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In June of 1986 the Wom ng Water Research Center entered into an

agreement with the Wonm ng State Engineer's Ofice to assist in the
collection of field data, analysis and presentation of a sunmary and
recomendat i on concerning the stream channel conveyance |osses on Little
Horse Creek and Horse Creek near and upstream of LaGr ange, Wom ng.

The necessity of this study was to provide information that woul d
assist the State Engineer's Ofice and the Board of Control in
determining if a futile call for regulation of water exists on the
Springval e and Wod and Lykins diversions on Little Horse Creek for the
Brown and LaGrange diversion downstream on Horse Creek.

The three main objectives of the study were to:

1. Determine if water fromLittle Horse Creek, upon regul ation of
upstream di ver si ons, does reach the Brown and LaG ange diver-
si on.

2. Performa general reconnai ssance of the study area by | ooking
at the geol ogy and identifying contributing springs and seeps
al ong Horse Creek.

3. Performa dye study to confirmfindings of objective nunber one

and al so deternine tine of travel.

Study Location

This study was conducted in northeastern Laram e County and sout h-
eastern Goshen County. The study reach begins on Little Horse Creek at
t he Wbod and Lyki ns di version on the Hunter Ranch (S16- T18N-R62W and

continues 26 nmles downstreamon Little Horse Creek-Horse Creek to the



Brown and LaGrange diversion on the Johnson Ranch (S14-T19N-R61W. A

map of the study area is contained in Appendix I.

Little Horse Creek to its confluence with Horse Creek and Horse
Creek are neandering perennial streans with well defined channels In the
26 streamnile study reach. Large cottonwod trees are especially
promi nent along the stream banks in the first several mles downstream
fromthe Wod and Lykins diversion on Little Horse Creek-Horse Creek.
The entire reach is also covered with thick vegetation and shrubs and in

certain areas this vegetation overhangs the banks.

Revi ew of Previous Study

A previous study conducted for the period June 21, 1985 through
July 22, 1985 by M. Janmes Ward, Hydrographer-Conmm ssioner Division |,
District 2, and H L. "Toby" M skimns, Commissioner Division |, District
1 was reviewed. In this study attenpts were nade to nonitor precipi-
tation in the area and relate this to the streamflow in Horse Creek.

Exi sting nmeasuring devices at the Whod and Lykins diversion and the
Brown and LaGrange diversion were used to determ ne the discharge at
these points. Readings were taken froma 4' Cipoletti weir at the Wod
and Lykins diversion and froma 4' Parshall flunme in the Brown and
LaGrange ditch during the study period. Flows in Horse Creek just bel ow
U S. Hi ghway 85 above the confluence of Little Horse Creek were
estimated by visual observation. Precipitation gages were installed and
checked when precipitation events occurred in the area. Current neter
measurenents were taken four tines during the study period, twice at the
Brown and LaGrange ditch on 7-11-85 and 7-18-85 and twi ce on Horse Creek

(S18-T18N-R61W on 7-18-85 and 7-22-85. Notes on the Brown and LaG ange



4'" flunme Indicate that it was either partially or totally subnerged

during the latter part of the nonth-1ong study period.

Data fromthe 1985 study, according to the Board of Control,
appeared to be Inadequate for themto nake qualified judgnents
concerning regulation of Little Horse Creek for the Brown and LaG ange

di ver si on.

Alternatives to Previous Study

Upon nmaking a prelimnary field reconnai ssance of the study area
and reviewi ng nethods fromthe 1985 study. Water Center personne
di scussed various problenms that may have caused results of the previous
study to be Inadequate. Several alternatives were discussed to
all eviate these problens In order to achi eve nore accurate data;

1. Installation of continuous streanflow recorders instead of
peri odi ¢ checki ng of previous nmeasurenment devices. This
woul d provide informati on which could identify stormevents
thereby elinminating the need for precipitati on gages. The
amount of flow would be continuously recorded and tinme of
travel Intervals calculated fromthe recorder charts. In
talking with a local rancher, he explained that during high
preci pitation events he may divert his water tenporarily back
Into Horse Creek fromthe Rutl edge and Hel man ditch. Wth
continuous recorders this total flow could be accounted for
even if it occurred at night and/or for a short period of tine.

