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Figure 3.--Schematic diagram of South Platte River system from station 06756995 at Masters to a site downstream from the

Bijou Creek confluence.



WATER QUALITY

Water-quality data were collected to document existing conditions so that any
changes in water quality resulting from construction of the Narrows Reservoir
could be quantified. Water-quality data and samples for laboratory analysis were
collected at the three streamflow-gaging stations, 06756995 South Platte River at
Masters, 06758500 South Platte River near Weldona, and 06759100 Bijou Creek near
Fort Morgan twice a month from April to September and monthly from October to
March. Water-quality characteristics determined at the stations were temperature,
specific conductance, pH, and dissolved-oxygen concentration. Laboratory determi-
nations were made for concentrations of dissolved silica, calcium, magnesium,
sodium, potassium, carbonate, bicarbonate, sulfate, chloride, fluoride, nitrite
plus nitrate nitrogen, orthophosphate, iron, and manganese. Dissolved-solids con-
centration was determined from the sum of dissolved constituents. These data were
published annually by the U.S. Geological Survey (1978, 1979, and 1980). In Sep-
tember 1979 collection of water-quality data was discontinued at stations 06756995
South Platte River at Masters and 06759100 Bijou Creek near Fort Morgan and was
decreased in scope at 06758500 South Platte River near Weldona owing to the tem-
porary suspension of planned reservoir construction. Station 06758500 South
Platte River near Weldona was a water-quality data-collection station prior to the
present study, and the station continues to be operated for the collection of
monthly sampies for determination of major ions and cations. From April to Sep-
tember, monthly samples are collected to determine algae-growth potential.

Suspended Sediment

Suspended-sediment data were collected to document existing sediment-load
characteristics at the dam site where releases to downstream water users would
occur. Impoundment of water significantly decreases its suspended-sediment load as
streamflow velocities are decreased virtually to zero and the entrained sediment
settles out. The subsequent release of this ''clean'' water could have an effect on
the downstream river channel or irrigation ditches. Starting in April 1977, sed-
iment data were collected at 06758500 South Platte River near Weldona for computa-
tion of a continuous record of suspended-sediment load. Suspended-sediment samples
collected by personnel of the U.S. Geological Survey and by a hired observer were
provided to the U.S. Bureau of Reclamation for amalysis in their laboratory. The
analyses results, in turn, were given to the U.S. Geological Survey for computa-
tion of the suspended-sediment load records. Collection of suspended-sediment data
at the station was discontinued in March 1979.



Discussion of Analyses Results

Statistical summaries of water-quality data collected at the three stations
for the 1977, 1978, and 1979 water years are presented in tables 1, 2, and 3. The
summaries include: (1) The number of measurements or determinations of each con-
stituent or property; (2) the maximum, minimum, and mean values; and (3) the
standard deviation from the mean. In addition, linear-regression summaries relat-
ing major chemical constituents to specific conductance are .included for those
constituents which are significantly correlated with specific conductance at the
95-percent confidence level. The regression coefficient (R), the intercept or
constant (B), the correlation coefficient, and the standard error of estimate are
shown. The Ilinear-regression equation relating specific conductance to constitu-
ent concentration generally is expressed as:

Constituent concentration (milligrams per liter)=
specific conductance (microsiemens per centimeter at 25°Celsius)xR+B.

A comparison of data in tables 1 and 2 shows that mean concentrations of most
constituents increase from the wupstream station at Masters to the station near
Weldona, 21.3 river miles downstream. Exceptions to this are concentrations of
orthophosphate, iron, and manganese, which are less at the Weldona station than at
the Masters station. Significant correlations between specific conductance and
the concentrations of bicarbonate, hardness, calcium, magnesium, sodium, potas-
sium, chloride, sulfate, and dissolved solids at the two stations are indicated by
correlation coefficients that range from 0.76 to 0.97 (tables 1 and 2). Specific
conductance is an easily measured property and can provide a reliable estimate of
the concentrations of these constituents at the two stations for discharges of as
much as 7,500 ft3/s.

