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Total Maximum Daily Loads for
Dissolved Oxygen and Iron

in the Waters of Duck Creek in Mendenhall Valley, Alaska

TMDLs AT A GLANCE:

Water Quality-limited? Yes
Hydrologic Unit Code: 19010301
Criteria of Concern: Dissolved oxygen and iron (both impairmerts are addressed
through control of iron loading)
Designated Uses Affected: Water supply, water recreation, and growth and
propagation of fish, shdlfish, other aquatic life, and wildlife
Environmental Indicators: Dissolved oxygen monitoring and mats of ironfloc
Major Source(s): Groundwater and dissolved ferrousiron from glaciomarine
sediments
Loading Capacity: 0.27 tondyr iron (loading capadty isesteblished for both
iron and DO impairments)
Wasteload Allocation: No point ources; wastel oad allocation st to zero
Load Allocation: 0.27 tons/yr iron
Margin of Safety: Implicit MOS included through conservative assumptions

Executive Summary

Duck Creek islisted on the 1998 303(d) list of impaired watersin Alaskafor metals (iron) and
low dissolved oxygen. The primary source of ironinthe creek is grourdwater inflow. Much of
the Mendenhall Valley isunderlain by iron-rich gladomarine deposits. As the watershed has
become more developed, channel modifications and land distur bances near the creek, including
the remova of the thick layer of peat tha previoudy filtered out much of the iron, have become
more common. The primary cause of low dissolved oxygen in Duck Creek is the increased influx
of iron, which becomes oxidized and forms iron floc when the groundwater flows into the creek.
Because the dissolved oxygen and iron impairments ar e related, reductionsin the inflow of iron-
rich groundwater to the creek will result in attainment of the dislved oxygen criteria.
Therefore, both the iron TMDL andthe DO TMDL arerepresented by the loading capadty
established for iron. Thewater quality standard for dissolved oxygen and the oxygen demand
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exerted by dissolved iron set the loading capacity for iron at 0.27 tons/yr to protect designated
uses, representing a 93 percent reduction in current loading. The Duck Creek Watershed
Management Plan recommended a restoration approach which would include capping sourcesof
iron with organic fill, planting riparian/aquetic plants capable of oxidizing iron, mechanicaly
aerating the water at sources of dissolved iron, and increasing the volume of flow to dilute the
dissolved iron.

Overview

Section 303(d)(2)(C) of the Clean Water Act and the U.S. Environmental Protection Agency’s
(EPA) implementing regulations (40 CFR Part 130) require the establishmert of a Total
Maximum Daily Load (TMDL) for the achievement of state water quality standards when a
waterbody is water quality-limited. A TMDL identifies the degree of poll ution control needed to
maintain compliance with standards and includesan gopropriate marginof sa&fety. Thefocus of
the TMDL isreduction of pollutant inputsto alevel (or “load”) that fully supports the designated
uses of a given waterbody. The mechanisms used to address water quality problems after the
TMDL isdeveloped can include a combination of best management practices and/or effluent
limits and monitoring required through National Pollutant Discharge Elimination System
(NPDES) permits.

The state of Alaska identified Duck Creek as being water quality-limited because of low dissolved
oxygen, excess debris, metals (iron), fecd coliform, and turbidity (ADEC, 1998). EPA completed
the TMDL for turbidity in December of 1999, the TMDL for debrisin September 2000, and the
TMDL for feca coliform bacteriain December 2000 (EPA, 1999, 2000a, 2000b). T his document
establishes TMDLs to addressthe dissolved oxygen and iron impairments to the creek.

General Background

Duck Creek islocated near Juneau, Alaska, in the Mendenhall Valley, awatershed that drains
severd streams into one of only a few mgjor eduarine wetlands in Southeag Alaka (Figure 1).
The Duck Creek watershed drains runoff and groundwater primarily from the floor of thislarge
glacial valley. Duck Creek isa small greamof just over 3 miles in length that flows south
through the middle of the heavily populated valley and enters the Mendenhall River and
Mendenhall Wetlands State Game Refuge directly upstream of the Juneau Irternational Airport
runway. Thecreek isan anadromous fish gream (AlaskaDepartment of Fish and Game Catalog
No. 111-59-10500-2002) that higoricadly supported runs of coho, pink, chum, and sockeye
salmon. Based on descriptionsfrom early residents, the creek originally had numerous beaver
ponds and clear water that flowed year-round. Currently, the creek varies fromabout 5 to 15 feet
inwidth and from afew inchesto severd feet in depth. Duck Creek hastwo man
tributaries—East Fork and El Camino.
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Figure 1. Location of Duck Creek
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The Duck Creek Advisory Group (DCAG), which was formed to coordinate, plan, initiate, and
carry out activities to restore water quality and anadromous fish habitat, has drafted the Duck
Creek Water shed Management Plan (DCMP). The DCMP states that urban runoff and current
land use management practices are the two key problems leading to the water quality impairment
of Duck Creek (Koski and Lorenz, 1999). Designated uses for Duck Creek include (1) water
supply, (2) water recreation, and (3) growth and propagation of fish, shellfish, other aquatic life,
and wildlife (Alaska Adminigrative Code [AAC] § 18.70.020).

