0 0.0 1135.2
1355 0.0 0.9 0.0 380.8
1355 0.0 0.0 0.0 156404
1957 0.0 0.0 0.0 953.2
1353 0.0 0.0 0.0 1094.1
1959 0.0 0.9 0.0 1413.0
1360 0.0 0.0 0.0 1335.5
1361 0.0 0.0 0.0 1730.0
1362 0.0 0.0 0.0 1287.%
1363 0.0 0.0 0.0 995.1
1364 0.0 0.0 0.0 712549
1365 0.0 0.0 0.0 1190.6
13656 0.0 0.0 0.0 : 1090.0
1967 0.0 0.9 0.0 0.0 368.3
1363 0.0 0.9 0.0 3.3 56442
1969 0.0 0.9 0.0 107.6 433.4
1370 0.0 0.9 0.0 0.0 1398.4
1971 0.0 0.0 0.0 13.0 1563.4
1972 0.0 0.0 0.0 13.5 1432.4%
1973 0.0 0.0 0.0 6.1 1102.3
1374 0.0 0.0 4.2 241.3 1323.90
1375 0.0 0.0 0.0 0.0 1450.0
1375 0.0 2.0 0.0 46.1 1147.7
1377 0.0 0.0 0.0 36.0 1730.9
1373 0.0 0.0 0.0 0.0 1237.9
1379 0.0 0.0 0.0 5 1215.1
1380 0.0 0.0 0.0 1213.3
MEAN 0.0 1138.9
S.0. 3.0 335.2

CJZF. VAR.#M%. Y «294

PERCENT OF

ANNUAL MSAN 2.0% 20.3%

SUM JF MONTHLY MEANS

59512.3



Node 21 Diversions

JUN

lé.4
28.0
23.0
28.0
20.3
28.0
2849
23.0
28.0
23.0
2449
23.0
28.0
28.0
23.0
28.0
23.0
23.0
23.0
23.0
28.0
28.0
23.0
23.5
23.0
28.0
1i.9
21.5
14.0
23.0
23.0
23.0
23.0
22.0
23.0

AUG

28.9
28.9
28.3
28.9
28.3
23.9
28.9
28.93
28.9
23.9
23.9
28.93
283.3
28.9
28.9
28.9
28.9
28.9
23.3
2843
28.3
25.9
28.3
19.4
2642
28473
28.9
23.9
23.9
28.9
28.3

COO0OO0OO0OOOOODOOOOCO

® % 8 6 8 s e 5 8 % e & B 4 & B 8 & ° e 6 0+ ° 0 8 S 8 3 8 s 2 s s s % s s 6 s 0

CO0COODOODO0OOODO0OOOOOOVIOODODOOODOO0ODODO0ODOO0OOOOOO

€ 8 6 6 & 0 8 0+ 6 2 5 5 8 E P B s S 6 8 E 0 2 s s e s s s e e s
WNOME OO UDUOUOWMEIVOOO M ODOWOWUWMIFAFOVERFSFOOLUWNYNOTOwm LOO
COCOOO0OO0OO0DLDOCOOO
COO0O0ULUOLOODOOULODLODLWOLULODODOLWLODOLODOLWODODOLOOLOO OO O
L R I I L O R O R S I I S e S R R I R S S R S R I I ]

WNhNOFEFNUVWHMFOOONVFAFOOOQITOOCOOLNWOWNPAOODNANEGLEOFF OO
CUOCLLOOUOLLDNLLCLOOLOLOLOLULDORLODLDODODOLDOLOULUOODOLULUODOO W

ANNUAL
TOTAL

113.2
137.2
1564.1
145,17
114.4
149.3
159.2
143.54
148.9
115.3
130.9
143.4
128.7
133,90
134.3
151.5
137.1
150.3
123.7
150.7
123.4
123.9
153.1
124.56
109.5
142.7
123.4
113.3
134.7
123.4
125.2
133.5
145.5

