WATER QUALITY STATUS REPORT e REPORT NO. 81

DEEP CREEK AND MUD CREEK

Twin Falls County, Idaho
1986

Idaho Department of Health and Welfare
Division of Environmental Quality
Water Quality Bureau
Boise, Idaho

1988



WATER QUALITY STATUS REPORT NO. 81

DEEP CREEK AND MUD CREEK

Twin Falls County, Idaho
1986

Prepared by
R. Tim Litke

Twin Falls Field Office
963 Blue Lakes Blvd., Suite 1
- P.O. Box 1626
Twin Falls, Idaho 83303

Idaho Department of Health and Welfare
Division of Environmental Quality
Water Quality Bureau
Boise, Idaho

1988



ABSTRACT

Deep Creek and Mud Creek are located in Twin Falls County near Buhl,
tdaho. From April through October, these two creeks convey irrigation
drainage water from the western part of the Twin Falls irrigation tract to
the Snake River. During 1986, water quality surveys were conducted on
both creeks to assess water quality conditions and beneficial use
impairments due to agricuttural pollutants. In addition, data were
collected to identify subbasins within each watershed for agricultural
best management practices treatment under the idaho Agricultural
Pollution Abatement Program.

During the 1986 irrigation season, Deep Creek and Mud Creek contributed
an estimated 3,150 tons and 3,660 tons, respectively, of sediment to the
Snake River. Inorganic nitrogen and total phosphorus levels in both creeks
exceeded recommended limits to prevent nuisance plant growth. Organic
nitrogen and total phosphorus levels were elevated prior to the irrigation
season and may reflect a continual input of animal wastes to these creeks,

Fecal coliform bacteria densities in both creeks exceeded the secondary
contact recreation standard {200 bacteria/100 ml) at most stations
throughout the irrigation season. Ratios of fecal coliform bacteria to
fecal streptococcus bacteria indicate that the predominant source of these
bacteria was livestock. Ratios also indicated an intermittent
contamination of the creeks with human wastes.

Macroinvertebrate collections from Deep Creek and Mud Creek also indicate
degraded water quality conditions exist in both creeks. Substantial
portions of the invertebrate communities present in each creek were
composed of poliution tolerant species. Irrigation season water quality
impacts were integrated by invertebrate communities throughout the
summer and reflected by reductions in taxa richness, densities, and
number of “clean water” species in fall samples.

The data indicate that beneficial uses are being impaired or threatened in
both "creeks due to agricultural poliutants. Levels of agricultural
pollutants could be reduced through application of agricultural best
management practices to eroding farmland and confined animal feeding
operations. Critical subbasins within each drainage were identified for
agricuitural best management practices treatment. These include the Low
Line Canal and Upper Deep Creek subbasin in the Deep Creek drainage, and
the Silo Creek and Upper Mud Creek subbasins in the Mud Creek drainage.
Any sediment retention practices applied to farmland in these subbasins
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would help prevent sediment, nutrients, and bacteria from entering the
creeks and ultimately the Snake River. Best management practices
directed at managing animal waste and dairy wastewaters should also
receive high priority to reduce nutrient and bacteria loading of these
creeks, and to protect public health.
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INTRODUCTION

Runoff from agricultural lands is a major source of poliutants to surface
waters of ldaho, particularly in the irrigated south central portion of the
state. Pollutants commonly present in irrigation tailwater and dairy or
feedlot runoff include suspended sediment, nutrients, and bacteria. These
pollutants adversely impact the quality of receiving waters and threaten
designated beneficial uses.

The ldaho Agricultural Pollution Abatement Plan (IDHW-DOE, ISCC, and U.S.
EPA 1983) was developed and implemented to solve water quality
problems arising from agricultural activities. This plan focuses on
reducing non-point source agricultural pollution impacts on surface
waters through implementation of best management practices (e.g,
sedimentation ponds, filter strips, minimum tillage, livestock waste
management systems, etc.) in critical drainage basins. As part of this
plan, Soil Conservation Districts (SCDs) were asked to help identify
streams impacted by agricultural activities. Information obtained from
SCDs, idaho Department of Fish and Game, and the DHW-Division of
Environmental Quality was reviewed and impacted streams were
prioritized for treatment under the plan.

The Balanced Rock SCD identified Deep Creek and Mud Creek as streams
impacted by agricultural pollutants, and both were categorized as first
priority stream segments in 1982, This designation implies degraded
water guality conditions exist in both creeks which can be improved
through implementation of agricultural best management practices (BMPs).

According to the ldaho Water Quality Standards and Wastewater Treatment
Reguirements (ldaho Department of Health and Welfare 1985) Deep Creek
and Mud Creek should be managed to provide a diversity of beneficial uses.
These uses include: agricultural water supply, cold water biota, salmonid
spawning, and secondary contact recreation.

PAST WATER QUALITY STUDIES

In 1980 the IDHW-Division of Environmental Quality conducted a water
guality study on Deep Creek and Mud Creek to assess existing conditions.
Parameters monitored monthly from March through August at several creek
and tributary drain stations included suspended sediment, bacteria,
nutrients, and metals. The data indicated degraded water quality



conditions existed and that beneficial uses were likely being impacted
The poor water quality was considered a result of agricultural activities

in these drainages-primarily from eroding cropland and numerous dairy and
feediot operations.

Because it was apparent that agricultural activities were degrading water
quality, the Balanced Rock 3CD applied for and received a State
Agricultural Plapning Grant for the Deep Creek/Mud Creek watersheds in
1985, This planning grant was to provide the necessary information and
basis for pursuing a BMP-Implementation Grant for a local water and soil
conservation resource management program under the State Agricultural
Pollution Abatement Plan. In conjunction with the work performed by the
Balanced Rock SCD and the Soil Conservation Service (SCS), the
IDHwW-Division of Environmental Quality conducted an intensive water
guality survey in 1986 on Deep Creek and Mud Creek.

OBJECTIVES

The objectives of this intensive water quality survey on Deep Creek and
Mud Creek were as follows:

a) Assess existing water quality conditions and impacts from
agricultural activities in these watersheds during the 1986
irrigation season.

b) Expand the existing water quality data base on both creeks to
include a complete water year to assess pre- and post-irrigation
season water guality.

£) ldentify priority subbasins within each drainage for apptication of
BMP's.

d) Provide baseline data for comparison of water quality conditions
after a BMP implementation project.

DRAINAGE BASIN DESCRIPTION

Deep Creek and Mud Creek are located in the western portion of Twin Falls
County (Figure 1). The Deep Creek drainage consists of approximately
36,075 acres and begins southeast of Castleford and includes the area
west of Buhl and east of the Salmon Falls Creek drainage. Deep Creek



generally flows northward to its confluence with the Snake River in Melon
Valley. Mud Creek lies northwest of Buhl and east of the Deep Creek
drainage. Mud Creek drains about 23,920 acres as it flows north through
the center of Melon Valley to its confluence with the Snake River.

The 5CS has estimated that about 80% of both watersheds are surface
irrigated through ridge and furrow systems. Principal crops include dry
beans, corn, alfalfa, wheat, barley, potatoes, and peas. There are also 60
to 70 dairy and feedlot operations located in the Deep Creek and Mud Creek
drainages. It is estimated that 3,500 and 2,500 acres are utilized in the
Deep Creek and Mud Creek drainages, respectively, for livestock grazing.

Soils in these watersheds may be characterized as predominantly fine
sandy loams and silty clay loams with moderate to high erosion potentials.
Evidence of past erosion exists in the form of areas of {imy materials that
are exposed on many irrigated fields. In the lower ends of both drainages,
bank mass wasting becomes significant. In these areas the stream
channels are deeply incised and vertical exposed banks are common.
During high water these banks erode and slump into the creeks.

The climate of the Buhl-Castleford area and the Melon Valley is considered
semi-arid, with the valley receiving about 20 cm of precipitation annually.
Higher elevations generally receive greater amounts of precipitation with
most of this falling as snow in winter.

MONITORING STATIONS

This study was conducted throughout 1986 to assess water quality
conditions during a complete water year. The study was initiated in April
to document pre-irrigation and early irrigation impacts, and continued
through November to assess post-irrigation water quality.

Five sampling stations were established along Deep Creek from east of
Castleford to about 1 mile above its mouth, These stations are
summarized in Table 1 and identified in Figure 2. In addition, sampling
stations were established on five major tributaries and/or irrigation
drains to the creek to assess loadings and to identify critical subbasins.
Similarly, three monitoring stations were established on Mud Creek and
three on major tributaries of the creek (Table 1, Figure 3). Because little
farming occurs in the East Fork of Mud Creek subbasin, this tributary was
not monitored during this study.



MATERIALS AND METHODS

Field parameters were analyzed with portable meters which were
calibrated prior to each survey. Dissolved oxygen and temperature were
measured with a YS! Model 54A meter.  Specific conductance was
measured with a YSt Model 33 SCT meter. The pH was determined with an
Actumet Mini pH meter, Model 640A (Fisher Scientific Co.). Flow
measurements were taken with a Marsh-McBirney Model 201D current
meter and used to calculate discharge (Q, in cubic feet per second).

A churn splitter was used to collect cross-composited water samples
from well-mixed locations at each station. Water samples for chemical
analysis were collected in 1 liter cubitainers. Samples for nutrient
analysis were preserved with 2 ml H,50, Water samples for dissolved

ortho-phosphate analysis were field filtered using 0.454 Micron Sep Magna
Nylon 66 Membrane Filters (Fisher Scientific Co.). This was done with
polypropylene syringes and Gelman Delrin syringe-type membrane filter
holders; filtrate was collected in Corning 10 ml polystyrene disposable
culture tubes. Samples were placed on ice and cooled to 4°C. Chemical
analyses were conducted by the idaho Department of Health and Welfare,
Bureau of Laboratories, Boise, following Standard Melhods (American
Public Health Assoctation 1985).

Bacterial grab samples were coliected in sterile 230 ml Naigene
polyethylene bottles. These samples were cooled to 4°C and delivered to
the Twin Falls Branch of the IDHW-Bureau of Laboratories. Analysis of
bacterial samples followed Standard Methods (American Public Health
Association 1985). ‘

Macroinvertebrates were collected at various Deep Creek and Mud Creek
stations in March and September, 1986, with a modified Hess sampler
(0.10m2). Three replicate samples were collected from riffie areas at
each station. Samples were preserved in the field with 70% isopropyl
alcohol and processed by the IDHW-Bureau of Laboralories, Botse.

QUALITY ASSURANCE

Duplicate (split) and spiked water samples were collected at various
stations on different dates to assess the accuracy and precision of the



data collected. This quality assurance (QA) component of the field work
follows Bauer (1986) and Bauer et al. (1986a, 1986b) guidelines.

Duplicate samples were collected to assess precision. At a given station,
these QA samples were collected from the same composite collected for
routine water chemistry samples. Duplicate bacteria samples were
collected as close together in the stream as possible.

Four sets of spiked samples were collected during the study from various
Deep Creek and Mud Creek stations to assess accuracy. Chemical spikes
were prepared by the IDHW-Bureau of Laboratories, Boise, and sealed in
Kimble 10 ml glass ampules. Spikes were prepared for ammonia, hitrate,
ortho-phosphate, total phosphorus, and total Kjeldahl nitrogen. Celite was
used for suspended solids spiking and was pre-weighed into plastic vials.

In the field, ampules or vials were opened and their contents mixed with
900 m1 of sample water in 1 liter cubitainers. All QA samples were then
stored on ice at 4°C and shipped to the IDHW-Bureau of Laboratories in
Boise for analysis following Standard Methods (American Public Health
Association 1985). Percent recovery for spikes was determined by
subiracting background concentrations (as determined from duplicate or
routine samples) from known spike values.

RESULTS AND DISCUSSION
This section of the report is divided into two parts. The first part
discusses Deep Creek water quality and also includes general comments

concerning the significance of each water quality parameter. The second
part discusses Mud Creek water quality.

DEEP CREEK

STREAM FLOW

Deep Creek is a regulated stream with flows greatly modified by irrtgation
water management. From its confluence with the High Line Canal of the
Twin Falls Canal system to its mouth, Deep Creek is considered a
collection and conveyance structure for irrigation water (IDHW 1985).



Mean stream flow during this study ranged from 26.6 cfs at 5-4 near
Castleford to 158.1 cfs at S-3A (Table 2). Downstream of 3-3A a
substantial portion of Deep Creek flow is diverted at the L-10 diversion;
therefore, mean flows are lower downstream than at S5-3A.

Base flow occurs in lebruary and March at around 20 cfs (Table 3). During
this period, creek flow originates as several large springs in-the vicinity
of 5-3; the streambed is dry from this point upstream until irrigation
begins. Irrigation water is turned into the canals and enters Deep Creek in
mid-April. Snake River water enters Deep Creek from branches of the High
Line and Low Line canals of the Twin Falls Canal Company. .

Peak flows occur in early April as the canal system is flushed, and in
September when irrigation water is only being used for some late grain
and pastures. Flows during these periods are typicaily around 150 cfs and
may exceed 200 cfs. Although natural stream flows are likely less than
SO cfs in Deep Creek in the fall, irrigation water may maintain stream
flows at around 200 c¢fs into early November to provide water to
hydroelectric facilities on adjacent canais.

SUSPENDED SEDIMENT

The suspended sediment load of a river consists of particles (mineral or
organic) that require littie energy to transport once they are entrained in
the water column (Morisawa 1968). Suspended sediment adversely
impacts aquatic ecosystems by reducing light penetration and primary
production, and by physically damaging sensitive tissues of aguatic
organisms (e.g, gill tissues). As this material is deposited on the
streambed, it smothers fish eggs, juvenile fish , and fish-food organisms.
Stream bottoms once diverse in terms of available habitat for aqguatic
organisms, become uniform, physically unstable substrates.

Mean suspended sediment concentrations during the study ranged from 35.8
mg/1 at S-4 to 96.7 mg/l at 5-2 (Table 2).  Suspended sediment
concentrations were around 2 mg/1 throughout Deep Creek prior to the
irrigation season. During the irrigation season, this parameter approached
or exceeded 200 mg/1 at stations S-1A and S-2.

Turbidity, which is positively correlated with suspended sediment (e.g,
rZ= 0.93 at 5-1A), may be used to assess seasonal variability in suspended



sediment levels. InMarch, stream turbidity was generally less than 1 NTU.
During the irrigation season, turbidity fluctuated widely in response to
flow and suspended sediment load of Deep Creek, which are both related to
water usage and crop management. Turbidity data indicate three discrete
periods of elevated suspended sediment levels during the study (Figure 4).

