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IRRIGATION-WATER QUALITY IN THE SULPHUR CREEK BASIN,
YAKIMA AND BENTON COUNTIES, WASHINGTON,
APRIL 1976 THROUGH MARCH 1977

P. R. Boucher and M. O. Fretwell

ABSTRACT

Suspended sediment, total nitrogen, total nitrate-plus-nitrite, and total
phosphorus concentrations, water temperatures, and water discharges were
monitored in the irrigation water of the Sulphur Creek basin for the 1976 irrigation
season and for the following nonirrigation season. The Sulphur Creek basin's net
outflow of sediment during the study period was about 79,000 tons, which
corresponds to a yield of 2.0 tons per acre of irrigated cropland. Only about 3
percent of the net sediment outflow occurred in the nonirrigation season of
November to March. Of the subbasins, DID (Drainage Improvement District)-18 had
the greatest net outflow of sediment (about 29,000 tons, or a yield of about 7.0 tons
per acre), and DID-9 had the least net outflow (about 8,600 tons, or a yield of about
0.7 ton per acre). Differences in yield relate best to lend slopes, but the lower
yields from DID-9 subbasin are also partly attributable to a larger proportion of
orchard land.

Net nutrient outflows from the Sulphur Creek basin were 1,200,000 pounds of
nitrogen and 120,000 pounds of phosphorus. About one-third of the nitrogen and
about one-sixth of the phosphorous outflow occurred during the nonirrigation
season. Nitrate-plus-nitrite constituted 70 percent of the nitrogen outflow in the
irrigation season and 84 percent in the nonirrigation season.

The monitoring network was discontinued at the end of | year, largely because
few farmers participated in the demonstration pilot project the network was
designed to monitor. Network sensitivity was adequate in the subbasins where the
demonstration project was to have occurred, but was inadequate in the control
subbasins. A reduction in sediment yields of 27, 23, and 10 percent, respectively,
from DID-I8 basin, Black Canyon Creek basin, and the er tire Sulphur Creek basin
would be necessary for the effects of improved agriculturai practices to be reliably
detected.

Harmonic analysis and fourth degree polynomial ana'ysis indicated an annual
cyclic pattern of constituent concentrations and discharges. Fourth degree
polynomial analysis showed slight to no improvement over harmonic analysis in
explaining the variations.



INTRODUCTION

Background

In 1972 Congress passed Public Law 92-500 (Sec. 208), the Federal Water
Pollution Control Act Ammendments of 1972. Among the many nationwide
objectives of this law is the restoration, by July 1983, of stream-water quality to
what is commonly referred to as "fishable" and "swimmable." To meet this and
other objectives, Congress prescribed goals and deadlines and the responsibilities of
various government agencies. The U.S. Environmental Protection Agency (EPA)
was designated as the Federal agency responsible for administering this law.
Subsequently, the State of Washington Department of Ecology (DOE) requested that
EPA delegate to them the authority for administering the law as it pertains to the
introduction of point and nonpoint waste discharges into the State's waters. EPA
granted DOE's request in November 1973.

The Department of Ecology formed a multi-agency Technical Advisory
Committee for Water Quality Improvement to provide DOE with technical advice
related to irrigated agriculture. Beginning with the first meeting on October I,
1974, the committee has addressed itself specifically to irrigated agriculture in the
Yakima River basin.

At about the same time (1974), in a study conducted for DOE, the consulting
firm CHoM Hill identified Sulphur Creek subbasin (pl. 1) as having the greatest
irrigation-water-quality problems of any subbasin in the Yakima River basin (CH;M
Hill, 1975). They further ranked the subbasins of Sulphur Creek basin according to
the severity of water-quality problems.

With the assistance of the Technical Advisory Committee, DOE and the U.S.
Soil Conservation Service (SCS) developed a jointly funded demonstration project in
the Sulphur Creek basin. The objective of the Sulphur Creek Demonstration
Project was to develop and bring into operation a workable, voluntary program with
the farmers to reduce soil erosion through application of best-management
practices (BMP). Two subbasins in the Sulphur Creek basin, identified by CHoM
Hill as having the most serious irrigation-water quality problems, were selected as
the demonstration areas -- Black Canyon Creek basin and DID-18 basin.

Two additional programs were developed to evaluate the demonstration
project's effectiveness in improving the quality of irrigation return-flow waters.
The first program was to be pursued by Washington State University (WSU) on
individual farm sites where BMP changes were to be applied. The second program
was to be pursued by the U.S. Geological Survey, Water Resources Division (WRD),
on a broader, basinwide scope.

The Washington State University program was funded by SCS from February
1976 through September 1976 and was thereafter approved as a 3-year research
project, jointly funded by the WSU Agricultural Research Center and the Office of
Water Research and Technology (OWRT), U.S. Department of Interior. The WRD
program was funded jointly by WRD and DOE.




Purpose and Scope

The purpose of the study was to design, implement, and evaluate a
sampling network for observing changes in irrigation-water quality that were
expected to result from improvement of agricultural practices in the Sulphur
Creek basin. The monitoring program was designed to evaluate basinwide as
well as subbasin changes in irrigation-water quality, as opposed to changes in
water quality at individual farm sites. The water-quality characteristics
selected for evaluation were sediment and nutrient yields, discharges and
concentrations, and water temperature.

At the end of the first year the data would be evaluated to determine if
the monitoring network used for the first year--or an alternative monitoring
scheme--could measure the water-quality changes likely to occur when
agricultural practices were improved. The evaluation would require the
estimation of two factors: (1) What magnitude of change in a water-quality
characteristic could be detected? (2) What magnitude of change in the
water-quality characteristics could be anticipated from the implementation of
BMP's, and would this change be large enough to be detected by the monitoring?

If the results of the first year's data-evaluation effort indicated that the
monitoring could detect changes in water quality of the magnitude likely to
occur, then the monitoring would continue for several years. If the prospect of
success seemed small, the monitoring project would end with submission of the
evaluation.

The Water Resources Division would determine what magnitude of change
in a water-quality characteristic could be detected. The Department of
Ecology and the Technical Advisory Committee would make the management
decision about what magnitude of change could be reasonably anticipated as a
result of BMPs, and whether the monitoring program contirued or not.

The Water Resources Division monitoring effort terminated after the
evaluation of data at the end of the first year, and this report presents the
results of the network evaluation and the water-quality conditions observed
during the period April 1976 through March 1977. Work on Sulphur Creek
Demonstration Project was continued by the SCS, however, and WSU continued
its evaluations of water-quality improvements at individual farm sites.

Location and Extent

The Sulphur Creek basin occupies an area of about 155 mi2 in the Yakima
River basin in south-central Washington (pl. 1). About 75 percent of the
Sulphur Creek basin is in Yakima County and 25 percent is in Benton County.
The basin is 14 miles long from the crest of the Rattlesnake Hills on the north
to the Yakima River on the south, and almost uniformly 12 miles wide from
east to west.



Previous Investigations

During the irrigation season of 1974, CH;M Hill, a private consulting
corporation, conducted a study of the management of irrigation return flows in
the Yakima River valley, with emphasis on the Sulphur Creek basin. CH2M Hill,
in the first phase of their study, collected water-quality data at several sites in -
the Sulphur Creek basin--data that were useful in the design of the monitoring
network for this study. The data (CHoM Hill, 1975, p. 43) indicated that the
greatest suspended-sediment concentrations (refered to as "solids" on table 1)
came from Black Canyon Creek (DID-5 Drain) and DID-18 Drain. Total-nitrogen
and total-phosphorous concentrations were also greater in those drains than in
the other drains. Average concentrations determined by CH;M Hill are
summarized for six sites in table l.

Another study of suspended-sediment transport in irrigation return flow in
the Yakima River basin was made by Nelson (1979) during the 1975 and 1976
irrigation seasons. That study included estimation of sediment discharges of the
major drains and of the Yakima River in the area from Selah to Kiona. Three
sampling points established during Nelson's study were also sampled in this study
- Roza Canal at Wilgus Road (site 13), Sunnyside Canal at Grandview (site 18),
and Sulphur Creek at Holladay Road near Sunnyside (site 8). (See plate L.)

The U.S. Bureau of Reclamation (USBR), has collected water-quality data
in the Yakima River basin for many years, including data for various drains and
for Sulphur Creek Wasteway. The USBR data are on file at their project office
in Yakima.

Washington State University conducted a program of monitoring the quality
of irrigation return flows at specific farm sites as part of the Sulphur Creek
pilot program. The WSU program began with the 1976 irrigation season (about
April 1, 1976), and the data collected are on file at WSU's Department of
Agricultural Engineering in Pullman.

The soils of the Sulphur Creek basin have been described by the SCS in soil

surveys of Yakima and Benton Counties (U.S. Soil Conservation Service, 1970,
1971).
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TABLE 1.--Average values of selected constituents and characteristics in major drains of
Sulphur Creek basin, April 17 through October 24, 1974

[Data from CH, M Hill, 1975, p. 43]

2
Water Total Total
USGS Water Tempera- nitrogen phosphorus Suspended
site no. Station name dischgrge ture as N as P sediment Turbidity
(p1. 1) (ft>/s) (%) (mg/L) (mg/L) (mg/L) (1Y)
& DID 3 Drain 52 14 2.85 0.70 260 79
3 Washout Drain 10 14 3.38 .56 438 106
2 DID 18 Drain 18 14 3.60 .70 589 106
b5 Back Canyon Creek 23 13 3.41 .64 498 122
6 DID 9 Drain 38 13 3.14 .38 198 37
8 Sulphur Creek Wasteway 310 13 2.39 .45 229 73

3 USGS site is 0.6 mi above mouth. CHoM Hill site is near mouth.
b ysGS site is 1.0 mi above mouth. CHZM Hill site is near mouth, and is listed as DID-5-1.



DESCRIPTION OF THE BASIN

Geologic and Topographic Setting

The Sulphur Creek basin is on the southern limb of the Rattlesnake Hills
anticline, an east-west trending upwarp of the Miocene Columbia River Basalt
Group. Snipes Mountain and Grandview Butte represent minor uplifts of basalt
in the southern part of the basin. The basalt is at, or near, land surface in the
deeper canyons and on the higher hilltops in the Rattlesnake Hills.

Altitudes in the Sulphur Creek basin range from 3,630 ft above the National
Geodetic Vertical Datum (NGVD) of 1929 in the Rattlesnake Hills to about 630
ft at the confluence of Sulphur Creek with the Yakima River in the
southwestern part of the basin. Grandview Butte rises to an altitude of 1,100 ft;
Snipes Mountain rises to an altitude of 1,300 ft. Land slope in the basin is
generally downward in a southwesterly direction, and the steeper slopes are in
the headwater areas along the northeastern divide.

Land slope is an important factor in the erosional susceptibility of the soil
— soils in steeper areas are much more susceptible to erosion. Land slopes are
generally 2 to 5 percent in the irrigated areas between Roza and Sunnyside
Canals, and decrease to 0 to 2 percent downhill from Sunnyside Canal, the lower
of the two canals. Local slopes in the irrigated areas range from steep to flat.
Table 2 includes a summary of generalized land slopes for irrigated areas in the
Sulphur Creek basin and major subbasins.

Soils

The soils in the Sulphur Creek basin are generally loams of variable depth,
formed from windblown silt (fig. 1). In the extreme southwestern part of the
basin, immediately south of Sunnyside, the soils are formed of fine, windblown
sand and are underlain by deposits of moderately permeable sediments in old
former lakebeds. Because all soils in the basin are composed of fine, windlaid
materials, they are highly susceptible to erosion.

Climate

The Sulphur Creek basin has an arid to semiarid climate. Annual
precipitation averages 6.8 inches at Sunnyside and 15 inches in the higher
elevations of the Rattlesnake Hills, (All climatic data are from the U.S.
National Oceanic and Atmospheric Administration, 1976, 1977.) Most
precipitation falls in the form of rain, but in the winter snowfall is common.
Table 3 lists the long-term precipitation and temperature averages for the
weather station at Sunnyside, along with the averages and to:als for the study
period April 1976 to March 1977. Precipitation during the study period was 40
percent of normal, and average temperature was 99 percent of normal.




TABLE 2.--Selected characteristics of Sulphur Creek basin and its major subbasins
[Data from CHQM Hi11, 1975]

Percent of irrigated DA in each Tand-
slope category

]Irrigated croplands

Percent Orchards Land -slope category
of percent 0-2 3-5 6-10 greater than
Draipage area (DA) ° total of irri- per- per- per- 10 percent
Subbasins mi acres acres DA acres gated DA cent cent cent
DID-3 and
Washout Drain 45.0 28,800 12,000 42 1,080 9 59 30 9 2
DID-18 Drain 14.7 9,410 3,930 42 455 12 10 83 7 --
Black Canyon
Creek 35.8 22,900 5,870 26 1,120 19 25 63 12 -
DID-9 Drain 27.1 17,300 13,500 78 4,000 30 60 35 5 --
Other land 32.4 20,700 6,000 29 465 8 56 44 - -
Sulphur Creek
Basin 155 99,200 41,500 42 7,120 17 49 43 7 1

]Figures represent only cropland, excluding land in other use, for the 1973 irrigation season.

