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3.0 OPERATION OF THE NPREIS

The North Platte River EIS (NPREIS) Model is a computer simulation of a complicated river system. In
order to simulate many of the nuances that make the North Platte so complicated, many flags, options, and user
defined values were included in the NPREIS and its corresponding input files. The intent of this Section is to aid the
user in understanding these items as well as the structure of the NPREIS and its associated data files. Section 3.0
also describes the system requirements for operating the NPREIS and what to expect during model operation.

3.1 Description of the Model

The NPREIS is based on the OPSTUDY program developed by Fred Otradovsky (1986) of the Bureau of
Reclamation. The model is written in FORTRAN and contains several thousand lines of code. The code includes
intricate comment statements that document the model algorithms. The NPREIS was developed using the
Compaz™ Fortran. The model’s source code was developed using the basic features of the Fortran language and
should be portable to various compilers on other computer systems provided the memory limitations of the compiler
used are not prohibitive.

The NPREIS is a monthly water balance model developed to simulate the operation of Reclamation’s
projects on the North Platte River. The model has been developed exclusively for the North Platte River Basin and
cannot be adapted to model other river basins. The NPREIS uses only the inflows, the irrigation demands, and the
options set by the model user to simulate the operation of Reclamation’s facilities on the North Platte River. The
major irrigation deliveries below Guernsey Reservoir associated with these facilities are also modeled. The
terminus point of the model is Lewellen, Nebraska (the estimated flow in the river is the last item determined). The
NPREIS requires four (4) input files to define the hydrologic and power generation characteristics of a model
scenario and produces thirteen (13) output files that contain the results (Figure 3.1.1). The maximum study period
that can be simulated using the NPREIS is 60 water years.

3.1.1 Model Structure

The NPREIS is organized into four subroutines (OPRES, OPNFLOW, OPSOA, and OPIRR) called by the
main body of the program (OPMAIN). Each of these four subroutine calls additional subroutines to complete the
operation of one phase of the system. The four phases are the physical reservoir operations, natural flow accounting,
storage ownership accounting, and operation of the North Platte River between Guernsey and Lewellen. All the
subroutines called by the model and their flow charts are found in Appendix E.

The subroutines that read the data from the input files and write the results to the output files are also
controlled by OPMAIN.

OPRES controls the physical operation of the reservoirs. The reservoirs are operated in an upstream
manner beginning with Guernsey Reservoir and ending with Seminoe Reservoir. This subroutine determines the
inflow, outflow, power generation (for existing powerplants), evaporation, and EOM contents associated with each
reservoir, including the Idealized Inland Lake. Minimum flows in the Miracle Mile, below Pathfinder Dam, and
below Gray Reef Dam are also maintained.
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Inflows, Demands, Options Results

Output

Physical Resenoir Operations
resop.lst
resop.tab
resop.txt
retflow.tim
Natural Flow Accounting
natflow.Ist
natflow.tab
natflow.txt
Storage Ownership Accounting
storown.Ist
storown.tab
storowntxt
Others
warnings.Ist
summary.tab
debug.txt

Input

Physical Resenwir Operations
*.rsv

Natural Flow Accounting
* fiw

NPREIS
Model

Storage Ownership Accounting
*.s0a

Power Look-up Tables
npraop.tbl

Figure 13.1.1 NPREIS - Input / Output Flow Diagram

OPNFLOW controls the natural flow accounting, which is only done in May through September.
OPNFLOW takes the physical inflows that occur during the irrigation season (May-September) and calculates the
total natural flow available to meet irrigation demands. The total available natural flow is distributed among the
demands in order of priority. Any portion of a demand not fully satisfied from the natural flow is assigned as
storage delivery, according to existing storage contracts.

OPSOA controls the storage ownership accounting. OPSOA determines the water available for accrual,
EOM content, evaporation, storage deliveries from each ownership account, and balances the total physical and
ownership storage in the system. Available water for accrual in the non-irrigation season (October-April) is equal to
the total physical inflows above Guernsey Reservoir and is accrued to the ownerships in priority according to their
storage rights and physical location on the river. During the irrigation season, the water available for accrual is
equal to the unused portion of the natural flow. The storage deliveries assigned in OPNFLOW are passed to
OPSOA, where they are delivered from the appropriate ownership account. Once the ownership accounting has
concluded, the total physical and ownership storage in the system are balanced. When the physical system storage is
greater than the ownership storage, the difference of the physical storage and ownership storage is assigned as a spill
to balance the system. The balance spill is added to the Guernsey Reservoir outflow to release the water from the
physical system. If the ownership storage is greater than the physical storage, the ownership(s) are reduced. When
this situation occurs, the NPREIS determines whether a balance spill has already occurred from an earlier iteration
for the month. If there was a balance spill, it is reduced. If the ownership storage is still greater than the physical
storage, the NPREIS continues to try to balances the system by reducing the accruals. The remaining difference is
first taken from the available water in ETO account, provided the ETO option is on and water exists in the ETO
account. Any of the difference not met by reducing the ETO account is taken from the ownership accounts by
assigning a negative accrual to the ownership that is in priority. The negative accruals are assigned by reach:
Alcova to Glendo, Guernsey to Glendo, and above Alcova. If the Alcova to Glendo reach gain is negative, the
NPREIS assigns a negative accrual to the ownership in priority in that reach to reduce the ownership storage and
continues to the above Alcova reach, if necessary, to balance the system. If the Glendo to Guernsey reach gain is
negative, the NPREIS assigns a negative accrual to the ownership in priority in that reach to reduce the ownership
storage and continues to the above reaches, if necessary, to balance the system. Otherwise, the NPREIS assigns a
negative accrual to the ownership in priority in the above Alcova reach to reduce the ownership storage to balance
the system. If these efforts to balance the system fail, the “alternate method of distribution” is done. This method
removes the remaining difference from the ownerships beginning with the North Platte Pathfinder ownership, North
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Platte Guernsey ownership, Glendo Evaporation Pool ownership, Glendo Irrigation Pool ownership, Excess-to-
Ownership account, Kendrick Seminoe ownership, and ending with the Kendrick Alcova ownership until the system
balance is satisfied.

OPIRR controls the operation of the North Platte River between Guernsey, Wyoming, and Lewellen,
Nebraska. OPIRR takes the Guernsey Reservoir outflow, accounts for reach gains, models irrigation deliveries from
the river, and compute the flow at various points on the river. It also determines the return flows associated with
these irrigation deliveries and adjusts the reach gains if the modeled return flows vary from historic.

3.2 Input Files

The input data files have been modified from the original OPSTUDY model developed by the Bureau of
Reclamation (Otradovsky, 1986). The data from the input data files are read by the READ subroutine (called from
the OPMAIN subroutine of the OPSTUDY program) and the general format of each file is the same. The first
twenty-four lines in a data file consist of input file control information. The input file control information is
followed by cdata, section headings and model output line item descriptions for model output files, table headings,
adata, and hdata. The input and output arrays are:

cdata(x) single item input;
adata(x,J) 12 item input;
hdata(x,1,J) hydrologic data input;
flow(x,J) yearly output; and
table(x,1,J) summary table output.

The cdata(x) array is used to read and store single item constants such as reservoir size, canal capacity,
option flags, etc. It may also be used to input the starting value of a variable such as the initial content of a
reservoir. A cdata’s identifier is represented by the value of 'X' and corresponds to the sequential order of the cdata
items in the input file. The maximum number of cdata items allowed in the input files are 125. Cdata items in the
reservoir operations, natural flow accounting, and storage ownership accounting input files are identified
respectively in the NPREIS as cdata(x), cdatal(x), and cdata2(x).

The adata(x,J) array is provided to read and store monthly constants consisting of 12 values, which may
vary from one month to the next but not from water year to water year. An example would be the EOM reservoir
target contents for Alcova Reservoir. An adata’s identifier is represented by the values of 'x" and 'J'.  The value 'x'
corresponds to the sequential order of the adata items in the input file and 'J' is the month number. The maximum
number of adata items allowed in the input files are 50. Adata items in the reservoir operations, natural flow
accounting, and storage ownership accounting input files are identified respectively in the NPREIS as adata(x,J),
adatal(x,J), and adata2(x,J).

The hdata(x,1,J) array is provided to read and store hydrologic data or similar records where the record
includes several years of monthly data such as historic stream flow records. The record identifier is represented by
the value of 'x', 'I' is the year number, and 'J' is the month number. The maximum number of hdata items allowed in
the input files are 90. Hdata items in the reservoir operations, natural flow accounting, and storage ownership
accounting input files are identified respectively in the NPREIS as hdata(x,1,J), hdatal(x,1,J), and hdata2(x,1,J).

The flow(x,J) array provides the yearly output from the study where X' is the line number and 'J' is the
month number. The maximum number of flow items allowed in the input files are 315. Flow items in the reservoir
operations, natural flow accounting, and storage ownership accounting input files are identified respectively in the
NPREIS as flow(x,J), flow1(x,J), and flow2(x,J).

The table(x,1,J) array provides for storage and output of summary tables to be printed at the end of the

study where 'X' is the table number, 'I' is the year number, and 'J' is the month number. The maximum number of
table items allowed in the input files are 50. Table items in the reservoir operations, natural flow accounting, and
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storage ownership accounting input files are identified respectively in the NPREIS as table(x,l,J), table1(x,1,J), and
table2(x,1,J).

3.2.1 Input File Control Information

The input file control information consists of instructions on how the READ subroutine is to read the
information in the input data file, which information will be used by the model, and how the results from the model
will be written to the output files. The file format for the reservoir operations, natural flow accounting, and storage
ownership accounting input files is shown below.

INPUT

C
5
@D

Parameter card

Model title and input file name

Run title and run description

ISTUDY - study number (alpha-numeric)

ISTART - the first water year of the study

IEND - the last water year of the study

NG - number of line group headings

NL - number of line headings

NT - number of summary tables

NC - number of constants and initializing 'cdata’ values.

10 NA - number of average monthly ‘adata’ constants

11 NH - number of monthly input 'hdata’ arrays

12 IFRST - first water year of input data

13 NYI - number of years of input 'hdata’ to be read

14 NCL - number of comment lines to be read

15-NCL Description of run, purpose, data used, and assumptions. Include any information that
will assist in interpreting the results of the run. This information will be printed on a
separate page at the start of the output listing.

@(D\IQU'I#OOI\)H|

Cdata input variables
No. of lines ='NC'
Read format(F10.0, 4A10)

Col. 1-10 CDATA - constant or initial value

Col. 11-50 CNAME - description of constant or initial value
Line and group headings

No. of lines = ‘NL’ number of line groups

Read format (10A4)

Col. 1-40 AGHEAD - line group heading

Line headings

No. of lines = “NL’ number of line headings
Read format (8A4)
Col. 1-27 ALHEAD - line heading or description
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Table headings

No. of lines = ‘NT’ number of tables
Read format (8A10)
Col. 1-80 ATHEAD - table heading or description. Center the table heading on the card.

Table output format control
No. of lines = ‘NT’ number of tables
Read format (12)

Col. 1 SUMHEAD - determines whether the table output is summed or averaged.
Adata headings

No. of lines = ‘NA’ number of adata arrays

Read format (8A10)

Col. 1-80 ANAME - name or description of data
**NOTE: Each ‘adata heading’ must be followed by an ‘adata’ value.
Adatas

No. of lines ="NA’ number of adata arrays

Read format (12F6.0)

Col. 1-6 ADATA(x,1) - January constant

Col. 7-12 ADATA(x,2) - February constant

Col. 67-72 ADATA(x,12) - December constant

NOTE: Use the ADATA array to read and store monthly constants such as monthly reservoir targets where the
reservoir target requirement for all January's is the same and all February's is the same, etc.
**** NOTE: AHEAD and ADATA are entered as pairs.

Hdata headings

No. of lines = ‘NH’ number of hdata arrays
Read format (8A10)
Col. 1-80 ALIST - name or description of data

**NOTE: Each ‘hdata heading’ must be followed by a series of “hdata’ values.

Hdatas
No. of lines = “NYI x NH” number of years times number of hdata items
Read format (15, 12F6.0 or free-field) All hdata items use the free-field format.

Col. 1-5 year or other identification (integer only)
Col. 6-11 HDATA(x,i,1) - January data
Col. 12-17 HDATA(X,i,2) - February data
Col. 72-77 HDATA(X,i,12) - December data

Note: Data are listed one year (12 months of record) per line. HDATA may be sorted by files (INPT=0) or by years
(INPT=1). Each series of hdata values must be preceded by a ‘hdata heading’.
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3.3 Output Files

The NPREIS produces three output files each for the physical operations, natural flow, and storage
ownership, a *.LST, *.TXT and *.TAB output file. The output files associated with the physical reservoir
operations are RESOP.LST, RESOP.TXT and RESOP.TAB. The output files associated with the natural flow are
NATFLOW.LST, NATFLOW.TXT, and NATFLOW.TAB. The output files associated with the storage ownership
are STOROWN.LST, STOROWN.TXT, and STOROWN.TAB. In addition to these output files, the NPREIS
reports any run time warning message to the MESSAGE.LST file and the return flow timing patterns to the
RETFLOW.TIM file.

3.3.1 __.LST Output Files

The *.LST files contain the yearly output of a model run listed by station name followed by the station’s
monthly values, repeated for the total number of defined stations. Each accounting point is assigned a station name
and the monthly output data for each station is assigned to a corresponding two-dimensional flow array in the
NPREIS. The first number identifies the station and the second number (J) is the month of the year (i.e., the first
output item in the RESOP.LST file would be flow(1,J), the second flow(2,J), etc. ...).

The *.LST files are organized into 14 columns across the page. Column one (1) contains a brief
description of the output item or station name. Columns two (2) through thirteen (13) are the monthly values
reported in a water year format (October through September). The last column (14) is the average or sum of
monthly values in columns 2 through 13. The program always uses column 14 to display the average or sum of the
monthly values. The averages are reported when the EOM reservoir contents, Year-to-Date (YTD) ownership
accruals, or similar items are reported. After the last year of the study, the NPREIS creates a summary of the yearly
output data. This summary section reports the average of the monthly values over the period of the study at the end
of the *.LST output file. These monthly averages include the zero, negative, and positive values contained in
columns 2 through 13 for a station and caution is required when using these averages.

3.3.2 __.TAB Output Files

The *.TAB files contain a listing of selected stations and their monthly values organized into tabular format
from the beginning of the study to the end. A three-dimensional table array provides for the storage and output of
summary tables as identified in the input files. The first number identifies the station and the second number (1) is
the year and the third number (J) is the month of the year (i.e., the first output item in the RESOP.TAB file would be
table(1,1,J), the second flow(2,1,J), etc. ...). When additional tables are added to the input files, the model user must
make modifications to the source code by assigning the desired output item to the appropriate table array item.
3.3.3 __.TXT Output Files

The *.TXT files contain the same information as the *. TAB files in a format that is easier to import into a
spreadsheet such as Excel.

3.3.4 RETFLOW.TIM Output File

The RETFLOW.TIM output file contains the return flow timing patterns calculated by the GLOVER
Subroutine and used for Reaches No. 2 and No. 3 below Guernsey and the Alcova to Glenrock Reach. This output
file also lists the parameters used to generate the given return flow timing patterns.

3.3.5 MESSAGE.LST Output File

The MESSAGE.LST output file contains a listing of warning messages produced by the NPREIS during
execution. The model user should examine this file after each run and note the warning messages contained therein.
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These messages provide a general commentary of what condition were encountered during the model’s execution
and its response. A listing of the possible warning messages produced by the model is shown in Table 3.3.1.

Warning Message

Explanation

GLENDO RESERVOIR OUTFLOW EXCEEDS
MAXIMUM FOR MONTH xx OF YEAR XXXx

Glendo Reservoir has no vacant space remaining in the
flood pool to attenuate high inflows. If high flows
cannot be held in upstream reservoirs, the model will
allow the Glendo outflow to exceed its maximum
capacity and will pass the inflow that is unable to be
held in the flood pool.

FLOW IN THE NORTH PLATTE AT GLENROCK
EXCEEDS xxxxx CFS FOR MONTH xxx OF xxxx

The flow in the river exceeds the value set by the model
user in cdata(49) (5000 cfs). Minor flooding along the
river’s banks begins to occur near 5000 cfs. The model
does not attempt to reduce the flow in this situation, it
only provides this warning message.

FLOW IN THE NORTH PLATTE AT GLENROCK IS
LESS THAN xxxx CFS FOR MONTH xxx OF xxxx

The flow in the river is less than the value set by the
model user in cdata(39) (330 cfs). This indicates that
there is not enough ownership water available above
Alcova to satisfy the 330 cfs. The model allows the
minimum flow set by the model user to be violated in
this situation.

