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I. INTRODUCTION

A. Description of the Physical Region

1.1

1.2

1.3

The Platte River Basin spans the three states of Wyoming,
Colorado and Nebraska. It has a total catchment area of 64,900
square miles. The river originates in the Rocky Mountains with

elevations of about 14,000 feet (Mean sea level), and flows
eastward _through a broad shallow valley. At the confluence with
its tributary the Loup River (about 60 miles downstream from Grand
Island, Nebraska), the ground elevation is approximately 1420 feet
(mean sea level). As shown in Figure 1, Kingsley Dam is situated at
the lower end of the North Platte River and the proposed Narrows

Dam site is near the lower end of the South Platte River.

The natural environment making up the Upper Platte River Basin
is also highly diverse. In the higher elevatiohs there are
substantial populations of big game animals and high quality cold
water fisheries. The downstream land use is dominated by intense
agriculatural activity. The topography of the plains is gently to
moderately rolling with elevations from about 7000 feet along the
foothills in Colorado and Wyoming to about 1870 feet at Grand
Island, Nebraska. These lands and surrounding areas provide

important habitat for a variety of birds and smaller animals.

The river basin experiences a wide variety of climatic
conditions. The annual precipitation ranges from about 10 inches in

the western part to about 24 inches in the eastern part. In the



1.4

higher mountains, annual snowfall of 40 inches is common. A great
deal of interflows (between surface and groundwater) occur within

this region, and this causes difficulty in interpreting flow data.

The water distribution system in the Upper Platte River Basin is
very complex. The flows of the North Platte and South Platte Rivers
are affected by storage reservoirs, power developments, diversion
for irrigation, municipal and industrial use, and groundwater
withdrawals. It is estimated that storage reservoirs with
individual capacities of 5000 acre feet or more have a total
storage capacity of nearly 7 million acre feet. In addition to the
above, more than 300,000 acre feet of water is imported into the
South Platte River Basin annually from the west side of Colorado
through 16 transbasin diversion projects. These transbasin
diversions are mainly for irrigation, municipal and industrial

uses.

B. Biology — Ecological Environment and Requirements

1.5

The Platte River traditionally provides a favorable environment
for many pigratory birds, particularly the Whooping Crane, Sandhill
Crane, Bald Eagle and Least Tern. The decreased sighting of such
migratory birds has resulted in concern by many who believe that
this could have been caused by man’s interference in the natural
environment. The stretch of Platte River between Overton and Grand

Island has attracted a lot of attention for the following reasons:

(a) Past sighting of migratory birds is largest in this stretch

of the river.
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1.7

(b) Very noticeable changes of the river conditions in the form

of vegetation encroachment and island formation has occurred
in the past few decades.
(c) Progressive decline in sighting of such migrator& birds has

led to widespread public concern.

The Whooping Cramne, Bald Eagle and Least Tern have been
classified as endangered and threatened species. The protection of
these species would, among other things, entail measures to
restore and protect natural habitat which are vital for the
continual survival of such .birds. Unfortunately, such habitat
requirements are not fully understood and there exists some
diversity of opinion as to what constitutes a suitable environment
for these birds. It is generally said that a wide open water
surface is favored by these birds. In addition, the flows in the
river must be supportive of fish and other invertebrate growth in

order to provide a source of food for the migratory birds.

The Upper Platte River Study (September 1983) has a component on
ecological studies of water use and management. Another report, by
the Nebraska Game and Parks Commission (May, 1985), contains an
excellent treatment of biological/ecological requirements of the
above migratory bird species. Such opinions as those in the above
mentioned reports have developed based on extensive study of bird
behaviors, correlated with historical changes of river conditions

in the Platte River Basin. The requirements for these birds, as



found in the second report, are appended below, but the reader is

referred to the original report for details.

(a) Whooping Crane

The Platte River (Overtom to Grand Island) provides a
stopover point for Whooping Crane during the spring and fall
migration. In general, Whooping Crane require:

(i) a wide channel, 500 to 1200 feet wide with shallow water
(2 to 12 inches) and slow flow (1 to 4 mph);
(ii) sandy river bed;
(iii) unvegetated channel and banks to provide both horizontal
and overhead clear visibility; and
(iv) close proximity to a suitable feeding site which is iso-
lated from human activities.
(b) Bald Eagle

The Platte River provides the winter habitat for the Bald

Bald Eagle. The wintering habitat consists of:

(i) night roosting trees near to feeding areas; and

(ii) ice—free feeding areas to provide ready accessibility to
fish (They can, however, turn to upland areas for al-
ternative food supply during severe cold weather).

(c) Least Tern
The habitat requirements of Least Tern are as follow:
(i) open, unvegetated river channel and sparsley vegetated

sandbars for nesting purposes;

(ii) adequate supply of food in the form of small fish; and
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1.9

(iii) isolation from predators as well as human disturbances.

In
above

flows

order to satisfy the minimum habitat requirements for the
three migratory bird species, the following Platte River

(between Overton and Grand Island) are suggested by the

Nebraska Game and Park Commission:

(a)

(b)

(c)

(d)

Migratory flows of 1700 cfs during the periods, March 25 to
May 10 and September 20 to November 10 to provide the re—
quired wide channel and flow depth required as a stopover
site for Whooping Crane during the spring and fall migra-—-
tion.

A flow of 1100 cfs from March 1 to March 25 to initiate
biological response of invertebrates in wet meadows.

A flow of 1100 cfs from December 10 to February 25 to main-
tain ice free feeding areas for the Bald Eagle.

A minimum year round flow of 400 cfs for continual sur—
vival and supply of fish, as the primary source of food

for the migratory birds.

The sbove minimum habitat requirement is shown in the diagram

in Figure 3 of this report.

The

best

final

above hydrologic requirements are derived based on the

judgement of biologists/ecologists. They are by no means

and these requirements are likely to be refined as more

ecological studies are conducted (some are currently in progress).
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On the otherhand, there exists a contrastingly different school of

thought as to what constitutes the basic hydrologic requirement
for these migratory birds. The report by Ecological Analysis, Inc.
(1983) prepared for the Central Platte Natural Resources District,
typically presents an entirely different ecological opinion. This
opinion, from the hydrologic viewpoint, is much less stringent in
terms of  minimum flow requirements. Interested readers are
referred to the original report for details. The recommendations
of the Nebraska Game and Park Commission will be followed in the

simulation study described in this report.

The maintenance of a vegetation free channel calls for special
measures such as mechanical removal techniques. While these
techniques are effective and essential as an intital action, the
long term maintenance of a clear channel perhaps requires less
expensive means. For this reason, the concept of scouring flows is
suggested. It is argued that if a scouring flow of sufficient
magnitude is provided, young seedlings and channel deposits can be
dislodged and carried away. Although the concept of scouring is
fundamentally sound, it is theoretically difficult,if not
impossible, to determine the precise hydraulic magnitude of such
scouring flows. In addition, there is also the question of
whether the existing Platte River System (with its current
development and uses) can cope with such an additional water
demand. In respect to the first problem, the U.S. Geological
Survey and the Fish and Wildlife Service have carried out some

studies to come up with a required flow of 3800 cfs for 23



consecutive days. This recommendation is certainly a preliminary
one and further studies inclusive of experimental verification can
be expected in the future. The second issue, determining the
feasibility of the Platte River System meeting additional water
demands for biological requirements, is one of the primary

objectives of the simulation study discussed in this report.

ITI. OBJECTIVES

A. Scope

2.1

2.2

This report is primarily concerned with a simulation study of
the Platte River System (between Lewellen/Julesburg and Overton)
with a view to examine the feasibility of revising the present
operation policies/strategies of the system to create an improved
habitat for the threatened and endangered migratory birds using
the stretch of the Platte River between Overton and Grand Island.
It is a pre-feasibility level study using readily available data

from Government Agencies and previous study reports.