In contrast, the relations between specific conductance and dissolved-solids
concentration values are less vreliable for the Bijou Creek station (table 3).
Fewer constituents are significantly correlated with specific conductance at the
95-percent confidence level, and correlation coefficients for those relations
range from only 0.32 to 0.61. These correlations probably are partly the result
of the much more limited range of discharges (4.40 to 55.5 ft3/s) sampled at the
Bi jou Creek station than at the South Platte River stations. Dissolved-solids
concentrations generally vary inversely with discharge. Higher discharges, which
usually result from snowmelt or rainfall runoff, generally have lesser dissolved-
solids concentrations than low to moderate flows which consist largely of ground
water having greater dissolved-solids concentrations.

A graph of total monthly suspended-sediment load versus total monthly dis-
charge for station 06758500 South Platte River near Weldona for the period of
record, April 1977 to March 1979, is presented in figure 4. The upper leftmost
data point represents a large suspended-sediment load peak accompanying a dis-
charge peak on May 2, 1977. Discharge for the remainder of May 1977 was only mod-
erate, resulting 1in a relatively large monthly sediment load in conjunction with
only moderate monthly discharge. In general, however, the monthly suspended-
sediment load at the station is linearly related to the monthly discharge.
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Figure 4.--Monthly relation between total suspended-sediment load and total discharge,
April 1977 to March 1979, at station 06758500 South Platte River near Weldona.
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STREAMFLOW GAIN-AND-LOSS INVESTIGATIONS

Historically, upstream irrigation return flows have been a significant part
of the surface water diverted by users of the South Platte River water. Since the
magnitude and distribution of such return flows would be altered by construction
of the reservoir, releases from the reservoir should provide downstream water
users with the same amount of water they have been receiving.

To document existing conditions, streamflow gain-and-loss investigations were
conducted on the 25.8-mi reach of the South Platte River from the gaging station
at Masters to Iimmediately downstream from the confluence with Bijou Creek. The
gain-and-loss investigations were conducted approximately monthly from April 1 to
October 31 to document irrigation season conditions and during December and Febru-
ary to document winter conditions. No data were collected in December 1978 owing
to severe ice conditions. When it was determined that conditions were favorable
to conduct a gain-and-loss investigation, the investigation was completed in 1 day
using four hydrographers. The work within a hydrographer's assigned reach was done
in a downstream direction so that, In the event of a change in stage traversing
the study reach, the discharge measurements would tend either to lead or foilow
the change.

During each investigation, flow was either measured or a determination of no
flow was made at about 20 sites (fig. 3). Gains (positive values) or losses (neg-
ative values) for a subreach were computed as the difference between the sum of
all outflows or diversions minus the sum of all inflows within the subreach, the
upstream main-stem measurement being considered an inflow and the downstream main-
stem measurement being considered an outflow. [f all surface inflows and outflows
are accounted for, the computed difference in main-stem flow can be attributed to
accretion to surface flow from ground water (gain) or, conversely, accretion to
the ground-water aquifer from surface flow (loss). The number of gain-and-loss
investigations was decreased during the 1979 irrigation year, and the investi-
gations were discontinued in October 1979 owing to the temporary suspension of
planned reservoir construction.

With steady-state conditions prevailing for the South Platte River and Bijou
Creek and with no changes in diversions or inflows, the discharges measured during
a gain-and-loss investigation were tabulated directly. Although coordination was
maintained with the water commissioner for District 1 (which includes the study
area) in an effort to minimize changes in ditch diversions or in the Jackson Lake
outlet during the investigations, some changes were inevitable. Corrections to
measured main-stem discharges to compensate for changes in stage were calculated
by first determining traveltime between the two South Platte River streamflow-
gaging stations. This was done by matching a number of peaks and troughs on the
two hydrograph chart records at about the same stage at which the discharge meas-
urements were made. By assuming this rate to be constant for the entire study
reach, points on the hydrograph chart of the nearest station corresponding to the
times of the intermediate measurements were determined. |f the gage heights thus
determined for adjacent main-stem measurements differed by more than 0.01 ft, a
correction to the measured discharge was applied. Corrections in discharge were

12



determined by using the rating table for the station in conjunction with the shift
determined from the measurement made at the station during the investigation. A
similar procedure using mean measurement velocity was used in routing changes in
stage to the main stem of the South Platte River when they occurred at the Bijou
Creek station or at the stations on Weldon Valley ditch, Fort Morgan canal, or
Jackson Lake outlet (fig. 3).