2Inc]udes orchards.

TABLE 3.--Long-term average precipitation and temperature at Sunnyside, Wash.,
and averages and totals during the period April 1976 to March 1977

[u.S. National Oceanic and Atmospheric Administration, 1976, 1977)]

Total for
Apr. May June  July Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar. period

Long-term
aver. precip. (in.) 0.49 0.56 0.68 0.19 0.24 0.34 0.67 0.85 0.8 0.93 0.61 0.39 6.81

Study period
precip. (in.) .60 .05 Tr .19 .65 .05 .05 Tr 30 .08 .64 .34 2.75

Long-term
aver. temp. (°F) 51.9 60.0 66.5 72.0 70.0 63.2 52.0 40.6 33.8 30.5 37.9 44.0 51.9

Study period
aver. temp. {°F) 50.7 59.9 62.9 70.5 68.2 65.7 51.7 42.0 30.3 2.8 4.7 4.1 51.2

(Tr = trace)
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Few data are available for natural surface-water runoff in the basin, but
some have been obtained by the WRD at a crest-stage gage site (site 39) that
records peak flows on a trlbutary to Washout Drain (pl. 1). The dramage area
above this site is 1.91 mi2Z. During the perlod of record, 1954-73, maximum
recorded peak flow was 264 f‘c3/g (138 £t3/s/mi?), in 1954, According to
Cummans, Collings, and Nassar (1975, p. 3l), a discharge of that magnitude
would have a recurrence interval of about 50 years. During the years 1955,
1958-60, 1964, and 1966-68, there was no flow indicated at this site. The area
above the crest gage is composed of nonirrigated cropland and natural
rangeland, and the peak runoff at this gage is, therefore, generally indicative of
what might be expected from nonirrigated lands.
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THE STUDY APPROACH

A water-quality-monitoring network was established, with stations at the
major surface-water inflow and outflow points of Sulphur Creek basin (see pl. 1
and fig. 3), so that both net constituent outflows and yields could be calculated.
For this study, it was not necessary to do a detailed water budget accounting; it
was sufficient to know water inflow and outflow by surface-water conveyances
and the concentrations of constituent these waters carry. From this, the
deposition or removal of a constituent from a basin by surface-water
conveyances can be calculated according to the mass-balance equation,

S =Lout - Lin » 0

where S is change in constituent storage in the basin and will hereafter be
called net inflow if S is negative and net outflow if S is positive; Loyt is the sum
of all constituent outflows from the basin; and Lj, is the sum of all constituent
inflows to the basin.

Black Canyon Creek and DID-I8 subbasins would receive the major thrust of
the demonstration project efforts. The other subbasins would be control basins.
The meaning and value of control basins is briefly explained below.

If the water-quality-monitoring network is sensitive enough for the purpose
intended, then changes produced as a result of modified farming practices in the
demonstration-project test basins will be reliably detected. Unfortunately,
changes might be the result of other factors besides the demonstration- project
efforts. Variations in climatic conditions, such as unusually frequent
rainstorms, drought, extended hot or cold periods, and many other factors,
might conceivably produce changes as large as or larger thar. those produced by
the demonstration project. Using control basins is one opticn for detecting the
effects of uncontrollable variables. The basic assumption is that if a control
basin is sufficiently similar to a test basin, and if both basins are acted upon by
the same general factors, then both basins will produce nearly the same
response. Hence, changes that occur in both the control basins and the test
basins should not be attributed to the effects of the demonstration project.

The network as designed included a total of 42 stations, of which 35 were
water-quality stations, 6 were rain-gage stations, and 1 was a crest-stage gage
station for determining peak floodflows. Plate 1 shows station locations,
station names, identification numbers, latitude-longitude locations, and methods
of obtaining streamflow at each water-quality station. At 10 stations on the
two major canals (Roza and Sunnyside) and at 6 stations on the major drains,
water samples were obtained twice weekly to measure total or
suspended-sediment concentration, temperature, specific conductance, and
turbidity, and twice monthly to measure total phosphorus, total nitrogen, and
total nitrate-plus-nitrite. At 12 other sites, water samples were obtained at
random frequency to determine the same constituents and characteristics, and
at five other sites concentrations and constituent discharges were estimated.
To evaluate sediment production from the dryland part of the basin, two
additional sites were established, one on the main stem of Sulphur Creek and
one on the main stem of Black Canyon Creek.

13



For this study, it was necessary to know total concentration and discharge
of constituents; that is, to know both the suspended portion and the portion
moving along the streambed. However, total discharges and concentrations
could not be measured (except by expensive and time-consuming means) at some
stations because the suspended-sediment samplers used in this project sample to
only 3 to 5 inches above a streambed, except at drop structures such as wiers or
culvert outflows where the body of the sampler can be lowered sufficiently to
allow the nozzle to reach bottom. The two situations are illustrated in figure 4.

Whenever possible, stations were placed where both total concentrations
and discharges of constituents could be measured. For those stations where
only the suspended portion could be measured, an estimated quantity was added
to the suspended portion to provide an estimated total concentration and
discharge. Estimation procedures are described in the section Unmeasured
Sediment Discharge, page 49.

Total constituent concentrations could be measured in samples collected at
DID-18, DID-9, and DID-3 Drains because the samples were collected at road
culverts. Samples collected at Black Canyon Creek, Washout Drain, and Sulphur
Creek Wasteway were taken in turbulent riffles over a cobble-and-boulder
bottom and closely approximated total concentrations there. Samples collected
from the major canals contained suspended concentrations only.

Samples from the minor canals and laterals were generally collected at
drop structures or where constrictions caused turbulent flow. At stations where
there was an unmeasured zone, either it was too small to affect the
mass-balance calculations, or the unmeasured concentration was estimated for
the site.

The sampling frequencies selected were the estimated minimum
frequencies needed to adequately describe temporal variations in constituent
concentrations and discharges. Intensive sampling was carried out during two
48-hour periods, in June and August 1976, to estimate th= daily variability of
constituent discharges and to provide a better basis for establishing sampling
frequencies in future networks.
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METHODS OF COMPUTING CONSTITUENT
DISCHARGES AND MEAN CONCENTRATIONS

Five methods of obtaining the total discharges and mean concentrations of
constituents from periodic data were examined, because no single method is
presently accepted as best for all situations, and because it was not initially
known which method might be best for this study. The methods were:

1) Sediment-transport, flow-duration curve
2) Time-weighted averaging

3) Discharge-weighted averaging

4) Harmonic analysis

5) Fourth-degree-polynomial analysis

The results of all five methods were comparable within 0 to 5 percent at
the several sites for which they were all examined. Methods 3, 4, and 5 are
discussed in this report because their results were used in the network
evaluation. The discharge-weighted averaging method was used for this report
because of simplicity of application, and it is the basis for all concentration and
discharge values in the main text of the report. Harmonic analysis was used to
determine median monthly and mean irrigation-season water temperatures in
the major canals and drains, and both harmonic analysis and polynomial analysis
were used to provide comparative data and to demonstrate that the data fit
annually repetitive theoretical time distributions, all of which are explained in
the following subsections.

Discharge-Weighted Averaging

The mean constituent concentration is calculated by using the equation:

i=N
‘21 CiQi
- 1=
Cz=r——o ’ (2)
i=N
z Qi
i=1

where C is the discharge-weighted mean concentration; C; is the observed
instantaneous concentration on sampling day i; Q; is the observed instantaneous
streamflow at the time of sampling on day i; and N is the last sampling day
during the period of interest.

The quantity of a constituent discharged during the period of interest is
calculated using the equation:

L = CQ4(0.0027) 3)

where Qi is total volume of flow during the period, in cubic feet per
second-days, and 0.0027 is a unit conversion factor.
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Harmonic Analysis

The methods for computing discharges and mean concentrations by
harmonic analysis and fourth-degree-polynomial analysis are explained in this
section because the results obtained by these two methods are compared with
results obtained by the discharge-weighted averaging method in the section Two
Mathematical Approximation Methods of Data Analysis, beginning on page 51.
The potential usefulness of these alternative methods of data analysis is also
discussed in that section. Both of these methods are regression techniques of
fitting theoretical time distributions to the data, and both assume that the data
follow some pattern of variation in time, as the data from this study appear to
do.

The harmonic analysis used to determine mean constituent concentrations
and discharges is an adaptation of the method developed by Ward (1963) and
refined by Collings (1969) and Steele (1974) for analyzing stream-temperature
data. The temporal variations of constituent concentrations, constituent
discharges, and water temperature are described by the equations,

Cy = A -sin(Bx+®) + M¢ (%)
Ly = A -sin(Bx+®) + M (5
and Ty = A -sin(Bx+®) + My (6)

where Cy is the computed daily mean concentration on day x;
Ly is the computed daily mean constituent discharge on day x;
Ty is the computed daily mean water temperature on day x;

A is the amplitude, or one-half the computed variation for the
period;

B is a constant (0.0172 radian/day) used to convert the day of the
year to an angle, in radians. The constant derives from the
expression 2 T :365 or 366;

x is the number of days, starting with the first day of the calendar
year (January 1), inclusive;

@ is phase angle, in radians; and

Mc is the computed mean concentration for a period of 365 or 366
days;

My is the computed mean daily constituent discharge for a period of
365 or 366 days; and

M¢ is the computed mean water temperature f r a period of 365 or
366 days.

17




For any time period less than a year, such as the 204-day irrigation season

of 1976, the mean concentration, total constituent discharge,
temperature for the period are obtained by use of the equations,

-~ X=m

C= & Cy+(m-n+1)
X=n
X=m

LT = Z Lx

X=n

— X=m
X=Nn

where C = the mean concentration for the period of interest;
LT = the total constituent discharge for the period of interest;
T = the mean temperature for the period of interest;

and mean

@)

(3

9

n = number of days — January | to the beginning day of the period of

interest (inclusive); and

m = number of days -- January | to the last day of the
interest (inclusive).
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Fourth-Degree-Polynomial Analysis

Fourth-degree-polynomial analysis was also performed to describe the
temporal variation of the data by an equation of the generalized form,

Ly or Cy = c + ex + fx2 + gx3 + hx# (10)
where c, e, f, g, and h are regression coefficients. Constituent discharge for
the period is obtained by integration according to the equation

m m
L= f (crex+Ex2+gx3+hx*)dx = l: cx+e_x2+f_x3+_g>_(4+b£5]
2 3 4 5
n n
Mean concentration (M) is calculated similarly, but the integral is divided

by m-n+l (total number of days in the period of interest) to obtain the mean for
that period.

Confidence Limits

To ascertain the amount of change that must take place to be detected, the
confidence limits of the computed constituent concentrations and discharges
must be determined.

The estimated confidence limits for the values obtained from the
discharge-weighted-averaging computations were arrived at by calculating the
daily variability in the constituent discharges and combining that with other
sources of uncertainty--such as sampling error, laboratory error, water discharge
error--using principles of propagation of uncertainty (Baird, 1962), into a single
estimated confidence limit for the data.

The estimated confidence limits of constituent yields and net outflows from
a basin were obtained using standard statistical methods for determining the
uncertainty of sums and differences (Arkin and Colton, 1970).

Confidence limits for values obtained from the two theoretical
time-distribution equations were calculated from the standard error of estimate.
The standard error of estimate is a measure of the departure of the observed
values from computed values obtained by a particular equation, and is thus
indicative of the uncertainty of the equation. The confidence limits are
statistically reliable.
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IRRIGATION-WATER QUALITY

In this section, the constituent concentrations and discharges and the water
discharges of the canals and drains are discussed from two perspectives, (1)
concentrations and discharges at a single point on the canal or drain; that is, at
the station; and (2) changes in concentrations and discharges between stations,
and the addition of constituents to the basin or subbasin by individual canals or
drains. Because the net outflow and yield of the basin or a subbasin (as opposed
to outflow of an individual drain or canal) is the sum of several net inflows and
outflows, basin and subbasin yields and net outflows will be discussed in the
section Net Constituent Qutflows and Yields, pages 40-42.

Roza Canal
Water Discharge

The 1976 irrigation-season water discharge past five sites on Roza and
Sunnyside Canals as they traverse the Sulphur Creek basin is given in table &.
Hydrographs showing the flow in Roza Canal at site 10 and in Sunnyside Canal at
site 15 are presented in figure 5. These hydrographs are also representative of
the flow at the other sites on the canals, and in fact the hydrographs were used,
along with miscellaneous discharge measurements, to determine seasonal flow
at the other eight sites.

Roza Canal delivered about 110,000 (221,000 acre-ft at Scoon Road, site 9
minus 111,000 acre-ft at Wilgus Road, site 13) acre-ft of water to the Sulphur
Creek basin during the 1976 irrigation season. Of this, about 13,000 acre-ft was
unused and was discharged to Roza Canal Wasteway and into Sulphur Creek
Wasteway.