Given the limited time and budget, this study cannot claim to
be comprehensive or exhaustive. Its primary target is to provide
a preliminary indication of possible impacts on system performance
that would result from imposition of additional demands or
constraints on the existing system. In this manner, decision
makers can be advised of possible consequences and tradeoffs for
intended actions. Since, at this time, exact definition of habitat

requirements is neither fixed nor agreed upon, some flexibility



is built into the model to allow other alternative scenarios to

be examined at a later date.

B. Specific Objectives
2.3 Given the above broad objectives, the detailed objectives of

this study are as follow:

(a) To develop a simulation model to examine the future opera-
tions of the Platte River System under present operating
policy. The performance of future operation is expressed
in terms of resulting flow of the Platte River at Overton,
and water shortage and hydro—-electric power production at
Kingsley, North Platte and Tri-—county Systems.

(b) To study the impact on the performance/output of the Platte
River System if the current Kingsley Dam operating rules
are to be modified to meet the stipulated habitat flow re-
quirement with and without consideration of Narrows Project

(c) An extemnsion of (b) to include scouring flows.

(d) To conduct items (b) and (c) for slightly modified stipu-
lated habitat flow requirement and stipulated scouring flow

requirement.

IXI1. THE SIMULATION MODEL

A. Purpose
3.1 A simulation model for the Platte River System has been
developed by this study for the various studies as outlined in

Chapter 11. This Simulation model has been chosen because it can



account for the complicated relationship and interaction between

the various components and uses within the system. In addition,
there are some 40 years of past operation results that could be
used to check the validity of the model before it is used to carry
out studies on future operation under various revised operating

rules.

B. Model Descriptions

3.2

3.3

Figure 2 shows a schematic representation of the Platte River
System. Based on this representation, the simulation model has
been  formulated. This figure, with its legend, is self
explanatory. The figure shows the present facilities. It is
relevant to point out that Elwood Reservoir was completed only in
1978, while Kingsley Hydro started operation in late 1984. Except
for the above, all the storage, diversion and hydro—-generation

facilities have been completed and operational since 1%41.

In the schematic representation, the inflows to the system are

represented by:

North Platte River flows at Lewellen

o
it

o
1

South Platte River flows at Julesburg

In addition to natural inflows, there are also other inflows
along the various reaches of the river. These inflows termed as
gains, are largely derived from tributary flows, irrigation return
flows and groundwater outflow. The gains are grouped for specific

reaches as follows:
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G; = North Platte River between Keystone and North Platte
62 = South Platte River between Julesburg and North Platte
G3 = Platte River between North Platte and Brady

G4 :.Platte River between Brady and Overton

GB = Tributary inflow to North Platte by Birdwood Creek

The estimates of gains, G1 to G, are obtained by mass balance

4
gstudy for each of the designated river reaches using historical
flow data. This is possible because there exists complete and

comprehensive record on the inflows and outflows of each reach as

well as diversion/losses, etc.

Irrigation diversion is the largest water use, and there are a
large number of diversion canals tapping water from the Platte
River. Here again, for simplicity, irrigation diversions are

grouped as follows:

I1 = Total irrigation diversion between Keystone and North Platte

12 = Irrigation diversion by Western Canal on South Platte River

I3 = Total irrigation diversion between Brady and Overton
(comprising six diversion canals, namely, Gottenburg, Cozad,
Dawson, Thirty Mile, Sixth Mile and Orchard)

14 = Irrigation diversion by E65 & E67 (tapping upstream of John—
son Hydro)

I5 = Phelp Canal diversion (after Johnson Hydro)

Historical records of irrigation diversion are available, but

some adjustments are necessary in order to account for the

-10-



3.5

3.6

development which has taken place over the years (such as
expansion/reduction of acreage, change of crops or cropping
pattern, switch to groundwater as sole or supplementary supply,

etc.). These adjustments will be discussed later.

The last of the grouped parameters are reservoir system losses.
(Note: losses in riverine reaches will be accounted as negative

gains) The following are defined:

|-l
i

- Reservoir loss at Lake McConaughy

=
3]
{

= Reservoir loss at Sutherland storage

[
1

3 Tri—county system losses primarily from Jeffrey, Johnson,

Elwood and other smaller regulating ponds/storages.

The grouped reservoir/system losses are computed by mass
balance stﬁdies on each of the reservoirs/systems using historical
records of inflows and outflows and change of reservoir storages.
These losses are fairly uniform over years, and their monthly
variations bear direct relation to the respective evaporation
rates. There is some occurrence of negative losses, presumably as

a result of large groundwater recharge or bank storage recharge.

Hydrogeneration discharges are instream, non—consumptive uses.
Hence, they are not included in any of the grouped diversion, gain
or loss variables. The power generated is a function of head and
discharges except in cases where head variation is negligible. The

latter is true of Sutherland and the Tri-—county System. The

-1 1_._



following power versus discharge and head relationships have been

derived (U.S. Bureau of Reclamation, 1985):

(a) Kingsley Hydro

E =1.025 x 0.75 Q

1000
for H > 58.0° (no generation below H = 58.0°)

Q < 352 KAF (maximum capacity of turbine)

(b) Sutherland-North Platte Hydro

E = 0.162 Q - 0.47

(c) Jeffrey Hydro

E=0.8Q + 0.33

(d) Johnson Hydro (total 2 plants)

E = 0.218 Q - 0.88

where Q = total volume of flow through the hydropower unit
in thousand acre—feet (abreviated as KAF)
E = Energy production in Million Kilowatt-hour
(abbreviated as MKWH)
H = Generation Head in feet
3.7 This simulation model is basically a set of algebraic and

logical relationships to account for the mass balance of the
system at various points of interest. The model takes into

account:

—]12—
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(a) inflows, gains, diversion, losses;

(b) system capacity constraints such as maximum and minimum
allowable storage in reservoirs, canal capacity, power
plant capacity etc; and

(c) operating rules/policies.

The output of the simulation model comprises computed outflows
at specified points, end-of-month reservoir storages, energy
output of hydropower plants and shortages/deficits (if any). For
the present problem, the simulation model gives time series output

(monthly) of the following:

(a) simulated Platte River flows at Overton;

(b) simulated end-of-month storage at Lake McConaughy;
(c) irrigation shortage;

(d) Jeffrey hydro-return to Platte RiQer;

(e) Johnson hydro-return to Platte River;

(f) hydro energy production at Johnson Hydro;

(g) hydro energy production at North Platte Hydro; and

(h) hydro energy production at Kingsley.

It is possible to obtain printouts for all other variables of
interest (at slight expense of computer time), but the above set
of output is sufficient for all the evaluation and studies in

connection with objectives of this study listed in Section 1I.

A complete listing of the simulation program (in Fortran 77) is

given in Appendix VI.

-13-



IV. MODEL TESTING, CALIBRATION AND VERIFICATION

4.1 In order to use the simulation model with confidence in
predicting future operation, it must be verified against some
historical observation and performance of the system. This is,

however, difficult because:

(a) dynamic changes occur in system components as more
components are added;

(b) changes in operating rules/policies occur with the
accumulation of experience; and

(¢) changes occur in priorities and commitments

A. Current Reservoir Operation Policy

4.2 Prior to 1972, maximum operating storage in Lake McConaughy was
allowed to reach some 1900 KAF, irrespective of time in year.
After the experience of a severe storm surge in 1972, the
opefating authorities adopted more conservative operating levels

(maximum levels) as follow:

(a) 1644 KAF or 3260 feet MSL from September 1 to April 30

(b) 1793 KAF or 3265 feet MSL from May 1 to August 30

4.2 The  historical operation rule recognizes priority for
irrigation. Hence, in time of severe drought and reservoir
storage, it is an accéptable practice to curtail hydropower

production in the non-irrigation season as &a measure for

— 14_.



4.3

conservation. The need for such a practice was only realized once

in the entire 40 years of past operation. This need occurred in
September/October 1956, when Lake McConaughy storage fell to about

400 KAF.

With the exception of severe drought years, the operating

strategy of the Platte River System can be described as follows:

(a) In the irrigation months, all irrigation diversion should
be met, and wherever possible, irrigation diversion should
be routed through hydropower plants tq maximize energy
production.