The results of all investigations are presented by subreach and total reach
in table 4. A footnote indicates measurements adjusted for nonsteady-state condi-
tions. Averages for the winter (December and February), for the irrigation season
(April 1 to October 31), and for all investigations also are included. The totals
of these averages do not agree with comparable averages computed from the totals
column on the right side of the table because average subreach values exclude com-
bined subreach values (see footnotes 3 and 4). Data from subreaches were combined
when calculations indicated a possible error in the intermediate main-stem meas-
urement, such as when a large gain was accompanied by a loss in an adjoining sub-
reach and vice-versa, or when a main-stem measurement was known to have been made
during a rising or a declining stage.

Measured Ground-Water Discharge

Several water courses in the study area transport predominantly ground-water
effluent to the river. The water courses are either natural sloughs or dug drain-
age ditches that intercept ground-water flow that eventually would have reached
the river. However, because the river valley is extensively irrigated during the
growing season, these water courses intermittently may carry irrigation waste
flows that must be included as inflows in computing gains or losses in the affect-
ed subreach. As a means of estimating the magnitude of such waste flows, the prin-
cipal water courses with opportunity to intercept direct irrigation waste--Putman
Seep, and Weldon Valley and Jackson Lake Seep--were measured during each gain-and-
loss investigation (fig. 3). Comparison of the irrigation season and winter dis-
charges for these sloughs was used as an indication of the quantities of direct
irrigation waste flows they transport, and only the direct irrigation waste compo-
nent of the flow, if any, was entered in the tabulation.

Putman Seep can intercept direct irrigation waste flows from irrigated land
upslope and generally south of the slough. However, flow in the slough was found
to be very uniform for all investigations, varying only from 4.44 to 6.84 ft3/s.
Moreover, the average winter flow was 0.16 ft3/s greater than the average irriga-
tion season flow, indicating no direct irrigation waste-flow component.

Weldon Valley and Jackson Lake Seep is a dug drainage-canal network intended
to be a ground-water drain. Measured discharges in this slough, which ranged from
2.81 to 20.3 ft3/s, had a significant seasonal variation. The lowest flows oc-
curred in the winter and the highest flows occurred in July and August, indicating
a large direct irrigation waste-flow component. Opportunity for interception of
direct irrigation waste flows is common because the drainage network dissects
extensively irrigated cropland. Because measured winter flows were fairly uniform

13



Table 4.-~Summary of gain-and-loss <rmveetigatione of the South Platte River from statiom 06756895 at
Masters to a site doumetream from the Bijou Creek confluence, irrigation yeare 1877-79

Values in parentheses are gains or losses per river mile, In cubic feet per second]

[Vvalues are subreach gains or losses, in cubic feet per second.

Subreaches and lengths in river mlles!

Total reach

Date of 06756955 Sublette  Orchard  Goodrich Weldona 06758500 Bridge site 22735,325

Investigation ¢ .\ ite Orchard Goodrich Weldona 06758500 Bridge ;f;g:'"cﬁgz"‘: ;f:g:‘“czzz
4.1 b k.5 5.6 3.0 s;tg confluence ., confluence
: 2.5 25.8