2. Installation of flunmes at two |ocations were considered
necessary. A flume Installation with continuous recorder on

Horse Creek above the confluence with Little Horse Creek woul d



gi ve accurate fl ow val ues being contributed to the study reach

(Appendix 1). In the 1985 study, flows were estimted just
bel ow H ghway 85 (S9-T18N-R62W. It was felt that neasurenents
In Horse Creek taken as close as possible to the confluence
with Little Horse Creek would be nore representative of flows
actually contributing to the total discharge. Another flune
with continuous recorder would be installed bel ow the Wod and
Lyki ns diversion to monitor flows In Little Horse Creek due to
| eakage past the diversion before regulation. It also would
give a check on the accuracy of the 4' Cipoletti weir used to
measure flows after release into Little Horse Creek

3. Anewrating section for the Brown and LaG ange ditch woul d be
devel oped and a continuous recorder set to nonitor flows
based on this new section. Upon Inspection it was noted that
the permanent 4' Parshall flune installation on the Brown and
LaG ange ditch was under conpl ete subnergence and it was felt
that a new rating section would be required to obtain accurate

flows.

Instrunentati on and Data Coll ecti on

On June 24, 1986, work efforts were begun to establish cross
sections on the stream study reach and install tenporary gagi ng
stations. These stations were installed to obtain baseline information
prior to any testing efforts and secondly to nmonitor tinme and di scharge
amount s throughout the study reach during the study period.

Conti nuous streanfl ow recorders were Installed Initially at three

| ocations (Table 1). These included: 1) Little Horse Creek bel ow the



TABLE |

Gaging Sites and Instrunentation*

LOCATI ON ELEVATI ON | NSTRUMENTS

Little Horse Creek bel ow S16- T18N- R62W 4910 - Cont i nuous Recor der
Wbod & Lykins Diversion -12" Parshall Flune
Horse Creek at DPB Bridge S15- T18N- R62W 4876 - Conti nuous Recorder
bel ow Pet sch Ranch House -9" Parshall Fl ume
#1 Internediate site: Horse Creek S18- T18N- R61W 4779 - Cont i nuous Recor der
above bridge at Powerline-Petsch Ranch* -Staff Gage

#1 Internediate site: Horse Creek S1- T18N- R61W 4672 - Conti nuous Recorder
above bridge at Ernest Johnson Ranch* -Staff Gage

Horse Creek at Brown & LaGrange S14- T1I9N- R61W 4600 - Conti nuous Recorder

Di ver si on

-Staff Gage

E3

Locations are indicated on map i n Appendi x |



Wbod and Lykins diversion; 2) Horse Creek at the DPB bridge just above

the confluence with Little Horse Creek near the Irvin Petsch ranch
house; and 3) the Brown and LaG ange diversion on Horse Creek above the
town of LaGrange.

Littl e Horse Creek bel ow the Wod and Lykins diversion al so
received a 3" Parshall flume Installation tenporarily (to nonitor |ow
flows) until a 12" Parshall flume was acquired and installed for the
remai nder of the study period (to nmonitor higher flows). A 9" Parshall
flume was installed in Horse Creek at the DPB bridge In order to
accurately account for flows at this point.

