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General Flow Analysis

Introduction

An instream flow request was filed by the Wyoming Water Development
Commission (WWDC) at the request of the Wyoming Game and Fish Department
(WGF) for a reach of Rock Creek, tributary to the Medicine Bow River. The feasibility
of an instream flow request must be determined through independent analysis. The
WWDC contracted Lowham Engineering LLC of Lander, WY to perform an analysis of
the Rock Creek instream flow request.

The instream flow reach on Rock Creek covers approximately 3.9 stream miles
and is located just upstream of the U.S. Geological Survey (USGS) streamflow gage near
Arlington, WY. The reach extends from the NE Y4 NE % of Section 15, T18N, R79W, to
the north boundary of the NE % NE % of Section 36, T19N, R79W. The requested
instream flow amounts are presented in Table 1 from the permit application to the
Wyoming State Engineer’s Office (see Appendix A). A topographic based map of the
instream flow location is presented in Figure 1 and a schematic of the tributary sequences
showing locations of diversions and pertinent features is presented in Figure 2. An
overview topographic based map can be found in Appendix B.

Table 1. Instream flow request for Rock Creek (cfs)

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

21 17 15 13 13 13 30 60 60 21 21 21
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Figure 1. Location of the instream flow request on Rock Creek
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Water Rights

A search for water rights on Rock Creek above the USGS streamflow gage was

completed. A summary of the water rights are presented in Table 2.
Table 2. Water rights summary above the USGS Rock Creek gage

1902

P4090D | Carlson Auxiliary Ditch 12.86 cfs Carlson Creek
P4090D | Carlson Auxiliary Ditch 1902 | ADJ-SUP | 80 1.14 cfs Carlson Creek
P4090D | Carlson Auxiliary Ditch 1902 ADJ 315 4.50 cfs Carlson Creek
P4090D | Carlson Auxiliary Ditch 1902 | ADJ-SUP | 167 2.39 cfs Carlson Creek
P19646D | Sand Lake Resort Ditch 1941 ADJ - 0.1cfs Deep Creek
P19647D | Sand Lake Campground Pipeline 1941 ADJ - 0.3 cfs Deep Creek
P6136R | Sand Lake Reservoir 1954 ADJ - 1105.1 ac-ft | Deep Creek

D - Ditch; R - Reservoir; ADJ - Adjudicated; SUP - Supplemental

The Sand Lake Resort Ditch and Campground Pipeline account for a combined

discharge of 0.4 cfs for domestic use, and were not included in the analysis. The resort

has been abandoned for some time and none of the buildings are present at this location.

Flow Records

Streamflow data from the USGS 06632400 gage, Rock Creek above the Cafion
Ditch, near Arlington, WY were used to characterize the historic flows in Rock Creek.

The gage has a record of streamflow data from 1954 to the present, with a drainage area

of 62.9 square miles. Streamflow data from 1954-1965 were adjusted to account for

diversions in Cafion Ditch, before the gage was moved upstream of the ditch (Swanson et

al., 2000; see Figure 2). The USGS reports (incorrectly) that there are no diversions

upstream of the gage. However, they do note that minor regulation in runoff can be

attributed to seasonal releases from Sand Lake Reservoir (Swanson et al., 2000).

Historical monthly discharge data downloaded from the USGS website are presented in

Table 3.

Table 3. Mean monthly flows for USGS 06632400, Rock Creek

Oct | Nov | Dec | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep
16 13 11 10 9.8 10 23 232 | 466 | 115 28 20

A search for the water rights on Rock Creek found active rights for 17.36 cfs of

direct flow, 3.53 cfs of supplemental flow, and 1105.1 ac-ft of storage. The flow rights




are included in the Carlson Auxiliary Ditch, which transfers water from Carlson Creek, a
tributary of Rock Creek, into Wagonhound Creek to the northwest (Figure 3). Historic
discharge records are not available for this ditch based on communication with the State
Engineer’s Office Board of Control representative for the area, Rod Oliver (Personal
Communication, September 2007). Flow in Carlson Creek was estimated at 0.5 cfs
during a site visit on September 21, 2007, or approximately five percent of the flow
recorded at the USGS gage on Rock Creek during the same time period. A drainage area
ratio of Carlson Creek above the point of diversion to Rock Creek at the gage is also
approximately five percent. For this study it was assumed that the estimated diversion
out of Carlson Creek was approximately five percent of the discharge at the gage, up to
the full appropriation. Since the diversion transfers water out of the Rock Creek basin,
return flows would not occur.