Dec. 16, 1976 59(14) 24(6)  em=e--- b4 (h)-emene- 7(2) 7(&) 1(0) 142(6)
Feb. 1, 1977 16(4) 23(6) 23(5) 267(12) 37(12) -29(-14) -2(-1) 135(5)
Apr. 14 27(7) ---e-- 230(3)---=-  ------ 246 (5) =-=emm  eommee- -21(-8)~-===-- 82(3)
‘May 17 45(11) 31(8) 24(5) 7(1) 19(6) 0(0) -1(0) 124 (5)
June 16 39(10) 25(6) 15(3) 48(9) 15(5) -3(-2) 25(2) 144(6)
Aug. & 64(16) 9(2)  meee--- 42(4)-mmmene 21(7)  emmmeee- 2(0)==-===c=-- 138(5)
Aug. 29 38(9) 11(3) 28(6) 31(6) 15(5) 16(8) 3(1) 142(6)
Sep. 27 65(16) 12(3) 17(4) 11(2) 3(1) 8(4) 4(2) 120(5)
Oct. 17 45(11) 41(10) 8(2) L6(8) 13(4) 2(1) 2(1) 157(6)
Dec. 12 Lo(10) 30(7) 41(9) 5(1) 20(0) 8(4) 22(9) 146 (6)
Feb. 7, 1978 29(7) 54(13)  ------- 33(3)------- 215(5) h(2) 27(11) 162(6)
Apr. &4 24(6) 24(6) 16(4)  e--o=-- 16(2)====-- 16(8) 7(3) 103(4)
May 17 39(10) 36(9) 29(6) 1(0) 26(2) 3(2) 21(8) 135(5)
June 29 54(13) 34(8) 232(7) 211(2) 21(0)  -em=--- 223(9) -----=--- 155(6)
July 25 46(11) 29(7)  =----eme-- 296 (7)==-=emeeommu-= 4(2) 21(0) 176(7)
Aug. 15 55(13) 233(8) b1(9)  -e---- 255(6)----=-- -2(-1) -42(-17) 140(5)
Sep. 12 31(8) 235(9) 16 (L) -15(-3) -11(-4) 17(8) 9(L) 82(3)
Oct. 10 ===-- 76(9)-==-==- 6(1)  meeeo--- 8(1)------ 33(16) 7(3) 130(5)
Feb. 27, 1979 L6(11) L1(10) 26(6)  ------ 248(6)---=-~ 5(2) 18(7) 184(7)
Apr. 10 38(9) 29(7) 5(1) 6(1) 13(4) 11(6) 16(6) 118(5)
July 19 18(4)  ----e-- 39(5)----- 29(5) 220(7) -1(0) 8(3) 113(4)
Aug. 7 37(9) 33(8) 235(8) 11(2) 20(7) 6(3) 222(9) 164(6)
Sep. 11 50(12) bo(10)  51(11) 1(2) 51(17) =--e-- “5(-1)---=-=--- 198(8)
Sep. 24 34(8) 73(18)  ~=--m--ee-e- 63(5)--=----omoom  eomes ~18(-k)---eeonnn 152(6)
Oct. 18 Lh(11) 33(8)  ---=--- 63(6)------- 9(3)  emem--- 18(b)-=-=m---- 167(6)
Averages for

winter (Dec.

and Feb.)

investiga-

tiong-====-=- 38(9) 34(8) 330(7) 336(6) 315(5) -5(-2) 13(5) “161(6)
Averages for

irrigation

season (Apr.

to Oct.) in-

vestigations 342(10)  331(8)  323(5) 316(3)  314(5) 38(4) 34(2) 4138(5)
Averages for

all investi-

gations----- 351(10)  332(8)  324(5) 319(k)  314(5) 36(3) 37(3) “143(6)

lStream subreaches shown on figures 2 and 3.
2value adjusted for nonsteady-state conditions (see text).
3poes not include values for combined subreaches.
4Total of average subreach values.
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(maximum measured difference was 2.4 ft3/s), the average of these was assumed to
represent the- ground-water effluent component of the total flow. This average
winter flow, 4.22 ft3/s for eight measurements, was rounded to 5.0 ft3/s and sub-
tracted from the flow measured during the irrigation season gain-and-loss investi-
gations before the measured flow was entered in the tabulations.

The origin of the discharge of Bijou Creek at the streamflow-gaging station
is similar to that of the slough inflows discussed above. The discharge is pre-
dominantly ground-water effluent originating within an approximately 1.5-mi reach
upstream from the gage and generally is very uniform at 5 to 10 ft3/s. Occasion-
ally, however, Bijou Creek transports waste flows from Fort Morgan Canal, releases
from Bijou No. 2 Reservoir, and thunderstorm or snowmelt runoff. The gaged dis-
charge of Bijou Creek is readily separable into its surface- and ground-water com-
ponents as was done for Weldon Valley and Jackson Lake Seep. However, since the
measured discharge represents inflow from a major tributary drainage basin, total
Bijou Creek discharge, including the ground-water component, was included in the
tabulation.