YEAR = xxxx MONTH = xx SEMINOE RESERVOIR
BELOW RECOMMENDED LEVEL, SEVERE
OPERATIONAL PROBLEMS EXIST

The model is unable to operate the North Platte River
System with the current hydrologic configuration in the
input files (inflows, demands, and options). The model
processes each reservoir one at a time, beginning with
Seminoe Reservoir, storing only the portion of the
inflows needed to maintain the reservoir’s minimum
storage level and passes the remainder downstream to
the next reservoir. This process is repeated until the
operational problem overcome.

SEVERE OPERATIONAL PROBLEMS CORRECTED
BY REDUCING KORTES OUTFLOW & ALL
FLOWS ABOVE

Severe operational problems were corrected by reducing
the outflow of Seminoe and Kortes Reservoirs to
maintain minimum storage levels.

SEVERE OPERATIONAL PROBLEMS CORRECTED
BY ADJUSTING OUTFLOWS ABOVE GLENDO
RESERVOIR

Severe operational problems were corrected by reducing
the outflows of all Reservoirs above Glendo Reservoir.

SEVERE OPERATIONAL PROBLEMS CORRECTED
BY REDUCING GUERNSEY OUTFLOW & ALL
FLOWS ABOVE

Severe operational problems were corrected only after
all outflows of the reservoirs were adjusted to get a new
Guernsey Reservoir outflow.

GLENDO TARGET IS SUSPENDED FOR MONTH
xxXX OF xxxx, PATHFINDER OUTFLOW EXCEEDED

The targeted Glendo Reservoir inflow computed by the
model to reach the desired EOM content has been
suspended for this month because it would require a
spill situation at Pathfinder Reservoir.

PATHFINDER RESERVOIR OUTFLOW EXCEEDS
THE TURBINE CAPACITY FOR MONTH xxx OF
XXXX

After making every attempt to adjust the Pathfinder
Reservoir outflow, the Pathfinder release still exceeds
the combined capacity of the turbine outflow. The
release is made and the model continues.

OPERATIONAL PROBLEMS MAY EXIST FOR
ALCOVA RESERVOIR

89
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EOM STORAGE BELOW THAT REQUIRED TO
MAKE CASPER CANAL DELIVERIES

The physical content of Alcova Reservoir is below the
elevation required to make the requested Casper Canal
Delivery. However, the delivery was met because the
water in the Kendrick ownership exceeded the request.

YEAR = xxxx MONTH = xx TRI-STATE CANAL
DIVERSION EXCEEDS CANAL CAPACITY
ADJUSTED FARMERS, NORTHPORT, AND
RAMSHORN DIVERSIONS PROPORTIONATELY

The requested deliveries exceed the canal’s capacity.
The deliveries are reduced proportionately and the
model continues.

YEAR = xxxx MONTH = xx GRATTAN DIVERSION
EXCEEDS DITCH CAPACITY, ADJUSTED
ACCORDINGLY

The requested delivery exceeds the canal’s capacity.
The delivery is reduced to the canal’s capacity and the
model continues.

YEAR = xxxx MONTH= xx NORTH PLATTE
DITCH DIVERSION EXCEEDS DITCH CAPACITY,
ADJUSTED ACCORDINGLY

The requested delivery exceeds the canal’s capacity.
The delivery is reduced to the canal’s capacity and the
model continues.

YEAR = xxxx MONTH= xx ROCK RANCH
DIVERSION EXCEEDS DITCH CAPACITY,
ADJUSTED ACCORDINGLY

The requested delivery exceeds the canal’s capacity.
The delivery is reduced to the canal’s capacity and the
model continues.

YEAR = xxxx MONTH= xx PRATT-FERRIS
DIVERSION EXCEEDS DITCH CAPACITY,
ADJUSTED ACCORDINGLY

The requested delivery exceeds the canal’s capacity.
The delivery is reduced to the canal’s capacity and the
model continues.

YEAR = xxxx MONTH= xx BURBANK DIVERSION
EXCEEDS DITCH CAPACITY, ADJUSTED
ACCORDINGLY

The requested delivery exceeds the canal’s capacity.
The delivery is reduced to the canal’s capacity and the
model continues.

YEAR = xxxx MONTH=xx TORRINGTON
DIVERSION EXCEEDS DITCH CAPACITY,
ADJUSTED ACCORDINGLY

The requested delivery exceeds the canal’s capacity.
The delivery is reduced to the canal’s capacity and the
model continues.

YEAR = xxxx MONTH= xx LUCERNE DIVERSION
EXCEEDS CAPACITY, ADJUSTED
ACCORDINGLY

The requested delivery exceeds the canal’s capacity.
The delivery is reduced to the canal’s capacity and the
model continues.

YEAR = xxxx MONTH=xx NARROWS DIVERSION
EXCEEDS DITCH CAPACITY, ADJUSTED
ACCORDINGLY

The requested delivery exceeds the canal’s capacity.
The delivery is reduced to the canal’s capacity and the
model continues.

YEAR = xxxx MONTH= xx MITCHELL-GERING
DIVERSION EXCEEDED DITCH CAPACITY,
ADJUSTED ACCORDINGLY

The requested deliveries exceed the canal’s capacity.
The deliveries are reduced proportionately and the
model continues.

YEAR = xxxx MONTH= xx FORT LARAMIE
CANAL DIVERSION EXCEEDS CANAL
CAPACITY. ADJUSTED WRIGHT-MURPHY FT
LARAMIE (GOSHEN), AND GERING-FT LARAMIE
DIVERSIONS PROPORTIONATELY

The requested deliveries exceed the canal’s capacity.
The deliveries are reduced proportionately and the
model continues.

YEAR = xxxx MONTH= xx INTERSTATE CANAL
DIVERSION EXCEEDS CANAL CAPACITY,
DIVERSION ADJUSTED ACCORDINGLY

The requested deliveries exceed the canal’s capacity.
The deliveries are reduced proportionately and the
model continues.

YEAR = xxxx MONTH= xx KENDRICK DIVERSION
EXCEEDS CANAL CAPACITY, ADJUSTED
ACCORDINGLY

The requested delivery exceeds the canal’s capacity.
The delivery is reduced to the canal’s capacity and the
model continues.

YEAR = xxxx MONTH= xx ROCK RANCH
STORAGE DIVERSION EXCEEDS WARREN ACT
CONTRACT XXX XXX

The storage delivery exceeded its storage contract
amount, but the requested delivery was made by the
model.

YEAR = xxxx MONTH= xx LINGLE STORAGE
DIVERSIONS EXCEED WARREN ACT CONTRACT
XXX XXX

The storage delivery exceeded its storage contract
amount, but the requested delivery was made by the
model.

YEAR = xxxx MONTH= xx HILL STORAGE
DIVERSIONS EXCEED WARREN ACT CONTRACT

XXX XXX
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The storage delivery exceeded its storage contract
amount, but the requested delivery was made by the
model.




YEAR = xxxx MONTH= xx FARMERS STORAGE
DIVERSIONS EXCEED WARREN ACT CONTRACT
XXX XXX

The storage delivery exceeded its storage contract
amount, but the requested delivery was made by the
model.

YEAR = xxxx MONTH= xx GERING STORAGE
DIVERSIONS EXCEED WARREN ACT CONTRACT
XXX XXX

The storage delivery exceeded its storage contract
amount, but the requested delivery was made by the
model.

YEAR = xxxx MONTH= xx GRATTAN STORAGE
DIVERSIONS EXCEED GLENDO CONTRACT xxx
XXX

The storage delivery exceeded its storage contract
amount and was limited to its contract amount by the
model.

YEAR = xxxx MONTH = xx STORAGE IN
GRATTAN ACCOUNT NOT SUFFICIENT FOR
DIVERSIONS

The storage in the account is insufficient to meet the
requested delivery and the storage delivery is reduced to
the available water in the account.

YEAR = xxxx MONTH=xx BURBANK STORAGE
DIVERSIONS EXCEED GLENDO CONTRACT xxx
XXX

The storage delivery exceeded its storage contract
amount and was limited to its contract amount by the
model.

YEAR = xxxx MONTH = xx STORAGE IN
BURBANK ACCOUNT NOT SUFFICIENT FOR
DIVERSIONS

The storage in the account is insufficient to meet the
requested delivery and the storage delivery is reduced to
the available water in the account.

YEAR = xxxx MONTH= xx TORRINGTON
STORAGE DIVERSION EXCEEDS GLENDO
CONTRACT XXX XXX

The storage delivery exceeded its storage contract
amount and was limited to its contract amount by the
model.

YEAR = xxxx MONTH = xx STORAGE IN
TORRINGTON ACCOUNT NOT SUFFICIENT FOR
DIVERSIONS

The storage in the account is insufficient to meet the
requested delivery and the storage delivery is reduced to
the available water in the account.

YEAR = xxxx MONTH= xx LUCERNE STORAGE
DIVERSIONS EXCEED GLENDO CONTRACT xxx
XXX

The storage delivery exceeded its storage contract
amount and was limited to its contract amount by the
model.

YEAR = xxxx MONTH = xx STORAGE IN
LUCERNE ACCOUNT NOT SUFFICIENT FOR
DIVERSIONS

The storage in the account is insufficient to meet the
requested delivery and the storage delivery is reduced to
the available water in the account.

YEAR = xxxx MONTH= WRIGHT AND MURPHY
STORAGE DIVERSIONS EXCEED GLENDO
CONTRACT XXX XXX

The storage delivery exceeded its storage contract
amount and was limited to its contract amount by the
model.

YEAR = xxxx MONTH = xx STORAGE IN WRIGHT
& MURPHY ACCOUNT NOT SUFFICIENT FOR
DIVERSIONS

The storage in the account is insufficient to meet the
requested delivery and the storage delivery is reduced to
the available water in the account.

YEAR = xxxx MONTH= CORN CREEK STORAGE
DIVERSIONS EXCEED GLENDO CONTRACT xxx
XXX

The storage delivery exceeded its storage contract
amount and was limited to its contract amount by the
model.

YEAR = xxxx MONTH = xx STORAGE IN CORN
CREEK ACCOUNT NOT SUFFICIENT FOR
DIVERSIONS

The storage in the account is insufficient to meet the
requested delivery and the storage delivery is reduced to
the available water in the account.

YEAR = xxxx MONTH= xx MITCHELL STORAGE
DIVERSIONS EXCEED GLENDO CONTRACT xxx
XXX

The storage delivery exceeded its storage contract
amount and was limited to its contract amount by the
model.

YEAR = xxxx MONTH = xx STORAGE IN
MITCHELL ACCOUNT NOT SUFFICIENT FOR
DIVERSIONS

The storage in the account is insufficient to meet the
requested delivery and the storage delivery is reduced to
the available water in the account.

YEAR = xxxx MONTH= xx BRIDGEPORT
STORAGE DIVERSIONS EXCEED GLENDO
CONTRACT XXX XXX

The storage delivery exceeded its storage contract
amount and was limited to its contract amount by the
model.

YEAR = xxxx MONTH = xx STORAGE IN
BRIDGEPORT ACCOUNT NOT SUFFICIENT FOR

DIVERSIONS

91

The storage in the account is insufficient to meet the
requested delivery and the storage delivery is reduced to
the available water in the account.




YEAR = xxxx MONTH= xx ENTERPRISE STORAGE
DIVERSIONS EXCEED GLENDO CONTRACT xxx
XXX

The storage delivery exceeded its storage contract
amount and was limited to its contract amount by the
model.

YEAR = xxxx MONTH = xx STORAGE IN
ENTERPRISE ACCOUNT NOT SUFFICIENT FOR
DIVERSIONS

The storage in the account is insufficient to meet the
requested delivery and the storage delivery is reduced to
the available water in the account.

YEAR = xxxx MONTH= xx CENTRAL NEBRASKA
POWER DIVERSIONS EXCEED GLENDO
CONTRACT XXX XXX

The storage delivery exceeded its storage contract
amount and was limited to its contract amount by the
model.

YEAR = xxxx MONTH = xx STORAGE IN
CENTRAL NEBRASKA POWER ACCOUNT NOT
SUFFICIENT FOR DIVERSIONS

The storage in the account is insufficient to meet the
requested delivery and the storage delivery is reduced to
the available water in the account.

YEAR = xxxx MONTH= xx CENTRAL STORAGE
DIVERSIONS EXCEED WARREN ACT CONTRACT
XXX XXX

The storage delivery exceeded its storage contract
amount, but the requested delivery was made by the
model.

YEAR = xxxx MONTH= xx CHIMNEY ROCK
STORAGE DIVERSIONS EXCEED WARREN ACT
CONTRACT XXX XXX

The storage delivery exceeded its storage contract
amount, but the requested delivery was made by the
model.

YEAR = xxxx MONTH= xx BROWNS CREEK
STORAGE DIVERSIONS EXCEED WARREN ACT
CONTRACT XXX XXX

The storage delivery exceeded its storage contract
amount, but the requested delivery was made by the
model.

YEAR = xxxx MONTH= xx BEERLINE STORAGE
DIVERSIONS EXCEED WARREN ACT CONTRACT
XXX XXX

The storage delivery exceeded its storage contract
amount, but the requested delivery was made by the
model.

INITIAL TOTAL RESERVOIR CONTENT DOES
NOT EQUAL INITIAL TOTAL OWNERSHIP

The sum of the initial physical reservoir contents in the
reservoir operations input file does not equal the sum of
the initial ownership contents in the storage ownership
accounting input file. The initial reservoir contents and
initial ownerships must be adjusted until their sums are
equal.

NO OWNERSHIP WAS IN PRIORITY BELOW
ALCOVA, MOVING TO UPPER RESERVOIRS FOR
DISTRIBUTION

When the ownership storage is greater then the physical
storage in the system, the accrual for the ownership in
priority is reduced by the difference. The model first
reduces the accrual to ownerships in priority below
Alcova, then reduces the accrual to ownerships in
priority above Alcova.

NO OWNERSHIP WAS IN PRIORITY BELOW
GLENDO, MOVING TO UPPER RESERVOIRS FOR
DISTRIBUTION

The model attempted to balance Physical and
Ownership storage from Guernsey Ownership, but
Guernsey was not in priority and the model moved to
above Alcova to try to balance the system.

NO OWNERSHIP WAS IN PRIORITY, MOVING TO
ALTERNATE METHOD OF DISTRIBUTION

When the ownership storage is greater then the physical
storage in the system and no ownership was in priority,
the system is balanced by the reducing the ownerships
beginning with the North Platte Pathfinder, North Platte
Guernsey, Glendo, ETO, Kendrick Seminoe, and ending
with Kendrick Alcova.

REDUCING GLENDO TARGET BECAUSE OF
KENDRICK OWN. BELOW ALCOVA

If the model is not allowed to use Kendrick ownership to
meet the minimum flow below Gray Reef when the
Pathfinder ownership is deficient, reduce the Glendo
target inflow to ensure that no Kendrick water is moved
to Glendo.

MINIMUM FLOW PAST CASPER VIOLATED
BECAUSE NO PATHFINDER OWNERSHIP IS
AVAILABLE ABOVE ALCOVA.
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If the model is not allowed to use Kendrick ownership to
meet the minimum flow below Gray Reef when the
Pathfinder ownership is deficient, reduce the minimum
flow.




REDUCING GRAY REEF OUTFLOW BECAUSE OF
KENDRICK OWN BELOW ALCOVA

If the model is not allowed to use Kendrick ownership to
meet the minimum flow below Gray Reef when the
Pathfinder ownership is deficient, reduce the Gray Reef
outflow to ensure that no Kendrick water is moved to
Glendo.

KENDRICK OWN EXISTS BELOW ALCOVA BY
XxXxx KAF

If the model is allowed to use Kendrick ownership to
meet the minimum flow below Gray Reef when the
Pathfinder ownership is deficient, the quantity of
Kendrick water moved is reported.

EFFICIENCY (x.xx) TO HIGH, REDUCING TO 0.95

If an efficiency is greater than 95%, the model reduces it
to 95%.

**WARNING** TABLE name INPUT PARAMETER
parm NOT IN TABLE

OUTPUT VALUE RETURNED VALUE FOR YEAR:
XXXX MONTH: xxx

The given reservoir content is above or below the values
in the reservoir’s power look-up table (content vs. Max
turbine release). When the content is below the lowest
value in the table, the model uses the lowest maximum
turbine release on the table and reports the value used.
When the content is above the highest value in the table,
the model uses the highest maximum turbine release on
the table and reports the value used.

