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Abstmct.-Flow measUl'ernents show that Muddy River 
Springs had uniform discharge during a pedod from Septem­
ber 1963 to April 1964; adjustments of the discharge record 
of Muddy River for local runoff and evapotranspiration show 
a long-term uniformity of springftow. Preliminary analysis 
of minor long-term variations suggests a 15- to 20-year lag 
in response to recharge from pt·ecipitation. 

The Muddy River in southeastern Nevada is sup­
plied principally by springs in the northwestern part 
of upper Moapa Valley. The ground water supplying 
the springs is inferred to be part of a regional ground­
water system in Paleozoic carbonate rocks lying up­
gradient, or nortlnvard, from. the Muddy River 
Springs. The area of the regional system provision­
ally is estimated to be roughly 7',700 square miles and 
includes 13 valleys in eastern and southeastern Nevada. 
Reconnaissance ground-water investigations for the 
specific valleys have been ~'eported previously (Eakin 
1061, 1962, 1963a, b, c, and 1964; Maxey and Eakin, 
1949) . 

The inference that the l\{uddy River Springs are 
supplied from a large and complex regional ground­
,vater system suggests that the discharge of the springs 
should tend to have a relatively uniform flow. 

The flow of the Muddy River is gaged a short dis­
tance below the spring area. To utHize this record 
as a measure of the actual discharge of the springs, 
the record must be corrected for overland runoff re­
sulting from local precipitation and losses of spring 

flow by evapotranspiration or diversion upstream from 
the gaging station. 

DESCRIPTION AND RECORDS OF THE SPRINGS, 

The Muddy River Springs are at the head of the 
Muddy River, in upper Moapa Valley in southeastern 
Nevada (fig. 1). The springs issue from several 
groups of orifices and seep areas within the area shown 
on figure 2. Groups of orifices from which localized 
discharge occurs, such as the Iverson and Pederson 
groups, generally are along the margin of the flood 
plain. Others, such as Warm Spring and the group 
east of Warm Spring near U.S. Highway 93, however, 
issue from gravel ridges that extend into the general 
area of the flood plain. The seep areas are in the flood 
plain, downstream frOln the spring groups and along 
the natural and artificial channels. Along the main 
channel, flow derived from the spring area increases 
from zero near point 7 (fig. 2) t~ about 47 cubic feet 
per second at the gaging station, in a straight-line 
distance of 2 miles. Between the spring orifices and 
seep areas and the gaging sf-ation, evaporation and 
trn,nspiration dissipate some of the spring discharge. 
Thus the flow of the river at the gaging station is less 
than the actual spring discharge. Evaporation and 
transpiration result from both natural effects and 
irrigation activities. The overall area in which evapo­
transpiration may have an effect on the flow at the 
gaging sf-ation probably is on the order of 750 acres. 
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FIGURE I.-Index map of southeastern Nevada, showing the 
Muddy River Springs area. 

Although the springs issue from Recent alluvium in 
the flood plain and from conglomerate of the Muddy 
Creek (?) Formation in slopes bordering the flood 
plain, most of the water probably is transmitted to 
the spring area through Paleozoic carbonate rocks, 
which crop out close to some of the springs along the 
southwest side of the flood plain and which comprise 
most of the adj acent Arrow Canyon Range. 

The records used in this analysis are for the flow 
of the Muddy River at U.S. Geological Survey gaging 
station 9-4160, Muddy River near Moapa, Nev., in the 
SEIJ.t,SEIJ.t, sec. 15, T. 14 S., R. 65 E., Mt. Diablo base 
line and meridian. Long-term records have been pub­
lished in G-eological Survey water-supply papers. 

As a part of a reconnaissance ground-water study 
of the area in September 1963 (Eakin, 1964), meas­
urements or estimates of flow were made at 40 sites 
upstream from the gaging station to provide data 'on 
the relation of springflow to the gaging record. These 
sites included several springs and seep areas, main 
diversions, tributary confluences, and points along the 
main channel. Subsequently, measurements were made 
at the same sites in January 1964. Of these sites, 14 
were selected and were measured again in March, 
April, and May 1964. Several sites of the 40 original 
sites, some the same as the present 14 sites, were meas­
ured in October and December 1963 and February 
1964 for interim cont.rol. The present sites are suffi­
cient to demonstrate the relative uniformity of spring 

discharge as compared to the seasonal fluctuations 
recorded at the gaging station. 