The first period occurred shortly after the canals were filled and
represents turbidity due to sediment eroded from canals and Deep Creek as
the creek approached bank-full conditions when the canals were flushed.
Sediment was also contributed from pre-irrigation of row crops such as
beans. A second peak occurred in mid-July. During this period flows
increased from minimum values measured in June. This peak likely
represents a period of time when the second cutting of hay was occurring
and row crops were again being irrigated.

A third peak in turbidity occurred in early September. At this time the
third cutting of hay was occurring, and water was probably only being used
to irrigate late grain and pastures. Therefore flows increased and some of
the sediment accrued by the channel during the summer was being flushed
out of the system. This is evident from declining turbidities throughout
October although flows remained high. For example, turbidity declined
throughout September and October at S-1A although flows were
consistently in excess of 200 cfs during the same period.

As expected, except for D-3, mean suspended sediment concentrations in
the drains exceed values calculated for the creek. Excluding D-3, which is
a perennial tributary that receives no irrigation tailwater, mean
concentrations ranged from 68.6 mg/1 at D-2A to 297.3 mg/1 at D-1 (Table
4). Highest concentrations (around 300 mg/1} were measured during the
irrigation season at D-4 and D-5. A concentration of 2,540 mg/1 was
measurcd at D-1 on one date when the drain was being chained by the canal
company to physically remove excessive growths of aquatic plants and
algae. The potential impact of chaining events on the creek is discussed
later in this section of the report.

An estimate of suspended sediment loading to Deep Creek by the five
monitored drains may be calculated using flow and concentration data. For
these calculations, ‘the irrigation season was defined as April 13 to
October 31, and flow and concentration data for a given date were used to
calculate the total load for a given time period. Depending upon sampling
frequency, interval length ranged from 13 to 29 days. Pre-irrigation



water gquality data were assumed to be representative of ambient water
guality conditions and loads. The calculated loadings are rough estimates
because of a number of factors such as sampling frequency, time of day
when samples were collected, etc., which affect the accurracy of interval
loading figures. Also, because of limited data, baseline suspended
sediment loads are also approximate. An estimate of the agricultural
contribution to these loadings was calculated by subtracting estimated
baseline loads from total toads during the irrigation season.

The five drains monitored in this study transported about 8,305 tons of
sediment to Deep Creek during the irrigation season (Table 5). Most of this
load may be attributed to agricultural inputs. Of this amount, about 5,150
tons (or 62%) were exported to the Snake River (Figure 2) and 3,155 tons
were stored in Deep Creek. Apparently about 1,300 tons of sediment were
trapped behind the L-10 diversion during the irrigation season.

About 0% of the suspended sediment load entering Deep Creek arises from
two sources: Low Line Canal or D-2A (63%) and D-5 (27%) (Table 5).
Atthough sediment concentrations at D-2A were typically lower than those
at the other drain stations (Table S) the greater flows of the Low Line
Canal resulted in a large sediment loading of Deep Creek. Implementation
of best management practices to reduce soil erosion on critical acres
within subbasins drained by these two canals would be expected to
substantially reduce sediment loadings to Deep Creek and the resulting
water quality impacts. Sediment loading of Deep Creek should be
measured after BMP implementation and compared to the above figure to
assess the effectiveness of the project.

NUTRIENTS

Nitrogen (N) and phosphorus (P) are essential nutrients for plant growth.
These nutrients frequently limit piant growth due to a limited supply in
contrast to a large demand (particularly during the summer). When these
nutrients are abundant, productivity is enhanced and plant biomass
increases, Dense plant growth may adversely impact aquatic life during
periods of dieback when decomposing plants reduce dissolved oxygen
levels in the water. Also, in slack-water areas where reaeration is
minimal, nighttime dissolved oxygen concentrations may reach critically
low levels due to plant respiration.



Inorganic Nitrogen

A concentration of 0.3 mg/1 total inorganic nitrogen (NHz, NG,, and NO4} is

usually considered the 1imit for preventing nuisance growths of aguatic
piants and algae (IDHW 1980). Usually ammonia and nitrite are quickly
oxidized to nitrate, and nitrate is therefore the major form considered
when comparisons to this Hmit are made.

Agricultural return flows and Deep Creek usually exceeded the 0.3 mg/!}
criteria (Tables 2 and 4). Although some nitrate undoubtedly enters Deep
Creek with irrigation tailwater, the predominant source of nitrate to the
creek is groundwater. Samples from seeps in the Jower Deep Creek
drainage indicated groundwater nitrate nitrogen concentrations to be in
the range of 4 to & mg/)l. Creek nitrate concentrations are generally at
their peak during base flow conditions before the irrigation season. For
example, in March, 1986 at S-1A and 5-3A, instream nitrate nitrogen
concentrations were 42 and 5.2 mg/1, respectively. As irrigation began,
nitrate concentrations declined as Snake River water diluted the base
flows of Deep Creek (Figure S).

Generally, maximum instream nitrate concentrations during the irrigation
season were observed when agricultural return flows to Deep Creek were
at a minimum. Note however, thal nitrate concentrations still exceeded
the eutrophication 1imit even during peak irrigation fiows of greater than
200 cfs at S5-1A. Although some of the groundwater nitrate iikely arises
from feaching of nitrogen fertilizers applied to farmland, a significant
portion of this nitrate may be attributed to leguminous crops in the Deep
Creek drainage. in the nearby Rock Creek watershed, the major source of
inorganic nitrogen (nitrate) is considered to be aifalfa and other
leguminous crop plowout (Ciark 1986). This is probably {rue Tor the Deep
Creek watershed as well.

Nitrate concenfrations at S~4 were well below those measured at ihe
~other stream stations. The annual mean nitrate nitrogen concentration at
S-4 was only 0.03 mg/1 (Figure 6) This reflects the fact that all flow at
S5-4 is Snake River water. Nitrate concentrations increase downsiream as
groundwater feeds the creek.



Organic Nitrogen

The major sources of organic nitregen (total Kjeldahl nitrogen) in the Deep
Creek drainage are animal waste runoff and organic debris associated with
suspended sediment.  Mean annual organic nitrogen concentrations
generally increased with downstream progression (Figure 6), reflecting
generally higher suspended sediment concentrations in downstream areas
(Table 2). Organic nitrogen concentrations prior to irrigation were 0.4 to
0.6 mg/1 and increased to maximum values of about 1.2 to 1.4 mg/1 during
the irrigation season. Pre-irrigation concentrations probably reflect a
continual input of animal waste to the drainage. Clark (1986) has shown
animat waste runoff to contain considerable amounts of inorganic and
organic nitrogen. Peaks in mean organic nitrogen concentrations at 5-3
and 5-2 (Figure 6) probably reflect farm pond discharges and pasture
runoff, respectively, in these areas.

As in other agricultural water quality studies (e.g, Clark 1985, 1986;
Lathum 1986), the data indicate that a large portion of the organic
nitrogen in transport was associated with suspended sediment. A positive
correlation was found to exist between organic nitrogen and suspended
sediment (e.q., r2= 087 at S-1A, see Figure 7). Once instream, these
nitrogenous compounds are eventually oxidized to nitrates to further
support primary production.

Phosphorus

Phosphorus is frequently the nutrient that limits primary production of
aguatic systems. Uncontaminated surface waters typically have totai
phosphorus concentrations of 0.01 to 0.05 mg/1 with ionic orthophosphate
representing usually iess than 5 percent of the total (Tarapchak et al.
1982; Prepas and Rigler 1982).

To control primary productivity and prevent nuisance aquatic plant and
algac growth, a limit of 0.1 mg/1 total phosphorus is usually applied
(Mackenthum 1973). Where streams discharge into the stagnant waters of
an impoundment, a more restrictive limit of 0.05 mg/1 is recommended
(US. EPA 1877).

Mean annual total phosphorus concentrations in Deep Creek exceeded the
0.1 mg/1 limit at all stations (Table 2). Mean concentrations calcuiated
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for the drain stations aiso exceed this value except for drain D-3, which
did not receive irrigation tailwater (Table 4).

Total phosphorus concentrations were generally positively correlated with
suspended sediment concentrations at all stations indicating that most
phosphorus in Deep Creek was associated with particulate organics or
adsorbed to sediment (e.g, r2- 0.89 and 095 at S-1A and S5-2,
respectively, see Figures 8 and 9). Background instream levels were
around 0.1 mg/l indicating ample phosphorus is present year-round to
support algae growth. Some of this phosphorus likely enters the creek
during precipitation events with runoff from dairy and feedlot operations.
During periods of peak instream turbidity, total phosphorus values were as
high as 0.3 to 0.4 mg/1. Drain concentrations of total phosphorus ranged
from 0.06 mg/1 to 2.5 mg/1 with maximum concentrations occurring during
- periods of maximum turbidity. Highest concentrations were measured at
drain stations D-1, D-4, and D-5.

Instream dissolved orthophosphate levels increased during the irrigation
season from background levels of less than 0.005 mg/1 to around 0.1 mg/1.
Highest instream dissolved orthophosphate concentrations were measured
at S-4(Table 2)." The data generally support the conclusion that irrigation
water leaches this nutrient from fertilized fields. Generally, elevated
dissolved orthophosphate concentrations reflected periods of fertilizer
application, and decreased to approach background levels near the end of
the irrigation season even though flow increased substantially (Figure 10).

Drain mean dissolved orthophosphate concentrations ranged from 0.03
mg/1 to 0.089 mg/1 (Table 4). Highest concentrations were measured in
drains D-1, D-4, and D-5. Background values in spring-fed drains (i.e., D-1
and D-3) were around 0.004 and 0.025 mg/1, respectively. During the
irrigation season, concentrations in D-1 increased as much at 70 fold to as
high as 0.29 mg/1. In drain D-3, which receives little if any irrigation
tatlwater, concentrations increased to only 0.04 mg/1 during the summer.

Nutrient Loadings

As with suspended sediment, nutrient loads were calculated using flow
and concentration data. During the irrigation season, the five monitored
drains contributed 70.2 tons of organic nitrogen and 76.4 tons of nitrate
nitrogen to Deep Creek, with about 9/% and 77% of these loads,
respectively, due to agricultural contributions (Tables 6 and 7; Figures 11
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and 12). About 82% of the total organic nitrogen load entering Deep Creek
may be attributed to drains D-2A (58.3%) and D-5 (23.7%). Of the total
loading from these draing, about 30% is stored in the stream channel
during the irrigation season. This material is available for export during
the remainder of the year, or for oxidation to nitrate and incorporation
into algal biomass. A large portion of this material is apparently
deposited in the slack waters of the L-10 diversion (Figure 11).

Most of the nitrate nitrogen entering Deep Creek (about 98% of the total)
iz from drains D-1, D-2A, and D-3 (Table 7). Drains D-1 and D-3 are
primary sources because they are spring-fed perennial tributaries with
high background nitrate levels (e.g, D-3 had a mean nitrate nitrogen
concentration of 4.85 mg/1). Drain D-2A contributes a significant load
because of its high flows. The remaining drains, D-4 and D-5, contribute
substantially less nitrate because of the lower nitrate level in Snake
River water.

Deep Creek exports more nitrate to the Snake River than it receives from
tributaries; about 68.9 tons during the irrigation season. Primary sources
of this additional nitrate include springs and dairy and feedlot runoff
downstream of S-2. Agricultural inputs represent only about 44% of the
total nitrate load for the irrigation season at the mouth of Deep Creek
(Figure 12).

In terms of total phosphorus (Table 8), about 17 tons of phosphorus were
transported to Deep Creek by the monitored drains during the irrigation
scason. Of this amount, 59% and 25% may be attributed to drains D-2A and
D-5, respectively. About 40% of the total load imported to Deep Creek
remains stored in the channel; a large portion of this (about 30%) was
probably deposited at the L-10 diversion (Figure 13). The stored material
is likely particulate phosphorus and dissolved orthophosphate that has
been converted chemically or biologically instream to a particulate (Hem
1985). Once in the sediment, this phosphorus can support abundant
macrophyte growth.

The drains also contributed about 2.4 tons of dissolved orthophosphate to
Deep Creek during the irrigation season (Table 9). As with total
phosphorus, the primary sources of dissolved orthophosphate were D-2A
(343% of total input) and D-5 (31.8%). Apparently Deep Creek exported
less dissolved orthophosphate to the Snake River than it accrued from the
drains (Figure 14). Because the chemistry of phosphorus favors
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precipitation (Hem 1985), it is likely that some dissolved orthophosphate
was retained in the sediments or as a particulate in the form of plant
biomass.

Although most phosphorus entering Deep Creek and transported by the
creek was associated with particulates, a substantial portion was as
dissolved orthophosphate.  Meybeck (1982) noted that particulate
phosphate forms comprise about 95% of the total phosphorus in rivers. In
Deep Creek, dissolved orthophosphate represented 17% to 22% of totai
phosphorus and in the drains dissolved orthophosphate accounted for 8% to
42% of the total. In agricultural watersheds there may be more dissolved
orthophosphate present due to leaching of this nutrient from fertilized
fields.

BACTERIA

Fecal contamination of water is indicated by the presence of coliform
bacteria (i.e., gram negative, lactose fermenting, enteric rods). If fecal
coliforms are present, the water is contaminated by fecal material of
warm-blooded animals, and it is possible that pathogenic microorganisms
are present as well. An additional bacteriological indicator of fecal
contamination used in the United States are strains of Streptococcus
fagcalis. These organisms do not survive in water as long as coliforms, so
their presence indicates a recent pollution event (Atlas 1984).

The ratio of fecal coliform bacteria to fecal streptococci (FC/FS ratio) is
often used to assess the origin of fecal contamination in stream water
pollution studies. If this ratio is less than 0.7 animal wastes are
indicated; a ratio greater than 4 is indicative of contamination by human
wastes (Clausen et al, 1977).

Secondary contact recreation (or wading) is a designated beneficial use
for Deep Creek. To support this beneficial use, water quality standards
state that the geometric mean for fecal coliforms shall not exceed 200
organisms/ 100 ml (IDHW 1985),

Sources of coliform bacteria to Deep Creek are numerous. Sources inciude
irrigation return flows, runoff from confined animal feeding operations,
arcas where livestock have direct access to the creek or its tributaries,
and human wastes,



Annual instream geometric mean fecal coliform densities ranged from
292/100 ml at 5-4 to 727/100 ml at 5-3, and therefore the State standard
was exceeded at all stations (Table 10, Figure 15). The data indicate that
this standard was exceeded at all stream stations from about early May
through September (Figures 16-20). Fecal coliform densities were as high
as 22,000/100 ml and 24,000/ 100 m} at 5-3 and 5-4, respectively, during
the irrigation season. Concentrations of both fecal coliforms and fecai
streptococcus bacteria varied considerably between stream stations and
sampling dates (Table 10). Generally, elevated bacteria levels were
associated with high flows and increased turbidities, indicating these
organisms were associated with organic or sediment particles in
irrigation tailwater.