85.9
103.9
135.0
151.1
117.2
133.1
127.3

DIVERSIONS

FILE DWD334
SIT: WHALEY DITCH
UNIT AF
NJITE ANY MONTH WITH #%2pd.¥ INDICATES NO CATA AVAILASLE
YEAR JAN FE3 MAR APR MAY
1341 0.0 0.0 0.0 .1 28.9
1942 0.0 0.0 0.0 o3 23.9
1543 0.0 0.0 0.0 3.4 27.38
1344 0.0 0.0 0.0 o2 27.9
1345 0.0 0.0 0.0 .1 13.3
1346 0.0 0.0 .0 6.3 28.9
1347 0.0 0.0 0.0 o7 28.9
1343 0.0 0.0 0.0 2.6 28.9
1343 0.0 0.9 0.0 3.9 28.9
1350 0.0 0.0 0.0 0.0 9.1
1351 0.0 0.9 0.0 .3 2B8.6
1352 0.0 0.0 0.0 1.2 28.9
1353 0.0 0.0 0.0 0.9 12.2
1354 0.0 0.0 0.0 .2 20.7
1353 0.0 0.0 0.0 .4 24.6
1356 0.0 0.0 0.0 .5 28.9
1357 0.0 0.0 0.0 -4 20.3
1953 0.0 0.0 0.0 1.2 28.9
1359 0.0 0.0 0.0 .0 14.3
1360 0.0 0.0 0.0 1.0 28.9
1361 0.0 0.0 0.0 .5 26.0
1362 0.0 0.0 0.0 .5 23.1
1363 0.0 0.0 0.0 -0 28.7
1364 0.0 0.0 0.0 .1 24.7
1365 0.0 0.0 0.0 1.2 20.7
1366 0.0 0.0 0.0 -0 28.9
1367 0.0 0.0 0.0 0.0 26.4
1363 0.0 0.9 0.0 -1 6.9
1369 0.0 0.0 0.0 3.4 28.9
1370 0.0 0.0 0.0 0.0 25.0
1371 0.0 0.0 0.0 o4 22.1
1372 0.0 0.0 0.0 ) 28.9
1373 0.0 0.0 0.0 .1 28.9
1374 0.0 0.0 .1 7.3 11.0
1375 0.0 0.0 0.0 0.0 12.0
1376 0.0 0.0 0.0 1.4 28.9
1977 0.0 0.2 0.0 1.1 28.9
1573 0.0 0.9 0.0 0.0 21.0
1373 0.0 0.0 0.0 o7 15.9
1380 0.0 0.0 0.0 1.5 16.3
MEAN 0.0 0.0 -0 1.1 23.6
S.0. 3.0 0.0 -0 1.7 6.5

COZF. VAR.tRXR.AER +¥XK 24N 4.822 1.573 «235

PERCENT 3JF

ANNUAL MzAN 0.0% 0.0% 0.0% .82 17.56%

SUM OF MONTHLY MEZANS

133.7
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APPENDIX I

SAMPLE HEC-3 OUTPUT



*%% dang VS
Consecutive

UNKZ L
INFLOW
RZq CILV
DIVERIN
SHGRTSH1
RIV FLW
DS FiW |
SAJRTS3

File Dismlay Utility -

File GZ175

in Library ALZ2DATA

Version

33, .23, 42
31. 27, 36.
0.0 0.0 -0.5
0.0 0.0 ~0.5
0.0 0.0 0.0
31. 27. 3r.
T S d.
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P s e OOOe ¢ ¢

WAALEY OITCH PRZ1319

WO OoOOoOWWwWWwT

LEAKAGE
LACAL DIVIRSIAONS

MAR

aop
23. 41.
FER T2,
27. 37.
..... 0.0 0.5
0.0 9.5
0.0 0.0
27, 3s.
J. 3.
D 0.

0. 3ERVED 3Y
s v 3 3
may JUN
162, 242.

182, 273,
65. 164.
20,2 22.4
20.2 22.4
0.0 0.0
63. 14z,
l. 2.

3. 2.

LETHEEE TR ERE S

-2 -5
19 11

JutL

- 16,

31,
O
2541
0.0
29.1

0.
Ve

0.

12 15 17 _13 13 20 )
AUG SEP ocCTY N OV DEC
L TSe_ AT.  4b. 33, 32.
T77. 48, 47. 34, 32.
0. -0 2% 32. 30.
16.5 __ 18.6 3.5 0.0 0.0 .
0.0 -0.0 3.5 0.0 0.0
16.86 18.56 0.0 0.0 0.0
0. 0. 25. 32. 30.
Je 0. 0. 0. 0.
0. 0. De J. 0.

R N L R R eIy Y

21 WHALEY 2ITCH POsSYiS10 - LEAKAGE . 0. SERVED BY -2 -5 el
’ ' - LICAL DIVCERSIING 5 7 8 9 10 11 12 1s 17 13 13 20 21

YR 1950 Av3; JAN F:g Mar APR May JUN Jul auG SEP ocT NOV DEC

LGC FLW 73. B PR & PR3- S S SO ¥ DU 75 DO £ 75. 471, PEOURE & SO F O

UNREG 76. 2. 33, 23. 42, : 279. Bl. 77. 48, 47. 34, 32.

INFLOW c. 39. 31. 2T. 3a. 142, 9. 9. 0. 25, 32, 30. .
T kzQ Liv 0.2 0.0 700 0.0 T 0.0 T Ges 6.5~ 0.5 0.5 0.1 0.0 0.0

CLVERSN 0.1 3.0 n.o 0.0 0.0 0.5 6.9 5.0 0.0 0.1 0.0 0.0

SAGRTS1 0.1 0.0 0.0 0.0 0.0 0.0 0.5 0.5 0.5 0.0 0.0 0.0
TRIV FLW T 3s, EL/ PO DS SO VO TTTTRG 2T 0. T T g [ 25, 32, “30.