Constituent Concentrations and Discharges

Because Roza Canal is at a higher elevation than Sunnyside Canal, it
receives less irrigation return flow, and, as may be expected, average nutrient
and suspended-sediment concentrations are lower than in the Sunnyside Canal.
However, Roza Canal plays an important role in the suspended-sediment and
nutrient discharges in the Sulphur Creek basin. Although concentrations in
general are low, the large water discharge of Roza Canal results in a nutrient
input to the basin from the canal that is nearly as large as output from the basin
by some of the irrigation return-flow drains. For example, during the 1976
irrigation season the input to the basin from Roza Canal of nitrate-plus-nitrite,
total nitrogen, and total phosphorus was about 19, 42, and 7 tons, respectively,
as compared with output from the basin of 15, 26, and 3.7 tons, respectively, by
Washout Drain, and 34, 51, and 9.9 tons, respectively, by DID-18 Jrain.
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TABLE 4.--Water discharge in Roza and Sunnyside Canals in the

Sulphur Creek basin during the 1976 irrigation season

Site no.

(p1. 1)

Station name

Water discharge
(acre-ft)

10*
1
12
13

14
15%
16
17
18

_Roza Canal

At Scoon Rd

Below Sulphur Cr

At Black Canyon Cr

At Factory Rd
At Wilgus Rd

Sunnyside Canal

At Maple Grove Rd
Below Sulphur Cr
At Edison Rd

At Bethany Rd

At Grandview

221,000 + 22,000
182,000 + 9,000
162,000 + 16,000
139,000 + 14,000
111,000 + 11,000

299,000 + 30,000
256,000 + 13,000
249,000 + 25,000
231,000 + 23,000
212,000 + 21,000

* Site for which daily flows were computed and used to estimate the
flows at the other sites on the same canal.
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FIGURE 5.--Daily mean flow at selected sites on Roza and Sunnyside
Canals for the 1976 irrigation season.
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Figure 6 illustrates the variation in mean concentrations and discharges of
the constituents past the five monitoring sites on Roza Canal. Table 5 includes
the seasonal discharge-weighted mean concentrations and discharges of each
constituent at each site on both Roza and Sunnyside Canals. Nutrient
concentrations changed only slightly, but nutrient discharges all decreased
considerably in a downstream direction.

Nitrate-plus-nitrite discharges decreased faster than can be accounted for
by water diversions. This decrease may be attributable in part to the
assimilation of nitrate and nitrite by rooted aquatic plants along the canal.
Nitrate-plus-nitrite averaged about 25 percent of the total nitrogen, and that
proportion remained constant from site to site.

Suspended-sediment concentration generally increased in a downstream
direction, due in part to sediment-laden return flow and in part to the canal's
diversion gates, which may have excluded some sand particles from the laterals
and left the sand in the main canal to be deposited or transported as
total-sediment discharge. Estimated total-sediment discharge increased by
7,000 tons between Scoon Road (site 9) and Factory Road (site 12) and
decreased by 4,000 tons between Factory Road and Wilgus Road (site 13), for a
net estimated increase of about 3,000 tons in the entire reach in Sulphur Creek
basin. The decrease between the two lower-most sites may be attributable to
diversions, or also in part to channel deposition.

Sunnyside Canal

Water Discharge

The seasonal water discharge past five sites on Sunnyside Canal, which may

be compared with that of the Roza Canal, is given in table 4 and figure 5.
Sunnyside Canal delivered about 110,000 acre-ft of water to the Sulphur Creek

basin during the 1976 irrigation season, or about the same quantity as that
delivered by Roza Canal. The figures cited for Sunnyside Canal include about
24,000 acre-ft of water delivered to the basin by Ryder Lateral. This lateral
diverts water from Sunnyside Canal downstream of and outside of the basin and
returns it to the basin. About 28,000 acre-ft of water in Sunnyside Canal was
passed unused down Sunnyside Canal Wasteway and into Sulphur Creek
Wasteway. Both this 28,000 acre-ft and the 13,000 acre-ft passed by Roza
Canal Wasteway diluted the irrigation return flows to Sulphur Creek Wasteway.
Comparing the actual irrigation deliveries of the two canals after subtracting
water lost to the canal wasteways, Roza Canal delivered about 97,000 acre-ft
and Sunnyside Canal about 82,000 acre-ft.
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TABLE 5.--Constituent discharges and concentrations in Roza and Sunnyside Canals in Sulphur Creek basin
during the 1976 irrigation season

Nitrate-plus-nitrite Total nitrogen Total phosphorus Suspended
(as N) (as N) (as P) sediment*
Discharge- Discharge- Discharge- Discharge-
Site weighted weighted weighted weighted
no. Location mean con-  Seasonal mean con- Seasonal mean con- Seasonal mean con- Seasonal
(p1. 1) centration discharge centration discharge centration discharge centration discharge
(mg/L) (tons) (mg/L) (tons? {mg/L) (tons) (mg/L) (tons%
Roza Canal
9 At Scoon Road 0.10 3 0.34 100 0.07 21 37 11,000
10 Below Sulphur Creek .09 22 .33 82 .07 18 55 14,000
N At Black Canyon Road .09 19 .35 77 .08 18 63 14,000
12 At Factory Road .08 16 .37 n .09 17 88 17,000
13 At Wilgus Road .08 12 .39 58 .09 14 86 13,000
Sunnyside Canal
14 At Maple Grove Road N 46 .4 170 K] 52 120 48,000
15 Below Sulphur Creek A7 58 .48 170 .14 50 140 48,000
16 At Edison Road .15 51 .51 170 .16 53 180 61,000
17 At Bethany Road .16 51 .54 170 .16 50 180 57,000
18 At Grandview 19 55 .57 160 .18 51 210 62,000

*Suspended sediment is less than total sediment as explained on pages 14,49 .
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Constituent Concentrations and Discharges

Although Sunnyside Canal delivered slightly less water to the Sulphur Creek
basin than did the Roza Canal, on the average, water discharges were greater in
Sunnyside Canal than in Roza Canal. Also, because it is below the irrigated
land served by Roza Canal, Sunnyside Canal received irrigation return flows
that had greater concentrations of nutrient and sediment.

Concentrations of various constituents in Sunnyside Canal all generally
increased in the downstream direction. Constituent discharges, except total
nitrogen at the lowermost site and total phosphorus in general, increased
similarly. Nitrate-plus-nitrite concentrations of the water entering the basin
via Sunnyside Canal averaged about the same as those for water entering via
Roza Canal; however, in the -water leaving the basin, nitrate-plus-nitrite
concentrations in Sunnyside Canal were nearly 2% times greater than in Roza
Canal. Nitrate-plus-nitrite represents about 30 percent of the total nitrogen in
Sunnyside Canal, and the proportion is not significantly different from site to
site. The larger proportion of total nitrogen as nitrate-plus-nitrite in Sunnyside
Canal is probably attributable to subsurface tile drains, which add water to
Sunnyside  Canal. Subsurface drains have characteristically higher
nitrate-plus-nitrite concentrations than surficial drains. As will be discussed
more fully in the section Major Drains, page 28, the trend of increasing
nitrate-plus-nitrite concentration as water passes through the basin is even
more noticeable in the surface drains than in the canals; nitrate-plus-nitrite
concentrations averaged about 60 to 70 percent of the total nitrogen in the
drains. Like Roza Canal, Sunnyside Canal discharged more sediment out of the
basin than it delivered to the basin. Phosphorus discharges in Sunnyside Canal
remained fairly constant from site to site. For comparison, approximate net
irrigation-season outflows from the basin via Sunnyside Canal and Roza Canal
were as follows:

Net change in constituents (tons)

Sunnyside Canal Roza Canal
Inflow Outflow Inflow Outflow
Nitrate-plus-nitrite (as N) 9 19
Total nitrogen (as N) 10 42
Total phosphorus (as P) 1 7
Total sediment 18,000 3,000

The net sediment outflow from the basin by way of Sunnyside Canal was
greater than the sediment discharge of any of the drains except Sulphur Creek
Wasteway. Total sediment is all the sediment transported in the stream,
whereas suspended sediment is only that measured by the samples used in this
project. For further explanation the reader is referred to page %9.

Figure 7 illustrates the variation in concentrations and discharges of the
four constituents past the five monitoring sites on Sunnyside Canal, and table 5
gives the seasonal discharge-weighted mean concentrations and seasonal
discharges of each constituent at each site.
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Major Drains

Water Discharge

Water discharges from the five major drains and Sulphur Creek Wasteway
(plate 1, fig. 3) are given in table 6. Hydrographs showing discharges at each of
the indicated sites are presented in figure 8. There is a greater day-to-day
variation in flow in the drains than in the canals. Between October 20 and 25
there was a marked decrease in flow in each drain, corresponding to the end of
the irrigation season and the closing of the canals.

Flow in the five major drains above Sulphur Creek Wasteway totaled about
52,000 acre-ft during the 1976 irrigation season, and flow in Sulphur Creek
Wasteway totaled 121,900 acre-ft —- about 230 percent of the sum of the flow in
the five major drains. About 41,000 acre-ft of the excess in Sulphur Creek
Wasteway is accounted for as spillage from the wasteways of Roza and
Sunnyside Canals. The remaining 29,000 acre-ft is attributable to return flow
from other lands in Sulphur Creek basin, exclusive of the five subbasins
monitored, and to ground-water seepage directly entering Sulphur Creek
Wasteway.

During the nonirrigation season when the canals were dry, about 18,200
acre-ft of water flowed from the five major drains above Sulphur Creek
Wasteway, and 24,400 acre-ft flowed in Sulphur Creek Wasteway. The 6,200
acre-ft difference comes from return flow from land outside the five subbasins
monitored and from ground-water seepage, which flows directly into Sulphur
Creek Wasteway.

The average daily flows past four of the six sites during the 1976 irrigation
season were nearly the same as those reported for 1974 by CH,M Hill (1975).
Comparative flows in the DID-3 and DID-9 drains were quite different, but it is
uncertain whether the differences are real or reflect differences in
data-acquisition and computational methods. The comparisoris are listed below:

. Average daily water discharge, ft3/s

1974 irrigation 1976 irrigation
Site Drain season season
(CHpM Hill, 1975)

7 DID-3 Drain 52 34
3 Washout Drain 10 11
2 DID-18 Drain 18 17
5 Black Canyon Creek 23 23
6 DID-9 Drain 38 45
8 Sulphur Creek Wasteway 310 303

Little or no flow occurred at sites 1, 4, and 39 (see pl.1), which
were established to monitor flows from the dryland-farming portion of
the basin.,
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TABLE 6.--Water discharge from the major drains in Sulphur Creek basin during
the 1976 irrigation and the 1976-77 nonirrigation seasons

Water discharge (acre-ft)

Site Drain
Irrigation season Nonirrigation season
7 DID-3 13,500 + 680 5,190 + 300
3 Washout 4,600 + 500 750 + 80
2 DID-18 7,040 + 350 2,130 + 110
5 Black Canyon Creek 9,240 + 460 3,070 + 150
6 DID-9 18,100 + 900 7,060 + 350
8 Sulphur Creek Wasteway 121,900 + 6,100 24,400 + 1,200
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Constituent Concentrations and Discharges

To avoid confusion, it is worthwhile to state again the nature of this
section of the report. The following discussion is concerned with constituent
concentrations and discharges passing specific sites near the mouths of the -
major drains. The concentrations and discharges are not representative of the
net outflow or yield of the subbasin or basin from which a drain flows, because
inflow and outflow from the major and minor canals and minor drains must also
be considered when obtaining net outflows and yield. Net outflows and yields of
the subbasins and of Sulphur Creek basin will be discussed in the section Net
Constituent Outflows and Yields, page 40.

Figures 9 and 10 illustrate the differences between constituent
concentrations and discharges of the major drains. Average suspended-sediment
concentrations in all major drains were greater during the 1976 irrigation season
than during the 1976-77 nonirrigation season. Phosphorus concentrations also
were greater during the irrigation season, except in DID-3 Drain, where the
average nonirrigation-season concentrations slightly exceeded irrigation-season
concentrations. In all major basins, nitrate-plus-nitrite and total-nitrogen
concentrations were greater in the nonirrigation season, and discharges were
greater in the irrigation season. Table 7 gives the seasonal mean concentrations
and discharges of each constituent at each site. Constituent concentration
generally ranged from 5 to 20 times greater in the drains than in the canals.
However, constituent discharges in the drains were not greatly different from
those in the canals because of lesser flows in the canals.

Nitrate-plus-nitrite was a considerably greater fraction of the total
nitrogen in the drains than in the canals, and in the nonirrigation season than in
the irrigation season (table 8). Fretwell (1979) found similar nitrogen
distribution shifts between canals (or supply streams) and drains in the
Toppenish, Satus, and Ahtanum Creek basins, which are also irrigated subbasins
draining to the Yakima River (west of the area shown on pl. 1). Nutrient
concentrations were generally greater in the Sulphur Creek basin than in nearby
irrig)ated subbasins draining to the Yakima River (CHM Hill, 1975; Fretwell,
1979).