Bacteria densities at the drain stations generally exceeded those
measured instream (Table 10). Annual geometric mean fecal coliform
densities ranged from 388/100 ml at D-2A to 2,283/100 m! at D-4.
Highest fecal coliform densities were measured in drains D-4
{44,000/100 mt) and D-5 (99,000/100 ml). Densities of fecal coliform
and fecal strep bacteria were highly variable between .stations and
sampling dates; (Figures 21-25); highest densities were often associated
with elevated flows and turbidities. As discussed below, at various
stations on certain dates other activities on these drains may have
affected bacteria densities.

Fecal coliform to fecal streptococcus ratios calculated for the period of
study were similar for stream and drain stations (Table 10). This ratio
ranges from around .5 to .9, which indicates a predominance of livestock
waste,

On several dates ratios calculated at certain drain stations ranged from
3.5 to 45, indicative of pollution derived from human sources. For
¢xample, the ratio calculated for samples collected on July 7 at D-5 was
43. On this date, turbidity and fiow in the drain were not exceptionally
high.

WATER QUALITY IMPACTS FROM DRAIN CHAINING EVENTS

During the irrigation season, artificial conveyances and tributaries used to
transport nutrient-rich irrigation tailwater became clogged with algae
and macrophytes. This requires that these conveyances be periodically
cleaned. Where drains do not discharge to surface waters, volatile
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algicides such as Acrolene or Xylene are often used. Where conveyances
discharge directly to surface waters, aguatic plants are mechanically
removed or disiodged by large chains putled through a channel by tractors.
The dislodged plants and other materials are then transported to the
perennial creek downstream.

A chaining event was observed at D-1 on August 28, 1986. Drain flow
increased dramatically after the chaining event as would be expected
{Table 11). In addition, suspended sediment levels and all parameters
associated with the sediment {(e.g,, turbidity, total Kjeldahl nitrogen, total
phosphorus, etc.} increased as this material was resuspended. Loadings of
sediment, nutrients, and bacteria to Deep Creek increased substantially
during this brief period. For example, mean suspended sediment
concentration and daily loading for D-1 during the 1986 irrigation season
were 146.2 mg/l and 4,526.6 lbs/day, réspectively. During this brief
chaining period, these values increased to levels of 2,540 mg/} and
158,992 1bs/day, respectively. If this chaining event occurred over a 30
minuie period, about 3,300 pounds of sediment would have been
transported to Deep Creek. This 30 minute loading exceeds the mean daily
loading of 3,082 pounds calculated for this station. Therefore, channel
cleaning events, although required to maintain water delivery, do resuit in
a large pulse of sediment, nutrients, and bacteria being transported to
downstream reaches. The dislodged plant biomass transported
downstream aiso represents a considerable nutrient input not assayed in
this study.

MACROINVERTEBRATES

Macroinvertebrates are well suited for assessing environmental conditions
because a) they are not very mobile and therefore reflect water quality
conditions near the point of collection, b) most species have life cycles of
a year or less so their presence reflects recent stream conditions, and c)
their presence reflects an integration of stream conditions through time
not assessable by discrete physical/chemical "grab” sampling programs
(Platts et al. 1983; Rosenberg et al. 1986). Sensitive species and life
stages respond guickly to environmental stress while overall communities
generally respond more slowly. A typical stream benthic community is
composed primarily of insects (Hynes 1970; Minshall 1969), although other
groups such as annelids, crustaceans, molluscs, and flatworms are
frequently present.



A number of approaches have been utilized in the literature to interpret
benthic data. Inverfebrate densities, species composition, and species
diversity have been used. In general, clean water would be expected to
support a diverse benthic community dominated by pollution-intolerant
species.  Recent work has focused attention on assessing functional
feeding groups to examine community trophic structure, and on biotic
indexes which incorporate a measure of species tolerance to poliution.

The EPT value or index is one tool that is used frequently in benthic
community analysis. This value is the sum of the taxa richness for the
groups Ephemeroptera (mayflies), Plecoptera (steneflies), and Trichoptera
{caddisflies). These groups of macroinvertebrates are generally
considered sensitive to pollutants. The EPT value has been found to be
consistently related to water quality; a higher value indicates better
water quality while a lower value indicates poorer water guality.

Another index that incorporates species tolerance to poliution is the
Biotic Condition Index (BCl) developed by Winget and Mangum (1979). This
model predicts a community tolerance quotient (CTQp) based upon percent
slope, alkalinity, sulfate concentration, and sediment composition
measured at a given location. Calculated values range from 50 to 108;
high values predict the presence of a benthic community comprised of
relatively pollution-tolerant organisms. |

Following Winget and Mangum (1979) tolerance quotients are assigned to
cach species present in a benthic community (values range from 2 to 108),
and a mean actual community tolerance quotient is calculated (CTQa). The
Biotic Condition Index is-equal to CTQp/CTQa x 1060. A BCl greater than
100 indicates a community better than predicted (i.e., composed of less
tolerant organisms), while a BCl of less than 100 indicates a community
comprised of more pollution-tolerant species than expected and therefore
indicative of degraded water quality.

Community Structure and Invertebrate Abundance

Invertebrates collected on each sampling date are summarized in Tables
12 and 13; a total of 32 taxa were represented (Table 14). In terms of
species richness, Trichoptera, Molluscs, and Diptera were best represented
with 7, 6, and 4 taxa, respectively. However, many of the taxa were not
jdentified to species, and Chironomidae alone probably includes many
species.
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In terms of densities, the data indicate a benthos that is dominated by
generally pollution-tolerant taxa such as Hydropsyche sp., Hydroptilia sp.,
Baetis tricaudatus, Chironomidae, and Molluscs. For example, at station
S5-3A in March, 1986, Baetis tricaudatus and Molluscs accounted for about
73% and 16%, respectively, of the individuals present (Table 12). At
station S~3 in September, 1986, about 87% of the organisms collected
were Molluscs (Table 13).

Although most organisms collected were pollution-tolerant species, two
Plecopteran taxa were collected in March, 1986, which are indicative of
good water quality. |soperia sp. and Hesperoperla pacifica were collected
at Station S-1A. These taxa were not found at any other station in March,
and were absent at 5-1A after the irrigation season.

invertebrate data indicate a general improvement in water quality
downstream. For example, a comparison of stations 5-3 and 5-1A inMarch
indicates that although fewer species were collected at 5-1A, that a
greater percentage of these were pollution-intolerant forms such as
Plecoptera (Table 12). In September after the irrigation season, a greater
portion of taxa collected at all stations were pollution-tolerant forms
(Table 13). Although more taxa were collected at most of the stations
after the irrigation season, EPT values decreased at all stations indicating
that the additional species collected were not "clean water” taxa (Tables
12 and 13). Except at S-1A, invertebrate densities decreased considerably
after the irrigation season. For example, at 5-3, densities decreased from
about 5,150/m?2 in March to about 180/m?2 in September. That this station
is severely impacted during the irrigation season is also evident by a
reduction in species richness from 20 to 6 taxa.

Lists of taxa collected only in March or September are summarized in
Table 16. Seven species with a mean TQ of 33.4 that were coltected in
March samples were not collected in September. Five new taxa with a
mean TQ of 76.8 were collected in the September post-irrigation season
samples.  Although some differences in the taxa coliected on each
sampling date may be due to life cycle variability and/or sampling
procedures, generally after irrigation fewer species were present and a
greater percentage of these tended to be pollution-tolerant forms. Overall
the number of species collected from Deep Creek declined from 27 to 25,
the mean TQ increased from 83.3 to 87.4, and the EPT vaiue decreased from
7 to 5 taxa (Table 14). One pollution-tolerant taxon that is indicative of
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poor water quality, Tubifex sp., was collected at 5-4 in September. These
oligochaetes are typically found in polluted streams where dissolved
oxygen concentrations are low (Cole 1983). In late summer when algae
production was at its peak, anoxic conditions probably existed during the
night at S-4 when respiring algae and slack water conditions contributed
to a dissolved oxygen sag.

Biotic Condition index

The CTQa calculated for each station (Table 15) indicate that the benthos
of Deep Creek is composed primarily of tolerant species. In March CTQa's
ranged from 75 at S-1A to 93.7 at 5-3A. In September after irrigation,
the communities present were comprised of an increasing number of
tolerant species and CTQa's ranged from 89.6 at S-1A to 108 at 5-3.

Calculated BCI values are all less than 100 (Table 15) and indicate that a
more tolerant benthic community is present than expected due to degraded
water guality. BCl values were lower in March than in September. In
March, values range from 56 to 7! while in September they range from
81.5 to 96.2. Therefore, although water quality conditions improve during
the non-irrigation season (e.g, mean CTQp decreases from 852 in
September to 55.2 in March), the benthic community composed primarily of
tolerant species reflects and integrates- long-term water quality
conditions including irrigation season impacts. Hence, in March there is a
greater discrepancy between CTQp and CTQa and the BC! is low. Since
water quality conditions were good in March, the degraded water guality
indicated by a low BCi occurred during some other time period. The most
obvious impact is irrigation return flow during the agricultural season.

Functional Feeding Group Analysis

The invertebrates collected were placed into functional feeding groups
following Cummins (1973), Merritt and Cummins (1984), and Pennak
(1978) (Tables 12 and 13). This classification scheme is based upon
morphological/behavioral adaptations for food aquisition and not
necessarily the type of food eaten (e.g, detritus, algae, etc). The
particular type of food eaten by a given species may vary with season,
food availability, and life stage. Such a classification, while only an
approximation due to complex feeding relationships, helps to assess the
trophic structure of a benthic invertebrate community.



Generally, the predominant functional feeding groups observed in Deep
Creek were scrapers, collector-gatherers, and collector-filterers (Table
17, Figures 26 and 27). For example, about 94% of the organisms collected
at 53-3A in March could be classified as scrapers (Figure 26). Simitarly,
about 80% of the invertebrates collected at 5-3 in September were
scrapers (Figure 27). With elevated instream nutrient concentrations and
high nutrient loadings from tributary drains, algae and aquatic plants are
abundant. Scrapers are primarily herbivorous and would graze on the
abundant algal growth in the riffle areas that were sampled.

MUD CREEK

STREAM FLOW

A3 with Deep Creek, Mud Creek flows are modified by irrigation water
management. Numerous laterals from the Low Line Canal feed the
headwaters of Mud Creek near Buhl, and water is diverted from the creek
at several locations for irrigation and other purposes.

During this study mean flow ranged from 28.5 cfs near the Buhl airport
(Station M-3) to 136.0 cfs at M~1 near the mouth of Mud Creek (Figure 3;
Table 18). Base flows of about 60 to 70 cfs occur near the mouth of Mud
Creek during February and March (Table 19). Flows increase during April
as Snake River water is turned into the Twin Falls Canal System and
eventually reaches Mud Creek. Creek flows fluctuate throughout the
summer months primarity in response to irrigation water management.
Peak flows occur in September as irrigation water is used only for some
late grain and pastures and as the canal system is flushed (Figure 28).

SUSPENDED SEDIMENT

Suspended sediment concentrations were between 8 to 20 mg/] in Mud
Creek prior to the irrigation season. During the summer, concentrations as
high as 180 mg/1 and 130 mg/1 were measured at stations M-3 and M-1,
respectively. Mean concentrations for the study period ranged from S1.4
mg/l at M-3 to 15.8 mg/l at M-2 (Table 18). OGenerally, the highest
concentrations were measured at M-3, and then levels decreased
substantially in the mid-reaches of the creek at M-2 due to several major
diversions upstream which act as sediment traps (Figure 29). For
example, on July 8, 1886 suspended sediment concentrations were 180
mg/1 and 24 mg/1 at M-3 and M-2, respectively,
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Turbidity levels, which reflect suspended sediment concentrations,
fluctuated considerably during the study (Figure 30). As with Deep Creek,
turbidity data for Mud Creek generally indicate three periods of increased
sediment loads and degraded water quality. With similar cropping
patterns and management in both watersheds, these three peaks reflect
water guality conditions integrating the same crop management practices
as discussed under the Deep Creek section of this report. The only
deviation from this pattern is the elevated turbidity at M-1 on September
8, 1986. This measurement reflects crop management activities in the
Sito Creek subbasin (i.e., upstream of MD-1). During this period, most crop
irrigation was complete and the third cutting of hay was occurring. This
resulted in high tributary flow and scouring of stored sediment deposits.

Highest tributary suspended sediment concentrations were measured in
the MD-1 tributary (Table 20). Mean values for the three tributaries
ranged from 15.4 mg/l for MD-2 to 66.4 mg/1 for MD~1. The three
tributaries monitored during this study transported about 2,600 tons of
sediment to Mud Creek during the irrigation season (Table 21). Load
calculations for M-1 indicate that Mud Creek exported about 3,660 tons of
sediment to the Snake River during the same period, or about 1000 tons in
excess of calculated tributary input (Figure 3). This material may arise
from bank mass wasting, instream sediment storage, or unknown tributary
drains. That the Mud Creek reach above M-2 is a sediment trap is evident
from these data as well. A significant suspended sediment load entered
the Mud Creek system from the headwaters upstream of M-3 and drain
MD-3 (about 965 tons). However, only about 44% of this load (or 434 tons)
was transported past M-2.

Over 94% of the calculated suspended sediment load entering Mud Creek
from tributaries arises from the Silo Creek (or MD-1) subbasin (Table 21).
This tributary of Mud Creek had the highest mean suspended sediment
concentration and flow of the three tributaries that were monitored.
Implementation of agricultural BMPs within this subbasin would be
expected to substantially reduce sediment loading of lower Mud Creek and
the Snake River. A second area that should be considered for BMP
implementation is the area upstream of M-3. The data indicate that a
significant sediment load enters the headwaters of the Mud Creek drainage
from branches of the Low Line Canal. At this location in the canal system,
many irrigation return flows have entered the Low Line Canal and
contributed to its suspended sediment ioad. Fortunately for the creek,
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much of this material is trapped by downstream' diversions so that
suspended ‘sediment levels in the mid-reaches of the creek are
substantially reduced.

NUTRIENTS

Inorganic Nitrogen

The 0.3 mg/1 total inorganic nitrogen limit to prevent nuisance plant
growth was exceeded in Mud Creek and agricultural return flows to Mud
Creek (Tables 18 and 20). As with Deep Creek, the predominant source of
nitrate to the creek is probably groundwater. Highest instream nitrate
values were observed prior to the irrigation season. For example, in March
the nitrate nitrogen concentration measured at M-3 was 5.5 mg/1. in May,
as discharge increased due to agricultural return flows, this concentration
decreased to about 2 mg/1 (Figure 31).