Prior to flune installations on Little Horse Creek bel ow the Wod
and Lykins diversion and on Horse Creek at the DPB bridge, discharge
nmeasurenents were taken once per week with a Marsh MBirney el ectronic
portable flow meter or a Price pygmy nmeter. These neasurenments were
taken to obtain baseline discharge information and to rate the channel.
After installation of the flunmes, streanflow recorders at the Wod and
Lyki ns diversion and at the DPB bridge were both set to record stream
stage based on the flune staff gages. Upon initial regulation on Little
Horse Creek, the 4' Cipolletti weir was installed at the Wod and Lyki ns
di version to conpare flow readings with the 12" Parshall flume at this
| ocation. After conpletion of the study, flow readi ngs were anal yzed
between the weir and flume. Flow readings were an average of 6 percent
lower fromthe Cipolletti weir than fromthe Parshall flune. The
| argest difference is seen when conparing the highest flow values. The
hi ghest flow fromthe Parshall flume was 7.79 cfs conpared to 7.12 cfs

for the same time, or 9 percent less fromthe Cpolletti weir. The



recorder on the Brown and LaG ange ditch was set to a staff gage

installed in the ditch and a new rating curve was devel oped on the ditch
in order to avoid recording information fromthe conpletely submerged 4'
Parshal | fl une.

Two internedi ate gaging sites on Horse Creek (Table I) and the
Brown and LaGrange gaging site were al so measured once per week with the
portable current neters until the call for regulation of Little Horse
Creek was put into effect. At that tine, nmeasurenent intervals were
increased to twice per week in order to obtain additional points for
devel opnment of the rating curves.

Two addi tional continuous streanflow recorders were installed |ater
during the study period, to facilitate time of travel neasurenents, at
the two internediate sites on Horse Creek. These included the #l
Internediate site, |ocated approximately 9.3 miles downstream of the
Whod and Lykins diversion, and #2 Internediate site, located at the
Er nest Johnson Ranch approximately 20.1 nmiles downstream of the Wod and
Lyki ns di versi on.

Smal| tributary streams and springs were also nonitored al ong the
26-mil e reach of Horse Creek throughout the test period. This was done
with the use of a portable 3" Parshall flune, or by visual observation

when flunme neasurenents were not feasible.

Geol ogy

Dockery (1940), Babcock and Rapp (1952), Lowy and Crist (1967) and
Love and Christiansen (1985) have produced geol ogi ¢ naps that enconpass
the study area in northeastern Laram e County. Though each of the

mappi ng efforts exhibit differences in detail, all describe the sane



regi onal geology. The three formations identified In this area are the

White River Formation, the Arikaree Formation, and alluvial deposits
al ong the stream channel s.

The White River Formation is of Oigocene Age. It nmay be as nuch
as 500 feet thick. |In Laram e County, conposition of the Wiite River
Formation is remarkably uniform consisting of nassive brittle
argill aceous siltstone with sone beds of sandstone, conglonerate and
vol canic ash. Extensive fractures in the formation often cause
weat hered outcrops to appear as assenbl ages of | oose bl ocks (Lowy and
Crist, 1967).

In nearby areas the White River Formation has been elevated to
group rank and divided into the Chadron and Brul e Formations (Lowy and
Crist, 1967). Love and Christiansen (1985) adopt this ranking and
identify the Brule Formation in northeastern Laranmi e County while
previous authors had identified this sane formation as the
undi fferentiated White River Formation. On weathering, the Brule
frequently devel ops the appearance of blocks and slaps and may form
m ni at ure badl ands | ocal ly (Babcock and Rapp, 1952). Both the bl ocky
texture and badl and t opography were observed in the vicinity of the old
Davi s Ranch (S9- T18N- R61W .

The Ari karee Formation is observed on ridges to the south of the
study reach. It encircles the southern extent of the Goshen Hol e area
in northeast Laram e County and sout heast Goshen County (Love and
Christiansen, 1985; Lowy and Crist, 1967; Babcock and Rapp, 1952). In
eastern Laranie County, the Arikaree Formation is described as being a

| oosely to noderately cemented fine-grained sandstone. Wthin this



formation, thin layers of hard, tough sandstone and tightly cenented

gravel |enses may be seen (Babcock and Rapp, 1952). Babcock and Rapp
(1952) are the only workers in this area who have mapped the Arikaree
Formation on ridges within the southern rimof the Goshen Hol e.