3.4 System Requirements for the NPREIS

The NPREIS included on the diskette in Appendix H was compiled with the Compag™ Visual Fortran
Compiler. The compiled version, NPREIS.EXE, is a stand alone executable file that is operable on IBM™-
compatible Personal Computers (PC) with an 80486 processor or better. The model requires at least one gigabyte

available hard disk space.

3.4.1 Running the Model

Once the files are loaded on the hard drive, the model is ready to run. The model was compiled using the

Compag™ Visual Fortran Compiler. To run the NPREIS,

open the NPCortex.xls spreadsheet in the Tools

directory. The NPCortex.xls spreadsheet is a user interface for the North Platte Model that automatically establishes

spreadsheet links and displays a “Control Page” that walks
executing the model.

1. Step 1. Select the alternative for the model run (e
2. Step 2. Step 2 operates a macro which runs the N
3.

*.tab and *.Ist output files produced by the North
4,

the user through a number of individual steps for

.g., “Present Condition” vs. “Governance Committee”).
orth Platte Model for the selected alternative.

Step 3. Step 3 operates several post-processor programs, written in Quick Basic, that extract data from the

Platte model.

Step 4. At this step, the *. TXT and *.OUT files generated in Steps 2 and 3 are imported into Excel and

saved as a sort of “hydrologic summary spreadsheet” for the alternative (Tables47_94.xls). The output
analysis spreadsheets are also opened and data from the model run is placed in the spreadsheets and

compared to a reference run. There are 50 analys

is spreadsheets operated at this step.

The mechanical actions needed to run the North Platte model and process the output begin with typing the correct
path to the location of the NPREIS directory in cell A5 (i.e. C:\EISModels) and press enter. Select the simulation
you would like to run from the drop down menu in cells A10:B12. The NPREIS Decision Support System (DSS) is
operated by three macros programmed using Visual Basic for Applications in Excel. Activate the first macro by

Copy Files and
Run the Model

selecting the

button. This macro creates the output directory if it does not already exist, copies

the input files (npraop.tbl, *.flw, *.rsv, and *.soa) to the output directory, and simulates the alternative with the
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Copy Data from

. . Model Run .
NPREIS model. Acivate the second macro by selecting the button. This macro runs several

post-processing programs that exctract data from the NPREIS model output files. The final macro is activated by

Import Data to
Spreadsheets

pressing the button. This macro opens spreadsheets, copies model output into spreadsheets,
and post-processes the model output using Excel spreadsheets. The model automatically assigns the reservoir
operation output file, message file, natural flow output file, and storage ownership output file to RESOP.LST,
MESSAGE.LST, NATFLOW.LST, and STOROWN.LST, respectively. The following example demonstrates the
user interface that has been developed in the NPCortex.xls spreadsheet.

Microsoft Excel - NPCortex.xls
@_] Ele Edit Wew Insert Format Tools Data Window Help QIMacros

DEHRSGRIVE DRI -C BTN BOO [Pim -0 -|B I |
P11 - L3

A B c [ o | E | F | 6 | H | [ J [ Kk ]
STEP1 Current Directory:  D:\Documents and Settings\stroupdd\My Docurm

Choose the drive and directory where the NPREIS directory is located
Example: D:\MyStuff, Directory you have ch
C:\AlIMyFiles\ElSModels ] CoAlIMyFiles\EISModelst

sTer 2 [EESERII

Choose the option to run from the list below

PathGlen
PathMod_100kafGlendo
PathGlen

Alternative

Push Macro Button Push Macro Button Return to Step 2

Copy Data from Import Data to
Model Run Spreadsheets

NoAction MNoAction MoAction Reference
PresentCondition PresentConditions Present Reference
GovernanceCommittee GovernanceCommittee GovComm Alternative
WaterLeasing WaterLeasing Leasing Alternative
WethMeadow WetMeadow WethMdow Alternative
WaterEmphasis WaterEmphasis H20Emphs Alternative

PathGlen PathMod_100kafGlendo PathGlen Alternative
PathMod PathfinderModification PathMod Alternative
PCwithMoETO PC_withMeETO PCMoETO Reference
PeakFlowMaintenance PeakFlowlMaintenance PeakFlow Alternative
Calibration Calibration Calg094 Calibration
Validation Walidation Val6a79 Walidation

When the model has finished execution, check to verify that the RESOP.LST, RESOP.TAB,
MESSAGE.LST, NATFLOW.LST, NATLOW.TAB, STOROWN.LST, and STOROWN.TAB files have been
created on your hard drive. Each time the model is run, any existing “.LST” or “.TAB” files listed above will be
over written and replaced by the data from the current run. The “.LST” files contain the yearly output of a model
run listed by station name preceded by the station’s monthly values, repeated for the total number of defined
stations. The “.TAB” files contain a listing of selected stations and their monthly values organized into tabular
format from the beginning of the study to the end.

During execution, the model will check to ensure that certain input data items are consistent. If
inconsistencies in the input data exist, the model will write a message to the screen identifying the problem and stop
execution. These messages are shown in Table 3.4.1. Warnings generated by the model are discussed in Section
3.3.3, Table 3.3.1.
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NPREIS Error Message

Explanation/Action

“Initial total Reservoir content does not
equal initial total Ownership”

The sum of the initial physical reservoir contents in the reservoir
operations input file does not equal the sum of the initial
ownership contents in the storage ownership accounting input
file. The initial reservoir contents and initial ownerships must be
adjust until their sums are equal.

“The model was unable to balance
ownership and physical storage due to
limited ownership”

After all attempts to balance the system were exhausted, there
was not enough ownership available to balance the system. The
model’s execution is stop, keeping it from generating errant
numbers. Input data may be unrealistic.

“TSLLGNA prorated incorrectly-fctrs
must sum to 1"
“TSLLCHK=xxxx TSLLGNA=XxxX"

The factors (hdatal(46-59,1,J)) used to prorate the Tri-State to
Lewellen gain (TSLLGNA) do not sum to one. Adjust these
factors until the sum equals 1.

“Main Canal Delivery exceeds Pathfinder
Diversion - Reduce Main Canal Delivery,
try with IPMFLAG=1 (cdata(59))"

The Pathfinder Delivery has been reduced and cannot meet the
historic deliveries to land above the Idealized Inland Lakes. The
Main Canal Delivery (hdata(19,1,J)) must be reduced or the

IPMFLAG flag set to 1. This flag calculates the Main Canal
Delivery as a percentage of the Pathfinder Diversion. The
percentage are found in adata(23,J).

3.5 Description of Model Options

Information that a user can modify to model different scenarios is contained in the three input data files.
The three data files correspond to the three functions performed by the NPREIS: physical reservoir operations,
storage and natural flow accounting, and storage ownership accounting. The various options and input parameters
are described in the following sections to help the model user understand how the parameters can be adjusted and
what happens when different options are chosen.

3.5.1 Reservoir Operation Input File

The physical reservoir operations input file contains the data to operate the North Platte system based on
physical parameters (i.e., inflows, reservoir capacities, storage moved between reservoirs, etc. ...).

3.5.1.1 Reservoir Parameters

Reservoir input parameters such as initial EOM content (cdata(3-10)), maximum and minimum storage
contents (cdata(11-26)), evaporation factors (adata(13-16,J)), bank storage (cdata(27-31)) and seepage factors
(hdata(7-11,1,J)), and EOM targets (cdata(40, 51-58) - adata(11-12,J)) can be changed by replacing the current
values in this input file with values chosen by the model user. For example, if the starting year of a study changes,
the initial EOM contents should be changed to the September EOM contents from the water year pervious to the
new starting water year. Increasing or decreasing the evaporation factors will cause the reservoirs’ evaporation
losses to increase or decrease. If the bank storage factor for a reservoir is increased, more of a change in reservoir
content will go to bank storage (positive change in storage) or will be released from bank storage (negative change
in storage). The bank storage function in the NPREIS can be turned off by setting the bank storage flag (cdata(92))
to zero (0). When IBNKFLAG is set to zero (0), a reservoir’s gain/loss is equal to the reservoir’s seepage as entered
in hdata items” hdata(7-11,1,J) and no bank storage is accounted for. A positive reservoir seepage value indicates
that the reservoir is losing water due to seepage, while a negative seepage value indicates that a reservoir is gaining
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water (side inflow is greater than reservoir seepage). Adjusting the reservoir targets and maximum and minimum
storage contents allow the model user to change the operating regime of the reservoirs.

3.5.1.2 Delivery/Irrigation Parameters

Irrigation related factors such as the efficiency (see Section 3.5.3.4), non-beneficial use (cdata(60)), and
surface runoff factors (adata(25,J)) control the amount of a diversion that contributes to surface runoff or deep
percolation. The irrigation deliveries (hdata(20-71,1,J), including water orders for storage) in this file can also be
adjusted to simulate changed conditions.

3.5.1.3 Return Flow Timing Parameters

The timing of the return flows from irrigation can be increased or decreased by changing parameters for the
GLOVER subroutine: transmissivities (cdata(64-66)), reach widths (cdata(70-72)), and storage coefficient
(cdata(69,73)). If the return flow timing increases, water available for return flow takes longer to return. The return
flow timing will increase if the transmissivities are decreased, reach widths increased, or storage coefficient
increased, while the reverse is also true. The initial condition recharge parameters (cdata(88-90)) act to prime the
initial return flow conditions. If these values are increased, the return flow occurring in the initial years of the study
will also increase.

3.5.1.4 Gray Reef Winter Outflow Option

The Gray Reef winter outflow option (cdata(48)) controls the method used to move water between Gray
Reef Reservoir and Glendo Reservoir in the winter months. When cdata(48) is equal to zero (0), the outflow is
based on the size of the Glendo restorage space cdata(40). When the option is set to one (1), the outflow is based on
the total physical storage above Alcova Reservoir as of October 1. Section 2.4.5.2 provides further details on this
option.

3.5.1.5 Pathfinder Main Canal Option

The Pathfinder Main Canal deliveries occurring above the Idealized Inland Lakes can be a function of the
historic Main Canal deliveries or a percentage of the total Pathfinder delivery. When the option (cdata(59)) is equal
to zero (0), the Pathfinder Main Canal deliveries are equal to the historic deliveries reported by the Pathfinder
Irrigation District (hdata(19,1,J)). When this option is set to one (1), the Main Canal delivery is computed by the
model as a percentage (adata(23,J)) of the total Pathfinder delivery (hdata(33,1,J)).

3.5.1.6 Seminoe-Pathfinder Water Movement Rule

The Seminoe to Pathfinder water movement rule consists of adjusting the Seminoe Reservoir outflow
(adatal(6-8,J)) based on the storage in Seminoe Reservoir (October through June; cdata(33,34)) and of maintaining
a balance (adatal(9,J)) between the storage in Seminoe and Pathfinder Reservoir (July through September; cdata(35)
). These rules are followed as long as the minimum flow out of Kortes Dam is not violated (cdata(32)) and that the
maximum Kortes turbine capacity is not exceeded (cdata(36)).

3.5.1.7 Gain Utilization Parameters

The use of the Guernsey to Whalen and Whalen to Tri-State gains to satisfy diversions in these reaches can
be controlled by adjusting the utilization factors (adata(1-2,J)). A utilization factor of one (1.0) makes 100% of the
gain occurring in the reach available to satisfy diversion demands, while a value between 0.0 and 1.0 reduces the
amount of the gain available to satisfy diversion demands. These factors simulate rain storm events in the lower
reaches for which the system cannot be perfectly operated and used completely to meet the diversions.

3.5.1.8 Glendo Low Flow

The Glendo Low Flow values (adata(10,J)) are used to control the year around releases from the Glendo
Dam. These values can be varied by the model user and must be between 25 and 45 cubic feet per second.
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3.5.1.9 Pathfinder-Fremont Canyon Bypass

The Pathfinder-Fremont Canyon bypass (adata(9,J)) can be used to release water directly below the
Pathfinder Dam instead of releasing it through the Fremont Canyon Powerplant.

3.5.1.10 Powerplant Availability Parameters

The powerplant availability factors (adata(17-22,J)) control the availability of the turbines at the
powerplants for generation. A factor of 1.0 indicates that the turbines at the given powerplant were available and
ready for generation 100% of the time during the month. A value less than 1.0 can be used to model the turbine
down time for maintenance.

3.5.1.11 Natural Flow and Ownership Accounting Flags

The natural flow and Ownership accounting subroutines of the NPREIS can be skipped by setting the flags
for cdata(1-2) to zero (0). Both flags must be set to zero (0). When both flags are set to zero (0), only the physical
operation of the reservoirs will be performed by the model.

3.5.2 Natural Flow Input File

The storage and natural flow accounting input file contains the data to calculate natural flow available at
Tri-State Diversion Dam and to segregate storage and natural flow demands.

3.5.2.1 Natural Flow Rights and Storage Contracts

The natural flow rights and storage contracts in the NPREIS are items cdatal(1) through cdatal(68). These
values can be updated by the model user as needed.

3.5.2.2 Appropriate Natural Flow below Tri-State Dam Option

The option (cdatal(69)) to appropriate the natural flow below Tri-State Dam is used to tell the NPREIS to
appropriate the natural flow in the river between Tri-State Dam and Lewellen every month. When this option is
equal to one (1), the model will appropriate the natural flow in this reach. When this option is set to zero (0), the
model will only appropriate the natural flow in this reach if a shortage of water is identified.

3.5.2.3 Natural Flow Section Gains and Losses

The section gains and losses (adatal(1-5,J)) for the natural flow accounting can be adjusted by the model
user. These values are currently set to the values in the SONFAP.

3.5.2.4 Historic Irrigation Deliveries

Historic irrigation deliveries (hdatal(2-45,1,J)) are included in the natural flow accounting input file. These
items are used by the model to establish the background return flow condition that the model uses to adjust the reach
gain and should not be changed.

3.5.2.5 Tri-State to Lewellen Subreach Factors

These are the factors used by the NPREIS to prorate the Tri-State to Lewellen reach gain to the subreaches
in Reach No. 3. The sum of the subreach factors in any given month must equal one (1). The model user can
change the distribution of the Tri-State to Lewellen reach gain to the subreaches by adjusting these factors.

3.5.2.6 Irrigation Reuse

The irrigation reuse option allows the model to simulate irrigation reuse in Reaches No. 2 and No. 3. The
amount of reuse is controlled by the model user via hdata items hdatal(60-63,i,j). For example, if the model user
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wanted to implement 20% reuse in a reach, they would use a factor of 0.20. The NPREIS then takes 20% of all
water available for return and reuses it by means of a phantom diversion. The phantom diversion functions
identically to a canal diversion by reducing the diverted amount by evaporation and consumptive use with the
remaining portion being assign as water available for return. The phantom reuse diversion occurs after all other
diversions in a reach have been processed and is assumed to take place at the bottom of the reach. A reuse factor for
both the historic and modeled condition exists for Reaches No. 2 and No. 3. The historic reuse factors are used by
the model to establish the historic return flow condition that the model uses to adjust reach gain and should not be
changed. The modeled (adjustable) reuse factors are used by the model to simulate the response of a change in
reuse.

3.5.2.7 Well Irrigation Parameters

The net recharge from well irrigation option is controlled though hdata items’ hdatal(64-67,i,j). The model
user must enter their estimate of monthly net recharge from well irrigation in the given hdata items. The monthly
net recharge is the net change in ground water content due to pumping and is entered as a negative value to indicate
it is a depletion. The model adds the net recharge from well irrigation to the water available for return in the reach
just before calling the GLOVER subroutine to determine the return flow. This option allows the model user to
investigate other than historic ground water use in periods of surface water shortages. However, the use of this
option will require the model user to make a judgement of how ground water usage will increase if surface water
shortages occur. A net recharge from well irrigation data set for both the historic and modeled condition exists for
Reaches No. 2 and No. 3. The historic net recharge from well irrigation values are used by the model to establish the
historic return flow condition that the model uses to adjust the reach gain and should not be changed. The modeled
(adjustable) net recharge from well irrigation values are used by the model to simulate the response of a change in
well irrigation.

3.5.3 Storage Ownership Input File

The storage ownership accounting input file contains the data necessary to track water accrued to and
delivered from the ownership accounts.