Tributary nitrate nitrogen concentrations were usually highest in
tributaries MD-1 and MD~3. Both of these tributaries receive wastewater
from fish hatcheries. Hatchery wastewater is typicaily high in ammonia
and organic nitrogen (Litke 1986), both of which may be oxidized instream
to nitrate.

Organic Nitrogen

As in the Deep Creek watershed, the major sources of organic nitrogen
(total Kjeldahl nitrogen) in the Mud Creek drainage are dairy and feedlot
runoff, fish hatcheries, and organic compounds adsorbed to eroded soils.
Mean annual organic nitrogen concentrations were positively correlated
with suspended sediment (Table 18). Generally, concentrations were
highest at M-3 and decreased in the mid-reaches of the creek where
diversions acted as sediment traps (Figure 32). Highest instream organic
nitrogen and nitrate nitrogen levels were observed at station M-3. This
not only reflects the elevated suspended sediment levels observed at this
station but also indicates nutrient loading from upstream pastures and
farm ponds.

Organic nitrogen concentrations prior to the irrigation season ranged from
0.6 to 0.7 mg/1, and increased to maximum values of between 0.8 to 1.3
mg/1 during the irrigation season. Groundwater in the Mud Creek
watershed typically has an organic nitrogen level of about 0.2 mg/l.
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Concentrations in excess of this during the non-irrigation season likely
reflects an organic nitrogen’loading from dairies, feedlots, fish facilities,
and precipitation runoff from cropland.

Phosphorus

Mean annual total phosphorus concentrations in Mud Creek exceeded the 0.1
mg/1 1imit to prevent excessive aquatic plant growth at all stations (Table
18). Pre-irrigation instream tévels were 0.1 mg/} at all stations, and
therefore ample phosphorus enters the creek from other sources to support
plant growth. These values increased to 0.2 to 0.3 mg/l during the
irrigation season. Mean concentrations calculated for the tributary
stations also exceed the 0.1 mg/t criterion (Table 20). Highest tributary
total phosphorus levels were observed at MD-1 (mean of 0.21 mg/1} in the
Silo Creek subbasin,

The data generally indicate a positive correlation between total
phosphorus and suspended sediment (e.qg., r2= 0.77 and 0.81 at M-1 and M-2,
respectively, see Figures 33 to 35), which suggests that a substantial
portion of the phosphorus in transport was adsorbed to sediment particles.
Lowest mean total phosphorus levels and suspended sediment levels were
observed at M-2, which would reflect a trapping of sediment and
particutate phosphorus forms behind instream diversions.

The correlation between total phosphorus and suspended sediment,
although generally recognized in agricultural potlution impact studies
(e.g., Clark 1986, Latham 1986) does not hoid for certain locations and
time periods in Mud Creek. These periods include the post-irrigation
season canal flushing in early October (Figures 33 to 35) and the middie of
the irrigation season at M-2 (Figure 34). These sediment peaks without
total phosphorus peaks may reflect some sort of phosphorus metabolism
and uptake mechanism while the sediment is stored behind instream
diversions or in canals. When the sediments are then disturbed an increase
in suspended sediments is observed without a concomitant increase in
total phosphorus.

Mean instream dissolved orthophosphate concentration was about 0.05
mg/1 at alt stations. Levels increased during the irrigation season to 0.07
to 0.09 mg/1 from pre-irrigation levels of between 0.005 to 0.03 mg/]
(Table 18).
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Mean tributary dissolved orthophosphate concentrations were similar to
instream  values and ranged from 0.05 to 0.06 mg/l.  Highest
concentrations were observed in tributary MD-1 (Table 20).

Mutrient Loadings

During the irrigation season, the three monitored tributaries contributed
35.2 tons of organic nitrogen and 107.6 tons of nitrate nitrogen to Mud
Creek (Tables 22 and 23). Of the total organic nitrogen load, only 65.3%
can be attributed to agricultural sources (Table 22). Qther sources
contributing to this load inctude hatcheries on Silo Creek (MD-1) and on
drain MD-3. About 84% of the total organic nitrogen load transported from
the monitored tributaries to Mud Creek originates in the Silo Creek (MD-1}
subbasin (Table 22). Mud Creek delivered about 58 tons of organic nitrogen
to the Snake River during the irrigation season. Since the tributaries
contributed about 61% of this load, other unmonitored sources must also
be contributing organic nitrogen to the creek. If instream loads are
accounted for (i.e., load at M-2 and MD-1) then approximately 13.8 tons of
organic nitrogen entered the creek between M-2 and M-1 which are not
accounted for by these data (see Figure 36). Other sources may include the
East Fork of Mud Creek, small irrigation drains, farm pond discharges, and
runoff and/or discharges from dairies and feedlots in this reach.

About 107 tons of nitrate nitrogen were transported to Mud Creek during
the agricultural season by the three monitored tributaries. Only about 28%
of this total load may be attributed to agricultural sources; the remainder
likely arose from groundwater inputs, dairies, feedlots, and hatcheries. Of
the total load, about 85% may be attributed to the Silo Creek (MD-1)
subbasin (Table 23). If upstream contributions are added fo this load (see
Figure 37) , then approximately S0 tons of nitrate nitrogen entered the
creek between M-2 and M~1 which are not accounted for by these data.
Possible sources are listed above. Regardless of source, ample nitrate
was present in Mud Creek to support plant growth.

The tributaries contributed about 8 tons of total phosphorus to Mud Creek
during the irrigation season. Of this amount, about 87% may be attributed
to tributary MD-1 (Table 24). In addition to irrigation tailwater, other
sources might include fish hatchery effluent and feedlot runoff. Total
phosphorus export to the Snake River at M-1 (15.8 tons) exceeds total
phosphorus loading of the creek by the drains and upstream areas by about
7 tons (Figure 38). As with organic nitrogen, this phosphorus probably
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originates from similar sources between M-2 and M-1.

The three monitored tributaries contributed about 2 tons of dissoived
orthophosphate to Mud Creek during the agricultural season. The Silo
Creek subbasin (MD-1) accounted for about 75% of this load (Table 25). As
with total phosphorus, more dissolved orthophosphate was exported to the
Snake River during the irrigation season than could be accounted for by
instream and tributary loading figures (Figure 39). Additional sources
must supply more of this nutrient to the reach between M-2 and M-1.

As noted for Deep Creek, a substantial portion of total phosphorus was
dissoived orthophosphate in Mud Creek. Dissolved orthophosphate
represented about 27% to 44% of total phosphorus instream, and in the
tributaries dissolved orthophosphate accounted for 25% to 52% of the
total. Again, dissolved orthophosphate may account for a greater portion
of total phosphorus in agricultural impacted streams where this nutrient
is leached from fertilized cropland.

In terms of nutrient loadings, the Silo Creek subbasin (MD-1) accounts for
the majority of nitrogen and phosphorus entering Mud Creek and eventually
the Snake River. However, it should be noted, as with suspended sediment,
that a significant source of nutrients to Mud Creek is the watershed area
upstream of M-3. BMP implementation projects in both areas would reduce
suspended sediment loading of Mud Creek as well as reduce ioadings of
nutrient forms adsorbed to sediment partictes.

BACTERIA

As with Deep Creek, secondary contact recreation is a .designated
beneficial use for Mud Creek. In order to support this use, state water
quality standards require a geometric mean fecal coliform density of less
than 200 organisms/ 100 ml (IDHW 1985). This standard was exceeded at
all stream stations with annual instream geometric mean fecal coliform
densities ranging from 480/100 ml at M-2 to 2014/100 mi at M-3 (Table
26, Figure 40). Instream bacteria densities were highly variable
throughout the study with most measurements exceeding the secondary
contact recreation standard (Figures 41 to 43). Densities appeared to be
correlated with elevated flows, turbidities, and suspended sediment
concentrations which indicates that most of the bacteria were associated
with organic or inorganic particles in transport. Highest densities were
generally observed at station M-3 which is just downstream of a pasture,
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and lowest concentrations were typically measured at M-2 which is
downstream of diversions which act as sediment traps. Fecal coliform
densities reached values as high as 15,000/100 ml and 25,000/100 mi at
stations M-3 and M-1, respectively, during the irrigation season. In
contrast, the maximum fecal coiiform density observed at M-2 during the
same period was 2,300/ 100 m! (Table 26).

Fecal coliform densities at the tributary stations were generally similar
to or less than those measured instream (Table 26). This suggests that
other sources such as dairies, feediots, unmonitored drains, pasture
runoff, and wildlife contributed bacteria to the creek during the study.
Annual geometric mean fecal coliform densities ranged from 393/100 ml
at MD-2 to 989/100 mi at MD-1 (Table 26). Highest fecal coliform
densities were measured in drains MD-1 (203,000/100 ml) and MD-3
{6,800/100 ml). As noted instream, bacteria densities in the tributaries
were also correlated with turbidity and flow and fluctuated considerabiy
(Figures 44 to 4b6). The notable peak bacteria density on August 13, 1986
at MD-1 may be the result of a discharge from an upstream feedlot,
cleaning of irrigation drains, or discharge of septage to Silo Creek (see
below).

Fecal coliform to fecal streptococcus ratios (FC/FS) calculated for the
study period were similar for tributary and stream stations (Table 26).
Mean values for all stations ranged from 037 to 0.52, and generally
indicate the source of bacteria to be primarily livestock in mixed
~ poliution. That other sources are present is indicated by calculated ratios
of 3.0 to 4.0 at different stations on various dates, which would indicate
the bacteria were derived primarily from human sources on these dates.
The FC/FS ratio calculated for the peak density in August at MD-1 was 4.7.

MACROINVERTEBRATES
Community Structure and Invertebrate Abundance

Twenty four (24) invertebrate taxa were collected from Mud Creek during
the study (Table 27). invertebrate groups best represented include the
Trichoptera (6 taxa) and Moliuscs (5 taxa). In terms of densities, the data
indicate that the benthos of Mud Creek is dominated by taxa such as
Brachycentrus sp., Hydropsyche sp., Oligopiectrum sp., Baetis tricaudatus,
and Optioservus sp. For example, in March at Station M-1, Hydropsyche and
Baetis tricaudatus accounted for about 62% and 12§, respectively, of the
invertebrates collected (Table 28).  Similarly, over 85% of the
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invertebrates collected at M-2 in September were Brachycentrus larvae
{Table 29).

Generally the data indicate that the benthic community is impacted by the
degraded water quality of the irrigation season. After the irrigation
season taxa richness decreased, the EPT index decreased, the CTQa
increased indicating fewer “clean water” species were present, and
densities decreased (Table 31). For example, at station M-1 densities
dectined from 1950 individuais/m? to 476/m? and taxa richness declined
from 14 to 9 taxa. Overall, the total number of taxa collected from Mud
Creek declined after irrigation from 21 to 17 taxa, as did the EPT value (8
to 5 taxa).

A summary of taxa collected only in the March or September samples is
given in Table 31. Five species with an avérage TQ of 57 that were
collected in March were not coliected in September. Three new taxa were
collected in September, after the irrigation season, all with a TQ of 108.
For all of the taxa collected during the study, the mean community
tolerance increased from 8Q in March to 1.4 in September. Therefore,
after the irrigation season fewer individuals were collected representing
fewer taxa, and the taxa that were collected were generally pollution
tolerant forms. With CTQa's of greater than 80 at each station regardless
of season, the management strategy for Mud Creek based upon these
biological data should be towards habitat and water quality improvements
{Winget and Mangum 1979).

Biotic Condition Index

Calculated BCl values are all less than 100 and indicate that a more
poliution tolerant invertebrate community is present in Mud Creek than
expected (Table 30). BCl values were considerably lower in March than in
September indicating that although water guality conditions improve
during the non-irrigation season (i.e, CTQp decreases), that the
invertebrate community still exhibits the result of this stress and is
composed primarily of pollution tolerant taxa (i.e., CTQa does not decrease
a corresponding amount). Therefore, the stress imposed on the benthic
community during the irrigation season is integrated by the community and
is evident in community structure during the non-irrigation season as
well,
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Functional Feeding Group Analysis

The predominant functional feeding groups observed in Mud Creek were
coltector-filterers, scrapers, and collector-gatherers (Table 32, and
Figures 4/ and 48). For example, in March at M-1, 77.6% of the
invertebrates collected could be classified as collector-filterers.
Similarty, in September at M-2 and M-3 this functional feeding group
accounted for over 90% of the individuals collected. These organisms
collect algae, detritus, and dead invertebrates from the water column.
With the abundant nutrients available to Mud Creek to support primary
production, a substantial portion of the food resources of this functionat
feeding group is likely algae.

QUALITY ASSURANCE

Quality assurance samples (duplicates and spikes) were collected at
various stations on both creeks throughout this study to evaluate data
guatity. These samples were used to assess if reported values were
equivalent to environmental values at the time of collection. Precision
and accuracy (or bias) estimates may be utilized as a measure of how
close these two values are for a given data set.

Precision

Precision is a measure of the agreement between duplicate measurements
of the same parameter under the same set of environmental conditions
(Bauer 1986). When duplicate sampies are collected, the average relative
range is used te describe precision. Precision was generally good for
suspended sediment, nitrate, total Kjeldahl nitrogen, totat phosphorus, and
dissolved orthophosphate (Table 33). Precision was not as good for
amrnonia, and poor for fecal coliform bacteria. '

Poor agreement between duplicate fecal coliform samples has been noted
in other surveys (e.g, Clark 1986, Bauer 1986). This low precision has
been attributed to the difficulty in collecting homogeneous duplicate field
samples and also the difficulty in obtaining representative subsamples for
plating in the lab (Bauer 1986).
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Accuracy

Accuracy 15 a measure of the agreement between a measurement and the
true value for a given parameter. Accuracy is estimated from spiked
quality assurance samples by percent recovery. Percent recovery is
calculated as the ratio of a spiked sample value to the true value. if a
number of spiked guality assurance samples are coilected for a given
parameter, then average percent recoveries are calculated for comparison.

Generally, mean percent recovery was excellent for suspended sediment
(99.0% + 6.7%) and nitrate (106.8% + 10.8%) (Table 34). Recovery was good
for total Kjeldah! nitrogen (117.8% + 11.8%), total phosphorus (106.5% +
5.2%), and dissolved orthophosphate (110.2% + 8.1%). Recovery for
" ammonia was poor with an average percent recovery of 145.7% (+ 38.2%).
The variability in ammonta recovery is difficult to explain. A portion of
this variability is inherent in the method used for ammonia analysis. Also,
some error may be introduced based upon the way samples were handled
(i.e., preservation, storage times, etc.). it is also possible that a portion
of the organic nitrogen spike (urea), which is in the same spike prepared
for ammonia, partially hydrolyzes to ammonia upon acidification or during
sample storage. The exact reason for such high percent recoveries for
ammonia remains to be determined.