Al luvi al deposits are generally restricted to narrow bands, usually
|l ess than a quarter-nmle wi de, along the channels of Horse Creek and
Little Horse Creek. As these drainages flow further into the Goshen
Hol e, the alluvial deposits become nore extensive, up to five mles wde
north of LaGrange. |In the LaGrange area, these deposits may be 19 to 45
feet thick, but outside the Goshen Hol e al ong stream channels, alluvia
thi ckness is unknown. Along western portions of Horse Creek, alluvia
deposits consist mainly of coarse sand, gravel, cobbles and boul ders
derived directly fromthe Laram e Range. To the east, alluvial deposits
al ong Horse Creek contain nore fine-grained materials derived mainly
fromthe Brule and Ari karee Formati ons and reworked alluvial deposits
(Babcock and Rapp, 1952).

Spri ngs

A reconnai ssance trip along approxi mately seven ml|es of Horse

Creek channel was taken to |locate contributing springs. This reach of
Horse Creek is south of LaGrange in Sections 1, 2, 11, 10, 15, 9, 16 of
T18N-R61W At the tinme of this reconnai ssance, six springs were noted
These specific springs do not appear to be recorded in the geol ogic/
hydrologic literature covering the area. However, other workers have
reported springs outside this area in the Brule Formation and at the
contact between the Brule and Ari karee Fornmations (Dockery, 1940;

Babcock and Rapp, 1952).



In the Brule Fornation, springs occur along bedding joints, usually

on valley wall outcrops. Thin volcanic ash claystone layers in the
Brul e Formation are inpervious causing water to nove laterally through
nore perneabl e overlying material (Dockery, 1940). Springs in the Brule
may al so occur in areas where fissures have devel oped (Babcock and Rapp
1952). Springs associated with the Ari karee Formation generally occur
at the contact with the Brule Formation. These springs are typically
small and the water infiltrates within a short distance (Babcock and
Rapp, 1952).

The six springs observed along this reach of Horse Creek can be
divided into two groups based on the nature of their occurrence. The
first group of springs are those which occur in surface tributary
channels. Included in this group are springs in Bushnell Creek (Sec.
11), Kellehan Creek (Sec. 16) and Bills Spring, a |ocal name, which may
be contained In the Stinking Water Creek channel (Sec. 1). Ellis Spring
is the largest of these springs flowing 1.46 cfs. It surfaces in a bog
area and then fl ows about one-half nmile before entering Horse Creek
Though not confirmed in conversation with |ocal residents or by field
observation, topographic naps suggest that Bills Spring may rise in the
epheneral channel of Stinking Water Creek. The sink/spring relationship
at Bushnell Creek was clearly recognized in the field reconnai ssance.
The creek infiltrated in a wide sandy swale. Fromthere, water flows
under ground for about 200 yards before surfacing in deep, heavily
vegetated pools. At the point where it surfaces, water is about 300
yards south of Horse Creek. Bushnell discharges approximtely .35 cfs

into Horse Creek. The spring at Kellehan Creek is contained w thin high

10



wal I s of the stream channel. The point at which water conpletely

infiltrates was not observed. However, the spring clearly surfaces in
the bottom of the deep channel and fl ows about 200 yards where it
di scharges approximately .2 cfs into Horse Creek

Anot her small tributary spring which was measured separately from
t hose nentioned previously was | ocated approximately 6 mles bel ow the
Wod and Lykins diversion In S24-T18N-R62W It flowed through a marsh
area and contributed approximately .18 cfs to Horse Creek on a
continuous basis for the entire study period.