3.5.3.1 Ownership Parameters

Ownership input parameters such as initial contents, accrual flags, and maximum accruals and ownership
contents are cdata2(1-21, 23-26) items. The initial ownership contents should be equal to the September EOM
ownership contents from the water year prior to the beginning of the study. The sum of the initial ownership
contents must equal the sum of the initial physical contents of the reservoirs. If necessary, the model user should
adjust the initial ownership contents to satisfy this condition. The initial contents for the individual Glendo
contractors accounts are calculated by the NPREIS from the initial Glendo Irrigation Pool ownership content
(cdata2(8)) proportionally. The accrual flags indicate whether an ownership is allow to accrue water. A value of
one (1) enables an ownership to accrue, while a value of zero (0) disables the accrual option. The Inland Lakes
ownership account in the main stem is allowed to accrue water only in the months of October, November, and April
(adata2(1,J)). These accrual limits are set in accordance with the SONFAP. The maximum ownership contents for
the Kendrick Seminoe, Kendrick Alcova, North Platte Guernsey, and North Platte Pathfinder ownerships are the
maximum capacity values used for the Seminoe, Alcova, Guernsey, and Pathfinder Reservoirs, respectively.

3.5.3.2 ETO Options

The ETO options allow the model user to decide to accrue ETO from in Glendo and Guernsey (cdata2(26)),
to accrue ETO in Seminoe and Pathfinder (cdata2(27)), replace evaporation from Glendo and Guernsey ownerships
(cdata2(28)), replace evaporation from Kendrick and Pathfinder ownerships (cdata2(29)), augment natural flow with
ETO (cdata2(30)), augment storage flow with ETO (cdata2(31)), and limit ETO storage to the space available in
Glendo Reservoir (cdata2(32)).

3.5.3.3 Kendrick Water below Alcova Option
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Cdata2(22) is a flag that allows (1=YES) or does not allow (0=NO) Kendrick ownership to be moved
below Alcova Reservoir (Kendrick point of diversion). If Kendrick water is not allowed below Alcova, there exists
a possibility of violating the minimum flow past Casper, Wyoming. However, allowing water below its point of
diversion is not an acceptable practice.

3.5.3.4 Irrigation Efficiencies

Irrigation efficiencies (hdata2(1-78,1,J)) control the amount of a diversion that is consumptively use. As
efficiency factors are increased, a greater portion of the delivery is consumptively used and the water available for
return flow is decreased. An efficiency factor data set for both the historic and modeled condition exists for all
modeled diversions. The historic efficiency factors are used by the model to establish the historic return flow
condition that the model uses to adjust the reach gain and should not be changed. The modeled (adjustable)
efficiency factors are used by the model to simulate the response of a change in efficiency.

3.5.3.5 Pathfinder Ownership Options

The NPREIS can simulate two additional ownership accounts in the Pathfinder Reservoir. These two
accounts, Pathfinder enlargement #1 ownership and Pathfinder enlargement #2 ownership, are controlled via
cdata2(33) through cdata2(39). These ownerships accrue water under the same priority date (12/06/04) as the North
Platte Pathfinder storage right. The original North Platte Pathfinder storage right of 1,070,000 acre-feet has been
reduced to 1,016,507 acre-feet due to sedimentation over its life time. The combined capacity of the Pathfinder
enlargement #1 and #2 accounts should not be greater than the amount lost to sedimentation (53,493 acre-feet).
Water available for accrual under the 12/06/04 priority date is accrued to these ownerships on a proportional share
basis. The deliveries from the Pathfinder enlargement #1 and #2 accounts are controlled by adata(31) and adata(32),
respectively.

3.5.3.6 ETO Account Option

Glendo Reservoir has a reregulation space of 334,240 acre-feet that is used to restore North Platte
Pathfinder water released from Pathfinder Reservoir to generate power in the winter months. This reregulation space
has also been used to capture large inflows and hold them in the Excess-to-Ownership (ETQO) account, which is later
used to replace ownership evaporation and augment the flow of the North Platte River. The model user controls the
operation of the ETO account via cdata2(25) through cdata2(27). Cdata2(28) and cdata2(29) control the use of the
ETO account to replace ownership evaporation. Cdata2(30) and cdata2(31) control the use of the ETO account to
augment the flow of the North Platte River.

3.5.3.7 Glendo Reregulation Space Options

The NPREIS can use a portion of the reregulation space as an additional storage account. This additional
account is controlled by the model user via cdata2(15) through cdata2(17). The NPREIS assigns this account the
most junior storage right on the system and it accrues water after all other rights have been satisfied with respect to
river reaches. The deliveries from this account are controlled by adata(30).

3.5.3.8 Pathfinder Alternative Account Options

This option allows the model user to create and simulate an alternative account of a specified maximum
content (cdata2(35)) in the North Platte Pathfinder ownership. This account is activated when cdata2(36) is set to
one (1) in the storage ownership input file (_.SOA). When active, this account proportionally shares the accruals
and evaporation credited to the North Platte Pathfinder ownership. Releases from this account are controlled via
adata(34,J). This account can be used by the model user to explore the possibility of dedicating a portion of the
Pathfinder ownership to an environmental account.

3.5.3.9 Kendrick Seminoe Alternative Account Options

This option allows the model user to create and simulate an alternative account of a specified maximum
content (cdata2(64)) in the Kendrick Seminoe ownership. This account is activated when cdata2(65) is set to one (1)
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in the storage ownership input file (_.SOA). When active, this account proportionally shares the accruals and
evaporation credited to the Kendrick Seminoe ownership. Releases from this account are controlled via adata(37,J).
This account can be used by the model user to explore the possibility of dedicating a portion of the Kendrick
Seminoe ownership to an environmental account.

3.5.3.10 Glendo Irrigation Pool Alternative Account Options

This option allows the model user to create and simulate an alternative account of a specified maximum
percentage (cdata2(61)) of the Glendo Irrigation Pool ownership. This account is activated when cdata2(61) is set to
a number between zero (0) and one (1) in the storage ownership input file ( .SOA). A value of 0.05 dedicates 5 %
of the Glendo Irrigation ownership to the alternative account. The account is inactive only when cdata2(61) is set to
zero (0). When active, this account proportionally shares the accruals and evaporation (if the Glendo Evaporation
Pool has been depleted) is credited to the Glendo Irrigation ownership. The alternative account is further
proportionally subdivided into a Wyoming and Nebraska alternative account (0.375 and 0.625, respectively).
Releases from the Wyoming and Nebraska alternative accounts are controlled via adata(35,J) and adata(36,J),
respectively. These accounts can be used by the model user to explore the possibility of dedicating a portion of the
Glendo Irrigation ownership to an environmental account.
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1.0 BACKGROUND

1.1 Introduction

Development of the North Platte River Water Utilization Model (NPRWUM) was initiated as part of an
effort to evaluate existing Reclamation projects in the Platte River Basin for the potential to affect threatened and
endangered species. The evaluation is one of the Reclamation’s major environmental commitments as required by
Section 7 of the Endangered Species Act. Section 7 requires Federal agencies to ensure that their actions are not
likely to jeopardize the continued existence of a listed species or to adversely modify or destroy critical habitat. It
also requires agencies to carry out conservation programs for listed species. The threatened and endangered
species affected by flow in the Platte River's big bend reach (Lexington to Chapman) have been identified as the
Bald Eagle, Whooping Crane, Interior Least Tern, and Piping Plover. Reclamation projects located on the North
and South Platte Rivers are being evaluated to assure they are operated in a manner that preserves and enhances
environmental resources for these species while still meeting congressionally authorized, judicial, and contractual
needs.

The NPRWUM has been developed by the United States Bureau of Reclamation (Reclamation), Wyoming
Area Office (WYAO) in Mills, Wyoming in cooperation with the U.S. Fish and Wildlife Service to evaluate
Reclamation projects on the North Platte River. In addition, a Hydrology Study Team was developed as part of
Reclamation®s public involvement effort for the evaluation study. This team provided interested parties the
opportunity to give input into the hydrology work performed for this study. It also provided Reclamation the
opportunity to get technical feedback on the hydrology work performed. The team's role has been to review and
comment on completed hydrology work, provide technical support, and provide feedback to their consistency on
the scope of the hydrology work performed for the evaluation study.

The NPRWUM has been programmed to simulate the reservoir operations, natural flow segregation,
storage ownership accounting, and provide estimates of flow at various points on the North Platte River from
Seminoe Reservoir to Lewellen, Nebraska. Required input parameters for the NPRWUM include inflows,
diversions, initial reservoir end-of-month contents, etc. The NPRWUM is applicable only to the North Platte
River Basin and is not intended for use to simulate other basins.

1.1.1 Limitations

The NPRWUM, like all models, is a simplification of the real world. These simplifications, necessary to
describe a complex system such as the North Platte River, impose certain weaknesses on the model. The presence
of a weakness in handling a certain condition does not necessarily mean that the model should not be used to
examine these situations. However, the model user should be aware of the potential errors that might result from
such uses and consider these weaknesses when drawing conclusions based on the model's output.

The NPRWUM employs a monthly time step to simulate the North Platte River System. The monthly
time step smooths out the daily peak flows occurring during the month and only provides an estimate of the
monthly volume of flow at any point. For example, the daily accrual limitation for the Inland Lakes Ownership
account in the main stem of 910 cubic feet per second (cfs) equates to about 54,000 acre-feet (af) over a month and
is meaningless using monthly data when the account can only accrue up to 46,000 af annually. Estimates of the
flow become coarser at points located lower and lower in the system as any errors occurring compound. The
travel time of the water from one point in the system to another is ignored within the monthly time step.

Inferences of daily estimates from the model's monthly output could be possible using statistical methods,
however, the model user must recognize the coarseness of the resultant estimates.

The details within NPRWUM are limited to Reclamation facilities and operations. The NPRWUM covers
an areal extent from the inflows to Seminoe Reservoir, downstream to Lewellen, Nebraska. The model does not
simulate the City of Cheyenne account or the Pacific Power and Light account, nor is the interaction between the
ground water and surface water explicitly modeled. None of the diversions above Whalen Dam, apart from the
Casper Canal, are explicitly represented in the NPRWUM. Rather, they are implicitly accounted for in the gains
computed above Whalen Dam. The diversions explicitly modeled below Whalen Diversion Dam can be divided
into three groups - those that divert directly from the North Platte River in the Whalen to Tri-State reach, those



that divert directly from the North Platte River in the Tri-State to Lewellen reach, and those that divert from
canals off the main reach (Interstate Canal, Fort Laramie Canal, and Tri-State Canal) of the North Platte River.
Diversions in the first group are: Interstate Canal, Fort Laramie Canal, Burbank Ditch, Lucerne Ditch, Grattan
Ditch, Rock Ranch Ditch, Torrington Ditch, North Platte Ditch, Narrows Ditch, Pratt-Ferris Ditch, Mitchell-
Gering Canal, and Tri-State Canal. Diversions in the second group are: Enterprise Canal, Winters Creek Canal,
Central Canal, Minatare Canal, Castle Rock Canal, Nine Mile Canal, Short Line Canal, Chimney Rock Canal,
Belmont (Bridgeport) Canal, Empire Canal, Browns Creek Canal, Beerline Canal, Lisco Canal, and Midland-
Overland Canal. Diversions in the third group are: Wyoming Laterals, Lingle, Hill, and Pathfinder Irrigation
District from the Interstate Canal, Wright/Murphy, Goshen, and Gering-Fort Laramie from the Fort Laramie
Canal, and Farmers, Northport, and Ramshorn from the Tri-State Canal. Diversions not associated with one of
these groups and ground water depletions due to well irrigation are implicitly accounted for in the computed reach
gains. The NPRWUM can simulate an overall depletion due to ground water pumping in the Whalen to Tri-State
and Tri-State to Lewellen reaches, however, these depletions are not physically linked to actual well irrigation and
must be entered into the input file by the model user.

The accuracy of the NPRWUM is largely dependent upon the level of confidence associated with the
input parameters, primarily inflows. Major inflows to the system included the North Platte River above Seminoe
Reservoir, Medicine Bow River, and the Sweetwater River. The U. S. Geological Survey classifies the accuracy
of its streamflow data published in the Water Resources Data Reports as "excellent,” "good," "fair," and "poor."
"Excellent” means that about 95 percent of the daily discharges are within 5 percent of their true value; "good,"
within 10 percent; and "fair," within 15 percent. Records that do not meet the criteria mentioned, are rated
"poor." Typically, the accuracy of these major inflows varies depending on the season and has been reported as
"good" except for those period's containing estimated daily discharges, which are "poor." Based on input data
alone, the accuracy of the monthly values computed by the NPRWUM is at best within 10 percent of their true
value (% 10 %). This means that a computed monthly flow of 50,000 acre-feet at Lewellen is at best within =
5000 acre-feet (55,000 to 45,000 af). Input data items such as inflow, reach gains, and diversions have been
rounded to the nearest 100 acre-feet (0.1 kaf).

The NPRWUM does not compute the flow in the river for intermediate points within the modeled reaches
above the Tri-State Diversion Dam, it only computes the flow entering a reach and the flow leaving a reach. The
model assumes that the volume of water entering the reach plus the reach gain, adjusted to reflect changes in the
return flow, is sufficient to satisfy the requested irrigation deliveries within the reach. The Tri-State to Lewellen
reach accounts for the flow in the North Platte River below each modeled diversion. The Tri-State to Lewellen
reach was divided into subreaches comprising small segments of the river between two modeled diversion points.
The Tri-State to Lewellen reach gain is prorated to these subreaches based on their physical location with respect
to the Tri-State Dam and location of major creeks and drains. The model uses the subreach gains to satisfy the
diversions and calculate the flow in the river below each modeled diversion. If the flow leaving any reach is less
than zero, the model reiterates the reach assigning any shortages that cannot be met from storage to the diversions
in order of priority. This simplified operation provides an indication of which diversion(s) will stand the shortage,
if one occurs.

The NPRWUM has not been configured to assess impacts on individual irrigators within the modeled
irrigation districts, nor has it been configured to assess management practices of these individual irrigators at the
field level. However, it will show reduced flows in the river or shortages of water to those diversions modeled
based on the lumped reach approached employed therein. While these reductions may not be explicitly identified
with a specific location, the overall reduction in a reach should be discernable.

When storage in the North Platte River System is above normal and there is the possibility of large
inflows from either precipitation or melting snow, Reclamation manages its system of reservoirs on the North
Platte River in order to reduce spills and control flooding. This introduces additional operational criteria that must
be considered in addition to the regular requirements set by water rights, decrees, and water delivery contracts.
Some decisions made regarding the operation of the system during these wet periods are influenced or controlled
by agencies outside of the Bureau of Reclamation. Agencies involved include the United States Corps of
Engineers, the Wyoming State Engineers Office, and the Nebraska Department of Water Resources. With the
number of agencies involved and the individual nature of events and circumstances associated with a given wet
year, each wet year is managed differently from other wet years. Therefore, the NPRWUM continues to use
operating rules associated with the regular requirements set by water rights, decrees, and water delivery contracts
during a wet year rather than perform an operation that would require the agreement of one or more additional
agencies. This results in a certain amount of error in the timing of peak flows leaving the North Platte River
System, but is of little or no consequence due to the large amount of water available to all interests on the system.



Numerous management decisions related to irrigation, power, fisheries, recreation, and municipal needs
are required in the operation of the North Platte River System in very dry conditions. The need that is deemed the
most important and controls the operation of the North Platte River System at a particular time is influenced by the
concerns of the public, the priorities of the managing entities, as well as such contracts, laws, agreements that
govern the system. However, when reservoir levels have been depleted all interests in the system will be affected
and will receive less water than is needed to satisfy their full demand. Irrigators will be shorted, minimum flows
may not be maintained, power plants may be bypassed, and recreation will be limited. The results given by the
NPRWUM during extreme drought conditions may differ from the results obtained under actual operation of the
system due to the number of complex management decisions required. It should also be noted that these extreme
levels of drought have not occurred in the hydrologic history recorded since the dams have been built on the North
Platte River and it is pure conjecture as to how the system would be operated.

1.2 Explanation of the NPRWUM Documentation

This documentation has been written to document the Fortran source code of the NPRWUM and
demonstrate its calibration. Future use of the NPRWUM by Reclamation will be documented in the associated
reports. Likewise, other parties that use the NPRWUM for their own purposes should document their use of the
model accordingly. Section 1.0 provides an introduction to the North Platte River System and its management.
Section 2.0 discusses the development of the NPRWUM and operational criteria. Section 3.0 describes the
application and use of the NPRWUM. Section 4.0 discusses the Calibration of the model. Section 5.0 contains a
listing of selected references.

1.2.1 Objective

The objective of the NPRWUM documentation is to give the model operator enough information about the
NPRWUM and the North Platte River to understand and use the model. To accomplish this objective, a general
history of the North Plate River is presented. This history touches on legislation and court decisions that affect the
operation of the structures on the river; the major participants who are involved in the operation the North Platte
River; and control of the river for beneficial use. The operational criteria the NPRWUM uses to simulate the
River are also discussed. The use and operation of the model are presented, and calibration of the model is
addressed.