Another principal stough, Day Seep, is not located within an irrigated area
and, as a result, intercepts no irrigation waste flows (fig. 3). Flow in this
slough is ground-water effluent derived primarily from Riverside Reservoir, which
is upgradient and approximately 1 mi to the north. Flow in Day Seep is inter-
cepted by Jackson Lake Inlet Canal from November to April. During the (irrigation
season, however, when Jackson Lake Inlet Canal does not divert water from the
river, Day Seep flow is routed to the river through the main canal wasteway, Jack-
son Lake Inlet Waste No. 2.

Water-Level Measurements

Starting in December 1977, water levels in 30 wells or observation pipes were
measured concurrently with each gain-and-loss investigation to document ground-
water levels in the vicinity of the river. Nine of these wells or pipes are
located south of the river and within 2 mi on either side of Bijou Creek in an
area that would have one of the most significant changes in water levels with con-
struction of the reservoir. The remaining 21 wells or pipes are located on tran-
sects through the main-stem measurement sites. Analysis of ground-water gradients
determined from water-level measurements in these wells or pipes and their rela-
tionship to variations in measured river gains and losses was not attempted due to
termination of the project. However, a cursory examination of the measurements
obtained indicates that localized perturbations, such as nearby pumping wells and
flowing ditches, which are common throughout the study area, effectively mask the
more widespread water-table gradients that exist.

Relation of Gains in River Discharge to Aquifer Saturated Thickness

The average gains noted for the individual subreaches show a relation to sat-
urated thickness of the alluvial aquifer in the valley-fill beneath the river. The
most upstream subreach--station 06756995 at Masters to Sublette--had the largest
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gain in all but four of the gain-and-loss investigations and averaged 41 ft3/s for
all investigations. The saturated thickness of the aquifer beneath the river for
this subreach is 120 ft or more (Hurr and others, 1972). In contrast, the two
most downstream subreaches--station 06758500 near Weldona to Bridge Site and
Bridge Site to the site downstream from the Bijou Creek confluence--on the average
had the smallest gains recorded (6 and 7 ft3/s, respectively) and in all but one
instance had the only losses in streamflow recorded (table 4). In comparison, the
maximum aquifer saturated thickness beneath the river for these two subreaches is
20 ft and averages less than 10 ft (Hurr and others, 1972). In addition, the
intermediate subreaches, on the average, had a decrease in gain in the downstream
direction, whereas the average aquifer saturated thickness, while showing substan-
tial local variation, also decreases in the downstream direction. The results of
the gain-and-loss investigations, then, show a significant relation to the oppor-
tunity for the river to gain (or lose) flow as represented by the saturated thick-
ness of the aquifer beneath the river.

Discussions of Results

Although large gains were recorded for each gain-and-loss investigation for
the total reach, large variations in total gain as well as large variations for
some subreaches from investigation to investigation are apparent in table 4. Gains
for the total reach ranged from 82 ft3/s on April 14, 1977, and September 12,
1978, to 198 ft3/s on September 11, 1979, whereas the values for the Goodrich to
Weldona subreach, for example, ranged from a gain of 67 ft3/s on February 1, 1977,
to a loss of 15 ft3/s on September 12, 1978. Possible reasons for these variations
are: (1) Transient effects within the river system due to changes in stage and
evapotranspiration, (2) undetected irrigation waste flowing directly to the river,
(3) individual measurement error, and (4) variability in Weldon Valley ditch ter-
minus waste inflow (fig. 3).

Changes in stage affect measured river gains and losses because these changes
affect bank-and-channel storage. These relatively short-term effects can combine
with relatively longer-term effects due to evapotranspiration. Evaporation from
ponded water and transpiration from riparian vegetation within the river bottom
can alter water-table gradients adjacent to the river and, as a result, measured
river gains and losses.

Undetected irrigation waste inflows, while probably small individually, could
have a significant combined effect upon the total reach. As discussed earlier,
estimates were made of suspected irrigation waste inflows but there undoubtedly
are additional inflows from fields near the river. Detection of these inflows is
difficult because they vary not only with time but also with location.