(b) In the non-irrigation season, their should be a minimum
diversion of about 1000 cfs in the Tri-county Diversion
Canal to maintain a minimum, and preferably uniform, energy
output in the Tri-county Hydro (Jeffrey and Johnson). The
above minimum diversion requirement is related to the need
to maintain an annual firm energy output commitment of 157

MKWH for Tri-county Hydro.

B. Data Inputs

4.4

The primary data input for the simulation model are time
series information of inflows, gains, irrigation diversion and
losses. Although there are historical observations to permit the
above grouped variables to be computed directly or indirectly,
there are other considerations that limit their direct application
(see Section 3.4). Consequently, the historical data are

adjusted (by U.S. Bureau of Reclamation, 1985) as follows:

-15-



(a) The inflows, Q1 , and 02 are adjusted to account for
current level of catchment development. In the case of Ql’
it is based on results of a reservoir operation study on
the Upper Platte River (by the U.S.B.R., 1985). The South
Platte flows are adjusted to recognize the drying up of
Lodgepole Creek.

(b) Irrigation diversions I;, I, and Ic (definition on page
11) require adjustment, particularly for the 1940 to 1954
1954 period when the areas served by E65, E67 and Phelps
canal had not reached full scale development (compared to
1980). In the case of 13, some downward adjusiments are
necessary to account for the switch to groundwater as a
source of supply in some of the farmlands.

(c) Resulting from the adjustment in irrigation diversion/de-
mand, river gains also change accordingly. This is true of
of Gy and G, (definition on page 10).

(d) Reservoir and system losses are computed indirectly from
historical records. In the case of Tri—county System, the
addition of Elwood Reservoir resulted in additional losses
of about 32.2 KAF/year due to evaporation and seepages. L3

is therefore adjusted accordingly.

Appendix I gives a complete tabulation of time series data on
adjusted inflows, gains, irrigation diversion and losses. The
tabulation comprises 39 years of adjusted historical information
between 1942 and 1980. Means and standard deviations (month and

year) are also computed for easy reference.

~16~



4.5

The following table gives the comparison between the historical
time series and adjusted time series of inflows, gains, irrigation

diversions and losses.

TABLE 1. Comparison Between Historical and Adjusted Data (U.S. Bureau

of Reclamation, 1985) on Inflows, Gains, Irrigation Diver—
sions and Losses

Type Historical Adjusted Time Percentage
Data (1942-1980) Series (1942-1980) Difference
Total Inflow 1418.9 1376.5 -3%
Total Gains 682.9 696.6 +2%
Total Irrigation 553.5 567.7 +2.6%
Total Losses 479.9 512.1 +6.7%

Balance (or expected
| outflow at Overton) 1068.4 993.3 -7.0%

Units: Mean annual volumes in thousand acre-feet (KAF for 39 years)

4.6

The above total system mass balance study shows that the
expected mean annual flow of the Platte River at Overton will be
1068.4 KAF. The historical observations at Overton give a mean
annual flow of 1030.1 KAF. The difference of 38.3 KAF (or 1493.7
KAF for 39 years) can be accounted by the difference in storage
since Lake McConaughy started with an inital storage of about 200
EKAF (December, 1941) and ended with a storage of 1501.3 KAF in
December of 1980. With the adjustments in input data, the mean
annual flow at Overton will decrease by about 7 percent to a value
of 993.3 KAF. The significance of this reduction on the monthly
flow distribution of the Platte River flows at Overton will be
discussed later. The above value is an important parameter for

calibration and verification of the simulation model.

C. Modification of This Simulation Model and Model Verification

4.7

The present operating policy of the Platte River System is
described in Section 4.3. In the simulation model, a slight

variation is made with regard to hydro-release for the

-17—-



4.8

non—-irrigation season. It 1is felt that a simpler, but practical
rule would be to target a certain minimum energy output at Johmnson
Power Plant. Using a target hydro-power discharge of 45 KAF at
Johnson Hydro, the resulting Tri-county diversion will average
about 62 KAF which corresponds to an average flow of 1025 cfs. The
resulting energy production at Tri—county Hydro will be about 14
MKWH per month which is slightly more than 1/12 of the annual firm
energy commitment at Tri-—county Hydro. From the mathematical
modeling standpoint, the above rule is more convenient and

simplier.

As a first step in model calibration, a preliminary simulation
run is carried out using historical input, known initial storage
at Lake McConaughy and the operation rule described in 4.3 and
4.7. The simulated flows at Overton compare fairly well with the
historical observations, particularly in the mean annual volumes.
The table below gives a comparison of mean monthly and annual flows

as well as their respective standard deviations.

TABLE 2. Comparison of Historical and Simulated Flows at Overton

Mean Flows Standard Deviation
Month (1942-1980) (1942-1980)
Historical Simulated Historical Simulated

January 89.6 91.6 35.7 40.4
February 96.3 103.8 44.5 45.9
March 119.7 123.5 63.6 50.5
April 105.2 122.0 69.2 69.1
May 128.7 103.5 170.7 141.9
June 122.5 113.7 152.3 150.8
July 47.2 32.7 46.4 63.0
August 26.7 15.0 15.3 17.7
September 49.4 69.2 46.4 87.8
October 76.6 77.5 57.8 48.2
November 79.7 86.3 34.5 42.1
December 88.3 89.6 31.4 35.3
Annual 1030.1 1028. 2 544.5 592.3

(Units: Thousand acre-—-feet)

~18—
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The simulation model also predicts a minimum Lake McConaughy
storage of 383.0 KAF in September of 1956 as compared to the
historical observation of 391.6 KAF in October of 1956. The mean
annual energy production of Tri-county Hydro is computed at 254
MKWH. The simulated energy production cannot be verified because

of lack of historical data.

4.10 The simulation run as described in 4.8 and 4.9 has little

4.11

practical future application other than as a means of model
calibration and verification. Since the study is concerned with
future operation, it 1is logical to use the adjusted time series
data (4.4, 4.5 and Appendix I) and an average storage level as the
initial condition at Lake McConaughy (a value of 1400 KAF for
December). The results of this second siumlation run are compared
with that of a parallel U.S. Bureau of Reclamation study known as
the Platte River—Prairie Bend Unit Study (July, 1985). The Bureau
of Reclamation model is a larger and more complex model developed
to handle a larger scope and objective. The base run of the Bureau
of Reclamation model corresponds to future operation of the Platte
River System under existing operating rules, and hence, can be used
for direct comparison. Table 3 gives a comparison of the results of
thé two models for the base run corresponding to future operation

of the Platte River System under present operation rule.
An examination of Table 3 shows that the results of the two

different models compare very well, particularly in the mean

annual values. There are some minor differences in the mean monthly

-19-



TABLE 3. Comparison of Simulation Results of CSU Model and USBR Model
for Base Condition - Future Operation Under Present Policy

MONTH FLOWS AT OVERTON ENERGY PRODUCTION ENERGY PRODUCTION mzmxm< PRODUCTION
AT TRICOUNTY HYDRO AT KINGSLEY AT NORTH PLATTE
CSu USBR CSuU USBR CSu USBR Csu USBR
January 91.2 84.7 No.m 19.4 5.0 4.0 9.4 7.3
February 104.0 92.6 22.8 19.4 4.8 3.2 9.6 7.3
March 120.3 111.3 23.8 22.3 5.5 4.0 10.3 8.8
April 111.1 111.6 21.9 21.6 6.7 6.4 10.3 10.0
May 99.4 117.0 18.8 23.5 6.5 8.1 8.6 11.4
June 109.7 119.3 20.9 - 22.3 9.9 12.2 10.0 9.2
July 32.7 35.7 22.5 23.6 14.5 16.4 10.6 15.7
August 16.0 27.5 ©20.8 23.4 13.6 . 13.8 12.9 18.5
September 69.9 60.4 19.2 18.1 10.8 10.7 10.3 10.0
October 73.7 73.5 18.4 19.0 6.6 4.9 9.6 9.0
November 81.6 71.4 18.9 17.2 5.2 4.9 8.3 6.8
December 84.4 79.0 19.2 18.7 4.6 4.8 8.4 6.8
Mean )
Annual 993.9 983.9 248.0 248.5 93.5 93.3 118.3 120.7

Note: (i) Flows in KAF
(ii) Energy production in MKWH
(iii) CSU results based on simulation over 39 years (1942-1980)
(iv) USBR results based on simulation over 30 years (1951- H@@Ou
(Results are non-final)
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values, resulting most likely from the simplification of operating
rules introduced in the Colorado State University Model (Section
4.7). The differences are, however, small and hence can be
considered acceptable given the fact that this is a study at a
pre—feasibility level. At this stage in time, there is still a
lack of precise definition on the future operation rule which will
optimize the performance of the system. Past experience can be
useful for this purpose, but there is no guarantee of global
optimum results. In this respect, there is scope for refinement of
the past operation rule through some mathematical optimization or

simulation technique.