CONCLUSIONS

Deep Creek and Mud Creek water quality is being impaired by agricultural
non-point sources and designated beneficial uses are threatened. Primary
contaminants include suspended sediment, nutrients, and bacteria.
Pollutant sources include irrigated cropland and animal waste runoff or
discharges from confined animat feeding operations,

In both creeks suspended sediment levels increased substantially during
the irrigation season. Fluctuations in suspended sediment levels and
stream flow could be traced to irrigation practices and crop management.
Soil erosion in these two watersheds results primarity from furrow
irrigation of crops such as beans or corn from April through September.
Stream bank erosion also probably contributes to the sediment load of
each creek. The excess sediment in Deep Creek and Mud Creek results in
loss of habitat for fish spawning and impacts the streambed invertebrate
community which represents the food of resident fish populations.
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Nutrient levels (nitrogen and phosphorus) in both creeks were at or near
levels which stimulate nuisance plant growths prior to the irrigation
season. Elevated nitrate levels could be attributed to groundwater inputs
to the creeks. A major source of inorganic nitrogen to groundwater may be
alfalfa and other leguminous crop plow out.

Organic nitrogen (total Kjeldahl nitrogen) and total phosphorus levels were
also clevated prior to irrigation and may reflect a continuous input of
animal wastes to these creeks. Sources of these nutrients would include
feedlots, dairies, and fish hatcheries. During the irrigation season,
organic nitrogen and total phosphorus levels were positively correlated
with turbidity and suspended sediment levels.  Agricultural BMP
implementation projects in both watersheds to reduce soil erosion and to
manage animal wastes would therefore aiso be expected to help reduce
instream levels of these putrients. Nutrients associated with solids in
fish hatchery discharges could be reduced by better operation and
maintenance practices at these facilities Orthophosphate levels
generally increased during the irrigation season and reflect leaching of
this nutrient from fertilized fields.

Generatly, concentrations of most nutrient parameters increased during
the irrigation season to levels well in excess of criteria established to
prevent nuisance plant growth. Aquatic plants and algae responded to
these nutrients with a large increase in biomass. Many sampling stations
were covered with thick mats of macrophytes or algae by mid-summer.
Although these plants produce oxygen via photosynthesis during the day,
they also consume considerable gquantities of oxygen at night via
respiration. With the large plant biomass present in both creeks, it is
likely that in quiescent areas (e.g, S-4, S-3 in Deep Creek) dissolved
oxygen levels could have been lowered during the night to below critical
tevels stressing fish poputations.

Fecal coliform bacteria densities in both creeks exceeded the secondary
contact standard at most stations throughout the irrigation season. Fecal
coliform to fecal streptococcus ratios calculated for the survey stations
indicated the source of most of these bacteria to be livestock. These
bacteria would enter Deep Creek and Mud Creek in runoff or discharges
from feedlots or dairies. Fecal coliform to fecal streptococcus ratios as
high as 45 were calculated for various stations on certain dates and
indicate discharges of human wastes to these creeks during these periods.
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Macroinvertebrate collections from both creeks indicated degraded water
guality conditions as a substantial portion of the invertebrate fauna in
both crecks was composed of pollution tolerant species. That the
irrigation season had a deleterious impact on invertebrate communities
was evident by reductions in taxa richness, densities, and number of "clean
water” species in samples collected in September. This negative impact
on the invertebrate communities in both creeks is also evident during
non-irrigation periods. During these periods, although water guaiity
conditions improve, benthic communities remain composed primarily of
poliution-tolerant taxa and refiect stresses imposed on the communities
during other times of the year. Biologic indexes used to examine the
invertebrate data collected indicate that both creeks have communities
composed of a greater number of pollution tolerant taxa than expected
based upon physical characteristics. Biological data indicate that both
creeks should be managed to improve instream habitat and water quality
(Winget and Mangum 1979).

RECOMMENDATIONS

The data indicate that degraded water quality conditions existed in both
Deep Creek and Mud Creek during the irrigation season. in addition, wastes
from confined animal feeding operations impact these creeks throughout
the year. At present, several designated beneficial uses for both creeks
are impaired or threatened.

To improve water quality and assure full protection of benefical uses, it is
recommended that the Balanced Rock SCD submit a proposal for funding to
impiement an agricultural BMP project in both watersheds. This project
should focus on BMPs to reduce soil erosion and also BMPs to conirol
animal wastes and dairy wastewater. BMPs implemented to reduce soil
erosion would reduce suspended sediment levels, nutrient leveis, and
bacteria levels in both creeks and ultimately the Snake River. Simitarly,
BMPs directed at properly managing animal wastes in these watersheds
would reduce nutrient and bacteria loading of these creeks and reduce the
probability of public health probiems. In addition, stream bank areas prone
to mass-wasting should be identified and stabilized.

Because of funding restrictions, BMP treatment should be centered upon

those. subbasins in each watershed which contribute the targest loads of
agricultural pollutants to Deep Creek, Mud Creek, and ultimately the Snake
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River. Loading data from this survey indicate these priorities should be
the subbasins drained by the fotlowing:

A) Deep Creek Watershed
1) Drain D-2A; branch of the Low Line Canal.
2) Drain D-5; Upper Deep Creek subbasin.
B) Mud Creek Watershed
1) MD-1; Silo Creek subbasin,
2) M-3; Upper Mud Creek subbasin.

in the Deep Creek watershed, water quality problems due to the Low Line
Canal should be addressed through a cooperative effort with the Twin Falls
SCD.  Agricuitural return flows entering the Low Line Canal need to be
examined, and significant sources should be mangaged through BMP
treatment to reduce sediment, nutrient, and bacteria loading of the canal.
improving Low Line Canal water quality would ultimately improve water
quality in the lower Deep Creek drainage as well as in the headwaters of
Mud Creek. Similar efforts on the High Line Canal system would help
improve water quality in the upper Deep Creek drainage above S5-4. The
Balanced Rock SCD should focus its BMP treatment activities in the upper
Deep Creek subbasin.

in the Mud Creek watershed, BMP implementation in the Silo Creek
subbasin and in headwater areas fed by branches of the Low Line Canal
should improve instream water quality.

implementation of agricuttural BMP cost-share projects in both drainages
should help to control sediment, nutrient, and bacteria loading of these
creeks. Through time, water guality would be expected to improve and
designated beneficial uses again be fully protected. Water guaiity data
and estimated irrigation season loadings presented in this report should be
used as a standard for comparison of water qualily conditions following
BMP tmplementation projects.
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Table 1. Summary of Degp Creek and Mud Creek survey stations, 1986,

Station  Descriptlion Latitude Longitude River Mile Elevaetion STORET #*
(Feet)

S1-A Deep Creek abaye mouth 42 39 30 114 48 33 224.3/592.0/.4 2920 2060249
Section 10

5-2 Desp Creek at USGS gage 42 3708 11450 33 324.3/592.0/5.5 3480 2060686
near Buhl

S5-3A Deep Creek at 4500 North 4234 14 1145026 324.3/592.0/8.7 3650 2'060248
Road

$-3 Deap Creek at 3800 North 42 32 57 1144954 $24.3/592.0/11.2 3760 2060087
Road

5-4 Deep Creek East of Castleford 42 43 52 1145053 324.3/592.0/14.0 385G 2060088
(at 1000 East Road)

D-1 Drain hetween Sections 31 42 35 43 1145059 324.3/592.0/8.0/.2 3620 2060092
and 32, T9S/R14E

D-24 Low Line Canal at 1100 42 33 22 114 49 41 324.3/592.0/9.7/.7 3740 2060250
East Road

D-3 Drain betwesn Sections 17 42 35 24 11449 45 324.53/592.0/10.7/.3 374C 20560094
and 16, T10S/R14E (at
i 100 East Road)

D-4 Drain between Sections 20 4233 00 11449 41 324.3/592.0/11.3/.2 3760 2060095
and 21, T10S/R14E

p~5 Drain between Sections 28 42 44 10 11449 44 324.3/592.0/12.8/.2 3820 2060096

29, T108/R14E
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Table 1. Summary of Desp Creek and Mud Creek survey stations, 1986 (continued).

Station Descriplion Latitude Lengitude River Mile Elevation STORET *
(feet)
M- 1 Mud Cresk | mile above - 42 3815 11447 15 324.3/592.3/1.0 3260 2060114
mouth
- M-2 Mud Creek above Clear 42 37 39 11448 35 324.3/592.3/4.0 2970 2060055
Creek
M-3 Mud Creek west of National 4235517 11448 35 324.3/592.3/7.9 3580 2060112
Guard Armary
MD-1 J-3 Drain at mouth (Silo 42 49 24 114 47 09 324.3/592.3/1.4 2960 2060113
Cresk)
MD-2 Clear Creek at mouth 42 37 40 1144734  324.3/592.3/3.9/.1 3260 2060115
MD-3 MudCreek - 2miw, ImiN, 423755 114 48 20 324.3/592.3/.4 3280 2060116

1/4miE, 1/4miN (ssction
22)




Table 2. Waler gualily dala for (he Desp Creek stream survey stations, 1986. Yalues listedare
gnnua! means (and renges).

PARAMETER S-1A 5-2 S-3A S-3 S-4
Temperature (°c) 136 13.4 14.7 15,7 178
(8.0-21.2) (8.0-15.1) (3.1-205) (11.0-220) (10.4-28.0)
Siream Flows (ofs) 1226 927 158.1 52.8 26.56
(36.1-260.0) (5.8-2039) (24.8-279.0) (105-173.0) (7.4-104.0)
Turbidity (NTU's) 14.6 198 134 108 124
(.6-36.0) (1.5-44.0) (06-32.00 (D6~365) (4.0-24.0)
Conduoativity (umhos) 8115 680.7 576.9 6140 388.0
(648-1033)  (S35-112%)  (438-1006)  (372-913)  (294-432)
Dissolyed Oxygen (mg/1} 7.16 7.49 7.08 6.7 6.9
(2.8-10.3) (35-13.0) (2.2-11.9) (2.8-8.9) (3.6-9.3)
Dissolved Oxygen (% sat) 67.9 w2 68.1 665 728
(24.2-888) (36.0-112.1) (34.0-1026) (29.8-89.1) (36.0-112.6)
pH 85 83 86 85 89
(7.7-9.0) (8.1-9.12) (8.0-9.2) (78-9.1) (834-9.62)
TKN (mg /1) o 0.74 0.65 £.70 0.56
(0.4-1.4} 04-1.2) (04-1.03) (04-103) (0.38-0.78)
NO2 + NO3 ~N (mg /1) 23 24 1.70 1.86 0.03
(1.6-4.9) (1.06-102) (056-522% (0.15-5.04) (0.006-0.07)
Ortho -PD4 (mg 1) 0.03 003 0.018 0.05 0.03
(001-072) (013-06) (008-032) (.009-.11) (0.003-0.15)
Total P {mg/1) 0.15 0.19 0.13 0.16 0.13
(069-032) {0.01-04) (0.05-0.3) {0.04-03) (0.02-0.2)
Yolatile Residue (mg/1) 88 13 6.4 5.7 5.8
(2.0-16.0) (20-2205 - (20-18.0) (0.8-18.0)  (2.0-14.0)
Suspended Sediment (mg/T) 63.8 %.7 544 38.1 5.8
(2.0-1740) (20-2060) (20-1420) (20-1260) (20-72.0)
Fecal Coliform (%7100 m1) 663 n7 460 127 2923
(7-15000) - (23-6300) (35-7000)  (20-22000) (20-24000)
Fecal Strep (*/100 ml) 2092 1629 - 1098 - 2521 2186
(197-14000)  (52-9850)  (48-32000) (180-14000) (250-5000)
F/C Ratio 0.6 055 0.58 0.72 0.45

(03-3.1) {.03~1.33) (.15-8.3) {.04~3.8) {.004-3.2)
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Table 3. USGS flow record for the Deep Greek monitoring station near Buhl, idaho (¥ 13095050) for the
October 1985 - September 1986 water year.

LRITED STATES DEFARTRENT OF TRE INVERIUR - 3EOLQAGICAL SURYIY - 2LISE 03./04/88

STATICN NUMEER 13093050 DEEF CREEK AT ROUTH HR BUHL IDAHO SERING SOURCE AGIMCY USGS
LATITUDE 423930 LONGETUDE 1144E30 GEQLOGIC UHIT DATUH STATE 1& COUNTY 083

DISCHARGE, IN CUEIC FEET FER SECOND, WATER YEAR OCTORER 1985 TO SEFTEMEZR 1784
MERAN VALUES

naY ocT NaY nEC JAN FCR HAR AFR HAY JUN JuL AUG sep
1 27 246 33 29 43 22 21 73 71 40 70 110
2 234 22 35 28 32 o1 28 52 78 z3 &7 1o
3 211 170 36 29 29 20 9 54 78 =3 59 120
4 245 153 34 28 27 20 123 &6 81 38 b6 134
5 281 151 32 29 30 20 45 81 124 &0 %8 121
& a3 175 31 29 29 a1 T4 1 108 &0 58 137
7 231 151 33 29 23 2 ¢3 73 154 23 52 146
8 249 123 23 29 22 22 €9 £4 186 55 34 152
9 249 106 32 30 a2 21 &0 76 122 49 a1 195
10 230 105 31 30 22 21 108 47 140 77 a1 209
11 195 91 30 30 22 20 162 79 125 74 43 206
12 203 53 29 29 23 20 145 &8 114 84 50 197
13 218 o8 29 29 28 20 175 &2 g8é 96 72 ig8
14 229 102 29 30 25 20 189 5 92 94 57 185
15 210 92 29 29 a7 20 143 54 107 55 47 205
18 198 95 29 30 27 21 125 54 104 47 a5 215
17 195 50 28 33 43 20 127 49 85 48 44 233
18 190 S0 29 42 59 19 108 4% 59 a8 47 219
19 150 37 28 41 38 19 111 44 58 at 49 191
20 192 37 29 BS 34 19 115 45 54 42 57 219
21 199 as 30 49 32 19 117 55 53 48 53 200
22 220 - 35 29 26 a3 20 a6 &4 55 43 8 188
a3 D44 38 30 I3 42 19 a7 70 53 51 &1 208
24 220 37 29 32 48 18 a1 &5 52 73 70 211
25 150 36 29 31 &2 18 g 96 43 90 79 223
24 194 15 29 10 75 18 49 89 50 97 73 248
27 200 35 28 30 &2 17 77 59 28 86 70 264
28 197 36 28 20 32 20 100 &7 34 28 77 224
29 213 3s 28 30 -— 21 57 75 48 89 83 212
30 193 34 28 43 -— 20 e 73 52 a9 87 217
31 275 — 27 71 — 21 e 64 —- 8é 92 -
TOTAL 4792 2710 934 1092 1011 618 2744 2034 2527 2001 1892 5719
HEAN 219 90.3 30.1 35.2 36.1 19.9 91.5 45,8 84,2 £4.5 61.0 191
HAX 281 244 T 38 91 75 22 189 96 - 186 57 g2 264
HIN 190 34 27 26 22 17 - 21 44 34 33 41 110
MED 211 92 29 20 31 20 83 66 78 &0 &9 203
AC=FT 13470 5380 1B50 2170 2010 1230 5440 4020 5010 3970 3750 11340
CAL YR 1985 TOTAL 16945 HEAN 111 nAX 281 MIN 27 MED 69 AC-FT 23610

UTR YR 1284

TOTAL 30074

MEAN B82.4 HAX 281

HIN 17 MED 58 AC-FT 59650



Table 4. Water quality data for the Deep Creek drain survey stations, 1986, Values listed are

annual means (and ranges).