Discharge-measurement error under favorable conditions, such as those usually
needed for a gain-and-loss investigation, normally is about 5 percent. In comput-
ing gain or loss in a river subreach, it usually is assumed that the error associ-
ated with the largest discharge measurement represents the error for the subreach.
An indication of the range in discharge-measurement errors associated with the
gain-and-loss investigations and their relation to calculated gain or loss may be
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seen by comparing maximum discharge-measurement errors for the highest and lowest
river-flow conditions encountered for the subreach which generally had the largest
gains, station 06756995 at Masters to Sublette (table 4). The highest riverflow
during a gain-and-loss investigation occurred on September 24, 1979. The gain
calculated on this date for the station 06756995 at Masters to Sublette subreach
was 34 ft3/s (table 4). The error associated with the largest discharge measure-
ment (717 ft3/s) for this subreach was 36 ft3/s, which exceeds the calculated
gain. By comparison, the lowest river flow during a gain-and-loss investigation
occurred on April 10, 1979. The gain calculated on this date for the station
06756995 at Masters to Sublette subreach was 38 ft3/s, which is well in excess of
the error of #2.4 ft3/s associated with the largest discharge measurement
(47.9 ft3/s) for the subreach.

The Weldon Valley ditch terminus waste flows into the South Platte River
0.8 mi downstream from station 06758500 near Weldona (fig. 3) and may account for
some variation noted in the two most downstream subreaches, station 06758500 near
Weldona to Bridge Site and Bridge Site to the site downstream from the Bijou Creek
confluence. As discussed in the section ''Ungaged Flows near Selected Ditch Head-
gates,' potential for variation in this inflow is great. Because this inflow was
not gaged continuously, a change in its flow shortly before a discharge measure-
ment was made would result in an unnoticed wave in the river.

Some general trends are apparent by averaging the results of all gain-and-
loss investigations. The most obvious of these is the magnitude of the measured
gain in the South Platte River discharge in the 25.8-mi study reach (table 4). For
the 25 gain-and-loss investigations conducted during the 1977-79 irrigation years
(November 1 through October 31), this gain averaged 143 ft3/s, or 6 ft3/s per
river mile. Cumulative average gain for all investigations, in cubic feet per sec-
ond, versus river miles downstream from station 06756995 at Masters is presented
in figure 5. As a measure of variation in the data, 90-percent confidence limits
based on the standard deviation also are shown for each subreach in figure 5. It
should be emphasized that the 90-percent confidence limits do not represent a
90-percent confidence envelope for the cumulative average gain curve because the
limits were individually calculated for each subreach.

A seasonal trend is apparent in a graph of average monthly gains for all
investigations as presented in figure 6. Considering the large variations in the
data and that monthly averages are based on only two to four investigations each,
average monthly results are not conclusive. However, in most instances the aver-
age monthly wvariations follow a pattern that reasonably may be expected to occur
within an irrigated river-valley system underlain by an extensive aquifer such as
the valley-fill alluvium of the South Platte River valley. In general, a higher
water table will result in larger gains in riverflow whereas a lower water table
will result in smaller gains. Factors that tend to raise the water table, such as
recharge from flood irrigation of crops, or those which tend to lower the water
table, such as pumping wells or evapotranspiration, will, therefore, affect the
volume of gain (or loss) in riverflow.
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CUMULATIVE AVERAGE GAIN IN DISCHARGE, IN CUBIC FEET PER SECOND
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Figure 5.-- Cumulative average gain in discharge for all gain-and-loss investigations,
South Platte River from station 06756995 at Masters to a site downstream from the
Bijou Creek confluence.
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As shown in figure 6, the average gain is smallest in April just prior to the
start of the irrigation season. This small gain is the result of the water table
being at its lowest level for the year due to minimal recharge through the winter
months. Thereafter, average gains increase through May to a high in June in
response to a rise of the water table with the start of ditch diversions and flood
irrigation of <crops. The gradual decrease in gains from June through September
can be attributed to a combination of increasing pumpage from the aquifer together
with decreasing surface-water application as supplies diminish through the summer
--both of which tend to lower the water table. The increased gain in October
probably results primarily from recovery in the near-river water-table elevation
as a result of cessation of evapotranspiration by riparian vegetation with freez-
ing temperatures. This effect, in turn, is compounded by cessation of pumping.
Thereafter, the decrease in gain in December reflects the gradual decline in
water-table elevation after the irrigation season.