Comparisons between data collected during the 1974 irrigation season by
CH7M Hill (1975), shown in table 1, and the 1976 data collected for this report
show that average sediment and total nitrogen concentrations were all lower in
1974. Total nitrogen, suspended-sediment, and total phosphorus concentrations
in 1974 averaged about 70, 50, and 85 percent, respectively, of those observed in
1976. Nelson (1979) sampled at site 8 on Sulphur Creek Wasteway in 1975;
suspended-sediment concentrations in the 1975 irrigation season averaged 86
percent of those observed in this study during the 1976 irrigation season. Nelson
collected no nutrient data.
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TABLE 7.--Constituent discharges and concentrations in the major drains in Sulphur Creek basin
during the 1976 irrigation and the 1976-77 nonirrigation seasons

Nitrate-plus-nitrite Total nitrogen Total phosphorus Suspended
{as N) (as N) (as P) sediment
Discharge- Discharge- Discharge- Discharge-
Site weighted weighted weighted weighted
no. Location mean con- Seasonal mean con- Seasonal mean con- Seasonal mean con- Seasonal
(p1. 1) centration dischar?e centration dischar centration discharge centration dischar?e
(mg/L) (tons {mg/L) (tons (mg/L) {tons) (mg/L) {tons
(Irrigation_season) :
7 DID-3 Drain 2.7 49 4.8 89 1.1 20 580 11,000
3 Washout Drain 2.4 15 4.2 26 .59 3.7 680 © 4,300
2 DID-18 Drain 3.5 34 5.2 51 1.0 9.9 1,200 11,000
5 Black Canyon Creek 3.6 46 6.0 76 .94 12 1,300 17,000
6 DID-9 Drain 3.2 79 4.0 99 .34 8.5 450 . 11,000
8 Sulphur Creek Wasteway 1.8 300 2.8 470 4 68 380 64,000
(Nonirrigation season)!

7 DID-3 Drain 4.8 33 8.0 56 1.2 8.1 180 1,200
3 Washout Drain 7.9 8.1 8.3 8.5 .14 .14 15 15
2 DID-18 Drain 7.2 20 7.9 22 .26 .75 210 610
5 Black Canyon Creek 8.2 34 8.7 36 .16 .64 100 410
6 DID-9 Drain 5.5 51 6.3 59 .24 2.2 260 2,400
8 Sulphur Creek Wasteway 5.1 160 5.9 190 .32 10 66 2,100

Ifor the nonirrigation season the discharge from each drain is also the total surficial outflow of the respective
drains because the canals are dry.

TABLE 8.--Percentage of total nitrogen present as nitrate-plus-nitrite,
during the 1976 irrigation and 1976-77 nonirrigation seasons

Percent of total nitrogen
that is nitrate-plus-nitrite

: . Irrigation
Site Station name seasg: 1 "°2;§§;§Yf on

Canals

9 Roza Canal at Scoon Road 30
10 Roza Canal below Sulphur Creek 27
11 Roza Canal at Black Canyon Road 25
12 Roza Canal at Factory Road 22
13 Roza Canal at Wilgus Road 20
14 Sunnyside Canal at Maple Grove Road 28 -~
15 Sunnyside Canal below Sulphur Creek 34
16 Sunnyside Canal at Edison Road 30
17 Sunnyside Canal at Bethany Road 30
18 Sunnyside Canal at Grandview 34

Drains
7 DID-3 Drain 56 60
3 Washout Drain 57 95
2 DID-18 Drain : 67 91
5 Black Canyon Creek 60 94
6 DID-9 Drain 80 87
8  Sulphur Creek Wasteway 64 86

Iyater supply to canals is shut off during the nonirrigation season.
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The large differences between the 1974 suspended-sediment concentrations
and the 1975 and 1976 concentrations are more probably due to the differences
in methodology than to actual year-to-year variation. CHaM Hill (1975)
reported their data as suspended solids, which is differentiated from
suspended-sediment concentration by method of collection. Suspended-solids
samples are usually collected as a dip sample from the centroid of discharge.
R. Gatton, of CHM Hill, confirmed that this was the method used in 1974 (oral
commun., 1977). However, suspended-sediment concentrations are normally
determined from a sample collected in multiple vertical passes throughout the
cross section of a stream, using a sampler that collects at a rate equal to the
stream velocity (see fig. 4). Characteristically, the discharge-integrated
sample thus collected is more representative of the sediment distribution in the
entire stream cross section and normally has a greater concentration of
sediment than does the suspended-solids sample.

Water Temperature in Major Canals and Drains

Because water temperature is an important factor (sometimes the
controlling factor) in stream ecosystems, periodic temperature data were
collected to determine general temporal distributions and to provide an
indication of the temperature differences between delivered water and the
irrigation return flow.

Temperature records at five sites each on Roza and Sunnyside Canals, five
sites on the major drains, and one site on Sulphur Creek Wasteway were studied
by harmonic analysis (see p. 17-18) to estimate the median monthly and the
mean irrigation-season water temperatures. Figure Il shows an example of the
analysis for site 10 and illustrates that water temperature does follow a
harmonically cyclic pattern. Median monthly temperatures and mean
irrigation-season temperatures calculated from harmonic analysis are presented
in table 9.

Temperature data collected by Nelson (1979) on Roza Canal at Wilgis Road
and Sunnyside Canal at Grandview during the 1975 irrigation season correspond
closely to the 1976 data. Median monthly temperatures calculated from
Nelson's data are shown in the following table:

Mean irriga-

tion season*

‘Median monthly temperatures (°oc) temperature
Apr. May June July Aug. Sept. Oct. (oc)

Roza Canal
at Wilgus Road 9.3 13.7 16.9 18.7 18.3 15.7 11.8 15.0

(site 13)

Sunnyside Canal
at Grandview 9.0 12.8 15.9 18.2 18.7 17.2 14.2 15.2

(site 18)

Sulphur Creek
Wal;teway 10.6 15.2 18.2 19.6 18.6 15.5 11.2 15.8

(site 8)

*
1976 irrigation season.
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FIGURE 11.--Harmonic analysis of water temperatures in Roza Canal
below Sulphur Creek Wasteway (site 10), for the 1976 irrigation
season.
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TABLE 9.--Water temperatures at selected sites in the Sulphur Creek basin
for the period April 1976 through March 1977

Median monthly temperature, in degrees Celsius Mean irrigation-
Site Location season_tempera-
Apr.  May June  July Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar. ture
Roza Canal :

9 At Scoon Road 8.6 12.2 15.1 17.0 17.1 15.4 12.4 -- -- -- -- -- 14.1
10 Below Sulphur Creek

Wasteway 9.0 12.7 15,5 17.4 17.5 15.8 12.8 - -- -- -- -- 14.4
1 At Black Canyon Road 9.2 13.2 16.2 18.2 18.1 16.1 12.B -- -- -- -- - 14.9
12 At Factory Road 9.0 13.0 16.2 18,2 18.2 16.1 12.7 -- -- -- -- -- 14.9
13 At Wilgus 9.0 13.3 6.6 18.6 18.4 16.1 12.4 -- - -- -- -- 15.0

Sunnyside Canal

14 At Maple Grove Road 9.1 12,5 15.3 17.3 17.6 16.3 13.6 -- -- -- -- -- 4.6
15 Below Sulphur Creek

Wast eway 9.3 12.6 15.4 17.4 17.8 16.4 13.8 - - - - -- 14.7
16 At Edison Road 9.3 12.6 15.3 17.4 17.8 16.6 14.0 -- - - - -- 14.7
17 At Bethany Road 9.4 12.8 15.6 17.6 18.0 16.7 14.0 -- -- - -- -- 14.9
18 At Grandview 9.5 13.3 16.3 18.4 18.6 16.8 13.8 -- -- - -- -- 15.3

Drain
7 DID-3 13.7 16.8 18.9 19.8 19.0 16.8 13.7 10.6 8.2 7.4 8.3 10.6 171
3 Washout 13.6 7.0 19.2 20.1 19.3 16.8 13.5 10.1 7.6 6.8 7.7 10.2 17.2
2 DID-18 13.6 16.6 18,5 19.3 18.5 16.3 13.3 10.3 8.2 7.4 8.3 10.5 16.7
5 Btack Canyon Creek 13.4 16.6 18.7 19.5 18.6 16.2 13.0 9.8 7.5 6.8 7.8 10.2 16.7
6 DIO-9 12.9 15,9 17.9 18.7 17.8 15.5 12.4 9.4 7.2 6.5 7.5 9.8 16.0
8 Sulphur Creek

Wasteway 12.2 15.4 17.7 18.8 18.3 16.3 13.3 10.1 7.6 6.5 7.1 9.2 16.1
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For the Roza Canal site, the computed mean temperature during both the
1975 and 1976 irrigation seasons was 15.0°0C For the Sunnyside Canal site, the
computed mean for the 1975 irrigation season was 15.29C, and for the 1976
irrigation season the computed mean was 15.3°C.

Temperature data were collected by Nelson (1979) on Sulphur Creek
Wasteway (site 8) during the 1975 irrigation season. These data compare slightly
less favorably with the 1976 data than do Nelson's temperature data for the two
Canal sites, 13 and 18. The differences between the two seasons are probably due
to different spilling practices from the canals.

Median monthly temperatures in Sulphur Creek Wasteway during the 1975
irrigation season are also shown in the table above. The mean temperature for
the 1975 irrigation season was 15.8°C, compared with 16.19C in the 1976 irrigation
season.

Table 10 lists the harmonic-analysis regression coefficients for all sites
where water temperature was available. DID-9 Drain had significantly cooler
temperatures (mean annual temperature, My, of about 12.60C), probably as a
result of greater shading (greater percentage of area in orchards) and possibly
because of a greater subsurface return flow than occurs in the other subbasins.
Similarly, Sulphur Creek Wasteway was also cooler (mean annual temperature of
about 12.79C) than all the other drains except DID-9, probably because of spillage
from Roza and Sunnyside Canal Wasteways and a greater percentage of
subsurface return flow.

The mean irrigation-season water temperatures in the drains are about | to
20C warmer than those of the water delivered to the basin by the canals.

Minor Canals and Laterals

The Sulphur Creek basin has numerous minor distributary canals and
laterals. Those that cross subbasin or basin divides can in some cases cause a
small error in basin discharge and yield computations unless they are accounted
for in the mass balance computations. The minor canals and laterals generally
were diverted from major canals at points near established sampling sites.
Because of the proximity, constituent concentrations in the minor canals and
laterals were estimated by correlating miscellaneous samples collected from
them with the concentrations at the nearest station upstream from their
diversion. Table ll presents a summary of estimated water discharges and
estimated constituent discharges in the minor canals and laterals.
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TABLE 10.--Harmonic-analysis-regression coefficients for water-temperature
data from major canals and drains in the Sulphur Creek basin for
the period April 1976 to March 1977

A )] My ci
Site Station name (9C) (radians) (oc) (oc)
Roza Canal
9 At Scoon Road 6.88 4.18 10.43 +0.34
10 Below Sulphur 6.84 4,17 10.85 + .33
Creek Wasteway
11 At Black Canyon Road 7.47 4.22 10.91 +.33
12 At Factory Road 7.72 4.21 10.74 + .34
13 At Wilgus Road 8.15 4,25 10.60 ¥ .38
--do-- (b) 8.36 4.31 10.44 ¥ .48
Sunnyside Canal
14 At Maple Grove Road 6.41 4.09 11.29 + .33
15 Below Sulphur Creek 6.38 4.09 11.48 ¥.32
Wasteway
16 At Edison Road 6.28 4,07 11.57 + .33
17 At Bethany Road 6.45 4.09 11.64 * .34
18 At Grandview 7.20 4.15 11.53 + .38
--do-- (b) 7.20 4.09 11.52 T .44
Drains
7 DID-3 6.18 4,45 13.63 +.33
3 Washout 6.68 4,46 13.46 ¥ .38
2 DID-18 5.93 4.48 13.38 ¥ .33
5 Black Canyon Creek 6.36 4.49 13.16 ¥.35
6 DID-9 6.09 4.49 12.58 ¥+ .31
8 Sulphur Creek Wasteway  6.20 4.37 12.68 ¥.33
-=do-- (b) 8.80 4,42 10.82 T

a 90-percent confidence interval for the mean (My).
b 1975 irrigation season (Nelson, 1979).

TABLE 11.--Estimated water and constituent discharges from selected minor canals and laterals in the
Sulphur Creek basin during the 1976 irrigation season

Nutrient discharges

Nitrate-
Total Suspended- Total Total plus—
water sediment phosphorus nitrogen nitrite
Site Station name discharge discharge (as P) (as N) (as N)
(acre-ft) (tons) (tons) (tons) (tons)
19 Pump 9-A Lateral blw Scoon Rd 5,200 a200 a0.5 a7 a0.9
20 Upper Pump 14-A Lateral abv Missimer Rd 4,800 2300 a5 2.6 a9
21 Lower Pump 14-A Lateral blw Wilgus Rd 5,200 a1, 200 ag a3.1 a7
22 Turbine Lateral nr Grandview 10,000 3600 1.0 35,6 31.6
23 Turbine Lateral abv Griffin Rd 4,800 4300 ag 4,7 a1.7
24 Outlook Canal blw Independence Rd 7,500 243,100 a3.5 ag.9 2.0
25 Snipes Mt. Lateral blw Drop 4 959,000 411,000 ai2 a3z a2
26 Snipes Mt. Lateral at Mile 9.06 97,900 41,700 ai.7 35,4 a1.5
28 Snipes Mt. Lateral at Drop 8 911,000 43,000 a2.8 az.2 2.0
29 Snipes Mt. Wasteway abv 0ID-3 Drain 98,300 a2.300 43,0 a7.0 az.0
30 Grandview Canal blw County Line Rd 1,600 2400 2 22,3 aj. 4
37 Pump 14 Lateral on Boundary of DID-5 and DID-9 b12,000 baoo b.s b3.0 b1.0
41 Roza Canal Wasteway to Sulphur Cr Wasteway h13,000 €1,000 €1.3 C6.1 €1.6
42 Sunnyside Canal Wasteway to Sulphur Cr
Wasteway 928,000 ds, 200 d6.3 dig ds.s
27 Snipes Mt. Lateral at Mile 10.21 919,000 bs, 400 b5.0 b13 bg.g
38 Ryder Lateral blw Rocky Ford Lateral 924,000 €6,9C0 e5.7 els eo.

