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CONVEYANCE LOSSES DUE TO RESERVO R RELEASES

Randy A. Pahl, A M ASCE, and Victor R Hasfurther*, M ASCE

ABSTRACT: Three natural streans in Womng were studied in order to
estimate incremental conveyance |osses associated with increnental
increases In stream flow For each study area, all surface water

inflow and outflow was neasured before, during, and follow ng a
significant reservoir release. Wth this data, conveyance |osses were
determ ned for the control period using a water budget analysis. The
maj or | osses were attributed to bank storage and a decrease in ground
wat er inflow The conveyance loss results for the three study areas
ranged fromO0.34 to 1.66 percent per nile.

| NTRODUCTI ON

The recent growth in the areas of energy devel opnent and, to a
| esser extent, agriculture and nunicipalities has increased pressure
on available water resources throughout the U S., and especially the
Western U.S. with its prior appropriation doctrine (first in right,

first inuse). In order to satisfy these increased needs, it has
become necessary to devel op unappropriated water or to transfer water
al ready appropriated for other uses in the West. Ener gy devel opnent
conpanies and nunicipalities have found it necessary to purchase
agricultural water rights and then petition for a change in use, a
change in place of use, and a change in the point of diversion of

these water rights. Woning water law allows these changes to occur,
provided the Board of Control feels that certain conditions stated in
the State statutes are net. The Woning State Statutes, Section 41-3-
104(a) (6) declare:

"...The change in use, or change in place of use, nmay
be al | owed, provi ded that the gquantity of wat er
transferred by the granting of the petition shall not
exceed the anount of water historically diverted under the
exi sting use, nor exceed the historic rate of diversion
under the existing use, nor increase the historic anount
consunptively wused wunder the existing use, nor decrease
the historic amount of return flow, nor in any nmanner
injure other existing |awmful appropriators..."

In order to protect downstream prior appropriators when water is
transferred to a point downstream conveyance |osses need to be
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CONVEYANCE LOSSES 85

assigned to the transported water. However, there is a scarce anount
of technical data available to aid the responsible state government
body in deternmning values of conveyance |osses that would be

equitable to all parties concerned. Many decisions in the past have
been based on the best estinmates of the people managing the stream in
guestion. This is not unrealistic, but better quantification of

conveyance | osses woul d be nore desirable.
FACTORS AFFECTI NG CONVEYANCE LCSSES

When discussing conveyance losses in a stream It is first
necessary to define the term "l osses." There are |osses associ ated
with the total flow in the stream that will exist year round. There
are al so losses associated with an increnental increase in the natura
flow that will only exist when the increase exists. This increase may
be the result of a reservoir release or a change in the point of
diversion of an existing water right. In a case involving an
incremental increase in flowdue to a water transfer or reservoir
rel ease, the problem arises as to which "l osses" the water user should
be responsible. There are those who feel that a percentage of the
total losses should be assigned to the increase, while others fee
that the increnental | osses caused by the increases should be used
The amount of the increase in relation to the natural flow will partly
determ ne which loss is the greatest. The increnental |oss approach
was taken in this paper due to the difficulties involved in
determ ning total | osses.

A large nunber of factors (>15) affecting conveyance | osses
conplicates the determination of the | osses. M C. Hinderlider,
fornmer Col orado State Engineer, discussed the difficulties involved in
determ ning conveyance | osses. Hinderlider states: "These factors
al one, through hundreds of different conbinations and changes daily
i nposed by the elenments of nature, may produce a nillion different
results having a direct bearing on this conplicated problem...A | of
these factors are seriously affected fromtime to tine by periodic
changes in the hydrologic cycle, and in the normalcy of the rate and
amount of precipitation, which have profound effects upon the
underground water table of a drainage basin, and the rate and anount
of return flowtributary to any natural water course." (4)

In an effort to sinplify its quantification, Colorado's
adm ni strators and engineers have split the conveyance | osses that are
char geabl e to reservoir releases into four nmjor conponents:
evapotranspiration, inadvertent diversions, channel storage, and bank
storage (1,2,3,4,6). In addition to these conponents, this paper
includes a fifth conponent of loss due to a decrease in groundwater
inflow  These five conponents, to a large degree, include the effects
of the nmany factors inportant to increnental losses in a perennial
stream Changes in any one of these five nmjor conponents can
i nfluence the anmount of the incremental conveyance | osses. A large
nunber of studies have been performed in an attenpt to define the
extent to which some of these conponents influence the hydrol ogic
cycle of the stream and concurrently influence | osses.
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These studies on increnental conveyance |osses in stream systemns
have resulted in loss estimtes from 0.35 percent per nmle to

essentially zero for small increnental anmpbunts of flow on |arge stream
vol umes on perennial streans (1,2,3,4,6). It was found that ephenera
type streanms could produce much higher | osses, 11.5 percent per nile

(5), on the average, conpared to perennial streans.