RELATION OF SPRINGF,LOW TO DISCHARGE O'F THE 
MUDDY RIV,ER 

The relation of the spring discharge to the flow of 
the Muddy River at the gaging station is illustrated 

, for part qf 1 year on figure 3, which shows a graph of 
measured discharge for 6 intervals of time between 
September 1963 and April 1964. The upper graph is 
a plot of the flow measured at the gaging station; 
the lower is a plot of the sum of the discharge at 6 
points of measurement (points 1 to 6 on fig. 2) for the 
6 intervals. The sum of spring-discharge measure­
ments shows very little variation; the minimum is 
about 97 percent of the maximum. Measuring points 
1 to 4 are close to spring orifices and are little affected 
by intermediate evapotranspiration. Measurements at 
points 5 and 6 show loealized spring discharge and 
seepage gain along channel sections and may vary to 
a minor extent because of seasonal evapotranspiration. 
Together the discharge measured at the 6 points repre­
sents about 60 percent of the total spring discharge 
of the area and is considered to be reliable index of 
the uniformity of the total spring discharge. This is 
supported by the data obtained for the 2 series of 
measurements at the 40 sites upstream from the gaging 
station. 

To reconstruct the spring discharge from the records 
of flow of the Muddy River at the gaging station, 
adjustments have been made for (1) streamflow at the 
gage resulting from local precipitation and runoff, 
(2) evapotranspiration between the springs and gag­
ing station, (3) the effects of diversions that tempo­
rarily may bypass the gaging station and, (4) within­
area changes of diversions which result in temporary 
modifications of the flow pattern. Ground-water 
underflow past the cross section of alluvium normal 
to the river at the gaging site is believed to be uniform 
and does not represent a significant accretion to stream­
flow downstream from the gaging station. 

In large part the analysis concerns mean monthly 
and annual flow., Accordingly, item 4 above tends to 
be averaged out for present purposes, and item 3 prob­
ably was a minor factor during most of the period of 
record. Although past data are not available, the 
present diversion includes perhaps 1 cfs now carried 
in a pipeline to the town of Overton from one of the 
springs. Also, an irrigation well in the spring area 
north of the gaging station, which pumps about 3 cfs, 
is used for irrigation north and southeast of the gaging 
station. Although quantitative data are not available, 
the pattern of pumping of the well and the area 
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FIGURE 2.-Sketch map of the Muddy River Springs area, showing location of principal springs, stream channels (solid lines), 
and principal irrigation ditches (dashed lines). Numbers refer to selected measuring points. 

irrigated suggest that, in effect, most of the water is 
evaporated or transpired from the 'area; however, a 
small amount may reach the main channel upstream 
from the gage from adj acent fields after periodic 
watering during the year.' Evapotranspiration, both 
natural and from irrigation, between the springs and 
the gaging station is the principal factor resulting in 
differences between the total spring discharge and 
the flow of the river as measured at the gaging station. 

Although streamflow generated. from local runoff 
occasionally results in a very high peak discharge, the 
long-term effect on the flow of the Muddy River is 
small. 

A simple correction for the effects of local precipita­
tion on most of the streamflow was made for the 18-
year period 1945-62. The adjustment was made by 
reducing the high flow shown for short intervals of 
storm runoff to values consistent with the immediately 
preceding and succeeding daily streamflow. The num­
ber of adjustments in mean monthly discharge is given 
in the accompanying table, together with the mean 
and median discharge. The distribution, by month, 
of the 24 adjustments shows 6 adjustments each for 
July and August, the principal months in which sum­
mer thundershowers occur. 