1.2.2 Intended audience

This manual is intended for people with a working knowledge of the North Platte River System. A
knowledge of the North Platte Decree, water resources, reservoir operations, hydroelectric power generation, and
computer programming is strongly recommended in understanding the terminology and concepts presented herein.

1.3 Description of the Reclamation’s Projects

The North Platte River, fed by many mountain streams rising in the Rocky Mountains of Colorado and
Wyoming, is the most important river in southeastern Wyoming and western Nebraska. Its waters are stored and
used for irrigation and power development for the North Platte Project, the Kendrick Project, and the Kortes and
Glendo Units of the Pick-Sloan Missouri Basin Program. Storage structures for these projects are interspersed
along the North Platte River and require close coordination of operations. Project operation is further complicated
by agreements and laws governing water rights. The use and quantity of water are allocated for certain defined
purposes - some on a priority basis, some on a proportionate share basis, and some on a geographical source basis.
The following discussion of Reclamation’s projects located on the North Platte River is taken from the Project
Data book (U.S. Department of Interior, 1981) and has been revised as necessary to reflect current information.

1.3.1 North Platte Project

The North Platte Project extends 111 miles along the North Platte River Valley from Guernsey,
Wyoming, to Bridgeport, Nebraska. The project provides full service irrigation for about 226,000 acres that are



divided into four irrigation districts; Gering-Fort Laramie, Goshen, Northport, and Pathfinder. A supplemental
irrigation service is furnished to nine water-user associations serving a combined area of about 109,000 acres. The
names of the water-user associations are Hill, Lingle, and Rock Ranch Districts in Wyoming, and Farmers,
Gering, Central, Chimney Rock, Browns Creek, and Beerline Districts in Nebraska.

Project features include five storage dams, four diversion dams, one pumping plant, one powerplant, and
about 2,000 miles of canals, laterals, and drains. Electric power is generated at Guernsey Powerplant and
supplied to the project area by four substations and about 160 miles of transmission lines.

In 1895, Nebraska enacted an irrigation district law permitting the formation of districts with power to
assess lands for irrigation improvements. Shortly after the Federal Reclamation Act was passed in 1902, the
Reclamation Service began studying the North Platte Project. The project was authorized in 1903, and surveys
were started to determine the location of irrigable lands. As the work proceeded, it became apparent that storage
must be provided to reclaim any considerable area. Further investigations led to the selection of the Pathfinder
Dam site as the most favorable storage location.

The project, originally called the Sweetwater Project, was authorized by the Secretary of the Interior on
March 14, 1903. Guernsey Dam and Powerplant were approved by the President on April 30, 1925. Construction
started in 1905 on Pathfinder Dam and the Interstate Canal. By 1915, work on the Interstate Canal and Reservoirs
was completed and work had started on the Fort Laramie Canal. Lingle Powerplant and the Northport Canal
system were started in 1918. All canal construction was completed by 1925. Guernsey Dam was started on June
1, 1925, and completed in July 1927. The operation of the Lingle Powerplant was discontinued after April 1956.

1.3.1.1 Pathfinder Dam and Reservoir

Waters of the North Platte River must pass the Seminoe and Kortes Dams before entering the reservoir at
Pathfinder Dam, which impounds the flow from Sweetwater River. Pathfinder Reservoir has a storage capacity of
1,016,507 acre-feet and holds much of the North Platte Project water. During the non-irrigation season, a small
amount of water is released to satisfy other water rights, enhance fish and wildlife, and operate powerplants
downstream. During the irrigation season, water is released as required, including water flowing from Seminoe
Reservoir to be diverted at Alcova Dam for irrigation on the Kendrick Project.

Pathfinder Dam was one of the first dams constructed by the Reclamation Service. The dam isin a
granite canyon on the North Platte River about three (3) miles below its junction with the Sweetwater River and
about 47 miles southwest of Casper, Wyoming. It is made of granite quarried from nearby hills and faced with
large rectangular blocks laid in horizontal courses. Itis an arch dam with a gravity-type section, and has a
structural height of 214 feet. Pathfinder Dike fills a depression in the natural ground surface about 0.25 mile south
of the dam. It is an earth fill structure, 38 feet high, with a concrete core wall.

1.3.1.2 Guernsey Dam and Powerplant

About 180 miles below Alcova Dam and 25 miles below Glendo Dam, the Guernsey Dam controls river
flow. Water released from Pathfinder Reservoir can be stored at this dam and released to fit varying irrigation
demands. Guernsey Dam is in a rocky canyon two (2) miles upstream from Guernsey, Wyoming. Itis a
diaphragm-type embankment of sluiced clay, sand, and gravel that forms an impervious core. Its slopes are
protected by a thick layer of rock riprap. The structural height of the dam is 135 feet. The original capacity of
the reservoir was 73,810 acre-feet, but this has been greatly reduced by silt deposits to about 45,612 acre-feet.
The powerplant is on the right bank below the dam and originally had two 2,400-kilowatt generators. The two
generators were rewound in 1993 resulting in a new rating of 3,200 kilowatts each. Power is transmitted to towns
and industries down the valley over transmission lines.

1.3.1.3 Whalen Diversion Dam

Since 1909, water for the North Platte Project has been diverted from the river by the Whalen Diversion
Dam. Water is diverted on the south side of the river into the Fort Laramie Canal and on the north side of the
river into the Interstate Canal. The dam is a gravity, concrete ogee weir with an embankment wing which spans
the river about eight (8) miles below Guernsey Dam.



1.3.1.4 Fort Laramie Canal

The Fort Laramie Canal has an initial capacity of 1,550 cubic feet per second and winds its way for 129
miles to an area south of Gering, Nebraska, delivering water to farms along its course. It also originally carried
water for operating the Lingle Powerplant, which was retired in April 1956. The canal was constructed during
1915-24.

1.3.1.5 Interstate Canal and Reservoir System

The Interstate Canal has an initial capacity of 2,100 cubic feet per second. Constructed during 1905-15,
it follows the contour of the land for 95 miles to Lake Alice and Lake Minatare Reservoirs northeast of
Scottsbluff, Nebraska. The 35-mile long Highline Canal extends from Lake Alice to the southwest. The diversion
capacity is 160 cubic feet per second. The Lowline Canal extends from Lake Minatare southwest. It is 43 miles
long and has a diversion capacity of 430 cubic feet per second. Lake Alice, Lake Minatare, Lake Winters Creek,
and Reservoir No. 2 (Little Lake Alice) are off stream equalizing reservoirs and are also known as the Inland
Lakes. The reservoirs are fed from water diverted at Whalen Diversion Dam through the Interstate Canal (also
called the Pathfinder Main Canal), which ends at Lake Alice. The Reservoir Supply Canal carries water from
Lake Alice to the other reservoirs. The combined storage capacity of the Inland Lakes is about 74,111 acre-feet.

1.3.1.6 Northport Canal

Water for the Northport Canal is conveyed 80 miles through the Tri-State Canal of the Farmers Irrigation
District. The Northport Canal, a continuation of the privately constructed Tri-State Canal, was designed to
irrigate 16,170 acres in the Northport Division. The canal is 27 miles long and has a diversion capacity of 250
cubic feet per second.

1.3.1.7 Operation Agency

The Pathfinder and Guernsey Reservoirs and Guernsey Powerplant are operated and maintained by the
Bureau of Reclamation. Whalen Diversion Dam is operated by the Goshen Irrigation District for the other districts
on a cost-sharing basis. The distribution systems are operated by the districts which they serve.

1.3.1.8 Warren Act Contracts

The Warren Act contracts take their name from the Act of Congress of February 21, 1911, known as the
"Warren Act". That Act authorizes the Secretary of the Interior to contract for the storage and delivery of any
surplus water conserved by any reclamation project over and above the requirements of the project proper. In
connection with the North Platte Project, nine such contracts were entered into by the United States, three with
Wyoming, and six with Nebraska districts (P. 34, Doherty, 1944). The names of the districts are the Hill, Lingle,
and Rock Ranch Districts in Wyoming, and the Farmers, Gering, Central, Chimney Rock, Browns Creek, and
Beerline Districts in Nebraska. These contracts further extend the use and benefits of Pathfinder and Guernsey
storage water.

1.3.2 Kendrick Project

The Kendrick Project (formerly Casper-Alcova) conserves the waters of the North Platte River for
irrigation and electric power generation. Major features of the project are Seminoe Dam and Powerplant, Alcova
Dam and Powerplant, the Casper Canal and laterals, and drainage and power distribution systems. The original
project service area included two units totaling 66,000 acres. The first unit was constructed to deliver water to
35,000 acres. Construction of the second unit was initially postponed pending determinations of adequate water
supply and land classification. The development of significant drainage related problems resulted in the partial
development of the first unit and abandonment of the second unit (U.S. Department of Interior, 1955). The total
reported irrigated lands in production during recent years are approximately 24,000 acres. The project is a
multiple-purpose development that involves storage at Seminoe Reservoir and diversion at Alcova Dam to project
lands. Operation of the reservoirs and powerplants is integrated with other river basin developments.



In 1904, the Reclamation Service first investigated lands now included in the Kendrick Project in
connection with a plan to build the Casper Canal, one of several irrigation ditches along the North Platte River. In
December 1904, application for a permit authorizing the desired water appropriation for this canal was made, but
no further action was taken. Until 1933, the lands now included in the Kendrick Project remained part of the open
range used by the sheep ranchers in the area. In that year, however, as a result of further investigations by the
Bureau of Reclamation, the Public Works Administration allocated funds to develop irrigation and hydroelectric
power facilities on the North Platte River in the vicinity of Casper, Wyoming.

The Kendrick Project was authorized by a finding of feasibility approved by the President on August 30,
1935. The Alcova Powerplant was authorized for construction on August 22, 1950, under the provisions of
section 9(a) of the Reclamation Project Act of 1939. Originally known as Casper-Alcova, the project was
renamed Kendrick in 1937.

Seminoe Dam was constructed during 1936-39, and first delivery of power from the powerplant was made
on August 3, 1939. Construction of Alcova Dam was started in 1935 and completed in 1938. The first irrigation
water was diverted into the Casper Canal on June 14, 1946. Alcova Powerplant started power production in July
1955.

1.3.2.1 Seminoe Dam and Powerplant

The Seminoe Dam and Powerplant are on the North Platte River about 72 miles southwest of Casper,
Wyoming. Seminoe Reservoir, with a total capacity of 1,017,273 acre-feet, provides storage capacity for the
water to irrigate the project lands. The powerplant generates electric power as the water is released for irrigation
or stored in Pathfinder Reservoir for later release as required. The dam is a concrete-arch structure containing
210,000 cubic yards of concrete and rising 295 feet above the rock foundation. Water is released from the
reservoir through penstocks to the Seminoe Powerplant, or over a controlled spillway and outlet tunnel. The
powerplant is located at the base of the dam, and has a rated head of 166 feet. The plant contains three units, each
composed of a 15,000-kilowatt generator driven by a 20,800-horse-power turbine.

1.3.2.2 Alcova Dam and Powerplant

Alcova Dam is on the North Platte River about 37 miles downstream from Seminoe Dam and 10 miles
downstream from Pathfinder Dam of the North Platte Project. The dam forms a reservoir, with a total capacity of
184,405 acre-feet, from which water is diverted into Casper Canal for irrigation of lands in the Kendrick Project.
The dam is a zoned earth fill structure rising 265 feet above its foundation and containing 1,635,000 cubic yards of
material. Water is released for other irrigation rights downstream through the Alcova Powerplant or over a
controlled spillway. Alcova Powerplant was authorized and built after completion of Alcova Dam. It is on the
right bank of the river opposite the toe of the dam. The plant uses the 165-foot drop from the reservoir to the river
for power generation. It consists of two units, each an 18,000-kilowatt vertical-shaft generator driven by a
26,500-horsepower turbine.

1.3.2.3 Casper Canal and Distribution System

The irrigation distribution system for the existing unit (unit 1) consists of the Casper Canal, 59 miles
long; 190 miles of laterals and sublaterals; and 41 miles of drains. Principal structures include the headgates
located on Alcova Reservoir about one (1) mile west of the drain; six (6) concrete-lined tunnels having a total
length of 3.4 miles; several siphons, and highway and farm road bridges; and many measuring and control
structures. The main canal had an original capacity of 1,200 cubic feet per second. Since the construction of the
canal, a V-Notched weir has been installed to limit the flow into the Casper Canal to approximately 600 cubic feet
per second.

1.3.3 Kortes Unit

The Kortes Unit of the Pick-Sloan Missouri Basin Program consisting of Kortes Dam, Reservoir, and
Powerplant, is in central Wyoming in a narrow gorge of the North Platte River two (2) miles below Seminoe Dam



of the Kendrick Project, and about 60 miles southwest of Casper, Wyoming. It was the first unit initiated by the
Bureau of Reclamation under the Missouri River Basin Project. The powerplant has three (3) units with a total
generating capacity of 40,000 kilowatts.

Water released from Seminoe Dam to Pathfinder Reservoir passes through the Kortes turbines to generate
power, which is distributed by the Government-owned interconnected transmission system to localities in the
intermountain and Great Plains areas. Maximum benefits are obtained when Kortes Reservoir remains full and the
power releases are coordinated with those from the Seminoe plant to maintain a full reservoir.

Investigations for development of a dam and reservoir at the Kortes site were conducted intermittently
after 1933. Based on information obtained during these investigations, the Kortes Unit was included in Senate
Document 191.

Kortes power development was found feasible by the Secretary of the Interior as a supplement to the
Kendrick Project on November 26, 1941, but it was authorized by the Flood Control Act of December 22, 1944,
Public Law 534, which approved the general comprehensive plan set forth in Senate Documents 191 and 475, as
revised and coordinated by Senate Document 247, 78th Congress, 2d session.

Construction of Kortes Dam was started in 1946 and completed in 1951. Because of the enormous
increase in power demands in the area and power sales commitments, an accelerated power program was
developed which consisted of erecting generating equipment and machinery concurrently with the dam and
powerhouse construction, placing the generators into service before the powerhouse was completed, construction
of temporary transmission facilities, and providing temporary protection for the operating equipment during the
construction period. As a result of this program, two units were placed into service six (6) months before the
completion of the powerhouse and the dam and six (6) months earlier than they would have been without this
accelerated program.

1.3.3.1 Kortes Dam

Kortes Dam is constructed in the 1,000-foot gorge of the Black Canyon on the North Platte River. The
level of water in Kortes Reservoir controls the tailwater elevation of Seminoe Powerplant. The dam is constructed
at the optimum location to develop the most head between Seminoe tailwater and Pathfinder high water surface
elevation. About 200 of the 300 feet available are used. The concrete gravity structure has a maximum height
above foundation rock of 244 feet and contains 147,000 cubic yards of concrete.

The 83-acre Kortes Reservoir is confined to the narrow canyon and provides storage for only 4,765 acre-
feet of water. Other principal features include a 50,000 cubic foot per second uncontrolled spillway through the
right abutment, and a switchyard on the top of the dam. The reinforced-concrete powerhouse occupies the entire
width of the canyon at the toe of the dam. The plant has three 18,500 horsepower Francis-type turbines and three
13,300-kilowatt generators.

1.3.4 Glendo Unit

The Glendo Unit of the Pick-Sloan Missouri Basin Program is a multiple-purpose natural resource
development. It consists of Glendo Dam, Reservoir, and Powerplant; Fremont Canyon Powerplant; and Gray
Reef Dam and its reregulating reservoir. Unit features are located on the North Platte River in eastern and central
Wyoming and are adjacent to, and work in conjunction with, other units of the Pick-Sloan Missouri Basin Program
and the Kendrick and North Platte Projects.

The unit furnishes a maximum of 40,000 acre-feet of water annually from Glendo Reservoir for irrigation
in Wyoming and Nebraska, and electrical power is supplied to Wyoming, Colorado, and Nebraska by Glendo and
Fremont Canyon Powerplants, which have uprated capacities of 38,000 and 66,800 kilowatts, respectively,

Preliminary investigations for the Glendo Unit started in 1944. It was included in Senate Document 191
as part of the Missouri River Basin Project and authorized for construction under the Flood Control Act of 1944.
The original authorization provided for a storage capacity of approximately 150,000 acre-feet in the Glendo
Reservoir for additional sediment storage and replacement of capacity lost to sediment in Guernsey Reservoir;
reregulation of return flows from upstream irrigation; and flood control and the development of power.