In Womng, very little infornmation and essentially no detailed
field studies on conveyance |osses had been made in the past. In the
future. It is expected that nmore transfers of water from upstream
| ocations, either through building of reservoirs or transfer of water
rights, wll occur to downstream |ocations because of increased
devel opnent. Since the node of transportation will nost likely be the
natural stream channel, a study on incremental conveyance |osses was

undertaken, and the results are presented in this paper
STUDY AREAS

The initial studies were to test a nethod of analysis on
reservoir releases to be conveyed to downstream owners of the
reservoir storage. Three study sites were selected on perennial
streans. These study sites were:

1. A portion of Piney Creek, that extended from a point where Lake
DeSnet di scharge water enters Piney Creek to the confluence of
Piney Creek and C ear Creek near Ucross, Wom ng. This stream
reach traverses a total of 22 mles through a narrow valley
conpri sed of alluvial deposits.

2. A portion of the Laranie River from Weatland Reservoirs Nos. 2
and 3 to the confluence of the Laramie River and Sybille Creek
near Weatland, Wom ng. This streamreach is a total of 51

mles. The first 10 mles of the study reach traverses through a
wi de valley containing alluvial deposits, and then cuts through
the Laranie Muuntains in a narrow precipitous canyon consisting
of Precanbrian rock for a distance of 27 miles. The river then
exits the canyon and traverses approximately 14 mles in a narrow
val |l ey containing flood plain deposits.

3. A portion of the New Fork River near Pinedale, Woning, was
studied from New Fork Lakes to a point approximately 8 niles
downst ream In this reach, the river traverses a distance of

approxinmately 1 mile through glacial deposits, and then enters a
narrow val |l ey consisting of alluvial deposits.

METHODOLOGY

At each study site, a network of stream gages was established at
all locations of surface water flow into and out of the nmain stream
system Some flows were not nonitored since they remined fairly
const ant during the study periods and were generally small.
Continuous stage recorders were installed at all flow neasurenent

| ocations, and stage-di scharge rating curves were devel oped.
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Wth the recorders installed, the system was then nonitored for a
period of tine to insure that the surface flows in and out of the

system were relatively stable; i.e., gains into the creek from ground
water, irrigation return flows, and ungaged surface flows were
const ant. Once a stable condition was nmintained, addi ti onal water

was released fromreservoir storage to provide an incremental increase
in flow This increased flow was then nmintained for a period of
several days, after which tinme the flow was reduced to approxinately
the sane rate that existed prior to the reservoir rel ease.

The hydrol ogi ¢ budget approach was used in the analysis of the

coll ected streanflow data. This nmethod required a conparison of the
quantities of inflow and outflow in order to determ ne conveyance
losses. In general terns, the water budget relationship can be

witten as
0=1 -D+G (1)
where 0 Is the surface flow out of the system
| Is the surface flow into the system
Dis the surface flow diverted out of the system
and Gis the gain or loss inthe flowin the entire system

In the above equation, the 'G termis a lunped variable which

contains the effects of ground water flow and all sources of | oss,
such as surface evaporation, evapotranspiration, etc., and can be
either positive or negative in sign. Al'l of the rivers discussed in
this paper were gaining at the tine of the data collection, so the ‘G
term was considered to be positive in the analyses. However, if a
streamis losing, the approach discussed here is still applicable.

Increnental losses in the system due to the reservoir release are
defined by this approach as the decrease in the gains or the increase
in the losses during an increase of surface flow The increnental
| o0ss can be cal cul ated by nmani pul ation of Eq. (1).

L = [Al - AD] - AO (2)

where L is the increnental |oss due to the rel ease,
Al is the Increase in the surface inflow due to the rel ease,
AD is the increase in diversions during the rel ease, and
AOis the increase in the surface outflow due to the rel ease.