Storage rights also exist in the Rock Creek drainage in the Sand Lake Reservoir.
Sand Lake Reservoir is used by the Wheatland Irrigation District to provide water to the
Caiion Ditch for irrigation. Operation of the Sand Lake Reservoir typically entails
releasing water beginning around June 21* at a rate of 40 cfs, plus any inflow into the

reservoir. The reservoir is most often drained by the 15" of July.
IS EASE o OB . - i -~ s

Figure 3. Point of diversion for the Carlson Auxiliary Ditch on Carlson Creek



Hydrology
The USGS 06632400 Rock Creek streamflow gage data were considered to be an

accurate representation of the flows in Rock Creek. A check measurement was made on
September 21, 2007, by Lowham Engineering LLC to verify the gage rating. A
discharge of 8.78 cfs was obtained through a direct measurement of Rock Creek at the
USGS gage direct measurement location (Figure 4). Real-time data obtained from the
USGS website for the Rock Creek gage during the time of the measurement reported a
discharge of 9.4 cfs, as shown in Figure 5.

The discharge measurement was considered poor due to large rocks affecting flow
at the gaged section, but was within eight percent of the USGS recorded discharge. This
is within the range of measurement error for a rating of “fair” based on USGS
methodology. Therefore, the USGS gage data at Rock Creek were found to be accurate

based on the discharge measurement and no correction was deemed necessary.

Figure 4. Gaged cross section on Rock Creek
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Figure 5. USGS real-time data for September 2007
Storage in Sand Lake Reservoir may impact the virgin flows and impart some
regulation on Rock Creek. In addition to providing flows for irrigation, regulation of

Sand Lake Reservoir also benefits instream flows.

Unappropriated Direct Flow Analysis

Summary

An analysis of the unappropriated flows on Rock Creek was completed to
determine the feasibility of an instream flow request. Mean monthly streamflow data
were used to determine the unappropriated flow during an average year, the driest year,

and the driest months. A summary of the flows are presented in Table 4.

Table 4. Summary of mean shortage/surplus flows in Rock Creek (cfs)




An exceedance analysis was also completed to determine what percent of the
unappropriated flows would be exceeded by the requested flow. Fifty percent
exceedance is of particular interest to the WWDC to determine the feasibility of the

request. Table 5 summarizes the findings of the exceedance analysis.

Table 5. Summary of exceedance analysis

Mean Monthly Flow Analysis

The mean monthly flow analysis for the Rock Creek instream flow reach was
adjusted for two upstream diversions: Carlson Auxiliary Ditch and Sand Lake Reservoir.
Flow in Carlson Creek was estimated to provide five percent of the flow in Rock Creek at
the USGS streamflow gage, as described in the “Flow Records” section. The
appropriations of Carlson Ditch were assumed to be equal to the flow in Carlson Creek,
up to the maximum permitted amount. Appropriated flows in Carlson Creek were
subtracted from the Rock Creek USGS streamflow gage mean monthly flows for the
irrigation months of June through September. Storage in Sand Lake Reservoir was
converted to a flowrate and similarly subtracted from the mean monthly value for June.
Table 6 summarizes the mean monthly flow analysis and Figures 6 and 7 give a graphical
representation of the data.

Table 6. Mean monthly flow analysis for Rock Creek (cfs)

ErvE S G S =

2

| 100 | 98 100 [23.0 [ 2320 | 466.0 | 1150 | 280 | 20.0 | 16.0 | 13.0 | 11.0

e

0.0 0.0 00 | 0.0 0.0 39.5 5.8 14 1.0 0.0 0.0 0.0

100 | 9.8 |10.0 | 23.0 | 232.0 | 426.5 | 109.2 | 26.6 | 19.0 | 160 | 13.0 | 11.0

13.0 | 13.0 | 13.0 [ 300 | 60.0 | 60.0 | 21.0 | 21.0 | 21.0 | 21.0 | 17.0 | 15.0

30 | -32 | -3.0 | -7.0 | 172.0 { 3665 | 882 | 56 | 20 | -5.0 | 4.0 | 4.0

) | -184 | -178 | -184 | -417 | 10576 | 21811 | 5425 | 344 | -118 | -307 | -238 | -246

* Flows available for appropriation for the Carlson Aux. Ditch were estimated at 5% of the Rock Creek gaged flow