Disolved oxygen (DO) is vital to fish, shellfish and other aquatic life living in a given waterbody.
These organisis respire using the oxygen dissolved in water and are esentially suffocated when
thereis not enough oxygen available. The DO levels observed in Duck Creek are below the
minimum level required by the water quality criteriafor the growth and propagation of fish,
shellfish, other agquatic life, and wildlife. Low DO isfrequently caused by excessnutrients, which
can consume oxygen as they are chemically transformed or can cause algal blooms which then
die-off and consume oxygen as they deconpose. However, the nutrient observations available for
Duck Creek do not indicate that these processes are contributing significantly to the DO
imparment. Rather, the DO impairmert is for the most part attributable to groundwater inflow,
iron inthe groundwater, and in-stream alterations. Groundwater is typically lower in DO than
aurface waters. As aresult, when the groundwater flowsinto a stream, adepressonin DO is
usudly observed near the location of theinflow. Asthewater flows downstream from a
groundwater inflow, it is aerated and the DO level increases.

In the Mendenhall Valley, the contribution of low DO from groundw ater is compounded by the
high dissolved iron content of the groundwater. M uch of the valley is underlain by glaciomarine
depodtsthat are high iniron. Asthegroundwater flows through these deposits, it picks upiron
which ends up insurface waters. Whenthis dissolved iron is exposed to the air, it is oxidized,
consuming oxygen and forming iron floc. Thisiron floc can blanket the bottom of the stream,
smothering and displacing the natural aquatic community. The inflow of low DO and iron-rich
groundwater has been subgtantidly increased by the channel modifications that have taken placein
Duck Creek. The stream channel has been modified extensively over time by channel relocation,
gravel mining, streambank encroachment, and road crossings. Severa large borrow pits and
dredge ponds characterize the East Fork. The creek typically has an orange color at several
locations caused by mats of iron floc on the streambed and stream surface. Channel and
streamflow alterationsalso cortributed to habitat impairment in Duck Creek. Combined with
highly permealle reaches of streambed, these alterations have led to significantly reduced flow,
and in some casesto the complete absence of flow, during the critical salmon smolt migration.
Because the iron and DO imparments in Duck Creek are related, this TMDL addresses these two
impairments together, establishing aniron loading capacity for both the iron TMDL and the DO
TMDL.
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Land Use

Thirty-six percent of the 1,080-acre Duck Creek watershed is covered by impervious surfaces
such as roofs, roads, and parking lots (Lorenz, 1998). The remainder isamix of cultivated
landscaping, nonvegetated athletic fields, natura vegetation, and wetlands. Nearly haf of the
wat ershed provides space for resdentia housing, yards, and driveways. Mog of the housing is
single-family condruction. Anothe third of the watershed isused for transportation or
commercial interests. Based on thisland use distribution, the Duck Creek watershed was divided
into the following land use categories and areas. residentia (540 acres), transportation and
utilities (83 acres), commercial (282 acres), and recreation and wetland (175 acres.) Table 1
summarizes the land use distribution.

Table 1. Land use distribution in the Duck Creek watershed

Land Use Area (acres)®
Residential 540
Transpor tati on 83
Commercial 282
Reaeation/Wetland 175
Total 1,080

2 Estimated from land uses and information presented in Lorenz, 1998.

Climate

Historical dimate data are avalable from the Juneau Internationd Airport (Station 504100),
adjacent to the lower reach of Duck Creek. The temperature ranges from anorma daily
minimum temperature of 19 °F (-7.2 °C) in January and 48 °F (8.9 °C) in July to a normd daily
maximum temperature of 29 °F (-1.7 °C) in January and 64 °F (18 °C) in July. Rainfall averages
54 inches per yea, ranging from less than 3 inches per month to well over 7 inches per morth.
Snowfall averages 99 inches per year, ranging from 0 to 26 inches per month. Wind averages
about 8 mph daily (NOAA Nationd Climate Data Center).