The large average gain in February is an anomaly since a continued decline in
water-table elevation as a result of minimal recharge should result in decreasing
gains through the winter. The large gain noted may be the result of a more short-
term effect resulting from ice buildup along the river through the winter. River
ice tends to constrict the flow and raise the stage which, in turn, results in an
increase in bank storage along the river. With decreasing ice through February,
the river stage declines, allowing this bank storage to reenter the river, result-
ing in the greater gain noted.

UNGAGED FLOWS NEAR SELECTED DITCH HEADGATES

Correlative Discharge Measurements

To document South Platte River discharges near the headgates of three ditch
systems that could be affected by the Narrows Reservoir, -correlative discharge
measurements were made at five sites on the South Platte River and Bijou Creek as
well as on intermediate inflows. The purpose of this phase of the study was to
develop reliable correlations between discharges at gaged sites and discharges in
the vicinity of the ditch headgates. Discharge at Sublette, 4.1 mi downstream from
station 06756995 at Masters and 1.1 mi upstream from the Weldon Valley Ditch head-
gate, was measured concurrently with discharge at station 06756995 at Masters.
In addition, South Platte River discharge immediately downstream from the Bijou
Creek confluence, 4.5 mi downstream from station 06758500 near Weldona and 1.6 mi
upstream from the common diversion dam of the Deuel and Snyder Canal and the Upper
Platte and Beaver Canal, was measured concurrently with discharges at stations
06758500 South Platte River near Weldona and 06759100 Bijou Creek near Fort
Morgan.

During the first 30 months of the study, discharges at these sites were meas-
ured once a week on the average throughout the April 1 to October 31 irrigation
season and once a month through the winter (November to March). Adverse ice condi-
tions from late November 1978 to late February 1979 prevented measurements during
that period. In addition, high flows due to snowmelt runoff during May, June, and
July 1979 precluded weekly measurements. Corrections to measured discharges were
made to compensate for nonsteady-state conditions and were calculated in the same
manner as for the gain-and-loss investigations.
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A graph of the relation between discharge of the South Platte River at Sub-
lette (@ ) and station 06756995 at Masters (Q ) is shown in figure 7. Two inter-
mediate Tnflows--Jackson Lake Inlet Canal waste No. 2 (Day Seep Ditch, fig. 3) and
No. 2a--consist of ground-water seepage flows routed to the river during the irri-
gation season when the canal is not diverting water from the river and, as a re-
sult, were not subtracted from the measured Sublette discharge. During the winter,
however, when the canal diverts water from the river, these waste flows consist
primarily of direct leakage from the canal and were subtracted from the measured
Sublette discharge.

A graph of the relation between the discharge of the South Platte River down-
stream from the Bijou Creek confluence (Q,.) and the discharge at station 06758500
near Weldona (@ ), assuming no tributary inflow, is shown in figure 8. The dis-
charge of the Youth Platte River at the site downstream from the Bijou Creek con-
fluence does not include the discharge at station 06759100 Bijou Creek near Fort
Morgan (Q ) or the Weldon Valley ditch terminus waste inflow (Qwv) (see fig. 3).
During the irrigation season Weldon Valley ditch terminus waste consists of direct
irrigation waste flows that are quite variable and, as a result, have a signifi-
cant effect on riverflow. Prior to the 1978 irrigation season, a step-backwater
survey was done on a reach of this inflow channel approximately 0.5 mi upstream
from its mouth from which a theoretical stage-discharge relation was developed. A
staff gage was installed at the upstream end of this reach so that the stage of
the flow could be used in conjunction with the stage-discharge relation in deter-
mining the inflow to be subtracted from riverflow measured downstream from Bijou
Creek confluence (@,,). Discharge measurements made during each gain-and-loss
investigation verified the theoretical stage-discharge relation and determined the
shift to be applied to the rating. During the winter, flow in the channel consists
only of ground-water seepage, and this was not subtracted from riverflow.