As shown, the adjustment of streamflow to account 
for local precipitation has a minor effect on the record 

of annual flow of the Muddy River. However, the 
adjustment results in a month-to-month change in the 
record for the Muddy River at the gaging station that 
is more consistent with the expected pattern of the 
month-to-month change resulting from seasonal effects 
of temperature and evapotranspiration. 
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FIGURE 3.-Measured discharge at the gaging station, Muddy 
River near Moapa, and the sum of measurements of springs 
at 6 sites, numbers 1 to 6 inclusive on figure 2, for 6 time 
intervals during the period September 1963 to April 1964. 
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Long-term mean, median, and adjusted monthly discharge of 
Muddy River near Moapa for the period of water years 19.t,.5-62 

IS-year IS-year IS-year Number 
mean median adjus~ed of adjust-

Months discharge discharge mean ments, by 
(cfs) (cfs) discharge I month 

(cfs) 

Octo ber ______________ 46. 5 46. 5 46.4 1 
N ovem ber ___________ . 49. 5 48.2 48. 8 3 
December ____________ 50.2 50.1 50.1 2 
January _____________ 50.2 49. 5 50.2 0 
February .. ___________ 49.4 49.6 49. 1 2 
~arch _______________ 48.3 47.8 48.2 1 
April ________________ 46. 6 46. 6 46. 6 0 
~ay ________________ 45.3 45.6 45.2 ] 
June ________________ 43.4 43. 7 43.3 2 July _________________ 43.4 43.6 42.9 6 
August ______________ 44. 7 43.3 43. 7 6 
SeptembeL. _________ 44.4 44.4 44.4 0 

year ______________ 46. 8 46.9 46. 6 24 

I Adjusted to eliminate the amount of runoff derived from local precipitation from 
the gage record. 

Adjustment for evapotranspiration 

Diurnal and seasonal fluctuations In streamflow 
occur in response to evapotranspiration, which in turn 
is related mainly to the seasonal variations in tempera­
ture. 

Figure 4 shows daily fluctuations in the water-stage 
record for August 12 and 13, 1963, resulting from the 
diurnal variation in the rate of evapotranspiration. 
The graph for January 29 and 30, 1964, shows no such 
fluctuation. The two periods shown by the graphs are 
during maximum (June-August) and minimum (De­
cember-J anuary) periods of evapotranspiration. The 
range in fluctuation of the August graph represents 
about 2 cfs, and is considered to be due primarily to 
the diurnal effect of evapotranspiration along the main 
and the principal tributary channels of the stream. 

Seasonal variations in evapotranspiration in the 
area between the gaging station and the sprIngs also 
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FIGURE 4.-Stage of the ~uddy River for the 2-day 
periods 'January 29 and 30, 1964, and August 12 
and 13, 1963, illustrating diurn'al effect of evapo· 
transpiration during the summer. 

affect the flow of the river. The adjusted mean 
monthly discharge (from the table), plotted oIi figure 
5, shows that the minimum mean discharge occurs in 
July and the maximum in January, with moderately 
large changes in the intervening months. The mean 
monthly temperature at Overton is plotted for com­
parison. It, too, shows a change from month to month, 
but as might be expected, in an inverse pattern-the 
months of highest temperature correspond to the time 
of greatest . stream loss through evapotranspiration. 

Figure 6 shows an excellent correlation of discharge 
of the Muddy River at the gage with air temperature. 
The high degree of correlation, even though the ad­
justed mean monthly discharge of the river ranged 
from 42.9 to 50.2 cfs, clearly indicates that the input, 
or spring discharge, supplying the river is highly uni­
form from month to month. Thus, because the spring 
discharge is uniform, it is represented closely by the 
gaging record of the river during January, the month 
of minimum evapotranspiration. The adjusted mean 
January discharge is 50.2 cfs. Furthermore, if this is 
representative of the mean annual discharge of the 
springs, then the amount of spring discharge dissi­
pated by evapotranspiration can be estimated by sub­
tracting the adjusted mean annual discharge (46.6 cfs) 
of the Muddy River. Thus 3.6 cfs represents the part 
of the mean annual springflow that discharges at the 
land surface and is consumed by evapotranspi'ration 
between the springs and gaging station. 