Al'l of the conponents of Eq. (2) are in the sanme units (i.e., c.f.s.
or acre-feet).

Eq. (2) provides a sinple means for determining the |osses
associated with a reservoir release based solely on surface flow

records. Wth this relationship, |losses can be conputed either in
terns of the flow rate or the volume of the reservoir release hy
solving Eq. (2) in units of c.f.s. or acre-feet, respectively. Sone
adjustments may have to be made to account for travel tinmes. Certain

[imtations exist on the use of Eq. (2).
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In the first place, all sources of 1loss are |unped together into
one val ue. Included in this value are |osses due to bank storage,
channel storage, a reduction in the ground water contribution, and an
increase in surface evaporation and evapotranspiration. Det erm nati on
of each of these separate |osses would require nore field data than
was collected in this study.

Secondly, use of Eq. (2) is Ilimted to tine periods when
net eorol ogical conditions are fairly consistent. Precipitation and
its effect upon the surface and subsurface flows are not accounted for
in this relationship. In nobst of the cases studied, there was
negligible rainfall during the study periods; so this was not a
probl em

Perhaps the nost inportant linmtation on the wuse of Eq. (2)
pertains to the stability of the study area. Since this relationship
determnes the <change in gains during a reservoir release, it is
necessary that the flow regine in the study area is in a stable
condition with relatively constant gains. This will insure that the
cal cul ated decrease in gains is mainly due to the introduction of
additional water into the stream Any |arge changes in activities,
such as irrigation, during the study period could affect the anmount of
return flows which, in turn, could affect the gains neasured before
during, and after the reservoir release.

The rating curve for each gage within the system was used to
develop hydrographs which forned the basis for the deternination of
the conveyance loss. It becane apparent from the nmeasured |osses that
they were small enough to be affected by the degree of accuracy of the
establ i shed rating curves. As a result, 95 percent confidence limts
were placed on rating curves in an attenpt to better quantify the
accuracy of the conveyance | osses.

RESULTS
The analysis of results will be shown only for the Piney Creek
study area, but all three study area results will be summarized at the

end of this discussion.

Fig. 1 indicated the results of one of the two reservoir rel eases
on Piney Creek. The hydrographs shown have not been adjusted for
travel tinme. In order to make this data nore understandable, the
di version hydrograph was first adjusted for travel tinme and was then
subtracted from the inflow hydrograph, with the results indicated on
Fig. 2. This plot is easier to read, and it clearly shows the
relatively constant gains that existed in the systemprior to the
reservoir release. As discussed wearlier, a stable system wth
constant gains is one of the prerequisites for the analysis technique
used.

Wth the stability of the system confirned, Eq. (2) was utilized
to estimate the conveyance | oss associated with the release. Changes
in the diversions during the release were significant; however, the
amount was not an inadvertent diversion and, thus, the increase in the
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diversion term was not included as part of the conveyance |o0ss

val ue. The Al and the AOterns were defined as that amount of
additional flow in and out of the system respectively, due to the
reservoir release. To deternmine quantities for these terms, it was
first necessary to estimate the base flows that would have existed had
there been no rel ease. This was acconplished using the nobst sinple
base flow separation technique which results in a straight I|ine, on
t he hydrograph, connecting the flow prior to the release to the flow
following the release (Fig. 1). The flow above these lines was then

used to deternine values for Al, AO and AD. Losses were determ ned
internms of flow rate and vol une.

i
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Using this approach, the increase in the inflow was calculated to
be an average of 84.6 c.f.s. for a period of 4 days, or a total volune
of 670 acre-feet, while the average increase in the outflow was
calculated to be 56.3 c.f.s. for a period of 3.66 days, or a total
vol ume of 408 acre-feet. The average increase in the diversions was
estimated to be 3.7 c.f.s. for a period of 4 days, or a total volune
of 30 acre-feet.

Wth these values, the average conveyance |oss was calculated to
be 24.6 <c¢.f.s. or 232 acre-feet. These loss figures were then
converted to a percentage of the net inflow i.e., the inflow mnus
the diversions. Due to the difference in the tine bases of the inflow
and outflow hydrographs, the volunmetric loss was larger than the |oss
based upon the flow rate, with values of 1.66 percent per nile

volunmentric) and 1.39 percent per mle (flow rate). Using volunetric
val ues, the conveyance 1oss calculations were repeated with the 95
percent confidence |limts placed on the hydrographs. Use of these

limts resulted in a range of possible conveyance |osses from 1.31
percent to 1.99 percent per mle of river. The results of these
calculations are summarized in Table |, along wth all the other
anal yses made on all study areas.