D. Results of This Simulation Study Based on Current Reservoir
Operation Policy
4.12 The key findings of the simulation study of future operation of
the Platte River System under present operation rules are as

follow:

(a) The mean annual outflow is 993.9 KAF which is similar to
the value derived by total system mass balance study (Sec-
tion 4.5).

(b) If an irrigation conservation pool of 500 KAF is defined,
there will be no irrigation shortage for the entire period
of simulation.

(c) The minimum storage in Lake McConaughy is 190 KAF occurring
at September 1956.

(d) The mean annual energy output of Tri-county Hydro will be
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around 248 MKWH. The minimum firm energy commitment of 175

MKWH for Tri-county Hydro can be met for all the 39 years
(in simulation). There is a period of 5 months (between
October 1956 to February 1957) when hydro—generation is
curtailed due to low storage 1level in Lake McConaughy

(thereby initiating conservation measures).

4.13 The computer model also provides simulated monthly flow at
Overton for the entire 39 years of study (see typical printout in
Appendix II). It can be seen that the year to year variations of
flows for any particular month of interest can be quite
considerable. From the environmental viewpoint, one would be
interested to know how often the river flows fall below the minimum
habitat requirements. This can be evaluated by performing a
statistical analysis on the 39 years of simulated monthly (January,
February, etc.) flows at Overton. For simplicity, a simple
frequency count analysis is used but this can be refined at a later
stage with the use of a suitable probability distribution. The
results of such a simplified analysis are displayed in Figure 4.
The Figure gives the percentage occurrences of flows below habitat
requirements based on the 39 years of simulated monthly flows. For
example, in the month of October, it is found that the historical
flows at Overton are below the habitat requirements for about 80
percent of the time. This implies that in the month of October the
habitat flow requirements are not met in 31 out of 39 years. The
above analysis has shown that the past historical flows are

inadequate to meet habitat requirements for more than 50 percent of
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the time, in the months of April, September and October. Future
operation of the system using the adjusted inflows and present day
demand will result in similar patfern, but slightly aggravated
deficits. For comparison purposes, the results of simulation with
Narrows Project are also plotted in Figure 4. It can be seen that
the depletion of the South Platte flows by the Narrows Project can
further aggravate the existing habitat flow deficit in the stretch

of the Platte River between Overton and Grand Island.

4.14 Between Overton and Grand Island (for a distance of 75 miles),

V.

there is an additional small irrigation diversion of about 20
KAF/per annum by the Kearney Canal. Kearney Hydro is a non-
consumptive use and hence will not affect the overall balance of
water. Analysis of past records give a negative section gain (i.e.
a loss) of 20 KAF/year. The combined effect of the above is that
the mean annual flow at Grand Island will be about 40 KAF lower
which represents a reduction of 4 percent over the mean annual
flows at Overton. Hence, for all practical purposes, the
conclusions derived for Overton can be applied at Grand Island
without any significant loss of accuracy (at least for this stage

of the study).

SIMULATION OF FUTURE OPERATIONS USING A PROPOSED OPERATION POLICY

THAT PROVIDES FOR MEETING HABITAT FLOW REQUIREMENTS

A. Proposed Operation Policy

5.1

If one assumes that the habitat flow requirements are as

defined by the Nebraska Game and Parks Commission (Figure 3), it
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5.2

5.3

5.4

is evident from the analysis described in Section 4.13 that the
present operating policy, based on meeting irrigation and energy
production objectives, is not able to fulfill habitat flow
requirements for a major percentage of time. This leads to the
question of what can be done and at what tradeoff to economic

efficiency objectives.

To answer the above question, the simulation model developed in
Section IV is used to study the effects of changing the operation
rule to achieve environmental objectives. The simulation model
cannot prescribe an optimum rule explicitly, and hence, it is
necessary to make some initial assumptions or guesses (guided by
judicious engineering judgement), and subsequently refine them as

the results of the simulation study become available.

It has been explicitly stated by many sources that irrigation
demand should be given the highest priority. This requirement is
recognized in the simulation model by assigning a minimum
irrigation conservation pool at Lake McConaughy. The base run
simulation study uses a minimum irrigation conservation pool level
of 500 KAF and confirms that this ensures that all irrigation
demand will be met (for the 39 years of the simulation). The
above minimum irrigation conservation pool level will be maintained

in all of the future simulation study.

It is generally acceptable to regard habitat flow requirement

as ‘desirable’ rather than a ‘necessity.’ By this definition, one
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5.5

can expect that some failures, provided not too often, will be
tolerable and will not lead to disaster or major economic losses.
Given the high level of consumptive use and a large annual and
seasonal variability of flows in the Platte River System, it is
practically impossible to operate (or construct additional works)
that can guarantee meeting all requirements at all times. Hence, in
developing a revised operating rule, it has been assumed that some
shortage of habitat flow requirements will be tolerable during
severe drought when resevoir storage falls to an alarmingly low
level. For obvious reasons, the minimum irrigation conservation

pool level is chosen as the control level.

Based on the reasonings presented in 5.4 and 5.5, a sound
operating rule that will maintain priority for irrigation is as

follows:

(a) Irrigation release will be provided, on demand at all times.

{(b) Irrigation release will be routed through hydro—power plants
to maximize energy production.

(c) In the non—irrigation season, a minimum hydro-discharge of
45 KAF through Johnson Power Plant will be maintained, ex-
cept in times when the storage level at Lake McConaughy is
is at or below the minimum irrigation conservation pool
level (i.e. 500 KAF).

(d) The end of month storage level at Lake McConaughy will be

checked against the specified upper limit corresponding to
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(e)

the particular month of operation and water in excess of the
imposed limit will be spilled.

If the resulting flow at Overton (after operation steps (a)
to (d)) is below the required habitat flow requirements, ad-
ditional release will be made from storage to meet such
such shortfall, provided that the end of month storage at
Lake McConaughy is still above the minimum irrigation con-

servation pool level (i.e. 500 KAF).

B. Results of the Proposed Operation Policy

5.6

Using the above operating rule, the simulation model is run

using

the adjusted inflows, gains, irrigation diversion, diversion

(Section 1IV) for the period 1942 to 1980. The important results of

this

that:

(a)

(b)

simulation run are given in Appendix III. The results show

With a minimum irrigation conservation pool of 500 KAF,
there is no irrigation shortage for the entire period of
simulation.

The mean annual energy output of the North Platte and Tri-
county Hydro is not affected by the change in operation rule
rule to incorporate habitat considerations. The monthly dis—
tribution of energy output is, however, altered slightly
with larger quantity of secondary energy produced in those
months corresponding with larger habitat flows (See Figures
5 and 6). The above results are largely due to the fact
that energy préduction at North Platte and Tri—county Hydro

is not dependent on head. There is one year (1956) in which
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the annual firm energy commitment (157 MKWH) of Tri-county

county Hydro cannot be met with the adoption of the proposed
revised operating rule.

(c) Kingsley Hydro will experience a loss of 6 percent (average
of 5.61 MKWH/year) in energy production. This is primarily
due to the large release in October which is also the month
with relatively lower storage level. The habitat releases in
October, as a result, generate less energy per unit volume,
as compared to release in other months.