The second group of springs discharge fromlarge surface areas on
the hillslope next to the creek or fromthe sides of high cut banks
al ong Horse Creek. One snmall spring discharges about one-half mle east
of Horse Creek along a hillside |located at the Johnson Ranch east of
Horse Creek in SI-T18N-R61W It discharges fromthe hillside into a
smal |l pond fromwhich .58 cfs is released into Horse Creek. Two sets of
springs discharging fromhigh cut banks are | ocated i medi ately
downstream of Kell ehan Creek (Sec. 16) and about 1.5 miles further
downstreamin Section 10. Neither of these sets of springs appear to be
associated with significant tributaries. |In the area downstream of
Kel | ehan Creek, spring discharge occurs at four or five points. \Where
definite fl ows can be observed, they average a flow of approximtely
.1-.15 cfs. These seeps are about three feet above the inside flood-
plain of Horse Creek and 10 to 12 feet bel ow the upland surface. This
area is on the south bank of Horse Creek. As observed el sewhere by
Dockery (1940), these springs may be associated with bedding joints in

the Brule Formation. The second set of springs covers an area

11



approxi mately 70 yards by 5 yards on the north bank of Horse Creek in

the south central portion of S10-T18N- R61W  Throughout nobst of this
area there is no clear point of discharge. Instead soil on the hillside
grades continuously from being danp to bei ng soggy. VWhere water was
free flowing into Horse Creek it was estimated at approximately .3 cfs.
In the southwest corner of S10-T18N R61W there al so appears to be
a vegetative difference on the lower two-thirds of the hillside that is
associ ated with seepage. From across the valley this seep area appears
to be associated with a band of greener vegetation that trails off from
the upl ands which are irrigated fromthe Rutledge and Hel man ditch. The
ground surface in this area is npist conpared to surroundi ng areas.
This association may indicate the origin of the seep water, but a

connection was not directly established.

Hydr ograph Pl ots

The three continuous recorders at Wod and Lykins, DPB bridge and
Brown and LaGrange ditch were in operation fromJune 25, 1986 to Cctober
27, 1986. Conti nuous recorders at the # Internedi ate gaging site and
at the #2 Internedi ate gaging site were operational from August 26, 1986
to Cctober 27, 1986. Hydrographs of average dally flow for each
i ndi vi dual station during the period of record are shown in Figures 1
through 5. Specific points are indicated where regulation of Little
Horse Creek at the Wod and Lykins diversion was initiated.

When conparing hydrographs of the various stations, it is clear
that Horse Creek is a gaining streamin the study reach. The difference
in average daily flows over the period between stations indicates that

Horse Creek gai ned approximately one half of its total flowin the

12
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10.8 nile streamreach fromthe # Internediate gaging site to the #2

Internediate gaging site. Fromthe #2 Intermedi ate gaging site to the
Brown and LaGrange gaging site. Horse Creek is Indicated as a | osing
stream Conparing the average flow over a thirty-six day period from.
August 26 to Septenber 30, Table Il Indicates the amount of gain or |oss

bet ween gagi ng stations.

TABLE 11

Aver age Fl ow Conparing Gain or Loss
Bet ween Gagi ng Stations

Peri od August 26- Septenber 30, 1986

Conmbi ned Wod and Lyki ns and Horse Creek = 7.9 cfs
at DPB Bridge

#1 Internedi ate site-Horse Creek above = 8.5 cfs
bri dge at powerline

#2 Internedi ate site-Horse Creek above = 16.2 cfs
bri dge at Ernest Johnson Ranch

Horse Creek at Brown and LaGrange = 15.7 cfs
Di versi on

The gains along the study reach can be attributed to the spring and
seep areas identified earlier. Measured flows above ground in this area
do not equal the total ampunt of gain for the reach which indicates that
contributions fromother unidentified groundwater is significant (at
| east 4 cfs). The |loss occurring between the #2 Internediate site and
the Brown and LaG ange diversion could possibly be due to two |arge
center pivot systens punping fromthe groundwater in S13 and

S24-T19- R61W

18



Figure 6 gives a conparison of average daily flow at the upper end

of the study reach with average daily flow at the | ower end. The upper

end val ues are achieved by adding Little Horse Creek bel ow t he Wod and
Lyki ns diversion and Horse Creek bel ow the DPB bridge. Lower end val ues
are those recorded in the Brown and LaG ange ditch which diverts all of

the flow In Horse Creek at this point.