450

400
350
300
g 250 =
= 20
150 Nt
Jm Feb Mar Apr May Jun Jul  Aug  Sep  Oct Nov  Dec

8 Unappropriated Direct Flow 8 Requested Direct Flow

Figure 6. Mean monthly flow analysis for Rock Creek (direct unappropriated flows)
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Figure 7. Mean monthly flow analysis for Rock Creek (surplus/shortages)

Driest Year Monthly Flow Analysis

The driest year monthly flow analysis was completed using data from the USGS
streamflow gage on Rock Creek. The driest year on record for this gage occurred in
2002. Table 7 summarizes the driest year monthly flow analysis and Figures 8 and 9 give
a graphical representation of the data.



Table 7. Driest year monthly flow analysis for Rock Creek (cfs)

* Flows avaxlable for appropriation for the Carlson Aux. Ditch were estimated at 5% of the Rock Creek gaged flow
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Figure 9. Driest year monthly flow analysis for Rock Creek (surplus/shortages)

Driest Month Flow Analysis

Oct

Nov

Dec

The driest month flow analysis was completed using the driest monthly flow on

record for that particular month. Table 8 summarizes the driest monthly flow analysis

and Figures 10 and 11 give a graphical representation of the data.

Table 8. Driest month flow analysis for Rock Creek (cfs)

2002

horTtase/Surp AC-| -430 | -413 | -390 | -1137 | -43

1995
60 | 56 | 6.7 | 109 | 593 | 140.7 | 213 | 94 7.2 7.7 57 | 6.6
0.0 [ 00 | 0.0 0.0 00 | 256 | 11 0.5 0.4 0.0 00 | 0.0
60 | 56 | 67 | 109 | 593 | 115.1] 202 | 89 6.8 7.7 57 | 6.6
13.0 { 13.0 | 13.0 | 30.0 | 60.0 | 60.0 | 21.0 | 21.0 | 21.0 | 21.0 | 17.0 | 15.0
170|714 64 |-191]-07 | 551 | -08 |-12.1}-142|-13.3|-11.4 | -84
3278 | -47 | -743 | -843 | -817 | 675 | -514
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* Flows available for appropriation for the Carlson Aux. Ditch were estimated at 5% of the Rock Creek gaged flow
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Figure 10. Driest month flow analysis for Rock Creek (direct unappropriated flows)
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Figure 11. Driest month flow analysis for Rock Creek (surplus/shortages)

Flow Shortage and Storage Analysis

A flow shortage analysis was performed on the Rock Creek instream flow reach

to determine if reservoir storage could be used to store surplus flows to release during

12



flow shortages. Shortages were determined for all three scenarios: average year, driest
year, and driest month. Tables 9-11 show the shortage and storage analysis for Rock
Creek. Shortages could be stored during the average year and the driest year, but would
not be possible during the driest month.

Table 9. Average year flow shortage and storage analysis for Rock Creek (acre-feet)
HEE : f or !‘ F
-184 | -417 | 10576 | 21811 | 5425 344 -118 -307 -238 -246
0 0 0 10576 | 32386 | 37812 | 38156 | 38038 | 37731 | 37493 | 37247
36885 | 36700 | 36284 | 46859 | 68670 | 74095 | 74440 | 74322 | 74014 | 73776 | 73530
73168 | 72984 | 72567 | 83143 | 104954 | 110379 | 110723 | 110605 | 110298 | 110060 | 109814
Storage Required = 1872  ac-ft Target storage can be met

Table 10. Driest year flow shortage analysis for Rock Creek (acre-feet)

P — = -
& B Ry

1 -283 | -311 | -381 | -809 | 3960 | 3278 | -47 -743 | -843 | -749 | -538

0 0 0 0 3960 [ 7238 | 7191 | 6448 | 5605 | 4856 | 4318 | 3868
ResOp2ndyr | 3585 | 3274 | 2893 | 2084 | 6044 | 9322 | 9275 | 8532 | 7689 | 6940 | 6402 | 5952
ResOp 3rd w 5669 | 5358 | 4977 | 4168 | 8128 | 11406 | 11359 | 10616 | 9773 | 9024 | 8486 | 8035
Storage Required = 5154 ac-ft  Target storage can be met

]

Table 11. Driest month flow shortage analysis for Rock Creek (acre-feet)