TABLE |
Sunmary of Conveyance Loss Results
Aver age Aver age Upper 95% Lower 95%
I ncrease I ncrease Loss Confi dence Confi dence
of Inflow, in Stage, % per Limt, % Limt, %
Study Area c.f.s. f eet nmile per mle per mle
Pi ney Creek, 1st 41. 8 0.18 0.76 1.49 0. 00
Pi ney Creek, 2nd 84.6 0. 47 1.66 1.99 1.31
Laranm e River
Lower Reach 114.6 1.02 0.34 1.03 *
Upper Reach 91.3 0.35 * * *
New Fork River 203.3 1.26 0. 85 3. 27

*Results showed an increase in gains

The rel ease shown for Piney Creek indicates that the nmgjority of
the neasured loss is due to bank storage and a reduction in the ground
wat er inflow. During this release, the stage of the river rose an
average of 0.47 feet. This increase tenporarily forced water into the
banks and prevented the surrounding ground water from entering the
creek. As the hydrographs on Fig. 2 show, the creek becane influent

during the release, losing water to the subsurface system However,
near the end of the release, the 1losses to the stream approached
zero. Thi s suggests that the stream would have reached a condition

where the losses were negligible had the duration of the release been
of sufficient |ength.

SUMVARY

Wth all of the releases that were studied, it was assumed that
evapotranspiration and channel storage had a mininmal effect on the
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measured conveyance | osses. This assunption agrees with the results
obtained by Livingston (1973) in his study of the Arkansas River.
Bank storage and reductions in the ground water inflow were considered
to be the major sources of losses in the streanms discussed in this

paper .

The data collected for the Piney Creek study area denobnstrated
the high rate of loss that is typically experienced at the begi nning
of a reservoir release. However, in a perennial stream such as Piney
Creek, the rate at which water is lost will decrease with tine. As
the ground water table rises in response to the release, it is
possible for the |osses to beconme negligible. Wth this in mnd, it
can be stated that the |longer the duration of a release in a perennial
stream the smaller will be the conveyance | oss.

The water that was considered to be lost due to the releases in
Piney Creek, the lower reach of the Larame River, and the New Fork
River was not actually lost to these systens, but was nerely detained
in the alluvial materials bordering these streans. |In the case of
Piney Creek, it was assuned that a mpjority of the detained water
returned to the river following the recessions of the release
hydr ographs. However, since the hydrographs showed little evidence of

this actually occurring, it was assuned that the stored water was
released at a rate which was initially high (very small in conparison
to total flow), but rapidly decreased wth time. A sinilar

observation was made by Livingston (1973).

The data collected in 1984 at the three study areas resulted in
|l oss values ranging from 0.34 to 1.66 percent per river nile. These
results are rather high conpared to those neasured by studies
indicated earlier in the paper, which ranged from zero to 0.35 percent
per river mle. Several factors could have accounted for the
differences in the results.

In the first place, the durations of the releases in previous
studies were generally longer than those reported in this paper. As
stated earlier, the longer the duration of the release, the smaller
the incremental conveyance loss in terns of percentages.

Secondly, a difference in geologic conditions between the Woning
and previous study areas could have accounted for the contrast in the
results. For exanple, the hydraulic characteristics of the naterial
surrounding a study reach can have a large influence on the rate at
which water fromthe streamw || enter the banks during a rel ease.

Anot her reason for the dissimlarity between the results could be
the fact that the previous study reaches were several tines |onger
than the Woning reaches. |n general, a short reach will experience a
smaller total loss of water than wll a long reach. Since the
accuracy of many gaging stations' records is in the neighborhood of %5
percent, any snall losses in this range will be difficult to detect
The larger losses in the longer reaches will be affected to a |esser
degree by uncertainties in the gaging stations' records. As such, the
data collected from studies of long reaches will possibly vyield nore
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reliable results. This nakes it difficult to conpare the results
from studies of short reaches to those of |ong reaches. The effect
that the uncertainties in the flow records has on the conveyance |oss
results from short study reaches can be large, as shown with the 95
percent confidence linmts listed in Table I.
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