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SEPA TMDL Case Study
- Svcamore Creek, Michigan

Key Feature: A watershed analysns that links
-+ dissolved oxygen problems to
sediment loads and establishes NPS
" load allocations
Project Name: Sycamore Creek
‘Location: USEPA Region V/Ingham County,
. Michigan )
Scope/Size: Watershed area 274 km?; .o
) subwatershed area 96 km?
Land Type: Itregular plains
Type of Activity: Agriculture
" Pollutant(s): Sediment
TMDL Development: NPS
Data Sources: State and local
Data Mechanisms: DO model, NPS loading model
Monitoring Plan: Yes .| Sycamore Creek
Control Measures: BMPs

o : : | FIGURE 1. Location of the Sywmore Creek Watershed

Summary: Sycamore Creek (Figure 1) was targeted in Michigan
for intensive watershed analysis because its water quality _
problems are representative of many streams that drain primarily agricultural land in southern Michigan. It is listed on
Michigan’s §303(d) list. Sediment is the pollutant most responsible for impairment of Sycamore Creek. It has destroyed
aquatic habitat, and dissolved oxygen (DO) modeling results have indicated that sediment oxygen demand (SOD) is the

*- most significant oxygen sink under drought conditions. Model simulations have also shown that respiration by aquatic
plants contributes significantly to the DO deficit at some locations in the Creek. Aquatic plants depend on available
nutrients to grow, and since most nutrients are transported to Sycamore Creek while adsorbed to suspended sediment,
reducing sediment loadings will address this problem. Instream monitoring supported these conclusions by revealing State
water quality standard violations for dissolved oxygen (DO) at seven of eight locations in Sycamore Creek. -

Michigan’s Department of Natural Resources (MDNR) believes that reducing suspended solids loadings to Sycamore Creek
is the best overall strategy for i increasing DO concentrations in the creek to meet the DO standard and improve aquatic
habitat. Less sediment in the Creek will i improve fish and macroinvertebrate habitat; provide a firmer stream bottom that is
more appealmg for recreation; deepen the channel, thereby improving navigation potential; and increase oxygen
concentrations by reducing SOD and aquatic plant respiration. The first step in this direction was to estimate annual
average sediment loading to the stream from urban runoff, stream bank erosion, agricultural fields, septic tanks, and point
sources using modeling, channel surveying, and monitoring. Stream bank erosion, agricultural erosion, and urban runoff
were all significant sediment sources. Analyses indicated that suspended solids loading would have to be reduced by 52
percent in order to reduce DO levels sufficiently to meet the standard at all locations (except downstream of the marsh)
during drought flow. MDNR has no final plan on how to achieve the necessary reductions; however, one possible
allocation scheme that is reasonable and can achieve the 52 percent reduction is presented.
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rore Creek, which is listed on Michigan’s §303(d)
list, w

as targeted for intensive watershed analysis

becau' e its water quality problems are representative of

many streams that drain primarily agricultural land in

southe[m Michigan.” Feedback on the success of NPS

management measures in this watershed can therefore be
. | . . .

applied to similar streams throughout the region.

Monitoring

Rayner Creek { } L .
Biologﬁical surveys (Clark, 1990), conducted to help
characterize problems in the Sycamore Creek watershed

* and to serve as a baseline for documentation of future
improyement, revealed that intolerant fish species were
absent and that macroinvertebrate diversity and
abundance in Sycamore Creek were low. This evidence
that thie creek’s aquatic community is stressed and
unhea]‘;t.hy, that designated uses are impaired, and that the
DO standard is being violated, was supported by channel
surveys, continuous DO monitoring, and DO modeling.

Wiliow Creek

Mar-shat

vaterahed ,g

The S‘ru-f e Water Quality Division of the Michigan
Deparl ent of Natural Resources (MDNR) measured
channe-l dimensions and sediment depth at 49 sites in the
watershed using a survey rod and hand level. MDNR
also m observations of bank erosion and riparian
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active channel erosion at each site was classified as high,
_moderate, or low.

MDNR conducted continuous DO monitoring at eight
locations using recording electrode style monitors.
Monitoring lasted from 6 to 103 days for each location.

Cause-and-effect synoptic DO surveys were conducted
twice with sampling at nine locations in the creek during
summer low flows to provide data to calibrate a low-
flow DO model. These samples and a 24-hour
composite sample of effluent from the Mason WWTP
were analyzed for DO, biochemical oxygen demand
(BOD), ammonia, solids, and nutrients. Stream flow
measurements were made with a current meter, and an
ethylene gas tracer was used to determine a reaeration
-rate coefficient for Sycamore Creek.