Three specific areas of inportance are indicated In Figure 6.

These i ncl ude:

1. Period showing release of water Into Little Horse Creek upon

regul ati on of the Springval e and Whod and Lyki ns di versions.

2. Period showing Little Horse Creek when the total flowin Little

Horse Creek was shut off and diverted back into the Wod and
Lyki ns ditch.

3. Period showing total flow diverted back into Little Horse Creek

from Wod and Lyki ns.

Regul ation of the Springval e and Wod and Lyki ns diversion was
initiated on August 1, 1986. The Wod and Lykins diversi on was shut
down at 11:15 a.m and the Springval e diversi on was shut down at 11:30
a.m Total flowlIn Little Horse Creek continued until Septenber 3, 1986
at which time a test was perfornmed to see if shutting off flowin Little
Horse Creek woul d consistently affect flow in the Brown and LaG ange
ditch. Total flowin Little Horse Creek was diverted into the Wod and
Lykins ditch at 1:15 p.m on Septenber 3, and continued to be diverted
until 11:45 a.m on Septenber 7, when total flow was rel eased back into

Littl e Horse Creek.
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The general trends between the two plots in Figure 6 indicate that

when flows fromthe Wod and Lykins ditch and the Springvale ditch are
diverted back Into Little Horse Creek, an increase in the flow at the
Brown and LaGrange ditch is also observed. The opposite is also true
upon diverting total flow out of Little Horse Creek, a drop in flowis
observed in the Brown and LaGrange ditch. Upon rel ease of water on
August 1 into Little Horse Creek, it took approximately 3.5 days before
a rise and stabilization was observed at the Brown and LaG ange
diversion. Conparing this time period to the shutdowmn of flowin Little
Horse Creek on Septenmber 3, the lag time for a drop In stage at the
Brown and LaGrange di version was approxi mately 2 days. Wen again

rel easing flow on Septenber 7 Into Little Horse Creek, a lag time of 2.5
days was observed.

The difference in time periods can be attributed to several
conditions; first of all, flow fromthe Springvale ditch was diverted
back into Little Horse Creek at approximately the sane tine as flow from
the Wood and Lykins ditch. A tine lag of approximately 24 hours exists
bet ween the Springval e and Wod and Lyki ns diversions, therefore the
flow entering Horse Creek would cone in two stages approxi mately 24
hours apart and with I ess velocity than if the two were conbined. As a
result, flow at the Brown and LaGrange ditch would reflect this time |ag
and sl ower velocity. Secondly, when shutting down flow on Septenber 3,
all flowlIn Little Horse Creek ended abruptly because total flow was
diverted into the Wood and Lykins ditch. Total flow in Horse Creek was
higher at this time, reflecting higher velocities, therefore a shorter

time lag should have existed. Wen releasing flows again on
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Septenber 7, total flowlIn Little Horse Creek was avail abl e because only

the Wood and Lykins ditch had to be diverted thereby elininating the
time lag fromthe Springvale ditch. This later date also reflects

hi gher total flows In Horse Creek and higher velocities contributing to
the shorter time period for water fromthe Wod and Lykins to reach the
Brown and LaG ange.

Figures 7, 8 and 9 are expanded plots of the three points conparing
the conbi ned fl ow val ues bel ow the Wod and Lyki ns di versi on and Hor se
Creek at DPB bridge with the Brown and LaG ange ditch upon rel ease and
shut down periods. These three points are used to show the direct
response between the upper and | ower gaging stations upon regul ati on.