(d) The required habitat flows at Overton can be met at all
times except for a 22 month period between July 1955 and
April 1957. The aggregated deficit in that period is about
1000 KAF. The occurrence of such a deficit period is the
direct consequence of a three year extended drought (1954,
1955 and 1956), in which mean annual flow fell below 60 per—
cent of long term mean for three consecutive years. A sim-
plified frequency analysis shows that such an extended

drought has a return period of 20 to 25 years.

C. Effects of Changing Biological Requirements

5.7

Sensitivity analysis is carried out for migratory flows since
this is the largest habitat flow component and has the largest
uncertainties in its definition. A simulation run with migratory
flow reduced to 1100 cfs (i.e. by 35 percent) gives practically
identical results as that described in 5.6, except that the deficit
duration (5.6 (d)) is shortened by six months (January 1956 to
April 1957) with a corresponding aggregated shortage of about 650

KAF.
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VI. SIMULATION OF FUTURE OPERATION WITH PROVISIONS FOR BOTH HABITAT

AND SCOURING FLOW REQUIREMENTS

A. Discussions on Scouring Flow Requirements

6.1

6.2

6.3

The Justification for maintenance of scouring flows is
presented in 1.10. There have been many postulations on the
quantity and timing requirements for effective chanmnel scouring and
a definite recommendation is unlikely to be reached in the near
future. From the water conservation and operational flexibility
viewpoint, the views of the Fish and Wildlife Service (which is
3800 cfs for any 23 consecutive days) seem to be the best

Jjudgement.

Given the tight situation of water supply/demand balance in the
Platte River Basin, extreme care must be exercised in accommodating
additional demand on the system. Scouring flow requirements, in
this respect should be assigned lower priority, because alterna—
tive means, although more expensive, do exist for bringing about
the desired channel conditions. In this simulation study, such a
consideration is reflected through appropriate timing and control

on scouring flow release.

From the hydraulic viewpoint, the scouring flow as recommended
by the Fish and Wildlife Service can take place during any time of
the year. Environmental considerations would exclude the mid-May to
August period in consideration of the nesting habitat for Least
Tern. Furthermore, one would be doubtful about timing such release

in any of the winter months. The remaining months that are left are



March, April, September, October and November. From the operation
viewpoint, releasing a large quantity of water from storage in the
pre—-irrigation season is unlikely to be acceptable. With a minimum
irrigation conservation pool, the fear of irrigation shortage can
be eliminated (if the operating agency can be convinced). But there
still remains the problem that the habitat flow requirement (such
as fall migratory flows, winter habitat flows) may be totally or
partially sacrificed. The latter suspect is subsequently confirmed
in the sensitivity analysis. Based on the above arguments, the
scouring release should be in the period from September to
November. Since the October habitat flow (fall migration) is
highest, it was decided to raise the habitat flow to the required
magnitude for scouring purposes. Such an arrangement will minimize
additional release from storages. The onset of winter following
scouring will further help to preserve the desired channel

condition (free of vegetation).

B. Results on Meeting Scouring Flow Requirements

6.4

Using a similar operating rule as in 5.5, but with a higher
targeted October flow (200 KAF) at Overton to account for meeting
both habitat and scouring requirements, the simulation model is
re-run and the key findings of simulation are as follows (refer to

Appendix IV — Computer Printout for details):

(a) With a minimum irrigation conservation pool of 500 KAF,
there is no shortage in irrigation for the entire period of
simulation.

(b) The energy production of Kingsley, North Platte and Tri-—



(c)

(d)

(e)

county Hydro are reduced by 9 percent, 6 percent and 5

percent respectively (See Figures 5 and 6). The energy out-
put reduction at North Platte and Tri-county Hydro is
primarily due to the fact that the scouring flow (3800 cfs)
is much higher than the diversion and power plant capacities
(2000 to 2150 cfs). The loss of output at Kingsley is due to
similar reasons as explained in 5.6 (c).

There are two years (1956 and 1957) in which annual firm
energy commitment of Tri—county Hydro is not met as a result
of this revised operation rule.

The habitat flow requirements are met in all the years ex-
cept for a 22 month period between July 1955 and April 1957.
The finding is identical to the case of future operation
with provision for habitat flows only (5.6 (d)).

There are 8 years (1954, 1955, 1956, 1957, 1960, 1961, 1964
and 1968) in which the scouring flows cannot be provided due
to low storage in Lake McConaughy. Since the simulation
period is 39 years, this represents an approximate failure
probability of 20 percent. The consecutive failure of 1954
to 1957 is due to an extended drought of about 20 to 25 year

return period.

C. Effects of Changing Scouring Flow Requirements

6.5

for:

Sensitivity analysis for this simulation run 1is carried out

(a) Scouring flow releases in March

(b) A 33 percent reduction in magnitude of scouring flow (i.e.

2500 cfs)
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If the timing of scouring flows is advanced to March, the

results indicate:

(a)

(b)

(c)

(d)

Meeting irrigation demand can be guaranteed in all the 39
years of simulation.

There is no loss of energy output for the Tri—county and
North Platte Hydro except for higher variability of the mon-
thly output of energy. The loss of energy output at Kingsley
Hydro is about 9 percent (as in 6.4 (b)).

With a cutoff control at 500 KAF of storage at Lake McCon-
aughy, scouring flows will be released in all but three
years (1956, 1957, and 1965). However, this will result in
five other years in which some shortages will occur in the
fall and winter habitat requirements, in addition to the
July 1955 to April 1957 period (which is practically a stan-
dard outcome for all simulation rums).

Given that habitat flows are assigned higher priority, one
possible remedy will be to impose a two-tier control level
level policy with the higher of the minimum control levels
applicable to release of scouring flows. Due to variability
in inflows as well as demand (in the intervening period
between Spring and Fall), it would be difficult to esta-
blish the higher minimum storage level without the help of
some reliable means of river flow and irrigation demand
forecasting. If such a forecasting method is available and
implemented, the fall and winter habitat flows can be ful-

filled if the scouring flows are cut off in eight years out
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out of 39 years. This result is similar to the earlier one
discussed in 6.4 (e). The return for such a more complicated
operation policy would be the higher mean annual energy out-—
put as discussed in (b). This alternative is therefore

worthy of serious consideration.

6.6 The second sensitivity analysis is carried out on the magnitude

of scouring flows. A simulation study using a scouring flow of 2500

cfs (33 percent reduction) is carried out and the results show

that:

(a)
(b)

(c)

(d)

Irrigation demand can be met in all 39 years

Smaller losses (compared to base rumn in Section IV) in
energy output of Kingsley, North Platte and Tri-county
Hydro. The estimated reduction in mean energy output is 7.5
percent, 2.3 percent and 1.4 percent respectively.

A similar habitat shortage for the period of July 1955 to
April 1957.

The number of years of no scouring flow release will be re-

duced to 5.

Hence, it can be seen that accurate determination of magnitude

of scouring flow is very critical and deserves special attention.

If the scouring flow can be reduced, there is a higher probability

of it being complied with and also at a lower sacrifice to the

output performance of the original system.
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VII. SIMULATION STUDY ON EFFECTS OF NARROWS PROJECT ON FUTURE

OPERATION AND PERFORMANCE OF PLATTE RIVER SYSTEM

A. Narrows Project

7.1

7.2

The Narrows Dam is a proposed future project on the South Platte
River, located about 80 miles upstream from Julesburg. The primary
purpose of Narrows Dam, if constructed, is to regulate the flows of
the South Platte in order to meet consumptive demand (mainly
irrigation) downstream of the Dam. The Bureau of Reclamation has
carried out an operation study on the Narrows Dam and the results
show that there will be a net reduction of 120 KAF (or 36 percent)

in mean annual streamflow of the South Platte at Julesburg.