DS FLW 0. 0. 0. 0. S e 0. 0. 0. . 0. 0. 0.

. SACBRTS3 R N 0 0. 0. (RS SU £ I X D. 9. 0. 0. -

LANNUAL INPUT DATA FIR 1351

*wINFLOWS o N L -

TTUSTATT YT B V' - B TN 73. . iil4. 8809, 63500 . T80T 251, 500. 1030, 6664 341,

STA 7 1770, 1490. 1590. ° 1720. 1812). 15529, 4250. 4160 2390, 325). 2900.  2480.
CRRDIYERSION REQUIREMENTS e ; S
"5TA 1 - 12. T 1. 12. 27. 713, 1393, 1443, 1307, 308, 12. 12, 12,

STA 4 15. 1a, 15. 29, 735, 1435, 1483, 1345, 320, 15. 15. 15.

STA 8 9. e e 95. _e358. 8665, 8381.  8093. 1343. 0. _0. 0. ..

sta 11 "o, e T 11. 53. 177. 225, 200. 31. 2. Je 0.

STA 12 J. 0. 0. 5. 106. 446. 563, 359, 33. 0. 0. 0.
_STA 13 e Qe o De 89. 4252, . 8220,  8413. 7723, 1815, 9. Qe 0.

e e - e oo e (R VI N — e s




¥%¥x Wang V3 File Display Utility - Version
Consecutiva File GR17S

CSTA 16
STa 17
sTA 18

STa 20
STA 21

S O X PP T POy

3 RcTURN DIVERSION “RAOM C71

1 PASS SREY,MAINySH:L,W4AL 2RZ1910 LEAKAGE

3.08.01 %=

in Library A12DAYA  on Volume 5YSQC1

9. 0. 0. T2, 344%. 5450,
e e 2. 16. 303.  1739.
3. 0. 9. 2. 115, 187.
0. 0. 0. 1s. 303. 1730.
0., €. 6. 0. 2s. 2¢.

ALL FLOWS IN LCFS, STORAGES aND EVAP IN

6710, 6263, 1672, 0.
1703. 1459, 343, 0.
1913, 193. 49, e
1703. _1460. 363, 0.
23 28. 1i. 0.
ACFT, AND POWER IN THOUSAND KWH

LEAKAGE 0. SzZRvED BY

LoCAL DIVERSIONS 3

2

o LICAL CIVERSIONS 1 - ) 5
YR 1561 AvVS JiN  FE3 MiR AR MAY  JUN JUL  AUG - SEp_ ocy’ _
TULGC FiwW be Y. 0. 2. n. 33, Z5. 3. 1. 2. ‘.
UNREG 5. d. 0. 0. 2. 33, 25, 3. 1. 2. 6.
INFLOA .. 6. S0 0.0 e 330 25. 0 3. le 2 b — e
CUREQ OIV T 7.3 T 0027 0.2 0.2 0.5 11.5 23.5 23.6 21.3 5.2 0.2
DLIVERSN 3.5 0.2 0.2 0.2 0.4 11.5 23.5 2.7 0.9 1.9 0.2
~ SADATS31 3.2 0.0 0.0 0.0 0.0 0.0 0.0 20,9  20.3 3.2 0.0 o ~
RiV FLW i, 9. 0. 9. 2. 21. 2. 0. 0. 9. 4.
0zS FLW ). 0. 0. 0. 9. 2. 9. 0. 0. 0. 9.
_SABRTS3 e 0o - 0. 9. e 0 %e 0. 0. 0. 9. 0.
LR R R R R R R R R R PR R R R R E R R R R R R R RS R L R R R R R R R S R R R X R R R R 2 A R R A S RS RS SR S IS RS2 22 2 2 2 2 3
2 AJELAID:Z RESEQVIIR’ LR AKAGE "0, SERVED 3Y 2 T ;
SERVING 2 3 -4 5 & -7 -8 -9 10 -1%1 -12 16 -t7 18 19 =20 -21 i
. — . e _L3CAL DIVERSIONS 1 — ‘ e
YR 1551 av; JAN FEa MAR APR MAY JUN JUL AUG 5P ocT NOV ;. DEC
LaC Fiu 5. 0. 9. e B 33, . E5. 3. Y. 2 LT 3.0 o 1. —
T UnRES 5. U A, . 0. 2, 25. 3. 1. 2. 4. 3. 1.
INFLOM 3. 0. 0. 9. 2. 21. 2. -0, -0. 0. 4e 2. 1.
i
AP STRTT TUAYYT A T Ty Y Y TS YT T 1834 T T2 T 219 T T 219 219 219 219 T
EOP EL 9233.00 9233.00 9233.09 9233.09 9253.11 9254.21 9233.00 9233.00 9233.00 9233.00 9233.00-9233.00.:
EVAPO 9. J. 0. 0. 0. De o B. 0. 0. 0. 0. 0. 0. . "
“““ cas:s 7 Y1 S S 5 ST § | 2yl 201 201 1691 201 201 501 - 501 501
LEVL2 1.00 1.00 3.00 3.90 3.4 3490 1.00 1.00 1.00 1.00 1.00 1.00
IV REL T I T 0T T T, 0. -9 TH. 0. 23, 0. 0. [}8 2. 1. B
RIV FLW 3. 0. 0. 0. 0. 3. U. 22, 0. 9. ‘. 2. 1.
DES FLw 2. 0. 0. 9. R 0. 0. 9. C0e o Be 0 Qe 0.
SHCRT33 ). Ue Je 0. 0. de D. J. 9. Ve 2. J. 0.