The rise in flow (Figure 7) because of regulation of the Wod and
Lyki ns and Springval e diversions on Little Horse Creek on August 1 shows
a direct relation to the rise in flow at the Brown and LaG ange ditch.
This relation is seen in two ways; first the rise in flow at the Brown
and LaGrange ditch occurs approxinmately 3.5 days after rel ease of water
into Little Horse Creek and secondly, the ampunt of Increased flowis
simlar between the two stations. Figure 8 illustrates the point at
which flows in Little Horse Creek were shut off on Septenber 3, and the
corresponding drop in flow at the Brown and LaGrange. The tine |ag
bet ween the two gaging points is approximately 2 days and the anount of
flow drop is simlar. Release of water on Septenber 7 back into Little
Horse Creek (Figure 9) again shows a corresponding rise in flow at the
Brown and LaGrange ditch and indicates a 2.5 day tinme lag with simlar

fl ow anpunts.
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Figure 7. Detailed section of mean daily hydrograph comparing
Little Horse Creek and DPB bridge gages to Brown and

LaGrange during release.
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Figure 8. Detailed section of mean daily hydrograph comparing
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Conveyance Loss

Cal cul ati ons of the nean daily flows 10 days previous to regul ation
on August 1 at the Wod and Lykins, DPB bridge and Brown and LaG ange
(Figure 7) were conpared with cal cul ations of nean dally flows at the
same | ocations 10 days after rel ease of water and upon stable
condi tions.

The conbi ned average dally flow fromLittle Horse Creek bel ow Wod
and Lykins and Horse Creek at DPB bridge for 10 days (July 22-31) prior
to any regul ation equaled 1.06 cfs. For the 10 day period (August 5-14)
after release of water, the conbined average dally flow was 5.72 cfs.
The average dally flow from Horse Creek at Brown and LaG ange ditch for
10 days (July 24-August 2) prior to any regul ation equal ed 8.79 cfs.

The 10 day period (August 6-15) after rel ease of water upstream and

after flow was stabilized equaled 12.86 cfs. (Table II11).

TABLE 111

Average Fl ow Before and After First Rel ease

Conbi ned Whod and Lyki ns and Horse Creek at DPB bridge:

10 day average daily flow after rel ease = 5.72 cfs
10 day average dally flow prior to rel ease 1.06 cfs

Additional flowto systemafter rel ease = 4.66 cfs

Horse Creek at Brown and LaG ange ditch:
10 day average daily flow after rel ease = 12.86 cfs
10 day average daily flow prior to rel ease .79 cfs

1
[00]

Additional flow after release at this point = 4.07 cfs
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Fromthe flow records over the period before rel ease of water

compared to those after release. It indicates that of the additiona
4.66 cfs after rel ease upstream the Brown and LaG ange received 4.07
cfs of this water—a loss of 0.59 cfs or 13 percent over the period.

Cal cul ati ons were al so done on the second rel ease of water (Figure
9) on Septenber 7, to conpare |oss values with those of the rel ease on
August 1. The stable period (Septenber 4-6) prior to rel ease of water
back into the Little Horse Creek channel was used bel ow t he Whod and
Lyki ns diversion and at the Horse Creek bel ow DPB bridge site

The conbi ned average dally flow fromthese two gages before rel ease
equal ed .41 cfs over the three day period. For the stable period after
rel ease of water (Septenber 9-11) conbined flows equaled 8.56 cfs. In
conpari son the average dally flow at the Brown and LaGr ange ditch
before rel ease water reached this point for Septenber 6 through 8,
equal ed 9.65. The three day (Septenber 11-13) average daily flow after
the rel ease of water under stable conditions equaled 17.47 cfs. (Table
V).

TABLE |V

Average Flow Before and After Second Rel ease

Conbi ned Whod and Lyki ns and Horse Creek at DPB bridge:

3 day average dally flow after rel ease = 8.56 cfs
3 day average daily flow before rel ease = .41 cfs
Additional flowto systemafter rel ease = 8.15 cfs

Horse Creek at Brown and LaG ange ditch:
3 day average daily flow after rel ease = 17.47 cfs
3 day average dally flow before rel ease = 9.65 cfs

7.82 cfs

Additional flow after release at this point
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In calculating the loss for this period, of the additional 8.15 cfs

upon rel ease upstream the Brown and LaG ange received 7.82 cfs.—a |oss
of .33 cfs or 4 percent over the period.