For the purpose of this study, a modified South Platte
streamflow series (the output of the U.S. Bureau of Reclamation’s
operation study on Narrows Dam) is used in place of the historical
flow series at Julesburg (02). This implies that the Narrows Dam
will be operated independently of all other downstream storage
systems (a valid assumption, at least at this stage of development)
and its impact is therefore reflected in the modification of
patural flows in the South Platte River. Therefore, an important
question to be answered is the extent of the impact on the Platte
River System downstream of Narrows Dam, resulting from the
depletion of the natural flows of the South Platte by the Narrows
Project. In addition, it is also of interest to find out how the
simulation results of Section V and VI (both simulations assumed
existing conditions without Narrows Dam) will be changed if

Narrows Dam is built and operated independently.
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7.3

B.

7.4

Three additional simulation runs are made in order to study and

evaluate the impacts of Narrows Project. They are as follow:

(a) Future operation of the Platte River System with South
Platte flows depleted by Narrows Dam Project (referred to
as ‘with Narrows’)

(b) Future operation ‘with Narrows’ using revised operation rule
that provides for habitat flow requirements.

(¢) Future operation ‘with Narrows’ using revised operation rule
that provides for both habitat and scouring flow require-—

ments.

The operation rules for the above three simulation runs are
similar to their respective cases in the ‘without Narrows’ case
Sections IV, V and VI). The only change that is made is in the
South Platte inflow, Q2. In the ‘with Narrows’ case, the original
02 is substituted by a modified flow series obtained from the
operation study of Narrows Dam (from the U.S. Bureau of Recla-
mation). The ‘with Narrows’ simulation studies are based on 36

years of data (1942-1977) because ‘Narrows—modified’ flows are

available for the above period only.

Results of Considering Narrows Project on Downstream Habitat
Flow Requirements
The findings of simulation operation of the Platte River System
‘with Narrows’ are as follow (Refer to Appendix V - Computer
Printout for details):

(a) The mean annual flow at Overton will be reduced to 882 KAF

-34—



(b)

(e)

(d)

(-11 percent). This is the direct consequence of flow deple-

tion of the South Platte River by the Narrows Project.

There is no irrigation shortage for the entire 36 years of
simulation if a minimum irrigation comservation pool of 500
KAF is implemented.

With the reduction of flow in the Platte River, mean annual
energy output of the North Platte and Tri—county Hydro will
be reduced by about 7 percent (as compared to base run simu—-
lation described in Section IV). Also, the firm energy com-
mitment of Tri-county Hydro is not met in 1956. Energy out-
put of Kingsley Hydro is unaffected. These results are shown
graphically in Figures 7 and 8.

Analysis of the simulated flow series at Overton shows that

there is a marginal increase in incidence of habitat flow

deficit as shown in Table 4 below and also graphically in

Figure 4.
TABLE 4. Habitat Flow Shortage at Overton — ‘With’ and ‘Without’
Narrows Project
Month Percent of months experiencing habitat
flow deficit

Without Narrows With Narrows

(base run)
March 15% 25%
April 56% 64%
May 30% 39%
September 59% 69%
October T7% 80%

The simulation findings show that Narrows Dam could lead
to some direct losses to the downstream Platte River users.
In addition, it would further aggregate the environmental

quality of the Platte River at Overton.
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7.5 The simulation of future operating of the Platte River ‘with

Narrows’® using a revised operation rule that provides for meeting

habitat flow requirements gives the following findings:

(a) There is no irrigation shortage if a minimum irrigation con-
servation pool level of 500 KAF is specified.

(b) Energy production of North Platte and Tri—county Hydro are
unchanged as compared to the earlier simulation run discussed
discussed in 7.4. However, at Kingsley Hydro a loss of 8 per—
cent in energy output occurs as a result of providing for
for habitat demand.

(¢) Although the mean annual energy is unaffected, the monthly
variations of energy production are higher. There are two years
(1956 and 1957) in which the stipulated minimum firm energy
commitment (for Tri—county Hydro) is not met.

(d) The required habitat flows are not met for a 22 month period
beginning July 1955, with a total aggregated shortage of about
1000 KAF (similar to earlier findings in 5.6 (d)). In addition,
there are another 5 years (1957, 1960, 1961, 1964 and 1969)
in which shortages averaging about 200 KAF are experienced in

the September to November period.

C. Results of Considering Narrows Project on Downstream Habitat and
Scouring Flow Requirements
7.6 The last set of simulation is that of future operation of the

Platte River System ‘with Narrows®’ and with an operating policy



8.1

that provides for both habitat and scouring flows. This is the

‘with Narrows’ counterpart of simulation study described in Section

VI. The findings of this simulation run are as follow:

(a)

(b)

(c)

(d)

There is no irrigation shortage for the 36 years of simula-
tion if a minimum irrigation conservation pool level of 500
KAF is implemented.

The mean annual energy output of Kingsley, North Platte and
Tri-county Hydro are reduced by 9 percent, 12 percent, and
10 percent respectively when compared to the base run simu-
lation described in Section IV. There are also two years
(1956 and 1957) in which firm energy commitment of Tri-
county Hydro cannot be met.

Habitat flows deficit is similar to the simulation run de-
scribed in 7.5 (d).

The required scouring flows (in October) are not met in 12

years (out of 36 years of simulation).

VIII. PRELIMINARY CONCLUSIONS

With the development that has taken place in the past few

decades, mean annual flows of the Platte River have decreased.

Irrigation and system losses will result in asbout 50 percent of

the future mean annual flows. Lake McConaughy has a fairly large

storage capacity as compared to its mean inflow and will be able

to sustain a very high level of utilization of river inflows in the

North

Platte. The flows of the South Platte are largely unregulated
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8.2

8.3

8.4

and exhibit very high monthly and yearly variations.

The South Platte River System between Lewellen/Julesburg and
Overton has supported some sizable irrigation and hydropower
development since 1941. the present operating policy is based
purely on meeting irrigation demand and maximizing hydropower
production. The resulting flow regime based on observations of the
Platte River flows at Overton has proved to be rather unfavorable
to some migratory birds which utilize the stretch of river between
Overton and Grand Island. The simulation study shows that if the
present operation rule is continued, there will be more than 50
percent probability that the ‘required’ habitat flows cannot be met

for each of the months of April, September and October.

The requirements of no irrigation shortage at all times can be
achieved if a minimum irrigation conservation of 500,000 acre-feet
is maintained at Lake McConaughy. This implies that whenever
storage at Lake McConaughy falls to the above minimum level, there

should be no release for any purpose other than irrigation.

It is possible to achieve a flow regime at Overton which meets
the habitat requirement for most of the times (except for a 22
month deficit duration in a 3 year drought of 20 to 25 years return
period) by revising the present operation policy to incorporate
habitat flow as an additional demand with priority ranking after
irrigation and hydropower. The simulation study shows that the

above can be achieved without any loss of mean energy production
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8.5

at North Platte and Tri—county Hydro. There will be a loss of 6

percent in mean annual energy output at Kingsley Hydro.

The month of October appears to be the most suitable time for
release of scouring flows. It is not possible to provide scouring
flows for all the years. On the average, there is a one in five
year chance that scouring flows will not be met. An operation
policy that provides for meeting scouring flow (on a priority
ranking after irrigation, power and habitat requirements) will
result in about 5 to 6 percent reduction in mean annual energy
output at Tri-counly and North Platte Hydro, and introduce greater
variability in the monthly and yearly energy output. The energy
output of Kingsley will be reduced by 9 percent (compared to base
run). Providing for scouring release based on the proposed
operation rule will not compete with habitat flow requirements, and
hence, a similar 22 month deficit duration in habitat requirements

will be maintained.

The proposed Narrows Dam, if consiructed, will result in about 9
percent depletion of natural inflows to the Platte River System (at
Julesburg and Lewellen). This will have the direct impact of
reducing the mean annual flow at Overton by about 11 percent and
the mean annual energy output of North Platte and Tri—county Hydro
by about 7 percent. The effects on energy output of Kingsley Hydro
will be insignificant. With the reduction of flows at Overton,
there will be a marginal increase in the probability of not meeting

the habitat flow requirement.
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8.7

8.8

The Narrows Project, with its mean annual consumptive withdrawal
of about 120 KAF from the South Platte River will further reduce
the ability of the existing system to accommodate additional
demands, such as the environmental quality requirements discussed
in 8.4 and 8.5. The simulation study shows that the Narrows
Project will result in additional shortages or loss of system

performance as follows:

(a) Habitat flow shortages of about 200 KAF in the September to
November period for 5 out of 36 years.