R T Y R R R A R R R N R R R R R R R R I R X R R R R RS RS IR R L N RIS S R RS RS 2 2 2 2 2
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Consecutive Fila GEZ17H in Library A12D0ATA on Volume SYS5CO1
YR 15¢1 AVG JAN FEB  MAR APR MAY JUN JUuL AUG SEP
LOC FLw 0. 0. o Da L% [V I 2. De 1 )8 De 0.
D UNRES . 6. J. 0. D 0. 33. o 23._ _ ___.3. 1. 2. e e e
INFLGW 3. J. Je Qe 0. 0. D 23. 0. 0.
R:zQ CivVv -7.3 -0.2 -0.2 -0.2 -0.5 -11.5 -23.5 -23.86 -21.3 -5.2
__DIVERSN  =-3.5 _ -0.2  =0.2 = -0.2  -0.4 -11.5 _=23.5 =2,.7 __ =0.9 -1.9 . e
SAGRTHLL 0.0 3.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
RIV FLW he Je De 0. 0. 12. 23. 25, 1. 2.
C_DES FLW 2. V.. Ve e Qe e 0 0. 0. 0. e S
SHORTS3 De Je Je 0. Ga . I8 d. 0. 0.
4 PASS ALL PR:z1384 DEMANDS LEAKAGE 0. SERVED 3Y =2
e - _ __LOCAL DIVERSIONS 3 & IR
YR 1761 AV3S JAN FEz8 MAR APR MaYy JUN JUL AUG SEP
_LDC FLK 2. 0. 0. 9. o, 2. o, 0. 0. 0. )
UNREG 6e . De 9. 0. 23, 25. 2, 1. 2.
INFLOW be 0. Q. 0. Ue 12, f23, 25. : 1. 2.
CREQ DIV 7.5 0.2 0.3 0.2 0.5 12.0  24.1 26,2 21.9 5.4 B o
UIVZRSN 3.5 0.2 0.2 0.2 0.4 11.5 23.5 2.7 0.9 1.9
SHORTS1 4.0 0.0 0.1 0.0 0.1 0.4 0.6 21.5 21.0 3.4
RIV FLW 3. 0. a. 0. 0. 2. 0. 23, 9. 0. o
T OES FLWS 0. Ba 0. e 0. 3. 9. 0. 0. 0.
SHORTGL3 De O De De Ve 0. 0. 0. De .
B R R R R L R O R R S R L R R o O o O T N -
5 ADELAIDE RESERVIIR 19134 LEAKAGE Q. SERVED 3Y 2 5
TTTTTTTTIT T T T T T T TTEERVING T TS T T T ST W T g T - T =12 T ST I TU9 20 =21 - - T
LOCAL DIVERSIZNS 3 4 o
YR 1901 AVH JAN T TTUFERS MAR 7T ASRTT TTTTMAYT T QUNT UL T ane T T SERT T kT NOV o
L3IC Fow 0. Ja 0. J. Oe J. [+ O De 0. 0. 0.
UNREG ‘ 5e . 2. Q. 0. 0. 33, 25. 3. 1. 2. e 3.
TUINFLOA T T3 T T T TR T T . Yy, Y. 0.7 23, n. d. [y 2. - -
E9P STR 1876 1885 . 1852 1819 1819 1819 1790 1790 1790 2026 2158 ‘2234 -~ L
TTTEOP ELTT §255,38 9255,96 9256453 9255429 9256.29 9250629 9256400 9256.00 9256.00 9258.42 9259.37 9260.52
EVAPU 0. Do 0. 0. De J. 0. 0. 0. d. 0. e . ..
CASE ' 591 591 2103 2103 301 591 1601 501 501 5C1 501 i 503‘ -
TTTLEVLe T T T T a0 T e T a0 T L 08 2202 20027 TTYL000 TTTI.00 T TIS00T T 2019 T 2031 T 2.36 )
Csv ks 2. Se 0 ae 0. 0e 0e 23 0e 0. 0. 0s % 0a _
RIV FiW z. PO P O 0. 0. 23. 0. 0. . 0. "~ 0.
DES Fuw 0. Je Oe De 0. 0. 0. O (128 0.’ De O 0.
_____ SWORTSZ 0. oL . 0. o, o o. __ o, 0. 0. 0. 0.
R a2 X g AL R S e T T TR R R Y Py R TPy Ty e
’—-M 2
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YR 1951
L3C Fiw
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_INFLOW
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UeS FLW

___SRIRTS3

File Display Utility - Version

file

DIVERSION FRIM C?¢

_AVS

0.
5.

hd
)

-7.5

-3.5

GEL1l5

AN

0.
J.

0.