A special monitoring program was conducted during
1990 and 1991 to collect sediment and nutrient loading
data for this watershed analysis. Three agricultural
subwatersheds—Marshall Drain, Willow Creek, and
Haines Drain—were sampled from March, after the
snowmelt, until the appearance of a crop canopy in July.
Marshall Drain and Willow Creek ate within the

" Sycamore Creek drainage. Haines Drain is adjacent and
was monitored to provide a control watershed that would
allow a paired analysis for determining the effectiveness
of NPS control strategies. Its soil, slope, and land use
characteristics are similar to those of the Sycamore Creek
watershed. Water quality samples were collected by '
hand two times each month during baseflow and by
using automatic samplers at 1- to 4-hour intervals during
runoff events . Flow was continuously measured during
the monitoring season.

Two urban subwatersheds (Rayner Creek and Columbia
Drain) were also monitored during two summer storms
using an automatic sampler at 1/2- to 4—hour intervals.
These watersheds were monitored to assist with the
identification of urban pollution sources.

Madelmg Dtssolved Oxygen

MDNR used a quasi steady state DO model ©’ Connor
and DiToro, 1970) to predlct DO concentrations in the
creek during drought conditions. They sought to
determine whether the DO standard would be met under
the most severe cnrcumstances and to determme the
relative importance of oxygen-consummg factors durmg a
- drought. The model was cahbrated by ad_;ustmg the
plant respiration and photosynthes1s terms to obtain the
 best match with the synoptic DO data. It was also )
calibrated to match continuous DO data collected at one
location during the 1988 drought. Plant respiration and

SOD were estimated in this second ‘calibration as a single

term and then separated assummg no net oxygen.
production by plants.

Preliminary Conclusions

The channel survey documented severe sedimentation

- throughout the watershed. Average sediment depth was

0.3 meter of primarily fine sand and siit. The survey
also revealed that the most active stream bank erosion
was occurring along wooded banks where herbaceous
plants were sparse. Ninety percent of the stations where
no active erosion was noted were nonwooded.
Nonwooded sites usually had thick sod stabilizing the
bank.

Seven of the DO monitoring sites were upstream of
Mason’s WWTP, and all but one recorded DO
concentrations less than the minimum 5 mg/l standard.
The DO standard was violated at these stations 53 out of
153 days. Three sites upstream of the WWTP, but
downstream from a marsh, violated the DO standard on

- every day they were monitored. The other three sites

that violated the standard, located upstream of both the
WWTP and the marsh, did so only on days of surface
runoff or during drought conditions. Downstream of the
WWTP, the measured DO was less than 5 mg/l on only
1 out of 103 days and a large runoff event occurred on
that day. These data indicated that nonpoint sources
were contributing more to the oxygen demand in the
stream than point sources.

DO modeling showed that most of Sycamore Creek is
not expected to meet the DO standard under drought
flow conditions. The daily minimum DO expected at
drought flow is 0.0 mg/l at West Service Drive Creek,
4.4 mg/l at Cemetery Bridge, 4.5 mg/l at Howell Road,
and 3.9 mg/l at Harper Road. The primary DO sink
under drought conditions was shown to be SOD followed
by aquatic plant respiration (Figure 3). The segment
downstream of the marsh (represented by the station at
West Service Drive Creek) is expected to have DO
concentrations less than the standard, even under average
summer flow, because of very high SOD in the marsh.

The habitat observed to be destroyed by sediment and the
DO monitoring and modeling results show that sediment
is the pollutant most responsible for impairment of
Sycamore Creek. As a result, MDNR decided that
reducing suspended solids loads to the creek would be
the most appropriate way to decrease SOD and the
nutrient loads that may be stimulating aquatic plant
growth.

THE WATERSHED ANALYSIS

The pollutant load associated with each monitored runoff
period in the urban and agricultural subwate. .heds was
calculated from the interval method (Richards and
Holloway, 1987) according to the equation




WWIP = Mast?n WWTP BOD and Ammonia
RESP = Aquatioc Plant Respiration
1 §GD = Sediment Oxygen Demand
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“The regrermn models for storm runoff loads in the
iy watershe%w Were ( %ygl%ed for storms with
‘ average tlows of 2 to 12.2 m/sec. Of the 61
-storms in the 6-year record at the gage, 53 fell within
«this range and only 8 were larger. The regression
~ models had R values of 0.94, 0.75, and 0.70 for
i . Marshall Drain, Haines Drain, and Willow Creek,

annual average pollutant loads respectively. The total average annual load predicted for
Cta Sm%wm%mnwmwmumﬁuusPeclﬁc monitonng the three Fubwabersheds, including storm and base flow,

~was 81 metric tons/year.