A stimated from 2-3 samples.

bestimated.

CCalculated using concentration data from Roza Canal below Sulphur Cr Wasteway (site 10).
dcalculated using concentration data from Sunnyside Canal below Sulphir Cr Wasteway (site 15).
€Calculated using concentration data from Sunnyside Canal at Grandview (site 18).

fEstimated on basis of 2-3 discharge measurements.

JEstimated from records furnished by Sunnyside Irrigation District.

hEstimated from records furnished by Roza Irrigation District.
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NET CONSTITUENT OUTFLOWS AND YIELDS

In addition to examining constituent concentrations and discharges at a
single point on each major drain and at several points on each canal, it is also
useful to examine net constituent outflows and yields (net outflow per unit area)
from individual subbasins and from the entire Sulphur Creek basin. To do this,
use of the mass-balance equation (eq.l) presented on page 13 is necessary.
Table 12 presents the results of mass-balance computations. For this discussion,
the data from DID-3 and Washout subbasins have been combined.

From table 12, it is apparent that Black Canyon Creek and DID-18 subbasins
have greater yields of nitrogen and sediment than do the other subbasins, and
that DID-18 subbasin and DID-3 subbasin have the greatest phosphorous yields.
The order, by subbasin, of increasing sediment yields coincides with the order of
increasing percentage of land slopes greater than 2 percent. DID-9 subbasin
produced the lowest yield of all constituents during the irrigation season,
probably in part due to having had the lowest average land slopes of all the
subbasins and the greatest percentage of orchard land.

During the 1976 irrigation season the estimated net outflow of sediment
from the entire Sulphur Creek basin was about 3,800 tons greater than that
from the five monitored subbasins (table 12).

However, during the nonirrigation season the net outflow of sediment from
the entire basin was about 2,400 tons less than that from the five subbasins.
The reason for this is not known, but three possibilities are given: (1) the excess
2,400 tons may have been stored temporarily during the nonirrigation season as
channel deposits along Sulphur Creek Wasteway; (2) the excess sediment may
have passed down Sulphur Creek Wasteway as unmeasured sediment discharge;
(3) the difference may be the result of uncertainties in the net-outflow values.

The first possibility, that of channel deposition and the presumed
subsequent removal when the canals are reopened, is supported by data showing
evidence of minor channel scour in Sulphur Creek during the first few days of
canal priming. On March 26, 1976, alone, about 900 tons of suspended sediment
passed site 8 near the mouth of Sulphur Creek. This is a far greater amount
than can be accounted for from the drains or canal wasteways, and is the
largest water discharge and also the largest suspended-sediment concentration
and discharge recorded at this site during the study. The large sediment
discharge on March 26 thus appears to have been caused by bank and
mid-channel scour in Sulphur Creek Wasteway as a result of canal-wasteway
spillage. This was also suggested by data collected on March 17 and 20, 1975, by
Nelson (1975). The large sediment discharge was not evident in the data of
March 1977 because in 1977 a drought caused an extremely low supply of water,
and canal priming was later than normal; thus, all wasteway spillage occurred
after the discontinuance of this study (March 31, 1977).
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TABLE 12.--Net constituent outflows and yields of Sulphur Creek basin and four subbasins during the 1976

irrigation and the 1976-77 nonirrigation seasons

Nitrate-plus-nitrite (N)

Total nitrogen (N)

Total phosphorus (P)

Net Sediment Net Yield Net Yield Net Yield
Basin or subbasin outf Tow yieldd outf low (1bs/ outf low (1bs/ outflow (1bs/
(tons) (tons/acre) {1bs) acre) (1bs) acre) (1bs) acre)
Irrigation season
Subbasin:
-3 and Washout 23,000 1.9 140,000 12 220,000 18 46,000 3.8
DID-18 28,000 7.1 50,000 13 99,000 25 26,000 6.6
Black Canyon Creek 16,000 2.7 90,000 15 150,000 16 20,000 3.4
DID-9 6,200 .5 150,000 n b120,000 bg 1,200 1
Sulphur Creek basin 77,000 1.9 560,000 14 800,000 19 100,000 2.4
Nonirrigation season
Subbasin:
-3 and Washout 1,200 .10 82,000 7 130,000 11 16,000 1.3
DID-18 610 .16 40,000 10 44,000 11 1,500 1
Black Canyon Creek 430 .07 68,000 12 72,000 12 1,300 .2
DID-9 2,400 .18 100,000 7 120,000 9 4,400 3
Sulphur Creek basin 2,200 .05 320,000 8 380,000 9 20,000 .5

jeld is calculated using cropland acreage, not total acreage, in the irrigated portions of the basin.

brotal nitrogen discharge and yield can never be less than nitrate-plus-nitrite discharge and yield, because by
definition total nitrogen = nitrate-plus-nitrite + ammonia + organic nitrogen. However, due to the uncertainty associated
with these numbers, they are essentially the same.
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The only other constituent indicating a similar deficit (net inflow exceeding
net outflow) during the nonirrigation season is total phosphorus. Again, the
reason for this deficit is not known, but the same three possibilities listed for
sediment are applicable here. If temporary channel storage of sediment occurs,
the phosphorus deficit may be attributable to phosphorus attachment
(adsorption) to the sediments as they were deposited in Sulphur Creek Wasteway
during the nonirrigation season. The 2,400-ton sediment deficit would have to
retain less than | milligram of phosphorus per gram of sediment to achieve the
approximately 3,200-pound phosphorus deficit.

Net constituent outflows from the Sulphur Creek basin for the
non-irrigation season, expressed as percentages of the total year's net outflows,
are as follows: sediment, 3 percent; nitrate-plus-nitrite, 36 percent; total
nitrogen, 32 percent; and total phosphorus, 17 percent. Little error in the
calculation of annual net-sediment outflows from the basin would be caused by
using only the irrigation season data. A much larger error would result,
however, if a similar assumption is made for nutrients.

Normal fertilizer application rates range from about 50 to 240 pounds of
nitrogen per acre and about 50 to 100 pounds of phosphorus per acre, depending
on crops and soil types. Data from table 12 show that about 30 pounds of
nitrogen per acre of cropland leave the basin annually by surface-water
conveyances. Phosphorus yield by surface-water conveyances is much less,
being about 2 to 7 pounds per acre annually.

Of the basin characteristics measured in this study (table 2), land slope
appears to have the most relation to sediment yield. As previously mentioned,
the order, by subbasin, of increasing sediment production per unit area coincides
with the order of increasing percentages of land slopes greater than 2 percent.
The percentage of ditch and rill irrigation versus sprinkler irrigation for each
basin may also be related to sediment production; however, these percentages
were not available at the time of writing this report.
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NETWORK EVALUATION

The water-quality-monitoring network was discontinued at the end of the
first full year of data collection, based on a joint management decision of all
parties involved, including the Technial Advisory Committee for Water
Quality. Farmer participation in the pilot program was only about 5 percent in
the subbasins selected for the demonstration (Black Canyon Creek and
DID-18). Because of the low level of participation, it is doubtful that
sufficient reduction of sediment yield could have been achieved on the few
participating farms to be detected in the monitoring of the basin or subbasins.
This problem was compounded further in that participating farmers in the two
demonstration subbasins also planned to implement the BMP improvements on
some of their farm holdings that crossed the divides of the control subbasins.
Because the control subbasins were an integral part of the network to help
factor out natural variations, any BMP implemented in them could only reduce
their effectiveness for comparison.

The amount of change in constituent discharge resulting from use of BMPs
on individual farmsites is still being evaluated by WSU. WSU planned to
continue the study through the 1980 irrigation season, and the SCS is continuing
to work with the participating farmers, attempting to attain participation
agreements with additional farmers. Beginning in 1979, the SCS, DOE, and the
Conservation Districts implemented a program to test the available methods
whereby different state and federal agencies could work together to improve
water-quality programs. This project, called the Model Implementation
Project (MIP), included an area in the Sulphur Creek basin between Sunnyside
and Roza Canals.

Since 1979, DOE and the WRD have been involved in a project in the
DID-18 Drain that includes 1,500 acres of irrigated land in the Sulphur Creek
portion of the MIP project area. This project, part of the MIP project, samples
sediment in four small subbasins to determine if changes in BMP can be
detected and to test the validity of the Imhoff Cone, a sampling method used
by DOE to monitor sediment in drains and on fields.

A decrease in sediment discharge from the DID-18 and Black Canyon
Creek subbasins of about 27 percent and 23 percent, respectively, would be
necessary to be detectable. For the entire Sulphur Creek basin, the magnitude
of decrease that could be detected would be about 10 percent. These values
were determined by the methods described on page 19.

The conclusion that the seasonal or annual discharge of one year is
different than that of another could be made if these decreases in sediment
discharges occurred; however, natural seasonal variations must also be
considered before any valid conclusions about the effect of BMP can be made.

Automatic samplers that would produce composited -aily samples would
about halve the change in sediment discharge needed for detection--at a
greatly increased cost. Even at this sensitivity level, however, the detection
success of the network is doubtful.
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Furthermore, changes in agricultural practices may result in a reduction
of constituent yields during the irrigation season, but may also result in
increased nutrient yields during the nonirrigation season, which would not be
apparent in a monitoring scheme that operated only during the irrigation
season.

The measurement of nutrient discharges and yields was less precise than
that for sediment because nutrient samples were taken less frequently. To
achieve smaller uncertainty levels similar to those attained for suspended
sediment, nutrients would have to be collected at about four times the
frequency of the 1976 sampling, or twice weekly--the same frequency as
sediment data were collected.

The above conclusions are the major findings of the network evaluation.
For those readers who may be interested in some of the more important
sub-elements of the study that were necessary for the network evaluation, the
following three subsections are included.

Daily Variations of Constituent
Concentrations and Streamflow

Two separate 48-hour studies were conducted on the major drains to
assess the amount of daily variation of streamflow and of the various
constituent concentrations. The resulting data were useful in assessing how
well an instantaneous sampling, at a random time of day, represents daily
mean streamflow, constituent concentrations, and constituent discharge.
Figures 12 through 14 illustrate the findings.

Instantaneous sampling causes considerable uncertainty that the sample
represents the daily mean values. This daily uncertainty is the major
component of the total uncertainty of the seasonal or annual mean values. For
example, for suspended-sediment discharge, the daily uncertainty ranged from
32 to 52 percent (at the 90-percent confidence level). Uncertainties of the
constituent are summarized in table 13.

The effect that the daily uncertainty has on the total seasonal or annual
uncertainty is considerably mitigated. For example, assuming a random
50-percent uncertainty in the daily suspended-sediment discharge, for 53
samples the mean seasonal uncertainty generated from the daily uncertainty
component would be

50 percent = about 7 percen'c.1

Vss

lThere are several statistical assumptions that must be satisfied before
this is true; all assumptions have been satisfied for this moritoring. The major
assumption is that the randon component of the discharges is normally
distributed, or reasonably so. Such an assumption is clearly not met in most
natural streams, but is met in this regulated system.
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FIGURE 12.--Variations of water discharge and constituent concentrations
during two 48-hour intensive studies at DID-3 Drain (site 7) and
Washout Drain (site 3).
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TABLE 13.--Maximum variations of instantaneous concentrations and discharges about the daily mean concentration and discharge in the

major drains in Sulphur Creek basin. (Variations are expressed at the 90-percent confidence level, and are based on
two 48-hour studies, June 8-10, and August 10-12, 1976.)

Maximum variations of instantaneous concentrations and discharges about
the daily mean concentrations and discharges, in percent

- Suspended- Suspended- Nitrate-plus- Nitrate- Total TJotal TJotal Jotal
sediment  sediment nitrite plus- nitrogen nitrogen phosphorus phosphorus Water
Site Station name concen- discharge concen- nitrite concen- discharge concen- discharge  discharge
tration tration discharge tration tration
2 DID-18 Drain 41 41 17 16 31 30 65 63 16
3 Washout Drain 47 52 17 14 20 26 62 70 21
5 Black Canyon Creek 26 45 17 12 18 26 77 83 22
6 DID-9 Drain 48 46 16 16 26 23 49 50 12
7 DID-3 Drain 25 32 23 22 27 25 37 36 13
8 Sulphur Creek Wasteway 29 41 16 14 17 22 47 47 17
Range of variation 25-48 32-52 16-23 12-22 17-31 22-30 37-77 36-83 12-22
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Unmeasured Sediment Discharge

Unmeasured sediment discharge in the Sunnyside and Roza Canals was
large enough to require correction of the suspended-sediment discharges in
order to obtain total-sediment discharges. Although no assessment of the
unmeasured sediment discharge in the canals was attempted during the study
period, four sand-fraction analyses were obtained later to aid in estimating it.
The sand fraction of the suspended sediment averaged about 12 percent, which,
by the nomographic procedure developed by Colby (1963), indicates that about
20 percent of the total-sediment discharge in the Roza and Sunnyside Canals is
unmeasured sediment discharge.