RS R
5 25

430 | -413 | -390 | -1137 | -43.0 | 3278 | 47 | -743

0 0 0 0 0 | 3278 | 3231 | 2488
s O0p2ndyr. | 0 0 0 0 0 | 3278 | 3231 | 2488
ResOp3rdyr | 0 0 0 0 0 |3278|3231{2488 | 1645| 828 | 153 | 0
Storage Required = 6053 ac-ft Target storage can not be met

A storage facility already exists on a tributary of Rock Creek. The Sand Lake
Reservoir on Deep Creek is used for storage of irrigation water. Releases from the Sand
Lake Reservoir typically occur in late June. For the average year, storage of 1872 ac-ft
(Table 9) would be required to provide the requested instream flows throughout the year.
The capacity of this reservoir is less than the storage required to make up for the instream
flow shortages during the average year. Different goals may also include different
release strategies, which most likely would not be accepted if the reservoir were to be
used to provide instream flows. Construction of new storage facilities would be difficult

due to the steep terrain and the numerous appropriations with senior rights downstream

13



on Rock Creek. A location was chosen just upstream of the instream flow reach for a
potential storage facility (see Figure 2). The facility would need an approximate dam
height of 90 feet to store the average year shortages of 1872 ac-ft.

Daily Flow Exceedance Analysis

A daily flow exceedance analysis was completed to determine the percentage of

unappropriated flows that exceed the requested instream flow. The WWDC considers an

instream flow request feasible if the requested flow is available from unappropriated
flows at least fifty percent of the time. A summary of the exceedance analysis is

presented in Table 12. Graphs of the exceedance analysis for each month are presented

in Figures 12-23.

Table 12. Summary of the daily flow exceedance analysis

equested Direct Flow (cfs) | 13 | 13

30

60

60

21

21

21

: 13 21 17 | 15
WercentTaceedance. | 161 | 148|150 | 196 | 77 | 95 | 892|472 [ 260|195 | 182 | 159
50% Fxcecdanee (ct . | 97 | 90 | 96 | 170 | 160 | 371 | 582 | 20.6 | 140 | 140 | 12.0 | 100
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January Daily Flow Exceedance, Rock Creek
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Figure 12, January daily flow exceedance for Rock Creek

February Daily Flow Exceedance, Rock Creek
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Figure 13. February daily flow exceedance for Rock Creek
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March Daily Flow Exceedance, Rock Creek
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Figure 14. March daily flow exceedance for Rock Creek

April Daily Flow Exceedance, Rock Creek
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Figure 15, April daily flow exceedance for Rock Creek
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May Daily Flow Exceedance, Rock Creek
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Figure 16. May daily flow exceedance for Rock Creek

June Daily Flow Exceedance, Rock Creek
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Figure 17. June daily flow exceedance for Rock Creek
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July Daily Flow Exceedance, Rock Creek
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Figure 18. July daily flow exceedance for Rock Creek

August Daily Flow Exceedance, Rock River
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Figure 19, August daily flow exceedance for Rock Creek
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September Daily Flow Exceedance, Rock River
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Figure 20. September daily flow exceedance for Rock Creek

October Daily Flow Exceedance, Rock Creek
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Figure 21. October daily flow exceedance for Rock Creek
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November Daily Flow Exceedance, Rock Creek
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Figure 22. November daily flow exceedance for Rock Creek
December Daily Flow Exceedance, Rock Creek
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Figure 23. December daily flow exceedance for Rock Creek
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Conclusions

The mean monthly flow analysis indicates that shortages will occur throughout
most of the year for the instream flow request. The requested flows will only be met for
a couple of months during late spring and early summer for the driest year and driest
month analysis. The daily flow exceedance analysis indicates that the requested direct
flow exceeds less than fifty percent of the unappropriated flows for August through April.
Only the May, June, and July unappropriated flows are sufficient to provide the requested
instream flow amounts.

Secondary Storage Analysis

No secondary storage rights exist above the instream flow reach on Rock Creek
that could be used to supplement the shortages in the instream flow request.
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Appendix A — Instream Flow Request - Wyoming State
Engineer’s Office Temporary Filing Number 33 1/276
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NOTE: Do oot fold this form, Use type-
Rev. 1)-1959 w:h‘&r m? print neatly with black
PV 040 LabklbS Aool i
$v.00 STATE OF WYOMING
e lvelow OFFICE OF THE STATE EXGINEER
APPLICATION FOR PERMIT TO APPROPRIATE SURFACE WATER
Filing/Priority Date
THE STATE OF WYOMING, } ss
STATE ENGINEER’S OFFICE :
“This msmmem was receh ed and filed for record onthe _16th day of . June
B o Rt
‘ Jo}aﬁ ®. BARKES for State Engineer
Recorded in Book of Ditch Permits, on Page” .
FeePaid$__ 50.00  MapFited __E
9 Temp.
WATER DIVISION NO. ! DISTRICT NO. ' Filing No. __33 1/276
PERMIT NO.