Subsequent investigations disclosed the necessity for increasing the capacity of Glendo Reservoir to provide for
adequate control in the high developed reach of the North Platte River Valley in Wyoming and Nebraska below the
Glendo Reservoir site and the reregulation of upstream power releases so river water could be utilized more
effectively for hydroelectric power production. As a result of these investigations, the total storage capacity was
increased to 795,196 acre-feet, exclusive of a flood surcharge capacity of an additional 329,251 acre-feet.

The Glendo Unit was authorized for construction under the Flood Control Act of December 22, 1944,
Public Law 534, which approved the general plan set forth in Senate Documents 191 and 475 as revised and
coordinated by Senate Document 247, 78th Congress, 2nd session. The project was reauthorized by Public Law
503, 83d Congress, on July 16, 1954. Construction of Gray Reef Dam and Reservoir was authorized separately
by Public Law 885-695 (72 Stat. 687), approved August 20, 1958.

Construction began December 1954 on the Glendo Dam, Reservoir, and Powerplant and was completed
in 1958. Construction of the Fremont Canyon Powerplant and power conduit began in 1956 and was completed in
1961. Construction of Gray Reef Dam and Reservoir was started in 1959 and completed in 1961.

The Glendo Unit is operated in conformity with the North Platte River Decree of 1945. It provides
irrigation, power generation, flood control, fish and wildlife enhancement, recreation, sediment retention,
pollution abatement, and improvement of the quality of municipal and industrial water supply in the North Platte
River Valley between Gray Reef Dam and Glendo Reservoir.

An amendment to the North Platte River Decree was approved in 1953 by the States of Colorado,
Wyoming, and Nebraska, and by the U.S. Supreme Court. It provides for retaining the existing regimen of the
natural flow of the North Platte River below Pathfinder Dam, except that not more than 40,000 acre-feet of water
plus space obtained by evaporation losses may be stored in Glendo Reservoir for irrigation during any water year,
and the amount held in storage at any time for irrigation may not exceed 100,000 acre-feet. The amended decree
permits the release from storage of 15,000 acre-feet of water annually to Wyoming and 25,000 acre-feet annually
to Nebraska for irrigation. All water available to Nebraska has been contracted, while Wyoming currently still has
10,350 acre-feet of water available for contract. Wyoming's remaining share is utilized in part for municipal,
industrial, and irrigation purposes in Wyoming via temporary contacts renewed yearly.

Within the limits of the amended decree, storage facilities of the North Platte River system provide
considerable flexibility. Maximum capacity for regulation and storage is afforded through exchange of water
between Glendo Reservoir and upstream reservoirs. Exchange water stored in Glendo is released by the close of
the irrigation season. The proprietary and contractual interests in storage water are identifiable at all times
regardless of location of the water in the system. Floodwater stored in Glendo Reservoir is released under
regulations prescribed by the Secretary of the Army under authority of the Flood Control Act of 1944.

1.3.4.1 Glendo Dam, Reservoir, and Powerplant

Glendo Dam is a zoned earth fill structure on the North Platte River about four and one-half (4.5) miles
southeast of Glendo. The embankment has a structural height of 190 feet and a length of 2,096 feet along the
crest. About 2,800 feet of dikes are required across a low area on the south side of the reservoir one and one-half
(1.5) miles west of the dam. The dam forms a reservoir 14 miles in length, having a total capacity of 795,196
acre-feet at water surface elevation 4653, the top of the flood control capacity. Space is provided in the reservoir
for storing 115,000 acre-feet of sediment, an estimated 100-year accumulation. There are 454,337 acre-feet
allotted for irrigation and power and 271,917 acre-feet for flood control. In addition, a surcharge capacity of
329,251 acre-feet is available. These capacities differ slightly from the original storage allocations because of
sediment accumulation.

Glendo Dam's design did not have the capability of making low flow releases, and the cycle of operation
resulted in nearly 20 miles of river below Glendo being dewatered from late September until early April. The lack
of flow in the river was identified as a design deficiency of the project as the outlet works were not capable of
providing low flows which could be restored downstream in Guernsey Reservoir. To remedy the situation, a
1,025 foot long three (3) foot diameter pipeline tunnel was constructed in 1992-93 through Glendo Dam"s right
abutment near the spillway. The low flow outlet enables Reclamation to make low volume releases of 25-40 cubic
feet per second during the non-irrigation season, without adversely affecting existing water uses.



An uncontrolled concrete spillway 45 feet wide is located about 450 feet north of the right abutment of the
dam. The Glendo Powerplant is joined to the Glendo Reservoir by a diversion tunnel 21 feet in diameter and
2,100 feet long. The plant contains two (2) units having a maximum rated head of 130 feet. Each unit has an
installed capacity of 19,000 kilowatts.

1.3.4.2 Fremont Canyon Powerplant

The Fremont Canyon Powerplant, on the left bank of the North Platte River at the head of Alcova
Reservoir, consists of two 32,000-kilowatt generators, driven by two 33,500-horsepower Francis-type hydraulic
turbines. The turbines operate at a maximum head of 350 feet and an effective head of 300 feet. The powerplant
generates power during releases of stored floodwater, irrigation water, and water to satisfy prior water rights from
Pathfinder Reservoir of the North Platte Project. Water for power generation is conveyed to the powerplant by a
three (3) mile long 18 foot diameter, concrete-lined pressure tunnel. The tunnel branches to two 10.75 foot
diameter penstocks upstream of the powerplant. This conduit is controlled by a 14 by 18 foot fixed-wheel gate
located 243 feet downstream from the inlet. Access to the powerplant is provided by a 1,692-foot-long unlined
tunnel 16.5 feet high and continuing a 16-foot-wide roadway.

1.3.4.3 Gray Reef Dam and Reservoir

Gray Reef Dam is on the North Platte River about 27 miles southwest of Casper, and two (2) miles
downstream from Alcova Dam. The earth fill structure has a structural height of 36 feet, a crest length of 650 feet
and contains a volume of 40,000 cubic yards of material. The spillway consists of a concrete chute near the center
of the dam controlled by two 35- by 20-foot radial gates. Capacity of the spillway is 20,000 cubic feet per second.
There are no outlet works in the dam. The reservoir has a total capacity of 1,800 acre-feet, with a surface area of
182 acres. Gray Reef Reservoir is operated to reregulate widely fluctuating water releases from the Alcova
Powerplant of the Kendrick Project.

1.3.5 The U.S. Supreme Court North Platte Decree

The following discussion outlining the history of litigation on the North Platte River is taken from Owen
Olpin (1992), Special Master Second Interim Report on Motions for Summary Judgement and Renewed Motions
for Intervention. Owen Olpin was appointed Special Master by the Court and has supervised pretrial proceeding
and discovery since 1987, for matters currently before the Court.

1.3.5.1 Original Proceedings

The construction of Pathfinder Dam as a component of the Bureau of Reclamation's North Platte Project
started a chain of development in the North Platte Basin that has continued ever since. As a result, by the 1930°s
the North Platte and many of its major tributaries were -- as they still are -- over-appropriated. Increased human
consumption and the network of on-stream reservoirs regulating flows have greatly reduced average flows and
significantly altered the river's channel in the important wildlife habitat areas in central Nebraska.

Traditionally, the North Platte River has been appropriated for agriculture uses and, to a much lesser
extent, for municipal and industrial uses. Instream values -- aesthetic, recreation, ecological, environmental and
historic -- have remained backstage until quite recently. Today, though, the traditional water-using interests face
claims demanding that a share of the North Platte flows remain in the river to serve wildlife, recreational, and
other instream values.

The Supreme Court first apportioned the waters of the North Platte River by decree in 1945, after eleven
years of litigation involving the states of Colorado, Wyoming, and Nebraska as well as the United States (U.S.
Supreme Court, 1945). The proposed construction of a new reservoir near Glendo, Wyoming, by Reclamation
brought about modifications to the Decree in 1953 (U.S. Supreme Court, 1953). (This early litigation is referred
to in this document as "the original proceedings.™)

During the original proceedings, the Court examined whether upstream junior appropriators in Wyoming
and Colorado wrongfully were depriving senior appropriators in Nebraska of North Platte waters. At that time the



Court referred the matter to Special Master Michael Doherty (1944), whose final report (the "Doherty Report")
formed the basis for the Decree that emerged. The Decree’s polestar is its allocation of natural flow waters in the
"pivotal"” reach of the North Platte mainstem, between Whalen Dam in Wyoming, forty miles upstream of the
Wyoming-Nebraska state line, and Tri-State Diversion Dam in Nebraska, one mile downstream of the state line.
The Decree apportioned natural flows in this section of the mainstem 75 percent to Nebraska and 25 percent to
Wyoming during the May 1 through September 30 irrigation season. In so doing, the Decree recognized some
priorities across state lines, and protected the pivotal reach against both certain further Colorado development, and
certain further upstream Wyoming development.

1.3.5.2 Current Proceedings

Nebraska petitioned the Court to enforce the Decree and for injunctive relief on October 6, 1986, and
Wyoming answered and counterclaimed on March 18, 1987. The current proceedings are before the Court
pursuant to the “changed conditions™ or "reopener"” provision of the Decree. Since the Decree was entered,
development has in no sense stood still on the North Platte River. Aside from the 1953 stipulated modifications to
the Decree, however, more than forty years of interstate administration under the Decree went by before North
Platte apportionment issues returned to the Court in 1986.

In her petition, Nebraska alleges that Wyoming unlawfully is depleting and threatening to deplete the flow
of the North Platte River by her intended administration of Grayrocks Reservoir's operations and releases on the
Laramie River, by her intended construction of the Corn Creek project diversion facility at the Laramie's
confluence with the North Platte River, by her proposed construction of a storage reservoir on the Deer Creek
stream, which enters the North Platte between Pathfinder and Guernsey Dams, and by her efforts to prevent the
United States Bureau of Reclamation from continuing historic off-season storage in the Inland Lakes in Nebraska.

Wyoming counterclaims that Nebraska is circumventing the Decree by demanding natural flows for
diversion by irrigation canals at and above the Tri-State Dam in excess of the irrigation requirements of lands
entitled to water under the Decree, and by demanding both natural flow and storage water from sources above Tri-
State Dam and diverting those waters to uses below the Tri-State Dam that are not recognized by the Decree.

On April 20, 1993, Justice O*Connor delivered the opinion of the Court with respect to the Special
Master's recommended dispositions of several summary judgment motions, together with exceptions filed to the
Special Master's reports (U.S. Supreme Court, 1993). Paragraph IV of the Court’s opinion states:

" For the foregoing reasons, all of the exceptions filed to the Special Master's
reports are overruled. The summary judgment motions of Nebraska and the
United States regarding the Inland Lakes" priority date are granted, as is
Nebraska's partial summary judgment motion with respect to the issue of canal
diversion limitations. All other summary judgment motions are denied."

Even with the Court's ruling on these summary judgement motions, the litigation continues as other
unresolved issues remain.

1.3.6 The Operation and Accounting of the North Platte River

The modified North Platte Decree forms the basis for the operation and accounting procedures used on
the North Platte River. Each year Reclamation, State of Wyoming, and State of Nebraska meet to agree on the
accounting procedures for the natural flow and ownership storage accounting for the upcoming irrigation season.
The criteria for administration and operation are to conform with Wyoming and Nebraska State Laws, the U.S.
Reclamation Law, and the modified U.S. Supreme Court North Platte Decree, as appropriate. ltems agreed upon
include order of priority of the ownership accounts, accrual capacity of the storage accounts, the methodology for
calculating storage ownership evaporation, and how the excess to ownership account will be handled. The natural
flow accounting methodology is also agreed upon at this meeting. A copy of the 1994 agreement between
Reclamation, the State of Wyoming, and the State of Nebraska, known as the "North Platte River Ownership and
Natural Flow Accounting Procedures (SONFAP)", is included as Appendix B as an example.
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The actual implementation of the procedures requires a coordinated effort among several agencies. This
section briefly discusses the individual agencies that have direct involvement in the operation of the North Platte
River. The agencies involved in the operation of the North Platte River System include the United States Bureau
of Reclamation, State of Wyoming, State of Nebraska, and U.S. Army Corps of Engineers.

The reservoir system operation is planned and determined by the U.S. Bureau of Reclamation's Wyoming
Area Office (WYAOQO) in Mills, Wyoming, which has physical control over the reservoirs on the North Platte River
within the State of Wyoming. The WYAO performs an accounting of water usage on a daily basis. The daily
accounting of water usage requires exchange of information with the states of Wyoming and Nebraska. This
shared information consists of streamflow and diversion measurements. Both states also perform an accounting of
their own. This accounting is performed by the State Engineer's Office (SEQO) for Wyoming and the Department
of Water Resources (DWR) for Nebraska. Various combinations of the Wyoming SEO, the Nebraska DWR, the
U.S. Geological Survey (USGS), and the Bureau of Reclamation work cooperatively in operating and maintaining
many of the river gages located on the North Platte River system.

The Western Area Power Administration’s (Western) Loveland Area office, located in Loveland,
Colorado, is responsible for the marketing and transmission of the power generated at Pick-Sloan Missouri Basin
Program-Western Division hydroelectric facilities located in Colorado, and Wyoming including the facilities on the
North Platte River. This power is marketed to wholesale customers, including municipal associations and
generation and transmission associations which in turn, serve more than 140 rural electric associations and
municipalities in eastern Colorado, Wyoming, western Nebraska, and most of Kansas. Revenue from the sale of
this power goes to the United States Treasury to pay for operations and maintenance expenses, generation,
transmission, multi-purpose dam facilities, investment with interest, and a portion of the irrigation facilities
associated with the projects. The operation of Reclamation’s powerplants on the North Platte River is coordinated
with Western to generate power from water released in Reclamation's river operations, reservoir regulation, and
to meet irrigation demands.

The U.S. Army Corps of Engineers is involved in the operation of Glendo Water when water enters the
Glendo Reservoir exclusive flood pool. Reclamation advises the Corps of Engineers when flooding occurs due to
storms that are in progress or when the reservoir's water surface has reached elevation 4,635 feet. The Corps of
Engineers determines releases once the water surface reaches this elevation except for those releases needed for
downstream irrigation demands or to protect the safety of the structure. If the reservoir elevation should exceed
elevation 4,653 feet, the Corps of Engineers relinquishes its authority back to Reclamation. Releases would then
be made by Reclamation to protect the structure until the water level drops below the surcharge pool (U.S.
Department of Interior, 1987).

This discussion, while very general, gives the reader an idea of the interagency contact required to run the
system. Further questions relating to the function of these individual agencies should be directed to them.

2.0 OPERATING CRITERIA

2.1 Introduction

The North Platte River operation and accounting practices are complex and include many interrelated
features. For this reason, the North Platte River operations and accounting practices were broken down into
logical individualized units. Each unit represents an individual operation or accounting practice that could be
modeled separately from any of the other operation or accounting processes.

The model operates the North Platte River System as four separate units: the physical reservoir
operations, the natural flow/storage flow segregation, storage ownership accounting, and the river below Guernsey
Reservoir. The physical evaporation from the reservoirs, power generation, end-of-month reservoir contents,
reservoir releases, and segregation of reservoir releases are calculated during the physical reservoir operations
(Section 2.4). Irrigation demands are separated into components satisfied from natural flow, storage, and excess-
to-ownership in the natural flow and storage flow accounting (Section 2.6). Ownership evaporation, deliveries
from ownership, end-of-month ownership storage, and balancing the system are done during the storage ownership
accounting section of the model (Section 2.7). The return flow calculations and distribution of flows below Tri-
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State Diversion Dam are performed in the river below Guernsey Reservoir Section (Section 2.9). Each of the four
major sections is linked to the others so that no section may operate alone; however, each section models and
operates a separate aspect of the North Platte River System.

The model uses a monthly time step and determines system operation on a monthly basis. All calculations
performed by the model are in thousands of acre-feet per month (kaf). Therefore, values input in cubic feet per
second (cfs) are converted to kaf for use in the model. Values reported by the model are in kaf to one decimal.

Input data for the NPRWUM are divided into three categories; physical reservoir operations, natural
flow, and ownership storage. Each category is further separated into three types of data; single, monthly, and
month by water year.

Single data items are constants (i.e. maximum reservoir contents) or flags that direct the operation of the
model (i.e. to allow excess-to-ownership storage). The single physical reservoir operations data are cdata items,
the single natural flow data are cdatal items, and the single ownership storage data are cdata2 items. Single items
are read from the input data file in a one dimensional array and items are distinguished by a number following the
item label (i.e. the first item in the physical operations data file would be cdata(1), the second cdata(2), etc ...).