Long-te'rm uniformity of discharge 

Some variation in annual mean discharge of Muddy 
River Springs is evident frOln the published records 
of Muddy River streamflow. As noted in the table, 
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FIGURE 5.-Comparison of mean monthly discharge of ~udd'y 
River at the gaging station and mean monthly temperature 
at Overton, Nev., 1945-62. 
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FIGUH.E 6.-Plot of the mean monthly discharge of Muddy River 
ttt the gaging station versus mean monthly temperature at 
Overton, Nev., without respect to time. 

the mean annual discharge of Muddy River for the 
1945 to 19G2 period is 46.8 cfs, the median is 46.9, and 
the record adjusted for overland flow from local pre­
cipitation is 46.6. The mihimml1 amlUal mean during 
the 18-year period was 44.5 cfs, in 1962, and the maxi­
mum was 49.6 cfs, in 1958. The small range in 
fluctuation is .indicated by the fact that the discharge 
in the min imum year was about 90 percent of the 
maximum a.nnual mean discharge uncorrected for 
locally derived streamfiow. Thus, although some long­
term v::u'iation occurs, the very small range of varia­
tion actually indicates a highly uniform long-term 
disclmrge clmracteristic of the Muddy River Springs. 

Long-term va'riation of discharge 

Although the l\1uddy River Springs have a highly 
uniforrn discharge, the small range of variation has 
long-time significance. Eakin (19G4, fig. 4) compared 
a graph of cumulative departure from average annual 
precipitation at Adaven, Nev., for the period 1919-62 
with a. graph of cumulative departure from me~n an­
nual discharge of the Muddy River for the period 
1945-62. A rising tTend of discharge dur,ing the 
period 1D57 to 19HO seemingly was related best to a 
noticeable rising trend of precipitatoion in the period 
1937-41. 'iVithin these two periods, 1941 commonly 
was a. year of mnch above normal precipitation in 
much of the Great Basin. The greatest increase in 
anmml mean discharge over the prior year shown by 
the l\1uddy River record was in 191")8. This suggests 
a possible timelag respons'e of spring discharge to 
regional precipitation and consequent recharge of per­
haps 15 to 20 years. 

Additional simple tests of correla,tion between pre-

cipitation and spring discharge seem to support fur­
ther a timelag response of the order indicated above. 
However, further analysis of the gaging record and 
of regional precipitation conditions is required and 
is in progress to evaluate this feature. 

SUMMARY AND CONCLUSIONS 

Several sets· of measurements of the discharge of 
springs that supply the principal flow of the Muddy 
River in southeastern Nevada indicate that the spring 
discharge was much more uniform than was the flow 
of' the Muddy River at the gage during the period 
September 1963 to April 1964. During the interval 
the flow of the river at the gaging station increased 
from a measured discharge of 42.8 cfs in September 
to 49.8 cfs in January and declined to 44.0 cfs in 
April, whereas the measured spring discharge was 
nearly constant. Comparison of mean monthly dis­
charge at the gage for the period 1945-62 with mean 
monthly temperature for Overton, as a measure of 
evapotranspiration, shows a high correlation and indi­
cates that, for practical purposes, the variation in 
mean monthly discharge is a function of evapotrans­
piration. From this it is inferred that the spring 
discharge supplying the l\1uddy River must be highly 
uniform or the correlation of discharge and tempera­
ture would not be so close. If this is the case, then 
the annual mean discharge of the springs in a given 
year should be approximately equal to the January 
mean discharge of the Muddy R.iver for that year, as 
January is the month of minimum evapotranspiration. 
The adjusted mean January discharge of the river is 
50.2 cfs for the period 1945 to 1962. The difference 
between the 50.2 cfs and 46.6 cfs, the adjusted mean 
annual discharge at the gaging station, is 3.6 'cfs and 
approximately represents the mean annual evapo­
transpiration between the springs and the gaging 
station. 

The long-tel'll1 uniformity of spring discharge is 
suggested even by the uniformity of unadjusted mean 
annual discharge of the Muddy River. The minimum 
annual mean discharge for the period 1945-62 of 
gaging record is 90 . percent of the maximum annual 
mean discharge. 

Although long-term discharge of the springs is 
nearly uniform, some variation from year to year does 
occur. Preliminary tests suggest t.hat spring discharge 
responds to pronounced variations in precipitation 
and consequent recharge with a time]ag on the order 
of 15 to 20 years.. These tests, though simple, are 
promising, and further studies are in progress. 
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