5.3

-0.2

ir Library A12DATA

LEAKAGE

LOCAL DIVSRSIONS &

JFEB L MAR
2. Je
0. Je

Qe e
-0.3 -0.2
-0.2 -0.2
0.0 0.0
[} 1.
00 JO
I D

01719785 12:00 Page

3.09.01 =%k
on Voluma 5YS001
J. SczRVED 3Y 2 5 _ S —_—
APR _ . MAY _ JUN__ JUL_ AUG SEP ocy
0. J. D 2. 0. 0. 0.
0. 33. 25. 3. 1. 2. e
e Ve o e o 23. 0. 9. 0. 9. 9.
-0.5 -12.0 ~-24.1 -2442 -21. -5.4 -0.2
0.4 -11.5 -23.5 ~2.7 -0.9 -1.9. -0.2
0.9 _ 0.0 0.0 0.0 0.0 0.0 0.0 e
1. 12. 23. 26 i. 2. 0.
' J. 0. . 0. 0. 0.
Q. 0. ... 0. B S 1) 8. e o

LA AR AR R R R A e R AR R S R A S SRR A RS R R R0 R0 2

T 77 SAEL-ADEL CINFL,GREYOULL PRZ1910 LERAKAGE
L2CAL DIVERSIONS %

T O¥YR 1364
LOC FLw

_UNRES
INFLOW
ReG C1IV
DIVERSN
TSHORTGY T
RIV FLW
0:S FLuw
SHORTS3

AV
17,
83.
33.
1.3
1.3

T e.0
31.
0.

9.

+tetttt ittty

8 PASS MAINST

YR 1951
L3IC FuLwW
TTTUNKREG T
INFLOW
_ReQ DIV
DIVERSN
SHORTGL
RIV FLW

TTDESTFLE T T

SHORTG3

IR 1351

AvVS .
77.
‘83,
81.
44.3
32.1
12.2
43.

Ne

L AvE

P

23.
23.
2.
1.3

1.3

0.0

27,
0.
Ve

222 R A R e AR R R A A A R R R R A R A R R R A A XS X RS A R R X R

JANT

FE3 T TTTMAR T
25. 25,
27, 25.
ar. 25.
1.3 1.2
1.3 1.3
T0.0 7 0.6
25, 25.
I LW, L S
9. 0.

+0*+0001++++0*+++4&400+0+6G+++0+i}64##0*6#0#4#0##46400004*’##06#

N

D« SERVED 3Y

I4
TaPRTTTTTTRAY T T gUN
28. 262, ' 235,
29, 235, 2si.
29. 273, 253
1.3 1.3 1.3
1.2 1.2 1.3
T 6 e
23, 272, 253,
0. . 8. . 9.
(139 0. Qe

IM,SHEL y WHALZYPREL1910 LEAKAGE D. SERVED HY
_L2CAL DIVERSIONS = 5 7 8
JaN FEZY MaR aPR May JUN
28. 25. 25. 23. 282, 235,

TS PO PO TR & L T T T
27. 25, 254" 23. 272, 253,
.. 0.0 0.0 6.0 1.6 10.9 1¢5.6
T 0.0 0.0 0.0 1.6 T 10.3 145.6
0.0 0.0 0.0 0.0 0.0 0.0
27. 25. 25, 27. 201, 112.
Ty T 9. el p. Y. b.
Ve 2. J. I . 0.

3 CLTY JF GREYBULL POST 1319

-2 -5

TTdAL AUG SEP ocT NOV
65. 67. 48, 43. 1 46.

63.  63. 50, 53. 49, B
33, &9, 50. 49. 46.
1.3 1.3 1.3 1.3 1.3

1.3 1,2 1.3 1.3 1.3 .
T0.0 0.0 6.0 0.0 0.0
1. £5. 49. 48, 45,

0. 0e o 0. 0. 9. -
00 00 0. D. 0.

f'*+f§+006+#000#0+0+0+0§

-2 -5 :
JuL AUG SEP ocCT NOV DEC
65, 67T, 43. 49,

e, 8T TSy, T 53, i
91. 65 49 48. .
146.1  131.6 - 31.1_ 0.0
67.8 68 .4 31.1 0.0
13.2 65.3 0.0 0.0
23, 0. 18. 43,
. R 0. i
D' 0. 0" . g. N

B O S O O R S O R S N P S TS T O T

o CEAKAGE O SIRVWED 3Y -2 -5 .
LJCAL DIVERSIONS 3 T 8 9 !
_Fs8 ' MAR._ APR  MAY  JUN  JUL  AUG_ SEP OCT . NDV - DEC

131



*x%% Wang VS File

Consecutive File

L LICFLW _TT.
UNRcG 33.
INFLO~ 43,

. Rz@ Clv 0.3
D1VERAN 0.2
SAGRTG1 0.0

ORIV FOW 4.
OES FLW 2.
SHUXRTG3 2.