Canals widths decreased in the downstream direction to help maintain
nearly constant depths and velocities; therefore, it is expected that the
unmeasured sediment discharge remains practically constant with respect to the
suspended-sediment discharge. This proportionality is of importance to this
study in that the unmeasured-sediment-discharge estimates tend to compensate
each other in the mass balance equation; that is, the unmeasured sediment
outflow from a subbasin tends to be nearly equal to the unmeasured sediment
inflow.

The unmeasured sediment discharge of Roza and Sunnyside Canals, and also
of Sulphur Creek Wasteway and DID-18, should have been more carefully
assessed. Up to 5 percent of the uncertainty of the basin and subbasin yields
and discharges could have been eliminated if the unmeasured sediment
discharge were more closely defined.

Storm Runoff

No major storm events occurred within the life of the study. The small
amount of sediment data that was collected during minor-storm water runoff is
tabulated in table 14. No nutrient sampling coincided with storm events.

Storm runoff in Sulphur Creek basin during the period of this study was not
representative of a normal year's storm events. The winter of 1976-77 was
extremely dry in eastern Washington and in many places was the driest winter
on record, exceeding the 100-year drought-probability interval. In spite of the
low level of storm activity, the 4 days exhibiting the effects of small storms
produced 7 percent of the suspended-sediment discharge passing site 8 on
Sulphur Creek Wasteway during the nonirrigation season. This sediment
discharge was practically all from irrigated lands; the small storms produced no
measureable runoff from the drylands.

When only irrigation water is applied to the land and no storm runoff is
occurring, the sediment yield is nearly all from irrigated agricultural land.
However, when a storm occurs with sufficient magnitude to produce runoff
from the unirrigated upper reaches of the basin, the steep slopes there may
produce sediment yields of equal or much greater magnitude than yields from
the irrigated land.
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TABLE 14.--Summary of data collected in the major drains during periods of stormwater runoff

Instan- Suspended sediment
taneous Specific
Time water Temper- conduc- Concen-
Site Station name Date (24 disgharge ature tance Turbidity tration Discharge
hour) (ft3/s) (°c)  (umhos/cm) (NTU) (mg/L) (tons/day)
7 DID-3 Drain 2/25/77 1045 17 8.6 649 55 1,000 46
2/28/77 1255 23 9.3 682 50 680 42
3/ 1777 1230 17 11.8 799 15 273 . 12
3/ 3/77 1400 17 11.4 739 10 286 13
3 Washout Drain 2/25/77 1005 1.8 7.5 580 1 1 .00
2/28/77 1215 3.0 9.4 402 20 45 .36
3/ 1/77 1145 2.6 12.4 676 30 46 .32
3/ 3/77 1120 2.1 10.2 539 3 9 .05
2 DID-18 Drain 2/25/77 0915 4.2 8.4 606 15 118 1.3
2/28/77 1100 5.0 10.0 550 55 368 5.0
3/ 1777 1130 4.0 11.8 720 10 128 1.4
3/ 3/77 1100 4.8 9.4 616 35 278 3.6
5 Black Canyon Creek 2/25/77 1020 6.5 7.6 536 4 51 .90
2/28/77 1230 8.6 9.5 522 25 240 5.6
3/ 1777 1200 7.4 10.3 660 4 86 1.7
3/ 3/77 1200 7.1 9.8 588 15 138 2.6
6 DID-9 Drain 2/25/77 1030 18 7.4 553 10 191 9.3
2/28/77 1235 23 9.2 475 25 402 25
3/ 1777 1215 20 10.2 627 20 299 16
3/ 3/77 1250 20 10.0 508 6 244 13
8 Sulphur Creek Wasteway 2/25/77 1105 78 7.7 545 30 215 45
2/28/77 1320 81 9.3 522 40 383 84
3/ 1/77 1310 66 11.2 616 5 69 12
3/ 3/77 1530 67 11.5 594 6 91 16
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It was hoped that a major storm would occur during the study, so that
storm-produced yields from the upper unirrigated portion of the basin could be
compared with those from the irrigated portion of the basin. Also,
storm-produced yields in the irrigated portion could be compared with nonstorm
yields from the same land. Because no major storms occurred during the study,
these comparisons could not be made.

Failure to observe sediment discharges during a major storm doesn't reduce
the main value of the results reported in this report. The objectives of the
demonstration project and of the BMPs to be applied were to reduce sediment
loss resulting from "less than desirable" irrigation practices, and not necessarily
from storm runoff. Sediment loss in storm runoff may coincidentally be
reduced by BMPs for irrigated agriculture, but reduction of sediment loss
resulting from storm runoff has been demonstrated many time by the SCS, and
was not a stated objective of the demonstration project.

Two Mathematical Approximation
Methods of Data Analysis

In the Sulphur Creek basin, constituent concentrations and discharges
appear to follow some pattern of variation in time that is annually cyclic.
Because of the cyclic variation, seasonal mean concentrations and seasonal
constituent discharges were recomputed by two mathematical approximation
methods of fitting theoretical time distributions to the data. Examples of the
least-squares curves defined by the two mathematical approximations --
harmonic and fourth-degree polynomial analysis -- are illustrated in figures 15
and 16. The results compare favorably with those of the discharge-weighted
averaging method, as can be seen by comparing tables 15, 16, and 17.

The mathematical approximations for the irrigation season are made using
data covering the entire year of record, and the approximations for the
nonirrigation season are made using data covering the nonirrigation season
only. The reason for this separation is as follows. The effects of irrigation are
superimposed on the ground-water effects during the irrigation season. Hence,
the irrigation-season data reflect both overland flow and ground-water inflow,
and are best described by fitting to both seasons. During the nonirrigation
season, ground-water inflow is dominant, and the overland flow virtually
absent. This situation can best be described by fitting to only nonirrigation
season data.

Harmonic and polynomial analyses offer potential alternative methods of
analyzing water-quality data from an irrigation system such as that found in the
Sulphur Creek basin; that is, one that has relatively stable stream-flow and
seasonably cyclic constituent discharges. These methods will not work during
periods affected by storms, but do provide a means for separating the effect of
storms from the gradual seasonal trend.
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FIGURE 15.~--Harmonic analysis of nitrate-plus-nitrite concentrations
in DID-18 Drain (site 2), for the period April 1976 through March 1977.
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for the 1976 irrigation season.
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TABLE 15.--Constituent discharges and concentrations in Roza and Sunnyside Canals and in the major drains in the Su]qhur Creek basin
during the 1976 irrigation and 1976-77 nonirrigation seasons, calculated by discharge-weighted-averaging

Nitrate-plus-nitrite (as N) Total nitrogen (as N) Total phosphorus {as P) Suspended sediment
Discharge- Seasonal Discharge- Seasonal Discharge- Seasonal Discharge- Seasonal
Site Station name weighted discharge weighted discharge weijghted discharge weighted discharge
mean concen- (tons) mean concen- (tons) mean concen- (tons) mean concen- (tons)
tration (mg/L) tration (mg/L) tration (mg/L) tration (mg/L)
Roza Canal (irrigation season)
9 At Scoon Road 0.10 + 0.02 31 +6 0.34 +0.06 100 + 20 0.07 + 0.02 21+ 4 37+ 4 11,000 + 2,000
10 Below Sulphur Creek Wastway .09 + .02 22 + . .3 + .06 82 +15 .07 + .02 18+3 55 + 6 14,000 + 2,000
11 At Black Canyon Road 09+ .02 19+4 35+ .07 77+ 17 .08 + .02 18+ 3 63+ 7 14,000 + 2,000
12 At Factory Road .08+ .02 16+3 .37+ .07 71+ 15 .09 + .02 17+3 88 + 10 17,000 + 2,000
13 At Wilgus Road 08+ .02  12+2 .39 + .08 58 + 13 .09 + .02 14+3 86 + 10 13,000 + 2,000

Sunnyside Canal (irrigation season)

14 At Maple Grove Road AL+ .02 46+ 10 AL+ 07 170+ 30 A3+ .02 52+9 120 + 20 48,000 + 8,000

15 Below Sulphur Creek Wasteway .17 + .03 58 + 11 48+ .08 170+ 30 14+ .02 50+ 9 140 + 20 48,000 + 7,000

16 At Edison Road A5+ .03 51411 51+ .09 170 + 30 .16+ .03 53+ 9 180 + 20 61,000 + 10,000

17 At Bethany Road A6+ .03 51+l 54+ 09 170+ 30 16+ .03 50 + 9 180 + 20 57,000 + 9,000

18 At Grandview A9+ .03 55+ 11 57+ .10 160 + 30 .18+ .03 51+9 210+ 30 62,000 + 10,000
Drains (irrigation season}

7 0ID~3 2.7+ .2 49+4 4.8+ .3 89 + 7 1.1+ .1 20 + 2 580 + 20 11,000 + 700

3 Washout 2.4+ 1 15+1 42+ .2 % +2 .59+ .09 3.7+ .6 680 + 40 4,300 + 400

2 0ID-18 3.5+ .1 3442 5.2+ .4 51+4 1.0 + .2 9.9+1.6 1,200 + 100 11,000 + 900

5 B8lack Canyon Creek 3.6+ .2 46 + 3 6.0+ .3 76 + 6 .94+ .17 12+2 1,300 + 100 17,000 + 1,300

6 DID-9 3.2+ .1 7947 40+ .2 9 +8 L34+ .08 8.5+1.2 450 + 30 11,000 + 900

8 Sulphur Creek Wasteway 1.8+ .1 300 + 19 2.8+ .1 470 + 40 .41 + .05 68 + 8.4 380 + 20 64,000 + 4,800
Drains (nonirrigation season)?2

7 DID-3 48+ .2 33+3 8.0+ .8 56 + 7 1.2 + .1 8.1+ 1.1 180 + 7 1,200 + 90

3 Washout 7.9+ .5 8.1+ .6 8.3+ .6 8.5 + .9 Jdat 04 14+ .04 15+1 15 + 2

2 DID-18 7.2+ .4 042 7.9+ .9 242 26+ .06 .75+ .17 210 + 20 610 + 52

5 Black Canyon 8.2+ .5 3442 8.7+ .6 36 + 4 6+ .05 .68+ .19 100 + 3 410 + 37

6 DID-9 5.5+ .3 51+ 4 6.3+ .6 59+ 6 28+ 05 2.2+ .4 260 + 20 2,400 + 220

8 Sulphur Creek Wasteway 5.1+ .3 160 + 12 5.9+ .4 19 + 18 32+ .06 10+1.8 66 + 4 2,100 + 180

Iconfidence limits are based on some computations and some estimations, but are reliable to at least 90-percent confidence level.

2For the nonirrigations season, the discharge from each drain is also the total surficial outflow of the respective subbasin because the
canals are all dry.

54



TABLE 16.--Constituent discharges and concentrations in Roza and Sunnyside Canals and in the major drains iT the Sulphur Creek basin
during the 1976 irrigation and 1976-77 nonirrigation seasons, calculated by harmonic analaysis

Nitrate-plus-nitrite (as N) Total nitrogen {as N) Total phosphorus (as P) Suspended sediment
i Discharge- Seasonal Discharge- Seasonal Discharge- Seasonal Discharge- Seasonal
Site Station name weighted discharge weighted discharge weighted discharge weighted discharge
. mean concen- (tons) mean concen- (tons) mean concen- (tons) mean concen- (tons
tration (mg/L) tration (mg/L) tration (mg/L) tration (mg/L)

Roza Canal (irrigation season)

9 At Scoon Road 0.11 + 0.05 34+ 12 0.34 +0.05 100 + 20 0.06 + 0.01 21 +3 35+ 4 11,000 + 1,000

10 Below Sulphur Creek Wastway .08 + .02 21 + 4 32+ .03 9+7 .07+ .01 18+1 51+ 4 13,000 + 1,000

11 At Black Canyon Road .08+ 02 20+4 34+ .04 7% +8 .08+ .01 18+2 58 +5 14,000 * 2,000

12 At Factory Road .07 + .02 16 + 5 .38+ .05 70+ 11 .09 + .01 17+1 84 +8 17,000 + 2.060

13 At Wilgus Road .08 + .03 12+ 4 .37+ .06 57 + 11 .08 + .01 14+1 8l +6 13,000 + 1,000
Sunnyside Canal (irrigation season)

14 At Maple Grove Road A1+ .02 5+ .41 + .04 160 + 20 Jd2+ .02 52 +7 110 + 10 49,000 + 6,000

15 Below Sulphur Creek Wasteway .17 + .07 59 + 24 .47+ .07 170 + 30 13+ .02 9 +5 130 + 10 49,000 + 5,000

16 At Edison Road 14+ .02 50 +7 .49 + .04 170 + 10 .15+ .02 52+5 170 + 10 62,000 + 4,000

17 At Bethany Road A5+ .02  50+5 .52+ .05 170+ 20 15+ .02 50 + 6 170 + 10 58,000 + 4,000

18 At Grandview 18+ .02 55 + 7 .54 + .06 160 + 20 .16 + .02 51 + 4 200 + 20 62,000 + 7,000
Drains (irrigation season)

7 DID 3 2.9+ .3 51 + 4 5.2+ .4 91 + 6 1.1 + .1 21 + 2 580 + 40 11,000 + 700

3 Washout 2.9+ .5 16 +1 45+ .6 28+ 4 .56+ .08 4.2+ .5 630 + 70 4,400 + 500

2 DID 18 3.8+ .3 33+1 5.5+ .3 48+ 3 1.0 + .3 9.3+1.8 1,200 + 100 11,000 + 1,000

5 Black Canyon Creek 41+ .6 49 + 4 6.5+ .8 77+1 91+ .15 11 +3 1,300 + 100 18,000 + 2,000

6 DID 9 3.4+ .2 80 +6 4.2+ .3 100 + 10 L33+ .04 8.5 + .8 440 + 20 11,000 + 1,000

8 Sulphur Creek Wasteway 2.1+ .5 300 + 20 3.3+ .6 480 + 30 .44+ .05 70 +6 400 + 20 66,000 + 4,000
Drains (nonirrigation season)?