I 1
W average areal suspended solids loadmg rate for the

ural watershed, pollutant loads during three agricultural subwatersheds—Marshall Drain, Willow
timated by mullJplymg the average N 6, = ' and Haines Drain—was assumed to be
representative of the nonurban portion of the Sycamore
Creek walershed upstream of Harper Road. This

sumption was valid because these subwatersheds have
soil and lind use characteristics that are similar to those
g of the largber Sycamore Creek watershed upstream of
dl%ﬁw)wuwm R0 0 S—— Harper R(;ad They are also subject to the same regional
t0del was derived from the farming P acnces. Combined, these three subwatersheds




Estimating Sediment Loads Jrom Eroding
- Banks

Annual average channel erosion for actively eroding
banks was determined by multiplying the bank height at

. the location of erosion, the length of the eroding portion,
the lateral recession rate, and the density of the soil in
the eroding banks. Length and height were estlmated

- from channel survey data collected by MDNR in 1989.
The lateral recession rate for a 3. 6- kilometer length of

‘ the Willow Creek channe] wnth orgamc soils was
determined by companng 1989 channel cross sectlon

- measurements with design criteria for the channel when
it was last drcdged in 1952. For other actively eroding
banks, the lateral bank recession rate was assumed to be

the same as that of Willow Creek if the soil was organic, '

and half this rate for banks with loamy soil.

“The fraction of the eroded soxl that would travel as
_bedload was subtracted from the channel erosion ‘
‘estimates. This allowed direct comparison with the
agncultural and urban load estimates that were based on
measurements that did not include bedload. For organic
soils, the coarse sand fraction of the bank soil was
-estimated by collecting a- composite soil sample from the
' stream bank and separatmg the components ‘
. gravnmetncally by shaking the sample in a bottle with
" water and observing the thickness of the sand layer after
: setthng Particle size distributions in the Ingham County
- Soil Survey (USDA, 1989) were used to estimate the
fraction of loamy soﬂ that would travel as bedload

In Willow Creek, erosion of organlc soil on the ‘
streambank contnbuted to the suspended solids loads
measured in that watershed.‘ In addition to measured

lnads, organic aggregatcs from stream banks were also )
observed to be traveling semisuspended near the stream

. bottom. No active bank erosion was occurring in either

Marshall Drain or Haines Drain, and therefore measured
loads originated only from upland areas in these
watersheds. The contribution of channel erosion to
measured suspended solids load in Willow Creek was
estimated by analyzing COD, turbidity, and suspended
solids measurements. Samples from Willow Creek that
contained primarily organic sediment from the stream
banks could be identified by turbidity measurements less
than 75 NTU and/or a ratio of COD to suspended solids
that was greater than 0.35. Figure 4 shows the

" correlation between COD and suspended solids for low-

turbidity samples. There is a good correlation because
the source of organic solids in the stream bank is
homogeneous. These samples were usually collected

_ during the rise and peak of the storm hydrographs.

Estimating Sediment Lbads from Urban Areas

An urban load estimation model (Driver and Tasker,
1988) was used to predict pollutant loads from the
Mason urban area. The model used rainfall, drainage

‘area, impervious area, population density, and mean

January temperature to predict pollutant loads from
individual storms. City sewer maps were used to

* delineate drainage boundaries, and drainage areas were

then estimated by overlaying a grid and counting grid
squares in the watershed. Aerial photographs were used
to éstimate impervious area, and the 1980 census
provided population density values. The model was used
to predict the suspended. solids load for each of the -
stofms monitored. While predicted loads agreed with
measured loads for Columbia Drain, agreement with
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FIGURE 4. Relationship between chemical oxygen demand and suspended solids for Willow Creek runoff samples
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TABLE 1. Annual average load of suspended solids from various sources to Sycamore Creek upstream of Harper
Road and the load reductions necessary to meet water quality standards

Load Reduction
Annual Average to Meet Water
Load (metric - Quality
Source of Suspended Solids tonsl/year) Standards Method of Calculation

Organic soil from stream banks 209 100% change in channel volume over time '
Loamy soil from stream banks 238 20% field estimate
Nonurban (e.g., agricultural 438 56% regression model and monitoring
fields) data
Urban runoff ) 153 30% calibrated regression model
Point sources . 7.9 0% self-monitoring data
Septic tanks 4.3 0% worst-case estimate

| ‘:aquatxc commumty and to better quannfy loads venfy
models, and evaluate the effectiveness of controls.
Monitoring of three agricultural subwatersheds using a
paired sampling approach (Spooner et al., 1985) is being
conducted to provide feedback on whether best
management practices reduce sediment loads to the

- stream. Agricultural management practices are bemg

‘documented by periodic site visits during the sampling
. season (approxxmately March- July) MDNR is storing
Agncultural Nonpomt Source (AGNPS) model The

AGNPS model results are bemg compared to actual -

runoff data for each runoff event that is momtored This -

s possible since recordmg rain gages are being operated
in eaqh subwatershed dunng the momtormg season.

Three years of data collectlon have been completed.

- Data from the first 2 years of monitoring were used to
estimate loads from agricultural areas as described above.
At thlS writing (December 1992), it appears promising
that funding for an addmonal 6 years is forthcoming
‘from USEPA under the §319 national monitoring
program. The future monitoring data can be used to
verify and refine the agricultural loadmg model descnbed
above. ‘ o
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