NWAME OF FACILITY Roclk Creek Tnabream Flow

1. Name(s), mailing address and phone.no. of applicant(s} isfare ___¥yoming Warer Nevelopment Commission
6920 Yellowtail A9, )
Chevenne, Wyoning. 82009 A07~FTI=THIR

{1 misce iban G applicas, disigsals vee K 850 AgE I the atbers).

2 Name & address of agent to receive correspondcact and notices _ Wyoming Cane S Eish Comsisgion
4 N ‘. 82008

3. (a) The use to which the wén:r is to bie applied is INSTREAM FLOW

(b} I more than one beneficial use of water is-applied for, the location and ownership of the point of use must be showi in item. 10 of
the application and the details of the facilities used'w divert and convey the appropriation must be shown on the map in sufficient detail
to allow the State Engincer to establish the-amount of appropristion. In multiple use applications, stock-and domestic purposes are limited
10 8:056 cubic feet per second.

4. The source of the proposed appropriation is __ Rnck Cresk, Trih. Medicioe 8ow Biser, Trib. North Platre R§

SThe Segment of Instream Flow Is from the confluence of drainages in

yorsieR ok shernramosed woskadniocied diste
) - - . ; to. the
fomthe g 3 NrF L corner of Section 13 T, 18 NLR__28 W.,}a@ﬁxm&x
Nnrih Bousdary. of rhe NEL bﬁi of Section __a5 T 19 NLR.__79
Lot Block Subdivision Name

6. Are any of the lands crossed by the proposed facility owned by the State or Federal government? 1f so, describe lands and indicate
whether State or Federally owned,
Section 36, TIYN K79 M Stare Land. AL

Section 2. TIBN, R7% W Federal - ALl
Sectdion 10 M n "
Sectiong. 11, 15 N ol "
7. The carrying capacity of the ditch, canal, pipeline or other facility at the point of diversion Is_See Remarks - cubic
feet per second,

8. The accompanying map is prepared inaccordance with the State Engineer’s Manual of Regulations and Instructions for filing appli-
cations and is hereby declared a part of this application. The State Engineer may require the filing of detailed construction plans,

9. The estimated time required for the completion of construction s 30 Days , and 1o complete the
application of water to the beneficial uses stated in this application i __30 Days from . digu

Permit No, age No.

{Lesve Blank)



1 The land to be irrigated under this permit is described in the following tabulation. (Give imrigable acreage in cach 40-acre ;ubfiivif*.ion.
Designate ownership of land, Federal, State or private. 1f private, list names-ol owners-and land owned separately.) Ifapplication is for
stock, domestic, or for purposes other than Irrigation, indicate point of use by 40-acre subdivision and bwner,

NEY NW SW4 SEY

Township] Range | See, | NI | NWWESWIA | BEW | NE% INW% | SW% | SEW | NES [NWA | SWIA | SEW | NEV [NWY | SW3 PSEA | TOTALS

L9 | 79w |28 . 1x B
35 X X
18% | 7oy | 2 L.2 L] BlX X
il X X
ig X X %
150X

Number of acres to receive original supply
Number of acres to receive supplemental supply
Total number of acres o be irrigated
REMARKS

—distrean. Flow Requested: Natural divect flows are requested for the following amounte...
Up. Tos ;
21 CES From Qct. 1oto 31, Up to 17 ¢fs for
Up Lo 13 CFS Jan, 1 te March 31

Up to 30 CES Spril 1 to Aprdil 30; Up to 60 CFS Mav. .l bo Jupe 30
Dp.to 21 CRY fream July | to Sept. 30

Base on_ a study in 1997 by the Wvoming Game & Fish Department,

Linder penalties of perjury, | declare that I have examined this application and w the best of my knowledge and belief it is true, correct
and complete,

Signnture oﬁﬁpﬁz’mz or Agent
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Appendix B — Rock Creek — Carbon and Albany Co., WY -
Topographic Overview Map
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