T O O O S S P P U

Oisplay Utility - Version
GZ175

88 85e 25.
23. 7. 25,

27. 25. 25.
0.3 0.3 0.3
0.3 0.3 0.3
0.0 0.0 0.0
L BEERN L23e
J. J. (1]

J. D 0.

in Library A120ATA

2.08.01

2.
29.
27,
0.3
0.3
0.0
25,
S
D

“
At

on Voaluma SYS5001

10 RETURN DIVERSION FRCM C°8  LEAKIGE 0. SERVED 3Y 2 5 R
LOCAL DIVERSINNS & 7 8 9 10 _
C YR 1951 avs o JeN LFEB . MAR  APR MaY o JUN _JUL . AuG - SEP  OCY NOV DEC I
S LOC FLW 171, 23, 25, 23, 2s. 262, 235, 654 7. 43, 43. 45. 39.
UNREG 83. 23. 27. 25, 23, 295, 261, 3. 63, 50. 51, 49, 40.
INFLOW 434 2Te  2Se 254 26.  201.  112. 23, 0. 18, 47, 45, 33, B o
TREQ DIV -44.3 0.0 0.0 0.0 =108 -70.9 ~1e3.6 -1a6.1 <-131.&  -31.1 0.0 0.0 0.0
DIVERSN  =-32.1 0.0 0.0 0.0 1.6 ~10.9 =145.6 =57.8 =66.4 =31.1 0.0 0.0 . 0.0
 SHORTSL 0.0 0.0 0.0 0.0 0.0 0.0 0.6 0.0 0.0 0.0 0.0 0.0 5 0.0
RIV FLW 5. 21. 25, 5. 23, 212, 253. 91. 56. 49, 67, 45. 33.
DES FLW 2. G. 0. 0. 0. D. . C. 0. 0. 0. 0. 0.
_SAORT33 0. 0. 0. 0. 0. 0. 2. f.__ 8. 0. 0. 0. 0.

252. 236,
235. 261,
201. 1i2.

0.3 0.3
0.3 0.3
0.0 0.0

J20i. 112,

Ve 0.
7. Je

65.

63,
23.

0.3

0.0
0.3

23l

0’
0.

01719785 12:00 Page

__ es, 49. 45, 39.
50. 53. 493. :
18. ‘48. 45.
0.3 0.3 0.3
0.3 0.3 0.3
0.0 0.0 0.0
18, 4T, 45,
0. J. 0. .
2. 0. 0.

f>f¢§++4+#0#*0#4+0¢++#4#4440#00#0*+#++§4+0#*#*#*+0+0§000**++++4++b+0+#00+f4*§4+*0§4+00+&4+++§0+f+‘++6}00060@000

711 PHRYEATAPAYTE LOSSES T

TYR 1931 T Aavs
LOC FLW T7.
UNREG 33.
TTINFLOA 8L,
RZQ DIV 1.0
OIVERSN 1.0
TUShORTSL 0.0
RIV FLW 80.
DES FLw 0.
TSHORTG3 T T o077

T JaN’

23.
23.

0.0
0.0

27,

0.0

27.
Ja

D

TueakaGe 0. SERVED 3Y

LOCAL DIVERSIINS 5 7 3 9

TETS T UMaR T UAPR T T May JUN T
26. 24. 243, 262, 235,
_2T.. 25, 29.  293.  2»l.
T YOS T T TS DIST ¥
0.0 0.0 0.2 0.9 3.0
0.0 0.0 6.2 0.9 3.0

0.0 7TTT0.0 0.0 T 0.0 g.0 T
25. 25. 28, 271. 255.
0. 0. 0. 9. 9.
0. TR 0. 5. ‘0.

-2
10

-5
11

TJurT T

66,
€9,

e, T

SEP GCt NaV T OEC
48. 49. 45, 39,
50. 53, 49. 40,
49. T a1, 45. 38,
0.5 0.0 0.0 0.0
0.5 0.0 0.0 10.0 »
.07 T 0.0 0.0 0.0 T~
43, 41, 45, '+ 38,
Y. 0. 0. 0.
“0. o 0. 0. T

000##ﬁ00§+§§+9¢0#0#00+¢§+#+4§&6+++++00#+¢§+§#+§+*0¢00¥++#f*0#0+f++40¢+0+#'+0#+#0§f+Q+54#404f#§4++#+0*f+*§04#‘90

