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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 ~ 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 tnbutary 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 tlow request for Rock Creek (cis) 

Oct Nov Dee I Jan Feb Mar Apr May Jun Jul Aug Sep 
21 17 15 I 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 

l 
l 

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 Canon 

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 

of62.9 square miles. Streamflow data from 1954-1965 were adjusted to account for 

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

aI., 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 ai., 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 I Aug I Sep I 
16 13 11 10 9.8 10 23 232 466 115 I 28 I 20 I 

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 
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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 

Canon Ditch for irrigation. Operation of the Sand Lake Reservoir typically entails 

releasing water beginning around June 21 st at a rate of 40 cfs, plus any inflow into the 

reservoir. The reservoir is most often drained by the 15th of July. 

Figure 3. Point of diversion for the Carlson Auxiliary Ditch on Carlson Creek 
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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 of8.78 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 of9.4 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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• USGS 
USGS 06632400 ROCK CREEK AB KING CANYON CANAL, NR ARLINGTON, WY 

38.8 r-----~~------------------~------------------__, 

6. 

Discharge 
Measurement 

8.8 ~----------------------------------------------~ Sep 17 Sep 18 Sep 19 Sep 28 Sep 21 Sep 22 Sep 23 Sep 24 

---- Provisional Data Subject to Revision ----

6. Hedian daily statistic (52 years) - Discharge 

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) 
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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 fmdings 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) 

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

Oct Nov Dec 

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

* Flows available for appropriation for the Carlson Aux. Ditch were estimated at 5% of the Rock Creek gaged flow 
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Figure 8. Driest year monthly flow analysis for Rock Creek (direct unappropriated flows) 
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Figure 9. Driest year monthly flow analysis for Rock Creek (surplus/shortages) 

Driest Month Flow Analysis 

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) 

* 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 
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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) 

Storage Required = ac-ft Target storage can be met 

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

Storage Required = 5154 ac-ft Target storage can be met 

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

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 
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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 now exceedance analysis 
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Figure 13. February daily flow exceedance for Rock Creek 
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Figure 14. March dally Dow exceedance for Rock Creek 
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Figure 15. April daily Dow 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 
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Figure 17. June daily Oow exceedance for Rock Creek 
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July Daily Flow Exceedance, Rock Creek 
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Figure 18. July daily now exceedanee for Roek Creek 
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Figure 19. August dally now exeeedanee for Roek Creek 
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Figure 20. September daUy now exeeedance for Rock Creek 

100 

90 

80 

70 

- 60 
~ u 

50 --~ 
c 
E 40 

30 

20 

10 

0 

October Daily Flow Exceedance, Rock Creek 

l 

'-
• ~-- -

-o 
'#. 

-- - • - - -

Percent exceeded 

- - - -
00 
o 
'#. 

-

-

- - I Requested Flow -Unappropriated Flow 

Figure 21. October dally now exceedance for Rock Creek 
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Figure 22. November daily now exceedaDce for Roek Creek 
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Figure 23. December daily now exceedanee 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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to allow tne State Engineer to establish the amOUJ1{ ofappropdatkm. In multiple use applicatiofl$, stock and domestic purposes are limited 
to 0 .. 056 cubic reet p-er scc(md. 

4. The source Qfthe proposed appropriatlon is Belck Creek. Trjb Ned 1 d Oi> now Rivnr I Trib North Pl"'te Rj 

_ ........... ___ V-l. 

Section 2. lIeN. 879 W Fedeyal - All 

C!ecti()plfl 11 

SgctjpflfL J I 15 If 

1, The carrying capacity of the ditch. canal. pipeline or other facility at the point of divcrsiotlt5 See Remarks 
feet per second. 

cubic 

S, The accompanying map is prepared inaecordance 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 .is _ .... 30""._D""'a....,v~s ..... ·· _______ ---', ahdto complete the 

application or water to the beneficial uses stated in this appli<:ationis 10 Days fr¢w .'[ .iOnO 

l'ennliNo. ________ _ Page No. _____ _ 

(Lca~t Blank} 



10. The land to be irrigated under this p<:rtnit is described in the following tabulation. (Give irrigable acreage in each40-acte subdivision. 
Designate ownership ofland, Federal, State or private. Ifprivlltc, Ilst uamcsofowners and land owned separately.) [fapplication is for 
stock, domestic, or for purpQsesothcr than irrigation, indica!\! poInt of use by 40-acre subdivision and owner. 

Township Rang!: Sw, NE',I;; 1'1\VV. sw~~ SI;;.'I. NPt. NWV. 

IgN 7QW '~6 '.( ~~. 

'F; 

18N 7qlJ ') L.2 

11 X 

H1 X 

n, y 

Instrealll Flew Rc~ue6tetl; Natural 
up TQi 

S\\/'/; SE'!. 

X 

y 

swv. SEY'( 

NE\4 NWV. S"Yt!~/. SE't. NEY~ NWV. SW~'~ SEY. 

y X 

X V 

+ X 

y 

Number of acre,,) to receive nrigInal supply 

Number ohcres to receive supplemental supply 

Total number of acres to be irrigated 

REMARKS 

l'OTALS 

21 CFS frqm Oct. 1 tf' 31. up to 17 cis foX Noy.] to New. 3Q. up to 1''\ d", for Dec.1 to DEt? 

Up tp 13 CFS Jcm. 1 to Harch 'q 
Up to 30 CPS Avril J tq ADd lW; Up to 6Q crs Nay I tp ,hwe ]() 

Tlp to 21 CES from. Tnl)' I to Sept 30 

-.-::rht;se aDlQunts are rel1t1Mred thrpu~hQut the reach SC)!ment whenever they are nSlturallx 

avallable durin\! the seasons specH led to maintain or iIlan:oY<l habitat fur8.a lrtbow TrQut 

Base ana study in 1997 by ,~.~: WYoming Game b Fish Department. 

Under penalties of perjury, 1 declare that I have examined this application and to the best of my knowledge and belief it is true, correct 
and cQmplete~ 



TD'WNSHIP 19 NDRTH 

till. 

-~ 
f~Wt 

-.". --;.",. 

J..y 

f'-·_<loo<!·t_,,_) 
'P,,~.t~ 

$-~\.~ 

I 
~ __ ";t.-_.~~ ... ~ 

<$Wtf '" ~ {.~ 
~1~UM~.5 

MAP 
TO ACCOMPANY APPLlCAT!ON 

fOR 
ROCK CREEK INSTREAM fLOW 

APPUCMiT: 
WYOMING WATr:~ O£VELOPMENT COMMISS10t<l 
eno Y€U.OW$TON€ ROAP 
CHEYeNNE:. WYOMiNC 82009 

AGENT: 
WYOMINC CAM€: ,$( >lSH COMMISSION 
5400 BiSHOP 8l lID. 
CHffiNN£. WYOMINC 82006 



Appendix B - Rock Creek - Carbon and Albany Co., WY -

Topographic Overview Map 




	scan0001
	scan0002
	scan0003
	scan0004
	scan0005
	scan0006
	scan0007
	scan0008
	scan0009
	scan0010
	scan0011
	scan0012
	scan0013
	scan0014
	scan0015
	scan0016
	scan0017
	scan0018
	scan0019
	scan0020
	scan0021
	scan0022
	scan0023
	scan0024
	scan0025
	scan0026
	scan0027
	scan0028
	scan0029
	scan0030
	scan0031
	scan0032