Discussion of Results

Regression equations together with correlation coefficients, R, developed
from the two sets of discharge data are presented in figures 7 and 8. Because the
Weldon Valley ditch terminus waste was determined to have a significant effect on
riverflow (average discharge for all irrigation-season measurements was 22.4 ft3/s
with discharges ranging from 4.62 to 47.9 ft3/s),-it was decided to use only those
sets of data which included a determination of this discharge in developing the
relation for the reach from station 06758500 near Weldona to the site downstream
from the Bijou Creek confluence.

As would be expected, there is a significant degree of correlation between
discharge at the main-stem stations and that at the ungaged sites. Both relations
indicate an average net gain: L4k.1 ft3/s for the reach from station 06756995 at
Masters to Sublette and 13.6 ft3/s for the reach from station 06758500 near
Weldona to the site downstream from the Bijou Creek confluence. Of particular
interest is the fact that for both sets of data the slopes of the regression lines
are virtually 1.00, indicating that the net gain is independent of the magnitude
of the main-stem flow. Results for the same subreaches from the 25 gain-and~-loss
investigations indicate average gains of 41 and 13 ft3/s, respectively (table 4),
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DISCHARGE OF SOUTH PLATTE RIVER AT SUBLETTE (Qg), IN CUBIC FEET PER SECOND
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Figure 7.-- Relation between discharge of South Platte River at Sublette and at station 06756995
at Masters.
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which agree very well with the regression-equation results. The gains indicated
by the regression equations, however, are considered more reliable because they
were developed from 73 and 47 data sets, respectively.

Several sets of data were not used in developing the relations because of
nonsteady conditions in the South Platte River or in Bijou Creek. Aithough the
remaining sets of data represent reasonably steady conditions, the calculated
gains (or losses) show a relatively large degree of variation. This variation most
probably is due to a combination of short-term and long-term transient effects and
measurement error, as discussed earlier, together with undetected variations in
Weldon Valley ditch terminus waste inflows into the reach of the South Platte
River from station 06758500 near Weldona to the site downstream from the Bijou
Creek confluence.

CONCLUS IONS

Summaries of dissolved-constituent concentration data for the South Platte
River streamflow-gaging stations at Masters and near Weldona, 21.3 river miles
downstream, indicate increases in the mean concentrations of all constituents
except orthophosphate, iron, and manganese. In addition, all major chemical con-
stituents in samples collected at the two South Platte River stations and the
Bijou Creek station are significantly correlated with specific conductance at the
95-percent confidence level except for: (1) Oxygen, carbonate, nitrogen, ortho-
phosphate, and fluoride at all three stations; (2) silica at the Masters and Bijou
Creek stations; and (3) calcium and potassium at the Bijou Creek station. Total
monthly suspended-sediment 1load in general shows a linear relation to total
monthly discharge at station 06758500 South Platte River near Weldona.

The average gain in discharge in the 25.8-mi study reach of the South Platte
River in the vicinity of the proposed Narrows Reservoir was 143 ft3/s for 25 gain-
and-loss investigations conducted during 3 years--1977, 1978, and 1979. The gain
averaged 138 ft3/s in 20 investigations conducted during the irrigation season
(April 1 to October 31) and 161 ft3/s in 5 investigations during the winter months
of December and February. ;

Measured gains in river discharge were found to be related to saturated
thickness of the alluvial acquifer in the valley-fill beneath the river. The
largest average measured gain, 41 ft3/s, was in the most upstream subreach where
saturated thickness averages more than 120 ft, whereas the smallest average meas-
ured gains, 6 and 7 ft3/s, were within the two most downstream subreaches where
average saturated thickness is less than 10 ft.

Correlative discharge measurements to relate ungaged discharge near selected
ditch headgates to discharge at the two main-stem streamflow-gaging stations
indicated a significant degree of correlation between gaged and ungaged discharge.
Linear-regression summaries of these measurements indicated an average gain of
Ly, 1 ft3/s within the 4.1 mi of the most upstream subreach and an average gain of
13.6 ft3/s within the 4.5 mi of the two most downstream subreaches. These average
gains were found to be virtually constant and independent of the magnitude of
river discharge.
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