12 MAINSTEM PRE1910 LEAKAGE 0. SERVED 3Y -2 -5
- . S _LOCAL DIVERSIONS 6 7 8 3 10 1 12 .
YR 1961 AV JAN F<8 MAR ADR MAY JUN JuL AUG SEP ocT Nav DEC
 LOC FLW 7. 23, 25. 26, 23. 262, 235, 5. 67. 48. 43, 45, 39,
R TET: 71 S ¥ U PO & SO T PO F 1 L O 7 3 S - DS 1 PO 49. 40,
INFLOW 80. 27, 5. 25. 23. 271, Z5%. 3. 63. 48. 47, 45. 38.
_Reg ofv. - 2.1 0.0 0.0, 0.0 0.1 1.7 7.5 . S.2 6.0 0.6 0.0 0.0 ! 0.0 -

132
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Consaecutiva rile G175 in Library AL1204TA on Voluma SY3001

_ DIVERSN 2.1 0.0 0.0 0.0 0.1 1.1 1.5 9.2 ___ 6,0 0.6 0.0
SHORTGL 0.0 0.0 0.0 0.0 0.0 0.0 c.0 0.0 0.0 0.0 0.0
RIV FLW 73. 27. 25. 25. 25, 263. 247, 13. 57. 48, 47.
_ DES FLW 0. Do 0. . D.. O. 0. 0e. _ Oe . 0e . De_ _ De . .
SAQ3T33 0. De 7. De 0. 9. 0. q. d. d. 0.
AAAAAASASAAREASARLOAARSARRAAREASSASIASEANDEDASDE DA SIIN SNSRI I T T 200 0.0 00T S 10000 .05 S 0. 04 -
lo SHELL CANAIL PREL910 LEAKAGE 0. SERVED 8Y 2 s : W
- _LOCAL DIVERSIONS 5 7 8 9 10 11 12 1% L o 2
YR 190l av 3 JAN FIf MAR APR uayY JUN JuL AUG SEP ocr NOV - . DEC
o LaC FLw 7Tl 23, 26.  265. 28. 262, @ 234, S6.  6T.  48. 49, 45, 39,
" UNREG 33, 23. 27. 25, 23, 155, 261, 53, 68, 50, 53, 49.: . 40,
INFLOW 73. 27. 25. 25. 23, 269, 247, 73. 57. 48, 47. 45. .. 7 38,
REQ LIV 32,8 0.0 0.0 0.0 1.2 56,1  10%9.1 ~ 109.1 ~101.9 = 24.7 0.0 - 0.0 _ .0.0
" DIVERSN 27.4 0.0 0.0 0.0 1.2 56.1 109.1 18.64 57.1 24.7 0.0 0.0 70.0:
SHORTGI 6.4 0.0 0.0 0.0 0.0 0.0 0.0 30.7 44.8 0.0 0.0 0.0 .. 0.0.
_RIV FLWw 51,  2T. 25+ 25.  26.  213. 133, 0. 0. 23. 471 45. X -
DES FLMW J. 0. 0. 3. 9. 3. J. 0. 0. 0. 0. B P
SHORTG3 0. 0. 0. C. 3. 0 G. 0. 0. 0. 0o 0.7
B O O T S S N P S S S S ST Iy o
) 17 PASS WHALEY DITCH PRE1YLD  LEAKAGE 0. SERVED 3y -2 -5 S S
T O T T T T T T T3040 DIVERSIONS 5 7 3 97710 11 12 1§ 171 A .
C_YR 1961 AvVs AN FER 0 MAR - APR MAY JUN_ o JuL - AUG . SEP acT’ _Nay LpEC —
LIC FLw 7. 23, 77 28, T2a, T 213, 262.  236. 6%, 67. 43, 47. 45, < 39,
UNREG a3, 23, 27. 25, 23. 295. 26l. 59, 68. 50. 53. 49. 40.°
INFLOW St. z7. 23, 25. Z5. 2i3. 138, n. N 23. 471, 45, 38,
TTUREQLDIVTT TR T TR0 T 0T TTOL0 T 0.3 T LA 29.1 7.7 2307 5.8 0.0 0.0 0.0 - .
DIVZRSN 4.0 0.0 0.0 0.0 0.3 13.1 29.1 0.0 0.0 . 5.8 0.0 0.0:° ;0.0
$A0RTS1 “o4 0.0 0.0 0.0 0.0 0.0 0.0 27.7 23.7 0.0 0.0 0.0 . 120.0:- )
TTORIV OFLW T el BFZ £ 1- PR 2 S ¥ S/ IS S 1 T 2 v | X 17. 4T, 45, 33, - -
DS FLW 0. 0. I 0. 0. 0. 0. d. 0. 0. I 0. ; 0. ,
SHORT 33 e 0e 0.  0e. Qe 0. 0. 0. 0. 0. 0o - 0. * 0. e o
+§+t00?0+0—0&-&0+04#§000*¢¢++0f4>+0-9‘§+++0-000—0#00'}#&f+60§0’¢kf&0§+00§§b+000#00&04l-!»&0000§§00*00#4000409*0*049#00f00+,§7’
TTTT18 SHELL CANAL POSTILD T CRakaGE T T Y3y T2 s T T e
: LOCAL DIVERSIONS 5 7 3 3 19 11 12 15 1T 18
TUUYNRTLYST T T AveT T AN T T T FERTT UTTRARD TAPR T HAY T JuN Jul AU ¢ SEP - BCY . NAV. T DEC. .
LOC FLW 7. 23. 26. 26 23, 7 2624 2354 66, 6T 48 43, 4 he i
_ UNRES  83. 29, 21. 25. 23, 295. 261, 69  68. 50, 53, 49,5 .
INFLOW 7. 27. 25. 25 26, 209. 109, D D. 17, 47, 45, ;
REQ DIV 1.0 0.0 0.0 0.0 0.0 1.9 3.1 3.1 3.1 0.8 0.0 0.0 0.0 :
ODiViRSN 0,5 0.0 0.0 0.0 0.0 1.9 3.1 9.0 0.0 0.8 __0.0 0.0 0.0 ‘
TTUSHORTGL 0.5 0.0 0.9 0.0 0.0 0.0 0.0 3.1 3. n.0 0.0 0.0 0.0
RIV FLW 45, 27, 25. 25. 25, 193. 106, 0. 0. 15 47, 5., .38.70
D.ES FLH VT, oﬁ.-.. A,A,v.....-o.,.‘.... —— 9.:.... _....,,._.49' _,p' ’ 0- 00 0. 0. 0.’ 0. ) 0. " t 0.
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19 RETURN JIVERSIAGNS FROM CP1T