Monthly data items change each month but are constant from year to year (i.e. Alcova Reservoir targets).
The monthly physical reservoir operations data are adata items, the monthly natural flow data are adatal items,
and the monthly ownership storage data are adata2 items. Monthly items are read from the input data file in a two
dimensional array and items are distinguished by two numbers following the item label. The first number is the
order in which the item appears in the data set and the second number, denoted by the letter J, is the month of the
water year (i.e. the first item in the physical operations data file would be adata(1,J), the second adata(2,J), etc

).

Month by water year data items are different for every month of every water year (i.e. monthly diversion
amounts). The month by water year physical reservoir operations data are hdata items, the month by water year
natural flow data are hdatal items, and the month by water year ownership storage data are hdata2 items. Month
by water year items are read from the input data file in a three dimensional array and items are distinguished by
three numbers following the item label. The first number is the order in which the item appears in the data set, the
second number, denoted by the letter I, is the water year, and the third number, denoted by the letter J, is the
month of the water year (i.e. the first item in the physical operations data file would be hdata(1,1,J), the second
hdata(2,1,J), etc ...).

2.2 Operational Criteria

The NPRWUM was developed to simulate 1993 levels of operation on the North Platte River. This
includes the operation of seven dams and reservoirs (Seminoe, Kortes, Pathfinder, Alcova, Gray Reef, Glendo,
and Guernsey); power generation at six generation units (Seminoe, Kortes, Fremont Canyon, Alcova, Glendo, and
Guernsey); water rights and storage for the Inland Lakes; gaged inflows from the Medicine Bow River, North
Platte River above Seminoe Reservoir, Sweetwater River, Deer Creek, Laramie River, and Blue Creek; reach
gains defined by reservoir placement (Kortes-Pathfinder, Alcova-Glendo, Glendo-Guernsey, Guernsey-Whalen,
Whalen-Tri-State, and Tri-State-Lewellen); and return flows determined from diversion amounts. In addition to
current levels of operation, procedures were included that allow greater flexibility and analysis when modeling and
comparing scenarios.

The model incorporates operational criteria that reflect the current (1993) operation of the river. These
criteria do not exactly simulate the historic operation since no operating criteria exist to accurately describe the
system over an extended period. These criteria illustrate how the system would function given present operations
and management practices employed on the river.

2.3 Physical Reservoir and Storage Ownership Evaporation

Physical reservoir evaporation is modeled for Seminoe, Kortes, Pathfinder, Alcova, Gray Reef, Glendo,
and Guernsey reservoirs. Physical evaporation is also modeled for the Inland Lakes. The Inland Lakes (Lake
Alice, Little Lake Alice, Lake Winters Creek, and Lake Minatare) are modeled as one consolidated lake by the
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NPRWUM. The consolidated Lake is referred to as the Idealized Inland Lake in the NPRWUM Documentation.
The ldealized Inland Lake was created to provide a simplified accounting procedure for water delivered to/from
the Inland Lakes. The operation of the Idealized Inland Lake is discussed in detail in Section 2.9.5 of this
document.

Physical evaporation is modeled with average evaporation factors (adata(13,J) - adata(16,J)) and the

current area-capacity relationship for each reservoir. The average evaporation factors are calculated from historic
evaporation factors. The average evaporation factors used in the NPRWUM are shown in Table 2.3.1.

Table 2.3.1 Average Evaporation Factors Used in the NPRWUM

Evaporation Factor

Evaporation
imlgg Oct Nov Dec Jan | Feb | Mar Apr | May | June | July | Aug | Sep
Seminoe 0.29 0.15 0.10 | 0.09 | 0.09 | 0.17 | 0.30 [0.38 | 0.52 [ 0.61 | 0.55 | 0.39
Pathfinder 0.29 0.15 0.10 | 0.09 | 0.09 | 0.17 | 0.30 | 0.42 | 0.55 [ 0.65 | 0.60 | 0.44
Glendo 0.24 0.12 0.11 | 0.12 | 0.11 | 0.19 | 0.31 [0.45| 0.56 | 0.67 | 0.62 | 0.44
Whalen 0.24 0.12 0.11 | 0.12 | 0.11 | 0.19 | 0.31 | 0.44 | 0.53 | 0.61 | 0.54 | 0.37

Storage ownership evaporation is also modeled using area-capacity relationships for individual reservoirs
and average evaporation factors. Evaporation is modeled for North Platte Pathfinder, North Platte Guernsey,
Kendrick Seminoe, Kendrick Alcova, Glendo Unit and Inland Lakes ownership accounts. Inland Lakes ownership
evaporation is calculated for Inland Lakes ownership held in Glendo and Guernsey reservoirs on the main stem of
the North Platte River.

2.3.1 Data

The data used in the reservoir evaporation subroutines is from the Reclamation’s Wyoming Area Office in
Mills, Wyoming. The data were obtained from Reclamation’s HYDROMET database.

Reclamation is also the source of the area-capacity data used in this study. These area-capacity tables are
those used by Reclamation to calculate reservoir content and evaporation as of 1993. Appendix A contains the
published area-capacity tables and equations used by the model.

2.3.2 Physical Reservoir Evaporation

In the physical reservoir operation, evaporation factors are used to determine reservoir evaporation.
Evaporation factors are determined by multiplying the pan evaporation times a reduction factor (0.7). Pan
evaporation is the measured change in elevation in the pan minus precipitation. The pan evaporation is divided by
12 to convert from inches to feet of evaporation. The reduction factor is a correction for the additional
evaporation that occurs in a small pan compared to a large body of water like a reservoir.

Table 2.3.2 shows which evaporation station the NPRWUM uses to calculate evaporation at each storage
facility. The North Platte Decree states that the Pathfinder pan will be used to calculate the evaporation from
Seminoe, Kortes, Pathfinder, Alcova, and Gray Reef reservoirs, and the Whalen pan will be used to calculate the
evaporation from Glendo and Guernsey reservoirs. To increase the accuracy of evaporation calculated at
Seminoe, Kortes, and Glendo Reservoirs, evaporation pans were installed at Seminoe and Glendo. During the
summer, evaporation is calculated using these pans at these reservoirs.

Factors from the Whalen pan are used to calculate the physical evaporation for the Idealized Inland Lake.
Although an evaporation pan exists at Lake Minatare, the period of record for the Lake Minatare pan is from

water year 1991 to current. Such a short period of record is insufficient for the purpose of the NPRWUM.

13



The content used to calculate reservoir evaporation is the average of the previous month's and the current
month’s end-of-month storage. The average end-of-month content is used in the area-capacity relationships
developed by Reclamation to determine the average water surface area for the month. The average water surface
area is multiplied by the monthly evaporation factor for the assigned reservoir to obtain the evaporation for the
month. After the evaporation is calculated, the end-of-month content for the current month is recalculated and
evaporation is redetermined using the recalculated end-of-month content. This process is repeated until the
evaporation remains constant between successive iterations.

The second degree polynomial equations which define the reservoir area-capacity curves are presented in
Appendix A. The equations show that the independent variable in each equation is water surface elevation and the
dependent variable is capacity. To use these equations in the model, the independent variable must be capacity and
the dependent variable must be water surface elevation. Therefore, the second degree polynomial was solved for
the independent variable (water surface elevation). The resulting quadratic equation, shown in Figure 2.3.1, was
incorporated into the model. Once the water surface elevation is known, the water surface area can be calculated
directly using the equations shown in Appendix A. Reservoir evaporation is determined by multiplying the
average end-of-month water surface area by the average evaporation factor (pan evaporation times 0.7).

Table 2.3.2 Evaporation Pan Used to Calculate Evaporation

Evaporation Pan Used to
Calculate Evaporation

Storage Facility May - September October - April
. _________________________|

Seminoe Reservoir Seminoe Pan Pathfinder Pan
Kortes Reservoir Seminoe Pan Pathfinder Pan
Pathfinder Reservoir Pathfinder Pan Pathfinder Pan
Alcova Reservoir Pathfinder Pan Pathfinder Pan
Gray Reef Reservoir Pathfinder Pan Pathfinder Pan
Glendo Reservoir Glendo Pan Whalen Pan
Guernsey Reservoir Whalen Pan Whalen Pan
Idealized Inland Lake
(not stored in the main stem) Whalen Pan Whalen Pan

Reclamation’s Equation (see Appendix A)

Capacity = A, + (A, x Elevation) + (A; x Elevation?)
where: Elevation = water surface relative elevation (feet)
Capacity = capacity in acre-feet
A, = constant coefficient
A, = constant coefficient
A, = constant coefficient

Quadratic Equation Used in Evaporation Routines.

Elevation = -A, + (A,%- 4 x A, x (A, - Capacity))”
2 X A

Note: Only the positive root of the solution is used to determine the average water surface area.

Figure 2.3.1 Reclamation's Capacity Equation for Water Surface Elevation
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2.3.2.1 Annual Guernsey Silt Run

The annual silt run at Guernsey has a significant effect on the calculation of the Guernsey Reservoir
evaporation for July. The purpose of the silt run is to flush silt from Guernsey Reservoir into the irrigation supply
canals downstream of Guernsey Reservoir. Much of the silt is deposited in the canals where it acts to reduce
seepage losses. The current Guernsey Reservoir operating procedure is that on or about July 15 (any time after
July 10) the Guernsey Reservoir content is lowered in order to initiate the silt run on July 20. Glendo Reservoir
releases during this period are limited to a turbine capacity of one unit. During the silt run, typically July 20
through August 4, releases from Glendo Reservoir are made to meet the irrigation demands downstream of
Guernsey Reservoir. The current operating procedures reflect an idealized operation and the actual procedure
varies from year to year. Historically, the silt run has occurred near the end of July. However, there have been
occasions when the silt run occurred in August or in early July and a second run in August or no silt run was
initiated during the water year.

Therefore, the July average end-of-month content for Guernsey Reservoir is not calculated the same as
the average end-of-month content for the other reservoirs. In order to adequately determine Guernsey Reservoir
evaporation in July, the average end-of-month content is determined by summing the previous end-of-month
content and the current end-of-month content and dividing by four (4). This modification increases the accuracy of
the reservoir evaporation calculation significantly although some error can still be expected.

2.3.3 Storage Ownership Evaporation

The storage ownership routines utilize the same area-capacity tables and quadratic equations (Figure
2.3.1) and evaporation factors (Table 2.3.1) developed for the reservoir evaporation routines.

The NPRWUM allows all ownerships except Glendo to reaccrue ownership evaporation until the
ownership is filled. After an ownership has filled, ownership evaporation is removed from the ownership.
Evaporation from the Glendo ownership is removed from the Glendo Evaporation Pool. If the Glendo Evaporation
Pool is depleted in a water year, the remaining Glendo ownership evaporation is taken from the Glendo Irrigation
Pool. The NPRWUM allows a total accrual of 20,090 af (less carry over from the previous water year) to accrue
to the Glendo Evaporation Pool in any one water year. Once the accrual for the Glendo Evaporation Pool is
satisfied, the gains are available for accrual to other ownerships in priority.

2.3.3.1 Kendrick Seminoe Ownership Evaporation

The Kendrick Seminoe ownership evaporation is calculated by assuming that all the Kendrick Seminoe
ownership resides in Seminoe Reservoir. The Seminoe evaporation factors are used in conjunction with the area
determined from the Seminoe Reservoir area-capacity curves for a capacity equal to the average end-of-month
Kendrick Seminoe ownership.

2.3.3.2 Kendrick Alcova Ownership Evaporation

The Kendrick Alcova ownership evaporation is calculated by assuming that all the Kendrick Alcova
ownership resides in Alcova Reservoir. The Pathfinder evaporation factors are used in conjunction with the area
determined from the Alcova Reservoir area-capacity curves for a capacity equal to the average end-of-month
Kendrick Alcova ownership.

2.3.3.3 North Platte Pathfinder Ownership Evaporation

For the purpose of calculating ownership evaporation, North Platte Pathfinder ownership is assumed to
reside in either Pathfinder or Guernsey reservoirs. The model sums the storage in Seminoe, Kortes, Pathfinder,
and Alcova reservoirs and subtracts Kendrick and Glendo (stored in Pathfinder Reservoir) ownerships to obtain the
potential North Platte Pathfinder ownership above Alcova Dam. If the potential North Platte Pathfinder ownership
above Alcova is positive it is subtracted from the total North Platte Pathfinder ownership to obtain the North Platte
Pathfinder ownership stored below Alcova Dam.
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The model assumes the North Platte Guernsey ownership is stored in Guernsey Reservoir. The North
Platte Guernsey ownership plus the Inland Lakes ownership stored in Guernsey Reservoir is subtracted from the
Guernsey Reservoir storage to obtain the maximum North Platte Pathfinder ownership that can reside in Guernsey
Reservoir. This value is compared to the North Platte Pathfinder ownership stored below Alcova and the lesser of
the two is the North Platte Pathfinder ownership assumed to reside in Guernsey Reservoir for the purpose of
calculating North Platte Pathfinder ownership evaporation.

Evaporation of the North Platte Pathfinder ownership stored in Guernsey Reservoir is the ratio of the
North Platte Pathfinder ownership stored in Guernsey Reservoir to the Guernsey Reservoir storage. The ratio is
multiplied by the evaporation from Guernsey Reservoir calculated in the physical operation of the system OPRES
(see Figure 2.3.2). The value obtained is the evaporation of North Platte Pathfinder ownership stored in Guernsey
Reservoir.

The remaining North Platte Pathfinder ownership is assumed to reside in Pathfinder Reservoir for the
calculation of ownership evaporation. The Pathfinder evaporation factors are used in conjunction with the area
determined from the Pathfinder Reservoir area-capacity curves to determine the evaporation from the North Platte
Pathfinder ownership stored in Pathfinder Reservoir. The evaporation calculated for the North Platte Pathfinder
ownership in Guernsey Reservoir and the evaporation calculated for the North Platte Pathfinder ownership in
Pathfinder Reservoir are summed to get the total North Platte Pathfinder ownership evaporation.

Physical storage above Alcova Dam
(Seminoe, Kortes, Pathfinder and Alcova Reservoirs)
- Ownerships stored above Alcova Dam
(Glendo and Kendrick Ownerships)

= Potential North Platte Pathfinder ownership stored above Alcova Dam

North Platte Pathfinder ownership
- Potential North Platte Pathfinder ownership stored above Alcova Dam

= North Platte Pathfinder ownership below Alcova (if positive)

Physical Guernsey Storage
- North Platte Guernsey ownership
- Inland Lakes ownership in Guernsey Reservoir

= North Platte Pathfinder (Guernsey) ownership space

Minimum: North Platte Pathfinder ownership below Alcova; and
North Platte Pathfinder (Guernsey) ownership space

= North Platte Pathfinder ownership in Guernsey Reservoir

(North Platte Pathfinder ownership in Guernsey Reservoir
!/ Physical Guernsey Storage)
*  Physical Guernsey Evaporation

= North Platte Pathfinder ownership in Guernsey Reservoir evaporation

Figure 2.3.2 Calculation of North Platte Pathfinder Ownership in Guernsey Reservoir Evaporation
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2.3.3.4 North Platte Guernsey Ownership Evaporation

The North Platte Guernsey ownership evaporation is calculated by assuming that all the North Platte
Guernsey ownership resides in Guernsey Reservoir. The Whalen Dam evaporation factors are used in conjunction
with the area determined from the Guernsey Reservoir area-capacity curves for a capacity equal to the average
end-of-month North Platte Guernsey ownership.

2.3.3.5 Inland Lakes Ownership Evaporation

Evaporation on Inland Lakes ownership in the main stem is calculated as the ratio of the Inland Lakes
ownership to the total storage in Glendo and Guernsey Reservoir. These ratios are then multiplied by the physical
evaporation of Glendo and Guernsey Reservoir (see Figure 2.3.3). Therefore, the Inland Lakes ownership
evaporation is a portion of the Glendo and Guernsey Reservoir evaporation. The portion is determined by the
amount of Glendo and Guernsey Reservoir storage occupied by Inland Lakes ownership.