(b) ¥ailure to provide scouring flows for 8 out of 39 years to
12 out of 36 years.

(¢) Loss of energy output at Kingsley, North Platte, and Tri-
county Hydro (as compared to the ‘without Narrows® base

run).

The above assumes that the Narrows Project is operated
independently of the Lake McConaughy and Tri-county Diversion
facilities. Some improvements in system performance can be
expected 1if the above facilities are operated in an integrated

manner.

The findings described earlier are derived from the simplified
simulation model developed at CSU. The model can provide a
reasonable forecast of system performance based on the inputs,
demand and pre-specified operation rules. However, a record length

of about 40 years is generally inadequate for predicting long-term
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8.9

system behavior, because Lthe limited length of hydrological

observalions may not be representative of the true long-term
behavior. Similarly, the irrigation demand represents only the
present level of development which does not recognize the potential

for future development and changes.

The present study is a pre-feasibility level investigation of
the possibilities and associated impacts of revising existing
system operation rules to meet habitat flow requirements. A
simplified monthly model 1is used so that a broad range of
alternatives can be examined within the time and budget
limitations. On the basis of findings of this report, further

studies are recommended in the following order of priority:

(a) Throughout this study, it has been assumed that habitat flow
and channel maintenance requirements were defined by the
Nebraska Game and Parks Commission. It has been shown that
the severity of impact on the Platte River System as a result
meeting such habitat requirement is directly related to the
magnitude of the scouring flows and to a lesser extent, the
migratory flows. These habitat flow requirements (especially
for scouring flows) should be investigated much more thoroughly
and be better defined. If the 23 days of scouring flow were not
required to be consecutive, and could occur at several times
during the year, the scouring flow requirement would be much
castier to accommodate and the ability Lo meet all other water

demands would improve.



(b)

(c)

(d)

(e)

The recommended irrigation conservation pool level of 500,000
acre—feet is based purely on the quantitative requirements of
meeting irrigation needs through the most severe drought (with-
in the 39 years considered in the simulation). This above
conservation pool level requirement may or may not be adequate
or acceptable {rom the fishery point of view. At this stage,
the requirement of fishery has not been clearly defined and
further studies are therefore suggested.

The monthly flow model used in this study disregards the daily
variation of flows. For more accurate evaluation, a simulation
model based on daily flows should be pursued. This would in—
volve considerable increase in data collection and processing
effort, as well as, computer execution time.

i1t has been shown that the 1954”1957 drought is the most criti-
cal event when meeting the habitat flow requirement is concern—
ed. In all the options invesligated by this study, it is found
that the habitat flows would be deficient in a 22 month period
as a direct consequence of the above drought. A detailed
statistical analysis of the 1954-1957 drought is therefore sug-
gested so that the probability of its recurrence can be better
assessed.

In assessment, the impact of the proposed Narrows Project on
the Platte River system, it was assumed that the Narrows
Reservoir would be operated independently. The advantages of
integrated operation of a system of reservoirs have been
been demonstrated for many other river systems. It is there—

fore suggested that further studies be carried out to determine

-2~



whether the habitat and channel wmaintenance flows can be more
readily achieved through an inlegrated operation of several
existing reservoirs, as well as, the proposed Narrows Dam on

the Platte River.
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Monthly Habitat Flow Requirement (thousand acre-feet)
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Figure 3. Habitat Flow (in monthly volume) Required Based on
Recommendation of Nebraska Game and Parks Commission (1985).
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Figure 5. Simulated Mean Monthly Energy Output of Tri-county

Hydro (1942 to 1980),
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Figure 6 Simulated Mean Monthly Energy Output of Kingsley Hydro
(1942 to 1980).
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APPENDIX II

SIMULATION OF FUTURE OPERATIONS OF PLATTE
RIVER SYSTEM UNDER PRESENT OPERATION POLICY

Table 1 - Simulated Monthly Flows at Overton

Table 2 - Simulated End-of-Month Storage at Lake McConaughy
Table 3 - Simulated Jeffrey Hydro-return to Platte River
Table 4 - Simulated Johnson Hydro-return to Platte River
Table 5 - Energy Output of Kingsley Hydro

Table 6 - Energy Output of North Platte Hydro

Table 7 - Energy output of Tri-county Hydro



SIMULATED MONTHLY FLOWS AT OVERTON --KAF

Table 1.

SO OOVIOUAMIOMNOUeAMO NDONMCONCRNS CONT OO0 -ON
<L ® 00 ¢ 0% 20 00 0 00 0P 0O Q0P OO OOt el
OO~ NNOODHOMAIFIN O OM e QP F NN OMFOMMNDD
OMNIPIUMOTNOOOROT OO ~MNOCM O N OMINT
=N OO QINNOONIMCINEMMUNSINOVNOMINTOMMNSMMINOM MO MNP O

-4 N e i -4 O\ e M) vt -4

OONVINOTFCIVONAMNSOADDORNMNESINCAND DA ROIIM~NOO

Ul © 9 6 2 0 8 9 ¢ 0 ¢ ¢ 0 0 00 ¢ 00 0000 OO O S O s 0 e 0

ORMVAMNANAOONDMSE S DVANOA=SNMMSNONPOOVTINOOC NN
NI NN ON DN~ L OO IC OIS OS AN e O P~ D00
L] et e - -l rdrted  cdet

DSONSIOMNNSNSOIINORMCINOSTANNROTOIMOTNNINCONS O S

© 0 e 0 6060 906 000 508008 0608 5800008000000 s0000e5s 00

Z2N~=CSONOSINWVT A VOMNOSFNOANSTNONNNOMNOONS =IO I
O IO OGNOMCNINN AN NONINOININOSONMITF OO D OMNOWD
L] et et et - —rdrd  ONed

=OCANOSNONRMNOTVIOMeEI MU HDNNONSSEMORMONINNM

()9 99 66 0 086060600500 09060600600 0" 000 s80ee o000

ONXVOTPCUMILCMIEINGE AT L DI OD MO N DN P N D S IN O

FINO RTINS TIT NIDIOINTONNCINNNIDN NG OOV DDWDW
-t L B et QOledt

AMO~MINFON ARSI N FOOMEFNI UNQOIOMODVRONCOO DT - INNN

hJ......‘00.00.0.0.Ql."....".....t.......

NOOLOLF-ONOMDINANRND NFTODVOMMINCHMNTOWr—OMRORINMAN
AT IONSOFT 0N rdried TMNeAM SOOI SN SO S TN
-t - O — L - o

OUORIINODVNTCOVMITINAN N NETONNMNMMONOHOMANOMMIND
D...O..COOO.....‘O..OOOQOOQOCOO...OOQOOQ

<< M =1 OOMOS I NNOVEOMINENOM GOSN hOIN
Nrdedemied o — A0 et e QN Qe NN
~

LOOVNIMONONNOOHMMANIMIMONMNMNOMNICEMONICOONO
I I IR R S I I I N B B I I I I B B Y I I B B I BN B T B B B I B N

Vet & D DD ) F WSS NN SN O M0 o
N - N TN -t D F N FIN0 Dt 0
- N N

ZOMMSAUNOYNS OIS OINNSTMHOCONORININ NI NG OIN WCOVO K
oo JIC I T Y IO I B SN TR N BN B I BN BN BN Y BN 2 N B RN B D B DN BN BN BN TR B BN B BN B B LA N
PAIGANCON A QIO =GN T OISO SO DM A D O M0 OO PN
PO OIMN F PN A NN T A D e MNP Q0N O OIS 10D Q0 4 TND 1) OLOHD
o —t o~ — et —) MOy L8]

> P Vet QP OO T ND Mt IN T A1 O MMV OGN MDD OM PO NN NN
dl‘...............0.'0.'.0.00'..0......‘
T OONT OIS CONOM M0 MONM OO MINT M ed OO N NININM
MMOOWNT TN S NG NNOOIOOVINNSINMN ST IO NNN
[Ty] -t - - FN Ty}