PARAMETER D-1 D-2A D-3 D-4 D-5
Temperature (°c) 134 16.1 139 16.3 175
, (7.0-19.1) (100-212) (10.1-21.0) (105-24.0) (10.9-28.0)
Flow (ofs) 718 114.0 210 4.4 320
(1.1-17.8) (64-171.2) (4.9-33.%) {1.02-96)  (0.13-96.0)
Turbidity (NTU's) 422 163 34 26.8 203
{2.0-250.0) (0.7-44.0) {0.7-16.0) (7.0-80.0) {1.2-54.0}
Conductivity (umhos) £25.1 455.4 9285 . 4023 4158
(570-1042) (333-900)  (620-~1080) (335-438) (310-663)
Dissolved Oxygen (mg/T) 7.38 6.94 832 129 6.84
(4.0-10.3) (43-92) (4.7-11.2) (5.5-8.7 (2.4-9.6)
Dissolved Oxygen (B sat) 693 £9.3 80.2 736 £9.8
(42.5-85.8) (43.0-852) (44.3-1057) (36.6-882) (39.1-93.7)
pH 85 8.8 8.4 8.7 8.8
: (7.9-9.1) (8.1-9.4) (7.8-9.0) (8.2~9.3) (7997
TKN {mg /1) 1.42 0.60 - D59 0.83 0.89
(033-6.08). (038-0.87) (050-074) (0.38-147) (037-1.99)
K02 + HO3 =N (mg/1) 34 093 483 e.13 0.10
(1.22-5.15)  (0.004-5.8) (25-5.9) (0.006-0.8) (0.004-0.86)
Ortho-P04 (mg/D 0.089 0.014 0.03 0.06 0.04
(0.004-029) (0.003-0.042) (002-0.04) (0.01-027) (0.003-0.08)
Total P (mg/T) 046 0.15 0.09 025 023
(0.1-2.5) (0.07-0.3) (0.08-0.10) (0.06-0.5) (0.06-0.6)
Volatile Residue (mg/T) 194 5.8 34 130 76
(0.2-122.0) (2.0-24.0) (2.0-8.0) (2.0-36.0) (2.0-24.0)
Susperied Sediment (mg/1) 29713 68.6 8.9 9359 1152
(2-2540) {(2-210) (2-26) (20-328) (6-232)
Feoal Coliform {®* /100 m1) 1174 288 446 2294 1756
(2-33000) (20~4700) (7-9800) (120-44000)  (30-99000)
Feoal Strep (*/100 mY) 6042 1000 1322 5400 4822
(95-55000)  (200-5600)  (124-5900) (510-38300) (220-150000)
F/C Ratio 0.51 0.78 0.92 0.85 0.76
0.02-194) (0.04-432) (0.01-4.19) (0.08-338)  (0.04-4.30)
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Table 5. Estimated 1986 irrigation season suspended sediment Joadings of the Deep Creek drains, Percentage of total load due to agri-
cultural inputs, mean fiows, and mean suspended sediment lavels for this period are presented for compar ison.

Mean Flow HMean Susp. Sed. Irrigation season $ Agricultural

Drain (cfs) (mg/1) icad — tons Contribution Z of total load*
D-1 8.2 146,2%* 930.0 99.9 6.4
D-2A 123.7 79.5 5243.0 100.0 63.1
D-3 21.2 9.1 97.7 94.2 1.2
D-4 4.4 95.9 178.7 100.0 2.1
D-5 34.7 124.3 2255.9 100.0 27.2
Total Load 8305.3

*Sum may riot equal 1008 dua to rounding.
»*Peak suspended sediment concentration of 2540 mg/1on 8/28/86 due to drain chaining event was not included in mean calculation.
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Table 6. Estimated 1986 irrigation season total Kjeldahl nitrogen (TKN) loadings of the Desp Creek drains. Percentage of total load
due to agricultural Inputs, mean flows, and mean TKN levels for this pericd are presented for comparison.

' Mean Flow Mean TKN Conc. Irrigation season 2 Agricultural
Drain {cfs) (mg/1) load - tons Contribution % of total load™

D-1 8.2 1.32%% 465 95 6.6

D-24 123.7 0.63 40.95 100 58.3

b-3 21.2 0.6 6.42 78 9.1

D-4 4.4 0.83 1.5 100 2.1

D-5 34.7 0.93 16.65 100 23.7
Total Load : 70.2

*Sum may not equal 1002 due to rounding.
**Peak TKN concentration of 4.57 mg/1 on 8/28/86 due to drain chaining event was not included in mean calculation.
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Table 7. Estimated 1986 irrigation season nitrate nitrogen loadings of the Desp Creek drains. Percentage of total load due to agri-
cultural inputs, mean flows, and mean NO2 + NO3-N levels for this period are presented for comparison.

Mean Flow Mean NO2+NO3-N Irrigation season

Z Agricultural

Drain (efs) (mg/1) load - tons Coniribution £ of total Joad*
D-1 8.2 3.02*% 12.82 87.3 16.8
D-2A 123.7 0.17 11.49 100.0 15.0
D-3 21.2 4.75 51.1 68.1 66.8
D-4 4.4 0.13 0.28 100.0 0.4
D-5 34.7 0.04 0.74 100.0 0.9
Total Load 76.4

*3um may not equal 1008 due to rounding.

#%N02+NO3-N concentration of 3.01 mg/1 on 8/28/86 during drain chaining event was not included in mean calculation,
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Table 8. Estimated 1986 irrigation season total phosphorus loadings of the Deep Cresk drains. Percentage of total load due to agri-
cultural inputs, mean flows, and mean total phosphorus levels for this period are presented for compar ison.

Mean Flow Mean Total P irrigotion season 2 Agricultural

Drain (cfs) (ma/1) load — tons Contribution £ of total load*
D-1 8.2 0.35%* 1.22 95.1 6.9

D-2A 123.7 0.16 10.44 100.0 9.4

D-3 21.2 0.1 1.05 73.3 5.9

D-4 4.4 0.25 0.46 100.0 2.6

D-5 34.7 0.24 4.4 100.0 25.0

Total Load 17.6

*3um may not equal 100% due to rounding.
*%*Pegk total phosphorus concentration of 2.5 mg/1 on 8/28/86 due to drain chaining event was not included in mean catculation.
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Table 9. Estimated 1986 irrigation season dissolved orthophosphate (P0O4-P) loedings of the Deep Cresk drains. Percentage of total
load due to agricuttural inputs, mean flows, and mean dissolved orthophosphate levels for this period are presented for comparison.

Mean Flow Mean PO4-P Irrigation season % Agricultural

Drain (cfs) (mg/1) load - tons Contribution % of total load*
D-1 8.2 - 0.09%* 0.32 98.6 13.5

D-2A 123.7 0.014 0.82 100.0 34.3

D-3 21.2 0.03 0.37 88.3 1S.6

D-4 4.4 0.07 0.11 100.0 4.6

D-5 34.7 0.04 0.76 100.0 31.8

Total Load | ’ 2.38

*Sum may not equal 1008 due to rounding.
»*Pegk dissolved orthophosphate concentration of 0.15 mg/10n 8/28/86 due to drain chaining event was not included in mean
calpulation.
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Table 10. Fecal coliform and fecal streptococcus bacteria densities { number/ 100 m1) in Deep Creek and monitored
drains, 1986. Means listed are annual geometric means.

Fecal Coliform Fecal Strep
Station n. Minimum Maximum Mean Minimum _ Maximum Mean FC/FS ratio
S-1A 14 7 15000 663.6 197 14000 2092.3 0.6
S-2 15 23 6300 717.9 o2 9850 1829 0.55
S-3A 14 35 7000 460.4 48 32000 1098.9 0.98
S-3 13 20 22000 7271 180 14000 2521.3 0.72
S-4 13 20 24000 292.3 250 9000 2186.1 0.45
D-1 14 2 33000 1174 95 59000 6042.7 0.51
D-2A I3 20 4700 388.1 200 5600 1000.6 0.78
D-3 14 7 9800 445.8 i34 5000 13218 092
D-4 R 120 44000 2293.8 510 38500 5399.7 0.85
D-5 13 30 99000 1756.5 1500¢0 4821.7 0.76

220




9%

Tabla 11. Overview of water quality impacts as a result of chaining drain D- 1 on August 2B, 1986, to remove algae and aqualic macrophyiss.

Flow Turbidity TKH NO2+NO3-N PO4-P Total P Susp. Sed. Fecal Coliforms  Fecal Strep |

Date (cfs) (NTU) {mg/1) {mg/1) (ma/D) (mg/1) (mg/1) (=/300ml)  (=/100 ml}
8/14/86 5.2 34 1.21 4.28 0.094 0.4 258 33000 17000
8/28/86 11.6 250 4.57 3.01 0.15 25 2540 26000 45000
G/9/56 11.4 18 0.64 3.68 0.096 0.2 62 420 1500

Loadings € 1bs/d)*

Date TKNH HO2+HO3-N  Total P PO4-P Susp. Sed.
8/14/86 33.9 122.8 11.2 2.6 7236.3
§/28/86 285.9 188.3 i56.4 9.7 158922
9/9/86 39.3 226.3 12.3 5.9 38123

*Yaluzss not corrected
{or beckground levels.



Table 12. Mean densities (number/m2), 1olerance quotients {TQ), functional feeding groups (FFG), and

EPT values of macroinveriebrates collected in Deep Cresk, March 21, 1986. Toterance quotients ere
from Winget and Mangum { 1979).

TAXON S-1A 5-2 5-3A 5-3 TQ FFo
Piecoptera
Isoperla sq. 26.70 48 PR
Hesperoperla pecifica 20.00 18 PR
Trichoptera
Brachycentrus_sp. 3.30 16.70 24 Cc-F.5C
Helicopsychs borealis 20.00 26,70 18 SC
Hydr opsyche sp. 30.00 730.00 6,70 29.70 108 C-F
Hydroptilla sp. 20,00 13.30 1967.00 108 P-H,5C
Rhyacophila sp. 3.30 25.00 _ 18 PR
Ephemeroptera
Beelis iricaudalus 370.00 1400.00 213,00 §70.00 12 sC
Ephemereils inermis 173.00 270.00 26.70 48 5C.C-6
Tricorythodes minutus 16.70 108 c-0
Diptera
Chironom!dee 40.00 190.00 83.30 2413.30 108 C-8,PR
Stmuiium sp. 23.50 23.30 40,00 108 C-F
Antocha 5p. 18.00 24 c-0
Lepidoplera
Paragyractis sp. 280.00 40.00 72 3
Calcoplera
Optiosarvus sp. 46,70 110.00 36.70 13.30 108 &e,0-8
‘Odonala
Ischnura sp. 3.30 72 PR
Crustacea
Amphipoda
Hyalella azteca 115.00 3.30 26.70 108 C-0
lsopoda
Ascellus sp. 116,70 108 c-0
Hirudinea 83.30 108 PA/PR
Nematoda 3.30 108 PA/P=-H
Bivalvia
Piscidium sp. 10.00 40,00 108 C-F
Sphiserium sp._ ‘ 40.00 16.70 108 - G-F
Oastropoda ’ :
Fluminicola virens 220.00 263,30 26,70 108 80
Fontellicelia sp. 26.70 108 5
Gyraulus sp. 43.30 108 sC
Physa sp. 23.30 53.30 108 s
Turbeilaris :
Planariidee 3.30 108 PR/C-G
Total #/meter?2 845.90 3038.00 2906.20 5156.80
Total number of taxa 12 11 13 20
EPT Yalue 6 S 5 7
Key:
SC = Scraper

C-G  ~Coilector/Gatherer

C-F =Collector/F illerer

P-H  =Plercer/Herbivore 47
PR =Pradator

PA/PR =Parasile/Predator .



Table 15. Mean densities { number/m2), toierance quotients (TO), tunclional feeding oroups
(FFQ), and EPT velues of macroinverlebrales collecled in Deep Creek, Seplember 5, 1986,
folerance quotients are from Winget and Mangum (1979).

TAXON 5«1A  §-2 8-3A 5-3 5-4 TH FFG
Trichoplera
Amiccentrus sp. 3.3 10 24 c-a
Brachycentrus sp. 53 24 C-F.8C
Hydropsyehe sp, 243 3B 130 10 108 C~F
Hydroptilla sp. 5 108 P-HSC
Leucolrichia sp. 10 108  C-G6
Ephemeroptera
Boetls tricaudatus 20 148 67 T2 %
Ephemerella inermis 16.7 - 6.7 18 SC.C-G
1ricarythodes minulus 6.7 10 108 c-0
Piptera
Chironomidee 13.3 140 15 16.7 108 C-GPR
Simulium sp, 6.7 16 108 C-F
Hexatoma sp. 3.3 26 PR
Lopidaplera
Poarogyractis sp. 370 36.7 55 72 sC
Coleoplera
Optioservus sp. 63 13.3 55 108 SCC-6
Didonala
Ischnurasp. 3.3 3.3 10 6.7 72 PR
Ophiogomphus sp. 6.6 108 PR
Cruslacea
Amphipoda
Hyalella azleca 6.7 ioB -G
Hirudinoa 26.7 5 13.3 80 108 PA/PR
Bivalvio
P iscidium sp. 10 15 3.3 108 C-F
Spheeriun sp. 3.3 70 140 13.3 106 C-F
Gostropodn
Fluminicole virens 30 320 200 80 108 'y
Fonlellicellasp. 10 20 143 108 sC
Oyraulus sp. 10 108 G
Physa sp, 3.3 60 15 435 100 108 G
Turbelleria
Planer{ides 6.7 108 PRG-G
O1igochoeta
Tubifex sp. 6.7 108 C-6
Tolal * /meler2 7825 726.7 920 1796 4434
Total number of toxa 15 i4 15 6 11
EPT Yalue 5 K3 4 J 3
Key:
sC = Scraper
C-6  =Collecior/Batherar
C-F  =Collector/F{llerer
P-H  =Piercer/Herbivare
PR =Pradalor
PA/PR =Paresite/Predslor
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Table 14. Specles 1lst of inverlebrates collected In Deep Creek, 1986, Texa richness, mean
talerance values, and EPT values for the lwe sampling dates ere 1isled for comparison.