(Inland Lakes Ownership in Glendo Reservoir
/  Physical Glendo Reservoir Storage)
Physical Glendo Reservoir Evaporation

= Inland Lakes Ownership in Glendo Evaporation

(Inland Lakes Ownership in Guernsey Reservoir
/  Physical Guernsey Reservoir Storage)
Physical Guernsey Reservoir Evaporation

= Inland Lakes Ownership in Guernsey Evaporation

Inland Lakes Ownership in Glendo Evaporation
+ Inland Lakes Ownership in Guernsey Evaporation

= Total Inland Lakes Ownership Evaporation in the Main Stem

Figure 2.3.3 Calculation of Inland Lakes Ownership Evaporation in the Main Stem

2.3.3.6 Glendo Unit Ownership Evaporation

The ownership evaporation has to equal the physical evaporation calculated in the reservoir operations
section of the NPRWUM. Therefore, the Glendo Unit ownership is used as a slop account to balance physical and
ownership evaporation. The Glendo Unit ownership evaporation is calculated by subtracting Kendrick, North
Platte Pathfinder, North Platte Guernsey, and Inland Lakes ownership evaporations from the total physical
reservoir evaporation. All ownership evaporations are calculated as discussed above. The total reservoir
evaporation is the sum of the physical evaporation from Seminoe, Kortes, Pathfinder, Alcova, Gray Reef, Glendo,
and Guernsey reservoirs as calculated during the physical operation of the model.

2.4 Physical Operation of the North Platte River Reservoirs

This section discusses the criteria utilized by the NPRWUM to control the physical reservoir system of
the North Platte River. Operational criteria are included for:

I Guernsey;
! Glendo;
Gray Reef;
I Alcova;
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I pathfinder;
I Kortes; and
I Seminoe Reservoirs.

The criteria that have been developed include; how to move water between reservoirs, target contents for
controlled reservoirs, reservoir evaporation, and how/when to release water. The natural flow and storage
ownership accounting procedures are detailed later in Sections 2.6 and 2.7.

Figure 2.4.1 is a schematic that depicts the water movement rules used by the NPRWUM to model the
North Platte River system. These rules will be discussed in detail in this section.

2.4.1 Check Canal Capacities

No channel capacity restrictions currently exist that limit Reclamation®s ability to make reservoir releases.

When the system is full and a spill is possible, water is moved out of the system in an effort to minimize flooding
along the river as much as possible. In normal operations, it is preferable that the flow through Casper does not
exceed 5000 cfs (flows above 5000 cfs cause concerns from people who reside along the river). Therefore, the
NPRWUM uses a value of 5000 cfs to indicate high flow conditions through Casper. If the flow through Casper
exceeds 5000 cfs, the model user will be notified by the program that the flow through Casper was greater than
5000 cfs by writing a message to the MESSAGE.LST message file produced by the model. The NPRWUM does
not make any attempt to reduce the flow.

Capacities are checked by the NPRWUM for the major ditches and canals served by the Reservoirs of the
upper North Platte System. Table 2.4.1 shows the capacities for the canals checked by the model. If the delivery
to a canal or ditch is greater than its capacity, the delivery is reduced to the capacity of the canal or ditch. Canal
and ditch capacities are checked and any adjustment made before the system demand is determined as described in
the Section 2.4.2.

2.4.2 System Demand below Guernsey Reservoir

The model operates the physical system by storing inflows in vacant storage space and releasing water for
demands. The model determines the total demand below Guernsey Reservoir for the given month and computes
the required Guernsey Reservoir outflow needed to satisfy this demand. During the non-irrigation season (October
through April), the demands below Guernsey Reservoir are releases to the Idealized Inland Lakes and storage
deliveries to Central Nebraska Public Power and Irrigation District (CNPPID). During the irrigation season (May
through September), the demands below Guernsey Reservoir are the requested North Platte Project and Glendo
Unit diversions (including orders for storage water deliveries past Tri-State). All diversion data are entered by the
model operator in the input data set.

Once the Guernsey Reservoir outflow has been established, the model operates the reservoirs on the
North Platte River. The model begins with Guernsey Reservoir and continues in an upstream order to Seminoe
Reservoir until all inflows, outflows, and end-of-month contents are determined for each reservoir. The model
establishes the operation of each reservoir based on demands, inflows, and operational criteria. When a reservoir
spills water, the spill is passed to the next downstream reservoir. If the vacant space in the next downstream
reservoir is unable to hold the water spilled from the above reservoir, the spill is reduced by the vacant space in
the downstream reservoir and passed downstream until the spill is either captured in subsequent downstream
reservoirs or released from Guernsey Reservoir as a spill. Water spilled from Guernsey Reservoir is in addition to
that required to meet demands. Table 2.4.4. lists the maximum and minimum reservoir contents used by the
model. Table 2.4.5 and Table 2.4.6 list the minimum reach flows and maximum reservoir outflows used by the
NPRWUM.

18



Seminoe

Kortes
Fixed: 4.6 kaf

Seminoe - Pathfinder Water Movement Rule
Oct-May: Based on Seminoe EOM Content
Jun-Sep: Based on Seminoe-Pathfinder Storage Balance
Modeled Minimum Flow: 650 cfs

Pathfinder

Alcova
Fixed:
Oct-Mar: 156.0 kaf
Apr-Sep: 179.5 kaf

Gray Reef
Fixed: 1.3 kaf

Pathfinder - Glendo Water Movement Rule
Oct-Apr: Based on Target Restorage Space in Glendo
May-Sep: Based on Downstream Demands
Modeled Minimum Flow: 500 cfs

Glendo
Target:
Match Historic Annual Hydrograph

Glendo Dam Low Flow: 25 cfs

Guernsey
Fixed:
Oct-Mar: No Target
Apr-June: 35 kaf
Jul-Aug: 30 kaf
Sep: 2 kaf

Figure 2.4.4 Water Movement Rules for Reservoirs on the North Platte
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Table 2.4.3 Canal Capacities

Canal/Ditch ’ Capacity (cfs)
Tri-State Canal 1,475.0
Grattan Ditch 24.0
North Platte Ditch 75.0
Rock Ranch Ditch 70.0
Pratt-Ferris Ditch 22.0
Burbank Ditch 5.0
Torrington Ditch 54.0
Lucerne Ditch 74.0
Narrows Ditch 3.3
Mitchell-Gering Canal 370.0
Interstate Canal 2,100.0
Fort Laramie Canal 1,550.0
Casper Canal 600.0

Because gains occurring in the river between Guernsey Reservoir and Tri-State Dam cannot be captured
or controlled, these gains cannot be assumed to be 100% usable to meet demands. As a Result, the NPRWUM
allows the model operator to choose what percent of the gains in the river between Guernsey Reservoir and Tri-
State Diversion Dam are used to satisfy demands during the irrigation season in the Guernsey to Whalen and
Whalen to Tri-State Reaches. Therefore, a portion of the demands between Guernsey Reservoir and Tri-State
Dam are satisfied with a percentages of the Guernsey to Whalen and Whalen to Tri-State Gains. These gain
utilization factors are set by the model operator in the reservoir operations data file (adata(1,J) and adata(2,J)).
The remaining unsatisfied demands are used to determine the required outflow from Guernsey Reservoir. The
factors used in the NPRWUM were determined in the calibration process. These factors are only applied to the
gains in reaches No. 1 (Table 2.4.2) and No. 2 (Table 2.4.3) in the irrigation season (May - September).

Table 2.4.4 Gain Utilization Factors - Reach No. 1

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.95 0.95 0.95 0.95 0.95

Table 2.4.5 Gain Utilization Factors - Reach No. 2

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.90 0.90 0.90 0.90 0.90

2.4.3 Bank Storage-Seepage Functions

Bank Storage and Seepage have been modeled for Seminoe, Pathfinder, Glendo, and Guernsey Reservoirs
and the ldealized Inland Lakes. Bank Storage is the percent of an increase in reservoir storage that

20



Table 2.4.6 Maximum and Minimum Reservoir Contents
in Thousands of Acre-Feet (kaf)

Reservoir Maximum Minimum
Seminoe 1017.27 0.551
Kortes 4.74 3.20
Pathfinder 1016.51 0.007
Alcova 184.41 "136.50
Gray Reef 1.80 0.06
Glendo "'789.41 "63.14
Guernsey 45.61 0.00
* Minimum for NPRWUM purposes physical minimum =
0.091 kaf

hlad Includes 517.49 kaf conservation pool and 271.92 kaf flood
pool

Hrx Minimum pool for power

filters into the soils surrounding a reservoir. This water is stored in the bank of the reservoir to be released with a
decrease in reservoir storage. Water stored in bank storage is released at the same rate it was stored. Seepage is
water that filters into the soil surrounding a reservoir that does not return to the reservoir. In the NPRWUM, the
rates of bank storage for each reservoir are constants set in cdata(22-31) and the seepage values for each reservoir
are allowed to vary for each month (hdata(7-11,1,J)). Modeling reservoirs in this manner allows the reservoir
gain/loss to fluctuate with any changes in reservoir content calculated by the model.

Table 2.4.7 Target Minimum Reach Flow Used in the NPRWUM

Target Minimum Flow

Reach Input Item
Required Used

Kortes - Pathfinder 500 cfs 650 cfs cdata(32)

Pathfinder - Alcova 0 cfs 0 cfs adata( 9)

Alcova - Glendo 330 cfs 500 cfs cdata(39)

Glendo - Guernsey 25 cfs 25 cfs adata(10)
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Table 2.4.8 Maximum Reservoir Outflows Used in the NPRWUM (cfs)

Power Plant Outlet Spillway

Reservoir Capacity Capacity Capacity
Seminoe 4,200 48,500
Kortes 3,000 60,000
Pathfinder 2,320 3,000 65,000
Alcova 4,000 55,000
Gray Reef 20,000
Glendo 3,400 6,600 10,335
Guernsey 1,340 50,000*
---- Indicates that the Dam has no such structure
* Capacity of north spillway

2.4.4 Guernsey Reservoir Operation

The NPRWUM operates Guernsey as a semi-fixed reservoir that attempts to meet target end-of-month
contents in April through September. The target contents are shown in Table 2.4.7.

Table 2.4.9 Target for Minimum Contents in Guernsey Reservoir (kaf)

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
NT NT NT NT NT NT 35.0 35.0 35.0 30.0 30.0 2.0
NT = No Target

No Guernsey Reservoir target is set for October through March. During this period, water will be
released from Glendo Reservoir (in excess of the Glendo low flow release) to increase Guernsey storage for
release to the ldealized Inland Lakes in October and April and for storage releases to CNPPID. Therefore, the
Glendo to Guernsey reach gain, the Guernsey bank storage-seepage, and the Glendo low flow release are the only
flow filling Guernsey Reservoir during October through March. The target contents listed in Table 2.4.7 are
minimum targets (water will be released from Glendo Reservoir to keep Guernsey Reservoir content at or above
the target). The model also does not allow Guernsey Reservoir to go below its specified minimum content
(cdata(26); 0.0 kaf) or over its maximum content (cdata(18); 45.6 kaf) at any time.

The vacant storage in Guernsey Reservoir is kept at a maximum in October through March to prevent
Glendo low flow releases or high gains in the Glendo to Guernsey reach from causing Guernsey Reservoir to spill.
If the Guernsey Reservoir inflow is greater than the required outflow and Guernsey Reservoir is at maximum
storage, then water is spilled from Guernsey Reservoir. Water that is spilled from Guernsey Reservoir is in
addition to the amount of water needed to meet the demands and eventually passes Tri-State Dam. No conveyance
losses are specifically assessed to water that is spilled from Guernsey Reservoir other than losses inherently
contained in the historic gain/loss. In May through September, the required Guernsey Reservoir inflow
(unsatisfied irrigation demands and water to meet the Guernsey target) is used to establish the required Glendo
Reservoir outflow.
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2.4.5 Glendo Reservoir Operation

Glendo targets are calculated by the NPRWUM using guidelines set by the model operator in the
reservoir operations input file. The model operator determines the accuracy which the model must achieve when
attempting to meet the Glendo target calculated by the model. The accuracy is set using cdata(56) (percent of the
Glendo target to achieve) in the reservoir operations input file. For example, if cdata(56) is set to 0.95, the model
will be satisfied if the Glendo end-of-month content is 95% or more of the Glendo target calculated by the model.
The model attempts to peak Glendo storage at 517 kaf (cdata(57)) by the end of May (cdata(54)). In addition, the
model attempts to reach a storage of 80 kaf (cdata(58)) in Glendo by the end of September (cdata(55)). Beginning
in March (cdata(53)), the model calculates monthly targets to reach these goals smoothly without abrupt changes in
reservoir content. When the model calculates the flow needed to meet the Glendo target for the next month, it
includes the probable Gray Reef to Glendo Gain (adata(8,J)). Glendo Reservoir must also operate between the
specified minimum and maximum content (conservation capacity).

The inflow to Glendo Reservoir is the sum of the Alcova to Glendo gains, the Glendo Reservoir bank
storage-seepage, and releases from Gray Reef Reservoir. During the irrigation season, releases from Gray Reef
Reservoir include: the irrigation demands unsatisfied with flow from either Glendo or Guernsey Reservoirs; any
flow needed to keep Glendo and Guernsey reservoirs at their desired targets; and any flow needed to maintain the
minimum flow past Casper (cdata(39)). During the non-irrigation season, the Gray Reef outflow set by the model
(Section 2.4.5.2) is the release from Gray Reef Reservoir. Releases from Glendo include: the Glendo low flow
release, seepage below Glendo Reservoir, and deliveries to the Idealized Inland Lakes and storage deliveries
CNPPID during the non-irrigation season; and deliveries to satisfy downstream demand (flow requested by
Guernsey Reservoir to maintain the Guernsey Reservoir target content and to meet any downstream demands
unsatisfied from Guernsey Reservoir) during the irrigation season. The Glendo low flow release (adata(10,J)) and
the seepage below Glendo Dam (adata(3,J)) are specified by the model operator in the reservoir operations input
data file.

2.4.5.1 Glendo Flood Pool

The Standing Operating Procedures (SOP) for the Glendo Reservoir limit the combined discharge capacity
of the powerplant and outlet works to 10,000 cfs under Glendo flood control operations. In the NPRWUM, the
limit for the combined discharge capacity can be change by the model user by adjusting the value in cdata(50).
Therefore, the criterion for use of the flood pool is to maintain flood releases at the value set in cdata(50) or less
below Glendo Reservoir. To improve the operation of Glendo Reservoir flood pool, the combined discharge
capacity was reduced to 7,000 cfs (3,400 cfs through the powerplant and the remainder through the outlet works).
If Glendo's inflow plus the current content is greater than the conservation capacity and discharge capacity is not
exceeded, the excess water is released to Guernsey Reservoir and Guernsey Reservoir is reoperated. If Glendo’s
inflow is greater than its discharge capacity and the conservation capacity is exceeded, the flood pool will hold the
additional water until it can be released in the following months. Appendix D contains a detailed description of the
Glendo outlet works restrictions.

2.4.5.2 Gray Reef Outflow for the Non-Irrigation Season

To track the movement of Pathfinder and Glendo (stored in Pathfinder Reservoir) ownerships from
Pathfinder Reservoir to Glendo Reservoir during the non-irrigation season (October through April), two options
are available to the model operator. In the first method (Method A), the model operator sets a Glendo restorage
space target (up to 334.24 kaf maximum). This target is the amount of water (stored above Gray Reef Dam) in
addition to the Glendo ownership stored above Alcova the user wants moved to Glendo Reservoir during the non-
irrigation season (provided sufficient North Platte Pathfinder and Glendo ownership is available above Alcova).
The water is used to generate power at the Seminoe, Kortes, Fremont Canyon, and Alcova power generation units
and is restored in Glendo Reservoir (provided the space is available in Glendo Reservoir). The restored water is
released to satisfy irrigation demands during irrigation season. By setting the target to a value less than the
maximum (334.24 kaf) storage space will remain in Glendo Reservoir when the irrigation season begins. This
storage space can be used to store high gains that often occur below Gray Reef Dam early in the irrigation season
(provided a right is in priority to store the water or the decision is made to allow excess storage in the system).
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The NPRWUM compares the physical storage available in Glendo Reservoir, the North Platte Pathfinder
(North Platte Pathfinder Storage plus the minimum expected winter inflow above Alcova; (Figure 2.4.2)) and
Glendo (stored in Pathfinder Reservoir) ownership available above Gray Reef Dam on October first (Figure
2.4.3), and the Glendo restorage space target. Of these three values, the lowest or minimum value is selected
(Figure 2.4.4). The value selected is divided by seven (7) (to achieve the amount that can be released for each of
the seven winter months) and compared to the minimum Gray Reef Outflow (cdata(39) converted to kaf; 330 cfs
minimum) set in the reservoir operations input file. The highest or maximum value from the second comparison is
what is released each month for power production during the winter (Figure 2.4.5).

Minimum Expected Inflow Above Seminoe (October - April)
+ Minimum Expected Sweetwater