COMNOMOM;ANOLITCOINIVARSCOAUN SO~ JOFINNOMOITT O
(. # 8 ¢ 60 00 0606 606206 6606660 0830606608665 ¢ 562 80580900
<MD ANANOM D A DO SMNDMN CONDMe-d NN N DN 1) 1N 0O G F FONO
OGN O DN~ ON N OIS OO DGO MMM O ONINDC TN AN~ S
— w4 et et e 4 e vt et ) el et et N

IO SN AMIOENOTALPNONT ONL T O AT e M rted
<« © 8 & 0 0 8 0 F 0 P QP T S GO T P T PP B E OO G0N PPN S E e e
TN AMOOM TN ~TINOIHONINSOMOOINCOHNNO O I MM NI~
WD 00 A0 O D =1 CO P 1N P DU VA0 DA S e\ \D P Q0 QO 0N B0 & 00 OV
vt e O et e - et ~— e L L Rl R -t

ONFTORONANTOOM TN ONANSOMNMOOMN FOONMS ST OIS~
u...".’....o..0..0........l‘...........
LT ed T FOCNNALDONOHTCEINORNSCTIIONCN NP Ol T~
W OM OOV O NONMSIDNIND S DAINIOOCTON~OIN S OO M MDD~
et vled o ettt 4 ot B I IR T T P T N —

ZOOMNUOOMDOS OO RNNMN et eAMNF OSSO G 00
P EREEEEREE NI A A I N R R I B N Y NN N R N B R I R N N R I I I I ]
DONNOSANDATAN AT NWUO Ot N0 ORS T ON O N PO S OediPtt
WD DF e DM MOININ L DD DN NI OND ) F 0N DD TN QY
- e —fed rirdtrt  vdetrded det -t

ZOAMTIODUNLTNOACNUM SN~ OO QNG DO C PR OANM TN O 00O
Qg F G TSI FIONDUNO NN OO0 DO T OWD DO PP P P e e P P 20
(T 0¥ 2% e a¥ e a¥s ¥ e aYouXo a¥ o ¥ eaYs A¥a AN ¥ eaY e ud oA X rale AT AR AN« A ¥ o aR s AT e AT e Y s R e AT A4 aTe AT AR saR R0 AT AR AT S AT
S rdgdrdririrtrdedrdrdrdrdrdt ettt el et rdrdrd rd et et rdrd e rd vl ed et A vl el el el

on
[ )

MmN
ain

>~
‘" @
L2l
[+ o1 0]

O et
.0
—
oM

[

oo
[ K
D
O

~o

0
(o] .2]
MIND

—~

o0
(a1 4
—\0

M~
s e
oM~
NS

oo

&\
oo

N
e
~Oo
[sal 0]

L]
o i ]
wo
oo ol
(=4 %]

Appzn)?x I



Table 2. SIMULATED END OF MONTH STORAGE AT LAKE MAC.-=KAF
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POWER PRODUCTION AT KINGSL
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APPENDIX III
SIMULATION OF FUTURE OPERATION OF PLATTE RIVER SYSTEM
USING OPERATION POLICY THAT PROVIDES FOR MEETING
HABITAT FLOW REQUIREMENTS
Table 1 - Simulated Monthly Flows at Overton
Table 2 —~ Simulated End of Month Storage at Lake McConaughy
Table 3 - Energy Output of Kingsley Hydro
Table 4 - Energy Output of North Platte Hydro
Table 5 - Energy Output of Tri-county Hydro
6

Table — Deficit in Habitat Flows at Overton
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APPENDIX 1V
SIMULATION OF FUTURE OPERATIONS OF PLATTE RIVER SYSTEM
USING OPERATION POLICY THAT PROVIDES FOR MEETING
BOTH HABITAT AND SCOURING FLOW REQUIREMENTS

Table 1 - Simulated Monthly Flows at Overton
Table 2 - Simulated End~of-Month Storage at Lake McConaughy
Table 3 - Energy Output of Kingsley Hydro
Table 4 - Energy Output of North Platte Hydro

Table 5 - Energy Output of Tri-county Hydro

Table 6 - Defecit in Habitat Flow Requirements
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SIMULATED END OF MONTH STORAGE AT LAKE MACe=-KAF
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Table 3. POWER PRODUCTION AT KINGSLEY HYDRO =-MKWH
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POWER PRODUCTION AT NGPLATT

Table 4.
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APPENDIX V

SIMULATION OF EFFECTS OF NARROWS RESERVOIR ON FUTURE
OPERATION AND PERFORMANCE OF PLATTE RIVER SYSTEM

A. Using Present Operation Policy - Run # Narrow 1

Table 1 - Modified (with Narrows) Flows of South Platte at
Julesburg

Table 2 - Simulated Monthly Flows at Overton

Table 3 - Simulated End-of-Month Storage at Lake McConaughy

Table 4 - Energy Output of Kingsley Hydro

Table 5 - Energy Output of North Platte Hydro

Table 6 - Energy Output of Tri-county Hydro

Table 7 - Deficit in Habitat Flow Requirements at Overton

B. Using Revised Operation Policy That Provides for Meeting Habitat

Flow Requirements — Run # Narrow 2

Table 8 - Simulated Flows at Overton

Table 9 — Simulated End-of-Month Storage at Lake McConaughy
Table 10- Energy Output of Kingsley Hydro

Table 11- Energy Output of North Platte Hydro

Table 12— Energy Output of Tri-county Hydro

Table 13- Deficit in Habitat Flow Requirements

C. Using Revised Operation Policy That Provides for Meeting Both
Habitat and Scouring Flow Requirements - Run # Narrow 3

Table 14- Simulated Flows at Overton

Table 15— Simulated End-of-Month Storage at Lake McConaughy
Table 16- Energy Output of Kingsley Hydro

Table 17— Energy Output of North Platte Hydro

Table 18- Energy Output of Tri-county Hydro

Table 19- Deficit in Habitat Flow Requirements
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SIMULATED END OF MONTH STORAGE AT LAKE MAC.--KAF
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APPENDIX VI

FLOW CHART AND COMPUTER PROGRAM LISTING



Flow Chart
Sheet 1

Beginning of Simulation at Month 2,

Initialize Parameters

Year 2

v

Net Flow in North Platte
F. = GB + G1

N
v

Net Flow in South Platte

F. = Max(QZ—E —L2,0.00) + G

2

S
v

Note:

Storage I - Lake
McConaughy

Storage II - Lumped
Sutherland, Jeffrey
and Johnson Storages

Flow Available at Maxwell Diversion Dam

Fp = Fy + Fg

N = inflow

G = Gains

I = Irrigation
L = Losses

v

Determine Total Water Demand

D = I3 + I4 + I5 + L3

v

Decide on Nominal Power Production at Johnson
Power Plant Based on Storage Level at Lake McConaughy

v

Determine Total Water Demand Required
Diversion Dam,

at Maxwell
Taking Into Account Capacity Constraints

No

Store Surplus

Excess Will Be Spilled

in Storage II,

JRélease Water

From Storage II
Up to Minimum
Storage Level.
Insufficient,
Accumulate deficit
to be Met From
Storage 1.

If

l

Continued



Continued "Flow Chart
i Sheet 2

Compute Flows at Overton

Q,, =G+ Johnson Hydro-return + Spillage

Q > Habitat NO Storage I1 NO —
Requirement > Lower
YES Release Water From
| Storage to Meet Deficit
¢ ¢
Total Deficit to Be Met From Storage I
v .

End-of—-Month Storage at Storage I
s, =8 + 01 - L, ~ Deficit - I1

1 0 1
@ - NO @ YES
YES NO Reduced Power
Production if
Route Spillages Through Possible and
Power Plant Where Capacity Revised the
Permit ) Shortage
Estimate
\ 4 v

' -+
Compute Power Produced at
Each Power Plant

v

Compute Flows at Overton

v

End of Simulation for Month 2, Year 2
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