21 -Mer 5-5ep

Plecoplera
lsuperlasp. X
Hesperoper la pactfica b4

Trichoptera

Amlocenlrus sp.
Brechycenlrus sp.
Halicopsyche borealis
Hydropsychs sp.
Hydroplila sp.
Leucotrichis sp.
Rhyacaphita sp. X

=

e W D DeE
> > M

Ephemeraplora
Beetis tricaudalus
Ephemerella inermis
Tricorylhodes minulus

o 4
DL

Diptera

Anlocha sp. X
Chironomidee X
Haxatoma sp.

Simulium §p. X

> W

Lepidop\ora
Peragyrectis sp. X X

Coleoptera
Optloseryus sp. 4 X

Odonata

Ischinura sp. X X
Ophiogomphus sp. X

Crustacea
Amphipeda

Hyalells azlecs X X
lsopoda

Ascellus sp. X
Hirudinea X X
Nemaloda b4

fivalvia ,
Piscidium sp.
Spheerfum sp.

Bastrapoda
Fluminicols virens
Fontellicella sp.
Gyroulus sp.
Physa sp.

Turbellaria
Plenariidae X X

> =
>

P 2>
b

Dlignehenta
Tubilex sp X

Total number of laxa 27 25
Mean tolerance quotient 83.3 87.4
EPT Yalue 7 5
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Table 15. Density ( number/m2}, number of species ol macroinverebrates collecled, community lolerance
quotients (CTQa), Biotic Condition Index, and EPT values for the Deep Creek slations on the dales indicated.

S-1A 5-2 S-3A 5-3 5-4
21-Mar-86
Densily (*/m2} 8499 3038 2906.2 £156.8 -
Number of taxa 12 11 13 20 -
Number of taxa with T4=108 6 6 10 15 —
% of taxa with TQ=108 50% 54% 778 5% -
GCTap 50 53 53 66 -
CTGa 75 80.2 93.7 92.7 i
Biotic Condition Index 67 66 56 71 -
EPT value & 53 ) 7 -
o-5ep—-86

Density (#/m2) 782.5 726.7 920 179.6 443.4
Number of toxa 15 14 15 6 i1
Numbar of taxa with TQ=108 10 10 12 6 7
% of taxa with TQ=108 67% 718 G0% 100% 64%
CTQp 80 86 86 88 86
Cite 89.6 92.6 100.8 108 89.4
Biotic Condition index 89.3 92.0 85.3 81.9 96.2
EPT value b 3 4 [ 3

*~-Channel wes dry, nc samples collected.
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Table 16. Invertebrale laxa collected from Deep Cresk thal were restricied to one of the
sampling periods, March or Seplember, 1986.

Taxon Tolerance quotient

March 21, 1986 only

Jsoper s sp. 48
Hesperoperla sp. 18
Helicopsyche bor-salis 18
Rhyacophiia sp. 18
Antacha sp. 24
Ascellus sp. 108
Nemaloda 108
"Mean TQ 334

September 3, 1986 only

Amiocenirus sp. 24
Leucotrichia sp. 108
Hexatoma sp. 36
Omphiogomphus sp. 108
Tubifex sp. 108
Mean TQ 76.8
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Table 17 Functional feeding groups of macroinvertebrates collected at the Desp Creek stations on the dates listed,

1986, Yalues listed are individuals/m2.

S5-1A 5-2 S-3A 5-3 5-4

21-Mar-86
Seraper 696.7 1943 2726.3 386.7 -
Collector /gatherer 40 320 86.6 2573.4 -
Collector /filterer S6.6 730 80 143.1 -
Piercer/herbivore 0 20 13.3 1967 -
Predator 53.3 25 0 3.3 -
Parasite/predator 3.3 G 0 83.3 --

o-3ep-86
Scraper 486.3 456.7 580 143 316.7
Collector /gatherer 30 10 25 0 33.4
Collector /filterer 256.3 83.3 295 233 3.3
Piercer/herbivore 0 0 S 0 0
Predator 9.9 10 10 a 10
Parasite/predator 0 26.7 5 13.3 80

*-.- Channel was dry, na samples collected.




Table 18. Water guality data for the Mud Creek stream survey slalions, 1986. Values
listed are annual means (and ranges).

PARAMETER M-1 M-2 M-3
Temperature (°c) 14.9 13.1 16.8
(8.0-20.8) (9.0~21.0) (5.0-235)
Flow (ofs) 126.0 43.4 285
(66.6-168.3) {15.9-65.6) (6.3-42.7)
Turbidity (NTU's) 10.1 6.4 1.7
(1.8-25.0) (1.2-34.0) (1.0-20,0)
Conductivity (umhos) 9140 887.0 7335
(786-1065) (819-1000) (110-976)
Dissolved Oxygen (mg /) 72 72 7.8
(4.6-9.8) (2.7-9.6) (3.6-12.0)
Dissolved Daygen (B sat) 108 706 79.0
(48.5-90.7) (28.7-87.8) (40.0-1154)
pH 85 83 8.6
(7.5-9.09) (8.2-8.1) (8.4-9.12)
TKN (mg /1) 0.77 0.61 0.82
‘ (0.31-1.15) (0.5-0.76} (0.44-1.27)
NO2 + NOS ~N (mg /1) 2.94 292 313
(2.08-5.0) (2.18-4 .66) (1.86-5.48)
Drtho -P04 (mg /1) 0.05 0.05 0,06
(0.018-0.069) (0.03-0.07) {0.003-0.09)
Total P (mg/1) 0.19 042 0.19
(0.08-0.20) {0.09-0.20) {0.07-0.20)
Volatile Residue (mg/1) 5.9 4.8 58
(2.0-20.0) (2.0-12.0) {2.0-18.0)
Suspended Sediment (mg/1) 44.4 158 5t.4
(4.0-130.0) (2.0-48.0} {4.0-180.0)
Fecal Coliform (¥ /100 ml) 823.6 480 2014
' (30-29000) (24-2300) (220-15000)
Feoal Strep (*/100 m) 5388 2330 6082
(125-11000) (500-16000) (720-~29000)
F/C Ratlo 052 0.48 051
(0.02-2.96) (0.008-1.72) (0.04-1.67)
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Table 19. USGS fiow record for the Mud Creek monitoring station near Buht, Idaho (#13094700) for the
October 1985 ~ September 1986 water year.

UNITED STATES DEFARTHENT OF THE INTERIOR - GEOLOGICAL SURVEY — EOQISE 03/04,/88

STATION NUMBER 12094700 MUD CREEK NR BUML ID STREAM SCURCE AGENCY USGS
LATITUDE 423934 LONGITUDE 1144716 DRAINAGE AREA DATUM 2950.00 STATE 1& COUNTY 083

DISCHARGE, IN CUBIC FEET PER SECOND, WATER YEAR OCTOBER 1985 10 SEFTEMEER 1986
HEAN VALUES

DAY ocT NOV DEZ JAN FER HAR AFR HAY JUH JuL ALG SEF
1 152 101 7? 65 B1 76 oo 63 ge 74 78 140

2 150 97 8 &8 77 75 G4 6% 91 79 1032 110

3 145 K4z 87 468 77 72 58 &2 73 79 102 137

4 143 97 81 63 73 73 o8 69 93 83 LA 135

5 142 7S 79 &7 74 71 83 81 113 ?3 100 139

& 143 23 77 &7 72 71 o4 g8 102 ?0 7e 159

7 150 73 ral &4 70 74 w7 98 126 70 73 145

-] 144 93 -39 &3 48 ae 61 73 134 83 93 126

¢ 141 96 78 S 468 75 o9 ?é 122 8é 74 145
10 138 746 74 &4 &7 76 462 i02 116 ee 97 157
11 1ie %3 73 64 &7 74 &5 100 117 92 74 147
12 134 87 7% [-L] 72 73 &7 b 114 kL 83 150
13 139 83 71 &3 112 74 &9 93 106 ?1 82 149
14 144 79 &9 &3 83 71 70 83 100 Bé 73 153
135 140 az 70 &5 B8O 71 &3 Bé gS 84 ?é 156
16 137 89 69 71 75 73 L1 7% g2 92 97 148
17 132 B7 &7 B4 108 (34 &8 73 83 97 97 145
18 128 B4 &6 8% 120 -1 [.2-] 75 76 102 76 145
19 128 83 &5 79 93 64 &0 77 75 100 102 148
20 129 87 &4 79 es &3 59 80 73 98 io7 150
21 128 a8 &4 72 g1 64 54 70 74 ?9 105 147
22 126 B3 3] &7 B4 64 53 .95 7? ?5 108 145
23 129 83 &5 77 8é& &3 &0 78 79 97 120 144
24 124 8s 65 72 80 42 34 76 75 100 124 53
2% 122 86 -2 ] &7 78 &0 71 ?? 73 108 121 =3
26 117 a1 &3 -] 748 &0 76 78 77 18 122 151
27 119 81 &3 &5 S o3 80 ?0 72 107 1:2 1346
2e 113 85 &3 65 76 55 73 70 70 10¢ 121 147
29 110 B7 &2 74 - 56 85 87 74 106 132 142
30 113 82 63 106 - Sid &9 [:4:] 77 101 134 149
31 112 — &3 79 -—- 52 ——— 8é -— 104 136 -
TOTAL 4124 2657 2190 2203 235 2093 1393 248% 27&1 2902 3271 4528
HMEAN 133 88.46 70.4 71.1 80.6 - B7.5 6.1 B85.8 72.0 ?34.3 106 149
MaX 140 101 g9 106 120 80 BO 102 134 109 134 155
HIN 110 7? 62 &3 &7 o2 53 &2 70 74 82 137
AC-FT 8180 o270 4330 4370 4480 4150 3750 &330 54380 5800 62F0 8340

CAL YR 1985 TOTAL 23679 MEAN 91.4 HNax 217 HIN 37 AC-FT 46970
WTR YR 1986 TOTAL 33517 HMEAN 91.8 HaX 165 HMIN 32 AC-FT 64430



Table 20, Water guality data for the Mud Creek tributary survey stations, 1986. Values
listed are snnual means (and ranges).

PARAMETER MD-1 MD-2 HMD-3
Temperature (°c) 149 13.9 15.3
(8.0-21.0) (5.0-22.0) (7.0-21.5)
Flow {cfs) 54.1 417 118
(24.7-83.3) (1.15-9.2) (4.6-17.4)
Turbidity (NTU's) 132 2.2 36
(1.4-33.0) (1.0-6.0) {2.5-6.0)
Conductivity (umhes) 9083 - 9530 855.0
(791-1097) (e31-1019) (To2-984).
Dissolved Oxygen (mg/1) 70 6.4 6.8
(2.8-9.8) (2.4-8.5) {2.2-9.6)
Dissolved Oxygen (B sat) 632 " 636 673
(38.0-90.7) (34.0-77.9) (32.0-84.9)
pH 84 8.4 8.6
{8.0-8.3) {7.9-8.9) (8.2-9.1)
TEN (mg /1) 094 053 0.66
(0.59-1.4) (0.32-0.82) (0.47-0.78)
NOZ2 + NO3 -N (mg /1) 32 1.05 231
(24-52) (0.47-32.10) (1.75-3.79)
Drtho ~PD4 (mg/1) 0.0% 0.05 0.06
(0.018-0.11) (0.016-0.08} (0.014-0.10)
Total P (mg/T) 0.2! 0.1 012
(0.10-0.40) (0.10-0.20) {0.10-0.20)
Volatile Residue (rng /1) 64 4.0 53
(2.0-16.0) (2.0-10.0) (2.0-16.0)
Suspended Sediment (mg/1) 66.4 154 16.1
(2.0-156.0) (2.0-40.0) {2.0-38.0)
Fecal Coliform (%7100 ml) 989.9 29327 558.5
(10-203000} (100-1100) (10-6800)
Fecal Strep (*/100 m1} 5240.2 17339 3642.6
{215-43000) (89-6700) (85-57500)
F/CRatlo 0.66 0.37 0.51
(0.008-4.72} (0.03-1.3) {0.006~1.60)
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Table 21, Estimated 1986 irrigation season suspended sediment loadings of the Mud Creek tributaries. Percentage of total
load due 10 agricultural inputs, mean flows, and mean suspended sediment levels for this period are presented for comparison.

Mean Fiow Mean Susp. Sed. frrigation season 2 Agricultural

Drain (efs) (mg/1) Joad - tons Coniribution  # of total load®
MD-1 583 76.3 2458.0 98.9 94.1
MD-2 4.2 14.9 401 42.3 1.5
MD-3 12.5 16.5 113.7 69.5 43
Total Load 2611.8

*Sum may not equal 10038
due to rounding .
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Tabla 22. Estimated 1986 irrigation season iotal Kjeldahl nitrogen ( TKN) Toadings of the Mud Creek tributaries. Psrcentage
of total Yoad due to agricultural inputs, mean flows, and mean TKN levels for this period are presented for comparisen.

Mean Flow  HMean TKN Conc. Irrigation season £ Agricultural

Drain {cfs) {mg/1) lead — tons Contribution € of total load®
MD-1 58.3 0.97 29.74 68.2 84.4
MD-2 42 0.51 1.19 16.8 3.4
MD-3 12.5 0.67 4.31 58.0 12.2

Total Load 35.2

*Sum may not equal 100%
due o rounding .
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Table 23. Estimated 1986 irrigation season nitrate nitrogen icadings of the Mud Cresk tributaries. Percentage of total load due
to agricuitural inputs, mean flows, and mean NO2+NQO3-N levels for this period are presented for comparison.

Mean Flow NO2+NO3-N Irrigation seasen 2 Agricultural

Drain (cfs) (mg/1) load — tons Contribution % of total load®

MD-1 58.3 2.96 91.3 24.7 84.8

MD-2 4.2 0.76 1.8 1 1.7

MD-3 125 2.18 14.5 495 13.52
Total Load 107.6

*3um may not equal 100%
due to rounding .
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Table 24. Estimated 1986 irrigation season total phosphorus loadings of the Mud Creek tributaries. Percentage of total load due
to agricultural inputs, mean flows, and mean total phosphorus levels for this period are presented for compar ison.