YR 1501 avs JanN 7
LGC FLW Te 23.

~ UNREG 83, 29,
INFLOW 43, 27.
REQ DIV -8.4 0.9

_ DIVZR3N -4.0 0.0 B

T TSHART 5L 0.0 7 0.0

RIV FuW 50. 27. .
DES FLW a. 0.

T SHORT 53 9. T 0.

20 WHALEY DITCH PRI1I1D

Mo oo NN

YR 1951 AvVS JAN
LGC Fuw 77, 23,
TTTUNREG T B3 T 29, -
INFLOW 5. 27.
 ReQ LIV 8.4 0.0
DIVERSN 4.0 0.0
SHORT31 P 0.0
RIV FoW 45, 27.
T 0eS FLw B T
SHORTG3 0. G
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LEAKAGS 9. SZeved 3y
LOCAL DIVIRSIONS 6 7 8 3
T MR APR T TMaY JUN

25 23. 262. 235.
28, 29, 295. 261,
25. 24, 193, 105.

0.0 -0.3 -13.1 =25.1
.90 0 -0.3  -13.1  -23.1
0.0 0.0 0.0 0.0

25. 25, 211, 135,

- O e Lbe 0.
3. 0. . 9.

LEAKAGS 9. SZRVEG 8Y
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254 23, 282, 235,
- TEEE T L TS D
25. 25, 211, 13¢.
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0. 9. 9. 0.
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67, 4“3, 43, 46, 7 . 39,..
L 68e o 50e 53. _49.0 - 40.
-N. 16. 41, 45, 38,
-23.7 ~5.8 0.0 0.0 0.0
e 040 -5.8 0.0 0.0 0.0 o
0.0 0.0 0.0 0.0  =70.0
-n. 22. 41, 45. 38,
Qe 8. 0. . 0. 0.
0. 0. 0. 0. 0.
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1 12 15 17 18 13 20 .
AUG SEP acT NIV DEC
s, «3. 49, 45, .39,
e 50, 53, 49. T40.
-0 22. 4T, 45, w39,
€3.7 5.8 0.0 0.0 0.0 .
-0.0 5.8 0.0 0.0 0.0
23.7 0.0 0.0 0.0 0.0
9. 6. 4Tl 45. 38.
I PO T 0. 0. 0.
0. 0. 0. 0. 0..
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Ze. T 2. 23, 2s2. 236, 65. 57, 8. 43, 46.
27. 25. 23, 295. 261, 69. 63, 50. 53. 49.
25, 25, 25, 143, 105. D 0. 15, 47, 45, -
0.0 0.0 0.0 J.4 3.5 7 6.5 0.5 0.2 0.0 0.0 '
0.0 0.0 0.0 0.4 0.5 0.0 0.0 0.2 0.0 0.0
9.0 __ 0.0 0.0 0.0 0.0 0.5 0.5 0.0 0.0 0.0
25,7 25. 2%, 193, 105. o, o, 15. 47, 45.

0. s 0. 0. 0. 2. 0. 0. 0. 0.

9. Oe 0. 9. 0. 0. 0. 0. 9. 9.

YR 1961  AVS Codan
LAt FUW T 230
UNRESG 83, 23.
INFLCW 45, 21.
TTREGUIVTTTTT002T T T 0.0 T T
DIVERSN 0.1 0.0
SHARTS1 0.1 0.0 .
ORIV FLW 45, C2r. T
DES FLW d. 0.
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