7 DD 3 5.0+ .8 34+ 5 8.1+ .8 58 + 6 1.2 + .2 8.4+ 1.2 180 + 20 1,300 + 100

3 Washout 7.9+ .3 8.3+ .4 8.3+ .3 8.4+ .4 13+ .01 .14+ .01 14+3 16 + 4

2 DID 18 7.2+ 4 20 +1 7.9+ .4 23 +1 W31+ .07 .78 + .16 210 + 20 630 + 60

5 Black Canyon 8.2+ .4 2+3 8.7+ .5 34 +3 .15+ .04 .64 + .13 8 +8 430 + 40

6 DID 9 55+ .3 53 +3 6.3+ .6 60 +6 .23+ .08 2.2+ .8 240 + 10 2,300 + 200

8 Sulphur Creek Wasteway 5.2+ .7 160 + 20 6.1+ .7 180 + 20 31+ .04 10+1 62 + 16 2,300 * 900
Igonfidence 1imits are based on a computed 90-percent confidence level.

Canalzzo:r;hi]?ozi;figations season, the discharge from each drain is also the total surficial outflow of the respective subbasin because the
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TABLE 17.--Constituent discharges and concentrations in Roza and Sunnyside Canals and in the major drains in the Sulphur Creek basin
during the 1976 irrigation and 1976-77 ronirrigation seasons, calculated by fourth-degree-polynomial analysis!

Nitrate-plus-nitrite (as N)

Total nitrogen (as N)

Total phosphorus (as P)

Suspended sediment

Discharge- Seasonal Discharge- Seasonal Discharge- Seasonal Discharge- Seasonal
Site Station name weighted discharge weighted discharge weighted discharge weighted discharge
mean concen- tons) mean concen- (tons) mean concen-~ (tons) mean concen- (tons
tration (mg/L) tration (mg/L) tration (mg/L) tration (mg/L)
Roza Canal (irrigation season)

9 At Scoon Road 0.10 + D.03 0 +9 0.33 +0.05 99 +1a 0.07 +0.01 2 +2 36 +1 11,000 + 3,000
10 Below Sulphur Creek Wastway .08 + .02 21 +5 .32+ .03 79+8 .07 + .01 17 +1 51 +4 13,000 + 1,000
11 At Black Canyon Road .08+ .02 18+4 33+ .04 7849 .07 + .01 17 +2 58 + 4 14,000 + 1,000
12 At Factory Road 07+ 03 1645 38+ .08 68 + 11 .08 + .01 16 +1 83 +7 17,000 + 1,000
13 At Wilgus Road 07 + .03 11 +4 .36 + .06 56 + 10 .09 + .01 14 +1 81 +5 13,000 + 1,000

Sunnyside Canal (irrigation season)
14 At Maple Grove Road A1+ .02 u +7 40 + .03 160 + 10 A2+ .02 50 +6 110 + 10 48,000 + 6,000
15 Below Sulphur Creek Wasteway .17 + .07 60 + 20 .42 + 07 150 + 30 13+ .01 48 +3 130 + 10 48,000 + 4,000
16 At Edison Road 14+ .02 9 +6 .49 + .03 170 + 10 .15 + .02 52 +5 170 + 10 61,000 + 3,000
17 At Bethany Road .16 + .02 49 +5 .52+ .05 170 + 20 A5+ .02 49 +4 170 + 10 56,000 + 3,000
18 At Grandview 18 + .02 53+ 6 .53+ .08 160 + 20 16+ .01 49 +3 200+ 220 61,000 + 7,000
Drains (irrigation season

7 DIO-3 2.9+ .3 a9+ 4 5.0 + .4 89 +6 11 0+ . 0 +1 580 + 0 11,000 + 500

3 wWashout 2.7+ .4 16 +1 4.2+ .5 27 + 4 .56 + .07 3.9+ 5 640 _*_‘60 4,400 + 400

2 pIp-18 3.7+ .2 3B+l 5.6 + .3 9 +3 1.1 + .2 9.6 + 1.7 1,200 + 100 11,000 + 1,000
§ Black Canyon Creek 3.8+ .4 47 +3 6.1+ .6 7 +9 .90 + .12 12 +2 1,300 + 100 17,000 + 1,400
6 0ID-9 3.3+ .2 80 +5 a1+ 3 100 + 10 33+ .08 8.5 +.7 440 +20 11,000 + 400
8 Sulphur Creek Wasteway 1.8+ .3 300 + 20 2.9+ .3 470 + 40 .43 + .03 69 + 4 400 + 20 66,000 + 3,000

Drains (nonirrigation season)?

7 DID-3 4.8+ .7 34 +7 8.0 +1.5 58 + 18 1.2 + .2 8.2 +1.9 180 + 40 1,200 + 300

3 Washout 7.8+1.1 7.9 +1.0 8.3+1.2 8.3+1.4 3+ 01 .16 + .68 15 +7 17 +7

2 plp-18 7.2+ .2 20 +1 7.9+ .8 22 +3 W30+ .12 .81 + .68 210 + 40 600 + 130
5 Black Canyon 8.2+1.2 3+6 8.7+1.1 Bt+6 15+ .11 .64 + .68 9 +15 410 + 80

6 DID-9 55+ .5 52 +3 6.3 + 2.0 60 + 17 .28+ 23 2.3+.2 240 + 0 2,500 + 300

8 Sulphur Creek Wasteway 5.1+ .6 150 + 20 6.0+ .6 180 + 20 32+ .11 10+4 62 + 38 2,300 + 2,100

Iconfidence limits are based on a computed 90-percent confidence level.

2For the nonirrigations season, the discharge from each drain is also the total surficial outflow of the respective subbasin because the
canals are all dry.
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SUMMARY

The following is a summary of the results, based on data collected April 1976
to March 1977:

I. The net (inflow minus outflow) contributions of Roza Canal to the Sulphur
Creek basin were: water inflow--97,000 acre-feet; total sediment outflow, 3,000
tons; nitrate-plus-nitrite (as N) inflow, 19 tons; total nitrogen inflow, 42 tons; and
total phosphorus inflow, 7 tons.

2. The net contributions of Sunnyside Canal to the Sulphur Creek basin
were: water inflow, 82,000 acre-feet; total sediment outflow, 18,000 tons;
nitrate-plus-nitrite outflow, 9 tons; total nitrogen inflow, 10 tons; and total
phosphorus inflow, 1 ton.

3. Roza Canal contributed more of all nutrients to the basin than it
removed, and Sunnyside Canal contributed more total nitrogen and total
phosphorus than it removed.

4. About 41,000 acre-feet of the water in Sulphur Creek Wasteway was
excess water spilled from Roza and Sunnyside Canals. This spilled water tended
to reduce constituent concentrations and water temperatures in Sulphur Creek
Wasteway.

5. For the 12 months spanning the 1976 irrigation season and the 1976-77
nonirrigation season, Sulphur Creek Wasteway discharged 66,000 tons of
sediment, 460 tons of nitrate-plus-nitrite, 660 tons of total nitrogen, and 78 tons
of total phosphorus to the Yakima River. The five major drains discharged a
total of 59,000 tons of sediment, 370 tons of nitrate-plus-nitrite, 520 tons of
total nitrogen, and 66 tons of total phosphorus to Sulphur Creek Wasteway.

6. Constituent concentrations in the drains were generally 5 to 20 times
greater than in the delivery waters. Mean suspended-sediment concentrations in
the drains ranged from 380 mg/L for Sulphur Creek Wasteway to 1300 mg/L for
Black Canyon Creek. Mean sediment concentrations in the canals at the point of
entry into Sulphur Creek basin were 37 mg/L for Roza Canal and 120 mg/L for
Sunnyside Canal.

7. Net constituent outflows for the nonirrigation season, expressed as
percentages of the total year's outflow, are as follows: sediment, 3 percent;
nitrate-plus-nitrite, 36 percent; total nitrogen--32 percent; and total phosphorus,
17 percent. Little error in the calculation of annual net-sediment outflows would
be caused by using only the irrigation season data. A much larger error would
result, however, if a similar assumption is made for nutrients.

8. Nitrate-plus-nitrite constituted 70 percent of the total nitrogen outflow
in the irrigation season and 84 percent in the nonirrigation season.
Nitrate-plus-nitrite discharges were a considerably greater fraction of the total
nitrogen discharge in the drains than in the canals, by about 35 percent.
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9. Temperatures in the drains were about 20C warmer than in the canals.

10. Sediment yields during the irrigation season in the Sulphur Creek basin
ranged from 0.5 ton per acre for DID-9 subbasin to 7.0 tons per acre for DID-i8
subbasin, and 1.9 tons per acre for the entire basin. During the nonirrigation
season, yields were less than 0.2 ton per acre for all subbasins, and only 0.05 ton
per acre for the entire basin. Sediment yields coincided with the order of
increasing percentage of land slopes greater than 2 percent. DID-9 subbasin
produced the lowest yield and also had the lowest average land slope of all the
subbasins studied.

Il. Nutrient yields for the basin during the irrigation season were about 4
pounds per acre for nitrite-plus-nitrate, 19 pounds per acre for total nitrogen, and
2.4 pounds per acre for total phosphorus. Nutrient yields during the nonirrigation
season were 8 pounds per acre for nitrite-plus-nitrate, 9 pounds per acre for total
nitrogen, and 0.5 pound per acre for total phosphorus.

12, Storm runoff was not a major factor during the study, but the little
evidence available suggests it could, at times, be equal to or more important
than irrigation as a cause of sediment discharge.

13. A net change in sediment discharge from the DID I8 and Black Canyon
Creek subbasins of about 27 percent and 23 percent, respectively, would be
necessary to be detectable. For the entire Sulphur Creek basin, the magnitude of
change that could be detected would be about 10 percent. Nutrient discharges
and yields were much less precise than those for suspended sediment, because
nutrients were sampled less frequently. To achieve the same level of confidence
as that attained for suspended sediment, nutrients would need to be collected at
about four times the frequency of the 1976 sampling.