Mean Flow Mean Total P Irrigation season & Agricultural
Drain {cfs) (mg/1) "~ load - tons Contribution % of total load*
MD-1 58.3 0.235 7.33 81.8 87.4
MD-2 4.2 0.117 0.28 53.9 3.3
MD-3 125 0.121 0.77 68.4 9.2
Total Load 8.4

*3Sum may not equal 100%
due to rounding .
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Tanle 25 Estimated 1986 irrigation season dissolved orthophesphate (PO4-P) loadings of the Mud Creek tributaries. Percentage of

tolal load due to agricultural inputs, mean flows, and mean dissolved orthophosphate levels for this period are presented for
comparison.

Mean Flow tMean PO4-P Irri‘gatiun season & Agricultural
Drain (cfs) (ma/1) load - tons Contribution % of total load*
MD-1 58.3 0.056 1.72 86.0 75.7
MD-2 4.2 0.056 0.12 80.4 5.5
MD-3 12.5 0.066 0.43 91.9 18.8
Total Load 2.217

*Sum may not équal 1003
due to rounding .
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Table 26. Fecal coliform and facal streptococous bacter ia densities {number/ 100 m1) in Mud Cresk ard monitpred

tributaries, 1986. Means listed are annual geometric means.

Fecal Coliform Fecal Strep
Station n Minimum Maximum Mean Minimum_ Maximum Mean FC/F35 ratio
M-1 15 20 29C00 823 125 11000 3538 0.52
M-2 14 24 2300 430 506 16000 2330 0.48
M-3 15 220 15C00 2014 726 29000 6032 0.51
MD-1 14 10 203000 989 215 43000 5240 0.66
MD-2 14 100 1100 393 89 6700 1733 0.37
MD-3 14 10 6300 558 85 57500 3642 0.51




Table 27. Specips ltsLof inveriebrales collecled in Mud Creek, 1986. Taxa richness,
mean tolerance yhiues, and EPT values for Lhe iwo sampling dates are lisled for
COmparisork. !

21-Mar 3-5ep

Trichuplers

_Amlocentrus sp._
Brachycenlrus sp.
tielicopsyche borealfs

Hydropsyche sp.
Hydroptila sp.

_Oligopleclrum sp.

Ephemeropiera
Boetis lricaudatus
Ephemerella inermis

Iricorylhodes minutus X

>

o ]
>

b4
4

Diplera
Chiretom Idae

Hexaloma sp.

> 2K

Lepidoplera )
Paregyrect!s sp. X X

Coleoptera
Opligseryus sp. X X

(ionala
Ischnura sp. X X

Crustocea
Amphipoda
~Hvelelisozieca X X

Hirudinoa X X
Nemaotoda X

Bivalvie
Piscidium sp. X X

Dastropeda
Fluminlcole virens X
fontelticella sp,
Syraulussp,
_Physssp.

P R

Oligochaela
Jubifex sp. X

Tolal number of toxo 21 17
Moan telorence quotient 80 91.4
EPT Yalue ] 5
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Table 28. Mean dansilies (number/m?2), lolerance quolients { TQ}, funclionai feeding groups (FFA), and
EPT values of mecroinvertebrates cotlecled in Mud Creek, March 21, 1986. Telerancs quolienls are
trom Winget and Mengum { 1'979).

TAXON M- H-2 M-3 TQ FFO

Trichoplera

Amiocentrus sp. 13.3 24 c-6
Brechycenlrus sp. 633 4133 80 24 Cc-F.5C
lfellcopsyche bereslis 333 18 5C
__Hydropsyche sp. 1206.7 240 343.3 108 C-F
_Hydreptillasp. 6.7 13.3 108 P-H.5C
Oligoplectrum sp. 220 120 24 C-F
Ephemeroplera
Beet!s tricaudatus 2367 186.7 38.7 72 sC
tphemerella inermis 6.7 63.3 56.7 48 SCLC-6
Diptera
Chironomidee 56.7 83.3 80 108 C-0.PR
Simulium sp. 10 6.7 113.3 108 C-F
Hexatoma s, 3.3 36 PR
Lepidoptera
Paragyractis sp. 60 72 sC
Coleopiere
Oplioservus sp. 416.7 133.3 133.3 108 5C.C-6
{donata
_lschoura sp. 3.3 12 PR
Cruslacen
Amphipoda
Hyalella aztece 16.7 733 33 108 c-6
Hirudinea 3.3 130 108 PA/PR
Nemaloda 3.3 10 108 PA/P-H
Bivalvia
Plscidium sp. 133 13.3 10 108 c~-F
gastropoda
Fonteliicella sp. 20 108 G
Byraulus sp. 6.7 108 sC
_Phiysasp. 20 3.3 108 %5
Total */meterz 1950.1 1423.1 1025.2
Totel number of taxe 14 16 T4
EPT Yalue 6 6 6
Key:
e = Scraper

¢} =Collector/Galherer
~-F  =Collector/Fillerer
-4  =Pisrcer/Herbivore
R =Predalor
PA/PR =Perasile/Predator
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Teble 29. Mean densities (number/m2), lolerance quotients (1Q), functional feeding groups (FFG), and

EPT values of mecroinverleblates collecled in Mud Creek, September 3, 1986, Tolerance quolients are
from Winget and Mangum ( 1979).

TAXON

M-1 M-2 $1-3 TQ FF@
Trichoplera
Amiocenlrus sp. 93.3 24 C-6
Brachycenirus sp. 633 2280 250 24 C-F.5C
{lydropsyche sp. 246.7 175 433.3 108 c-f
Ephemeroptera
Boctis triceudatus 10 30 33 72 SC
Tricorythodes minulus 3.3 108 -6
Diptera
Chironomidae 10 10 108 C-6,PR
Simullum sp. S 3.3 106 c-F
| epidapiera
Poragyraoctis sp. 30 12 SC
Caleoplera
Opligservus sp. 35 6.7 108 56,C-0
Odonata
Ischnura sp. 3.3 72 PR
Crustecen
Amphipods
Hyalella aztecs_ S 108 c-6
Hirudinea 20 108 PA/PR
Blvalvia
Piscidium sp. 5 108 C-F
Bastropnda
Fluminicala virens i0 3.3 108 SC
Fontellicelle sp. 45 13.3 108 SC
Physa sp. 3.3 20 13.3 108 SC
Oligocheela
Tubifex sp. 10 108 C-6
Tolal */meter2 476.6 25610 153.1
Total number of laxa 9 10 1
EPT Yalue 4 3 4

Key:
sC = 3craper

C-6  =Collector/Galherer
C-F =Collecior /Fillerer
P-H =Pleresr/Herbivore

PR =Predstor

PA/PR =Psrasile/Predator
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Table 30. Density { number/m2), number of species of macroinvertebrates col-
fected, community tolerance guotients (CTQ), Biotic Condition index, and £PT
values for the Mud Creek siations on the dates indicated.

M-1 M-2 M-3

21-Mar-86
Density (¥/m2) 1950.1 1423.1 1025.2
Number of laxa 14 16 14
Number of toxa with Q=108 8 10 10
% of iaxa wilh TQ=108 57% 63% 13
CTay 50 51 53
CTQa 84 81.4 89.1
Biotic Condition Index 595 62.6 59.4
EPT value 6 6 6

3-5ep-86
Densily (¥/m2) 476.6 2610 753.1
Number of taxa 9 10 H
Number of taxa with TQ=108 5 8 8
% of taxa with TQ=108 56% 80% T3%
CTap 80 A 86
CTQa 81.3 96 93.8
Biotic Condition 1ndex 98.4 73.9 91.6
EPT value 4 3 4
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Table 31. Invertebrate taxa collected from Mud Cresk thet were restricled
to one of the sampling periods, March or September, 1986.

Taxon Telerance quotient

March 21, 1986 only

Helicopsyche borealis 18
Hydroptilasp. 108
Olgoplectrum sp. 24
Ephemerelia inermis 48
Hexatoma sp. 36
Nemastoda 108
Mean TQ 57

Seplember 3, 1986 only

Tricorythodes minutus 108
Fluminicola virens 108
Tubifex sp. 108
Mean TQ 108
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Table 32. Functional feeding groups of macroinveriebrates collecled at the Mud Creek stations in March
and Seplember, 1986, VYalues listed are densities { individuals/m2).

M-1 M-2 M-3
21-Mar-86
Scraper 350.1 456.6 238.7
Colleclior/gatherer 13.4 156.6 96.6
Collector/filterer 1513.3 193.3 046.6
Piercer/herbivore 6.7 0 13.3
Predator 3.3 3.3 0
Parasite/predator 3.3 13.3 130
3-Sep—-86

Scraper : 3.3 130 39.9
Collector /gatherer 113.3 15 3.3
Collector/fillerer 310 2465 686.6
Predator 0 0 3.3
Parasite/predator 0 0 20
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Table 33. Precision of duplicale samples from Deep Creek and Mud Creek, 1986.

Average Relative

STORET = Parameler n Range (%)
80154 Suspended sediment 13 115
00610 NH3-N 13 21.6
00630 NO2+N0O3~N 13 10.2
00625 Total Kjeldah ﬁitmgen i3 9.5
00665 Total phosphorus 13 7.4
00671 Dissolved PO4-P 13 15.8
00095 Specific conductance 13 3.5
00076 Turbidity 13 18.2
31616 Fecal Cotiforms 12 48.2
31679 Fecal Strep 12 19.4
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Table 34. Average percent recovery for spiked samples from Deep Creek and Mud
Creek, 1986.

Average Percent  95% Confidence

STORET * Parameter Recovery interval
80154 Suspended sediment 99.0 6.7
00610 NH3-N 145.7 38.2
00630 NO2+N03-N 106.8 10.8
00625 Tolal Kjeldah! nitrogen 117.8 11.8
00665 Total phosphorus 106.5 5.2
60671 Dissoived PO4-P 110.2 8.1
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Figure 2. Locations of the Deep Creek monitoring stations,
and estimated irrigation season suspended sediment loadings.

Percentage of loadings due to agricultural inputs are given
in parentheses.
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Figure 6. Mean annual NO2+NO3-N and total Kjeldahl nitrogen (TKN) concentrations at
the Deep Creek survey stations, 1986.
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Figure 8. Total phosphorus and suspended sediment concentrations at Deep Creek station 5-1A during 1986,
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Figure 9. Total phosphorus and suspended sediment concentrations at Deep Creek station 5-2 during 1986.
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Figure 11. Irrigation season total Kjeldahl nitrogen loadings
for the Deep Creek survey stations, 1986. Values are in tons,.
and percentage of loadings due to agricultural inputs are given
in parentheses,
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Figure 12. Irrigation season NO,+NO3-N loadings for the
Deep Creek survey stations, 1986, Values are in tons, and
percentage of loadings due to agricultural inputs are given
in parentheses.
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Figure 13. Irrigation season total phosphorus loadings for
the Deep Creek survey stations, 1986. Values are in tons,
and percentage of loadings due to agricultural inputs are
given in parentheses.
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Figure 14. Irrigation season dissolved orthophosphate load-
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Figure 16, Bacteria densities in Deep Creek at station S-1A, 1986.
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Figure 18. Bacteria densities in Deep Creek at station 5-3A, 1986.
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Figure 19. Bacteria densities in Degp Creek at station 5-3, 1986.
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tation 5-4, 1986.
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Figure 21. Density of bacteria al drain station D-1 during 1986.
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Figure 22. Bacteria densities at drain station D-2A during 1986.
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Figure 23. Bacteria densities at drain station D-3 during 1986.
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Figure 24. Bacteria densities at drain station D-4 during 1986.
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Figure 26. Functional feeding groups of macroinvertebrates collected (7 occurrence
by numbers of individuals) at the Deep Creek stations indicated, March 21, 1986.
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Figure 27. Functional feeding groups of macroinvertebrates collected (% occurrence by
numbers of individuals) at the Deep Creek stations indicated, September 5, 1986.



FUNCTIONAL FEEDING GROUPS - SEPTEMEER

1986

98

4

th
n o
£ g ee
b o H O
[ Oﬁa.w.
5 2 2 U
5 £ E 2
) s T &
1)
Srm_._ws
n g o @
o 29 4 et
2 9" &8 v B
m.w%rmwm
faio =
O o o 2 TS
Y S O T W~ YO 3 TR =

Figure 27. Continued.



66

200 71

M-1
180 £ ()/Jh‘-"':)\ /
-C-\

160 1

]
140 } Vs
- D
1207 o \ G/ N o

Fiow Sy
{cfs) 100 1

80 1 M-3

o
60 1 \
40 + ——e

— T
" \ —t—"" TN
207 - - +
&
0 + ; et 4 ¢ ; : : . ; ; . ~
3-19 5-6 5-21 6-10 6-25 7-8 7-22 8-13 8-27 9-8 9-22 10-6 10- 11-
21 10

Date

Figure 28. Flow (In cubic feet per second - cfs) at Mud Creek stations M~1 and M-3 on the dates
indicated, 1986.
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Figure 30. Turbldity levels (in NTUs) at the Mud Creek slations on the dates indicated, 1986.
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Figure 36. Irrigation season total Kjeldahl nitrogen loadings
for the Mud Creek survey stations, 1986. Values are in tons,
and percentage of loadings due to agricultural inputs are
given in parentheses.
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Figure 37. Irrigation season NO5+NO3-N loadings for the Mud
Creek survey stations, 1986. Values are in tons, and per-
centage of loadings due to agricultural inputs are given in
parentheses.
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Figure 38. Irrigation season total phosphorus loadings
for the Mud Creek survey stations, 1986. Values are in
tons, and percentage of loadings due to agricultural in-
puts are given in parentheses.
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ings for the Mud Creek survey stations, 1986, Values are in
tons, and percentage of loadings due to agricultural inputs

are given in parentheses.

110



111

Density
(*/100 mi)

| “#- Fecal Coliforms - Fecal Strep '

‘!OOCO i e et

-
’,.n.__,‘._.;_—-_’-_ //
e /
100 + =
M1 M-2 M-3
Station

Figure 40. Annual geometric mean densities of fecal coliform and fecal streptococcus
bacteria at the Mud Creek siream stations, 1986. A - secondary contact recreation
standard.
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Figure 41. Bacteria densities at Mud Creek station M~1 during 1986.
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Figure 42. Bacleria densities at Mud Creek station M-2 during 1986,
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Figure 43, Bacteria densities at Mud Creek station M-3 during 1986.
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Figure 44, Bacteria densities at Mud Creek tributary station
MD-1 during 1986.
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Figure 45. Bacteria densities at Mud Creek tributary station MD-
2 during 1986.
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Figure 46. Bacteria densities at Mud Creek tributary station MD-3
during 1986.
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Figure 47. Functional feeding groups of macroinvertebrates collected (%
occurrence by number of individuals) at the Mud Creek stations indicated, March 21,
1986.
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Figure 48. Functional feeding groups of macroinvertebrates collected (% occurrence
by number of individuals) at the Mud Creek stations indicated, September 3, 1986.
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