Conparing the | oss values of the first release on August 1 with the
second rel ease on Septenber 7, the second rel ease shows a snmaller |oss
than the first by 9 percent. This is probably due to the fact that air
tenperatures both day and night are lower in the Septenber period than
they are during the August period causing evapotranspiration to be
|l ower in Septenmber. By |ooking at the general trend of the hydrograph
In Figure 6 an upward shift begins at the end of August and continues
t hroughout the remmi nder of the study period. Al so, the stable period
used was right after shutdown and bank storage contributions to
streanflow during this tine would be higher due to a | owering of the

stream wat er surface.

Dye Study

Performance of the dye study was initiated on the 26 nile study
reach fromLittle Horse Creek bel ow the Wod and Lykins diversion to the
Brown and LaGrange ditch on August 19, 1986. Two objectives of this
test were: first to confirmthe findings fromcontinuous streanflow data
that the rel ati onships observed in flow between the upstreamrecording
gages and the downstreamrecordi ng gages are a direct result of Little
Horse Creek water; and secondly, to determine the tine of travel of
water fromLittle Horse Creek to the Brown and LaGr ange ditch

A slug injection of Rodanine WI tracer dye was placed in Little
Horse Creek bel ow the Wod and Lykins diversion at 1635 hours on August

19, 1986. The dye was foll owed throughout the 26 nile study reach
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#| Internediate gaging site and #2 Internedi ate gaging site were used as

sampling points to help determ ne when the approximate time of arrival
woul d occur at the final sanpling site on the Brown and LaG ange ditch.
Wat er sanples were taken before the arrival of any dye and tested with a
fluoroneter to identify background | evels.

Previous to anticipated dye arrival at the Brown and LaG ange
ditch, testing equi prent was set up and sanpling begun at 20 m nute
Intervals. At 1835 hours on August 22, the |eading edge of the dye
arrived at the Brown and LaG ange nonitoring site. Sanpling was
continued at 15 minute intervals through the peak which arrived at 2345
hours and through the trailing edge of the dye.

Fl uorometer readings in parts per billion are plotted against tinme
on Figure 10. The |eading edge of the dye cl oud reached the nonitoring
station on the Brown and LaG ange ditch 74 hours (3.08 days) after being
injected into Little Horse Creek. Arrival of the peak concentrati on was
nmoni tored on August 22, at 79 hours and 20 minutes (3.33 days) after

i njection.

Concl usi ons

During the period June through October 1986, Little Horse Creek and
Horse Creek near and upstream of LaG ange, Woni ng was studied to
determine if regulation of upstream diversions influence flows at the
Brown and LaGrange diversion. Through continuous streanflow records it
was shown (Figures 7, 8, and 9) that water fromLittle Horse Creek bel ow
t he Wood and Lyki ns di version does, in fact, reach the Brown and

LaGrange di version sone 26 niles downstream Further results of a dye
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Figure 10. Dye test from the Wood and Lykins Diversion on Little Horse Creek to the Brown
and LaGrange Ditch on Horse Creek. Passage of leading edge, peak and trailing
end of dye in hours at the Brown and LaGrange Ditch sampling site (lower plot).
Total period in days with peak of dye (3.33 days) after injection (upper plot).




study between these two points confirmfindings of the continuous
streanfl ow records (Figure 10).

Conveyance | osses cal cul ated through the study reach ranged from 13
percent In the earlier stages of the study period when air tenperatures
were high resulting In high evapotranspiration to 4 percent in the later
stages of the study period when air tenperatures were lower resulting in

evapotranspiration activity being | ower.
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