14, In the Sulphur Creek basin, constituent concentrations and discharges
appear to be annually cyclic; therefore, seasonal mean concentrations and
discharges were computed by harmonic and polynomial analysis - both methods
of fitting theoretical time distributions to the data. The results compared
favorably with those of the discharge-weighted averaging method. Harmonic and
polynomial analyses are potential alternative methods of analyzing water-qualtiy
data for an irrigation system that has as stable streamflow, as is found in the
Sulphur Creek basin.
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APPENDIX 1. Results of linear-regression analysisl of 21 variables, for sites in the Sulphur Creek basin

where correlation coefficients were better than 0.8

Regression
Constituents correlated Correlation coefficients Standard error
Sit Station name coefficient of estimate
no. X Y A B Y
Roza Canal
12 At Factory Road Sediment Total phosphorus 0.88 0.05154  0.0004583 0.01274
Nitrite-plus-nitrate Total nitrogen .82 .1888 2.154 .09674
Log discharge Log nitrite-plus-nitrate .84 -10.64 3.712 .1871
--do-- Log total nitrogen .81 -5.253 1.878 .1139
Log sediment --do-- .82 -1.230 .4221 .1136
--do-- Log total phosphorus 91 -1.716 .3587 .06261
Log nitrite-plus-nitrate Llog total nitrogen .84 .03479 .4190 .09444
Log total nitrogen Log total phosphorus .88 -.7572 .6741 .07007
13 At Wilgus Road Sediment Tota) phosphorus .92 .04338 .0006206 .01168
Log sediment Log total phosphorus .90 -1.893 . 4607 .07102
Log nitrite-plus-nitrate Log total nitrogen .87 .2217 .5728 .08673
Sunnyside Canal
15 Below Sulnhur Creek Suspended sediment Total phosphorus .83 .0803 .00050 .0240
Wasteway
16 At Edison Road Nitrate-plus-nitrite Total nitrogen .90 L3179 .9424 .0699
Suspended sediment Total phosphorus .84 .0992 .00035 0221
17 At Bethany Road Sediment Phosphorus .88 .0780 .00051 .0267
18 At Grandview --do-- --do-- .94 .0828 .00049 .0216
Drain Sites
7 DID-3 Streamflow Nitrate-plus-nitrite -.90 7.065 -.1219 .4524
Nitrate-plus-nitrite Total nitrogen .88 1.811 1.115 .6321
3 Washout Log suspended sediment Log total phosphorus .95 -1.830 .5776 .0791
2 DID-18 Streamflow Nitrate-plus-nitrite -.86 5.913 -.1340 .2804
Log streamflow Log total nitrogen -.82 1.771 -.8543 .0583
Log suspended sediment Log total phosphorus .89 -2.646 .8679 .1198
Total nitrogen Total phosphorus .84 1.582 .4942 .4463
5 Black Canyon Creek Suspended sediment Total nitrogen .87 3.517 .0021 1.124
Log total nitrogen Log total phosphorus .90 -1.435 1.730 .1380
6 DID-9 Nitrate-plus-nitrite Total nitrogen .95 .9534 .9534 .2547
8 Sulphur Creek Wasteway Llog specific conductance Log nitrate-plus-nitrite .80 -2.337 1.045 .0617
Log suspended sediment Log total phosphorus .84 -2.044 .6460 .1011
Log nitrate-plus-nitrite --do-- .92 .1733 1.075 .0471
Total nitrogen Total phosphorus .80 -.0963 .1800 .1030

1 Regression equation is of formY = A X + B, and log Y = A log X + B,
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APPENDIX 2.--Maximum and minimum observed values of selected constituents
in Roza and Sunnyside Canals in Sulphur Creek basin,
during the 1976 irrigation season

Number Extremes
Site Station name Constituent of
samplies Max imum Minimum
Roza Canal
9 At Scoon Road Water discharge (ft3/s) - 680 373
Water temperature (°Cz 57 19.6 4.4
Specific conductance (umhos/cm) 58 123 69
Suspended—sediment concentration (mg/L) 58 108
Turbidity (NTU) 58 13 1
Nitrite-plus-nitrate as N (mg/L) 18 .48 .0
Total nitrogen as N (mg/L) 18 .64 .13
Total phosphorus as P ?mg/L) 18 12 .04
10 Below Sulphur Creek Water discharge (fFt3/s) Continuous 570 30
Wasteway Water temperature (OC) 58 19.8 7.0
Specific conductance (umhos/cm) 59 123 67
Suspended-sediment concentration (mg/L) 59 124 8
Turbidity (NTU) 59 11 2
Nitrite-plus-nitrate as N (mg/L) 19 .21 .01
Total nitrogen as N (mg/L) 19 .53 .19
Total phosphorus as P ?mg/L) 19 .10 .02
11 At 8lack Canyon Water discharge (ft3/s) -- 515 252
Creek crossing Water temperature (°C) 57 20 7.2
Specific conductance (umhos/cm) 58 123 72
Suspended-sediment concentration (mg/L) 58 149 8
Turbidity (NTU) 58 14 2
Nitrite-plus-nitrate as N (mg/L) 18 .22 .0
Total nitrogen as N (mg/L) 18 .54 .21
Total phosphorus as P ?mq/L) 18 .12 .03
12 At Factory Road Water discharge (ft3/s) -- 438 225
Water temperature (OC) 58 21.3 6.8
Specific conductance (umhos/cm) 58 123 58
Suspended-sediment concentration (mg/L) 58 216 10
Turbidity (NTU) 58 15 2
Nitrite-plus-nitrate as N (mg/L) 18 .28 .0
Total nitrogen as N (mg/L) 18 .78 .13
Total phosphorus as P ?mg/L) 18 .12 .04
13 At Wilgus Road Water discharge (ft3/s) - 329 187
Water temperature (0C) 56 22.1 7.4
Specific conductance (umhos/cm) 58 128 54
Suspended-sediment concentration (mg/L) 58 175 15
Turbidity (NTU) 58 16 2
Nitrite-plus-nitrate as N (mg/L) 18 .26 .0
Total nitrogen as N (mg/L) 18 .84 .20
Total phosphorus as P (mg/L) 18 .12 .04
Sunnyside Canal
14 At Maple Grove Road Water discharge (ft3/s) -- 870 450
Water temperature (°C) 57 20.8 8.0
Specific conductance (umhos/cm) 58 160 66
Suspended~sediment concentration (mg/L) 58 477 17
Turbidity (NTU) 58 18 3
Nitrite-plus-nitrate as N {mg/L) 18 .22 .03
Total nitrogen as N (mg/L) 18 .61 .28
Total phosphorus as P (mg/L) 18 .20 .05
15 Below Sulphur Creek Water discharge (ft3/s) Cont inuous 768 100
Wasteway Water temperature (°C) 58 20.6 8.4
Specific conductance (umhos/cm) 58 165 55
Suspended-sediment concentration (mg/L) 58 448 13
Turbidity (NTU) 58 21 3
Nitrite-plus-nitrate as N (mg/L) 18 .73 .05
Total nitrogen as N (mg/L) 18 1.00 .27
Total phosphorus as P (mg/L) 18 .20 .08
16 At Edison Road Water discharge (ft3/s) -- 740 150
Water temperature (°C) 58 20.2 8.2
Specific conductance (umhos/cm) 58 160 60
Suspended-sediment concentration (mg/L) 58 394 24
Turbidity (NTU) 58 25 3
Nitrite-plus-nitrate as N (mg/L) 18 .28 .06
Total nitrogen as N (mg/L) 18 .69 .39
Total phosphorus as P (mg/L) 18 .21 .10
17 At Bethany Road Water discharge (Ft3/s) - 690 120
Water temperature (°C) 58 m.h 8.6
Specific conductance (umhos/cm) 58 160 72
Suspended-sediment concentration (mg/L) 58 3.93 21
Turbidity {NTU) 58 31 2
Nitrite-plus-nitrate as N (mg/L) 18 .27 .06
Total nitrogen as N (mg/L) 18 .84 .38
Total phosphorus as P {mg/L) 18 .27 .09
18 At Grandview Water discharge {ft3/s) -- 650 155
Water temperature (°C) 56 21.5 8.2
Specific conductance (umhos/cm) 58 165 76
Suspended-sediment concentration (mg/L) 58 776 19
Turbidity (NTU) 58 38 3
Nitrite-plus-nitrate as N (mg/L) 18 .32 .09
Total nitrogen as N (mg/L) 18 1.00 .38
Total phosphorus as P (mg/L) 18 .27 .08

62



APPENDIX 3.--Maximum and minimum observed values of selected characteristics in the major
drains in Sulphur Creek basin, during the 1976 irrigation season and the
1976-77 nonirrigation season

e Number Extremes
Site Station name Constituent or characteristic of
samples Max imum Minimum
Irrigation Season
2 DID-18 Drain Water discharge (Ft3/s) Continuous 23 9.3
Water temperature (OC) 58 23.2 10.1
Specific conductance (umhos/cm) 59 800 365
Suspended-sediment concentration (mg/L) 59 4,030 258
Turbidity (NTU) 59 200 5
Nitrite-plus-nitrate as N (mg/L) 18 4.7 2.9
Total nitrogen as N (mg/L) 18 9.2 3.6
Total phosphorus as P (mg/L) 18 3.8 .34
Nonirrigation Season
Water discharge (ft3/s) Continuous 11 2.0
Water temperature (°C) 33 14.4 5.9
Specific-conductance (umhos/cm) 33 808 594
Suspended sediment concentration (mg/L) 33 351 104
Turbidity (NTU) 33 15 5
Nitrite-plus-nitrate as N (mg/L) 8 8.0 5.8
Total nitrogen as N (mg/L) 8 9.1 6.5
Total phosphorus as P (mg/L) 8 .64 .15
Irrigation Season
3 Washout Drain Water discharge (ft3/s) -- 19 3.7
Water temperature (OC) 57 24.8 11.
Specific-conductance (umhos/cm) 58 670 232
Suspended-sediment concentration (mg/L) 58 1,780 10
Turbidity (NTU) 58 117 3
Nitrite-plus-nitrate as N (mg/L) 18 3.5 1.6
Total nitrogen as N (mg/L) 18 7.6 2.4
Total phosphorus as P (mg/L) 18 1.2 .17
Nonirrigation Season
Water discharge (ft3/s) -- 4.0 1.7
Water temperature (OC) 32 14.4 3.6
Specific conductance (umhos/cm) 32 800 519
Suspended-sediment concentration (mg/L) 32 46 2
Turbidity (NTU) 32 4 1
Nitrite-plus-nitrate as N (mg/L) 8 8.5 7.3
Total nitrogen as N (mg/L) 8 9.0 7.6
Total phosphorus as P (mg/L) 8 .16 .11
Irrigation Season
5 Black Canyon Creek Water discharge (Ft3/s) Continuous 33 7.9
Water temperature (OC) 58 24.0 10.5
Specific conductance (umhos/cm) 59 650 285
Suspended-sediment concentration (mg/L) 58 2,960 84
Turbidity (NTU) 59 184 8
Nitrite-plus-nitrate as N (mg/L) 18 4.8 1.9
Total nitrogen as N (mg/L) 13 11.0 2.3
Total phosphorus as P (mg/L) 18 2.0 .18
Nonirrigation Season
Water discharge (ft3/s) Continuous 16 1.9
Water temperature (OC) 33 13.7 4.6
Specific conductance (umhos/cm) 33 720 478
Suspended-sediment concentration (mg/L) 33 171 9
Turbidity (NTU) 33 7 1
Nitrite-plus-nitrate as N (mg/L) 8 9.4 6.9
Total nitrogen as N (mg/L) 8 9.8 7.3
Total phosphorus as P (mg/L) 8 .23 .11
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APPENDIX 3.--Maximum and minimum observed values of selected characteristics in-the major
drains in Sulphur Creek basin, during the 1976 irrigation season and the
1976-77 nonirrigation season--Continued

Number Extremes
Site Station name Constituent or characteristic of
samples Maximum Minimum
Irrigation Season
6 DID-9 Drain Water discharge (ft3/s) Continuous 59 16
Water temperature (9C) 58 23.0 10.1
Specific conductance (umhos/cm) 59 670 345
Suspended-sediment concentration (mg/L) 59 769 66
Turbidity (NTU) 59 62 2
Nitrite-plus-nitrate as N (mg/L) 18 5.3 2.6
Total nitrogen as N (mg/L) 18 6.2 3.3
Total phosphorus as P (mg/L) 18 .53 .17
Nonirrigation Season
Water discharge (ft3/s) . Continuous 33 12
Water temperature (°C) 33 13.4 4.3
Specific conductance (umhos/cm) 33 700 502
Suspended-sediment concentration (mg/L)} 33 364 97
Turbidity (NTU) 33 15 3
Nitrite-plus-nitrate as N (mg/L) 8 6.3 3.8
Total nitrogen as N (mg/L) 8 8.7 4.4
Total phosphorus as P (mg/L) 8 .46 .16
Irrigation Season
7 DID-3 Drain Water discharge (ft3/s) Continuous 44 15
Water temperature (OC) 58 25.0 11.1
Specific conductance (umhos/cm) 59 800 337
Suspended-sediment concentration (mg/L) 59 1,570 115
Turbidity (NTU) 59 88 5
Nitrite-plus-nitrate as N (mg/L) 18 5.8 1.9
Total nitrogen as N (mg/L) 18 8.4 3.3
Total phosphorus as P (mg/L) 18 1.6 .64
Nonirrigation Season
Water discharge (ft3/s) Continuous 24 11
Water temperature (OC) 33 14.9 5.8
Specific conductance (umhos/cm) 33 828 539
Suspended-sediment concentration (mg/L) 33 520 65
Turbidity (NTU) 33 30 6
Nitrite-plus-nitrate as N (mg/L) 8 7.0 1.2
Total nitrogen as N (mg/L) 8 10.0 4.3
Total phosphorus as P (mg/L) 8 1.7 .31
Irrigation Season
8 Sulphur Creek Water discharge (ft3/s) Continuous 456 132
Wasteway Water temperature (0C) 58 23.7 9.6
Specific conductance (umhos/cm) 59 580 195
Suspended-sediment concentration (mg/L) 58 743 94
Turbidity (NTU) 59 36 6
Nitrite-plus-nitrate as N (mg/L) 18 2.5 .92
Total nitrogen as N (mg/L) 18 4.4 1.4
Total phosphorus as P (mg/L) 18 .70 .18
Nonirrigation Season
Water discharge (ft3/s) Continuous 128 50
Water temperature (OC) 33 13.6 4.6
Specific conductance (umhos/cm) 33 704 396
Suspended-sediment concentration (mg/L) 33 328 9
Turbidity (NTU) 33 12.0 2.0
Nitrite-plus-nitrate as N (mg/L) 8 6.4 1.2
Total nitrogen as N (mg/L) 8 7.3 1.9
Total phosphorus as P (mg/L) 8 .4 .24
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