Applicable Water Quality Standards

TMDLs are developed to meet applicable water quality gandards. These standards may include
numeric water quality standards narrative gandards, and other associated indicators of support of
beneficial uses. The numeric target identifies the specific goals or endpoints for the TMDL that
eguae to attainment of the water quality gandard. The numeric target may be equivalent to a
numeric water quality standard where one exists, or it may represent a quantitative interpretation
of anarrative standard. This section reviews the applicable water quality dandards and idertifies
an appropriate numeric indicator and an associat ed numeric target level for the caculation of the
TMDL to address low DO and iron impairments in Duck Creek.
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Designated Uses

Designated uses for Alaska s watersare established by regulation and are soecified in the State of
Alaska Water Quality Standards (18 AAC 70). For fresh waters of the state, these designated
usesinclude (1) water supply, (2) water recreation, and (3) growth and propagation of fish,
shellfish, other aquatic life, and wildlife. Duck Creek only partially supports these designated
uses.

Parameters of Concern

The Alaka 1998 § 303(d) list of impaired waters identified Duck Creek as water quality-limited
because of dissolved gas, detris, metals, fecal coliform bacteria, and turbidity. The dissolved gas
impairment refers to occurrences of dissolved oxygen concentrations below waer quality
sandards. The metalsimpairment refersto elevated levels of iron from groundwat er entering the
creek. ThisTMDL addresses only the dissolved oxygen and iron impairmerts to the creek.

Applicable Water Quality Criteria and Numeric Target

Duck Creek isimpaired due to elevated iron and depleted DO. This section describesthe
associated water qudity criteria for each paameter. Because the iron and DO impairments are
related, the TM DL s estallish an iron loading capadty that is expected to reault in atta nmert of
water quality standards for both iron and DO.

Dissolved Oxygen

The mogt dringent of Alaskd swater quaity sandardswith respect to dissolved oxygen (DO) is
for the growth and propagation of fish, shdlfish, other aquatic life and wildlife. The gpplicable
standard states that:

D.O. must be greater than 7 mg/L in waters used by anadromous and resident
fish. In no case may D.O. be less than 5 mg/L to a depth of 20 cm in the
interstitial waters of gravel used by anadromous or resident fish for spawning.
For waters not used by anadromous or resident fish, D.O. must be greater than or
equal to 5 mg/L. In no case may D.O. be greater than 17 mg/L. The
concentration of D.O. may not exceed 110% of saturation at any point of sample

collection. (18 AAC 70 (1)(0)

The water column DO aiterion and the DO TMDL numeric target in Duck Creek, which has
historically supported salmon runs, istherefore 7 mg/L. DO vauesaslow as0.61 mg/L have
been observed in the creek.

Iron

Duck Creek isdso listed for dissolvediron. Theironand DO impairments in Duck Creek are
thought to be related because dissolved iron is a source of oxygen demand. In fact in Duck
Creek, dissolved iron is thought to be one of the dominant sources of oxygen demand, and that
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attainment of waer quality standards for iron will trandate into dissolved oxygen standard
attainment. Theiron criterion in Alaska swater qudity standar ds and theiron TMDL numeric
target isthe EPA Drinking Water Standard of 0.3mg/L (EPA, 1996).

Critical Conditions

The criterion of concern for DO in Duck Creek isrelated to the growth and propagation of fish,
shellfish, other aquatic life, and wildlife. Many spedes are potentialy affected by low DO, and an
indicator species is frequently selected to facilitate the assessment of overall habitat quality for fish
and wildlife. Coho salmon have been selected as an indicator speciesin Duck Creek, where the
coho run has declined from about 500 in the 1960s to less than 20 in 1998 (Koski and Lorenz,
1999). Coho ae highly migratory at each stege of their life higory and are dependent on good
habitat conditions in thar migration corridors (e.g., lack of physical obstruction; adequate water
depth, water velocity, water quality, and cover.) Small dreams such as Duck Creek (total
drainage area of 1,080 acreg are particularly important to coho salmon, providing nearly 90
percent of their spawning and rearing habitat. In Alaska, nearly al coho are wild fish that spend
about 2 yearsin fresh water followed by about 16 months a sea before returning to reproduce in
natal streams (Lorenz, 1998).

Coho salmon enter spawning streams from July to November, usually during periods of high
runoff (Lorenz, 1998). Once the salmon have migrated to their natal stream, the female digsa
nest, caled aredd, and deposits eggsthat the mae fertilizes with sperm. T he eggs develop during
the winter and hatch in early spring; the larvae, called aevins, remain in the gravel utilizing the
egg yolk until they emerge as fry inMay or June. During the fall, juvenile coho can travel miles
before locating off-chamnel habitat, where they pass the winter free of floods. After one or two
rearing years juenile coho migrateto the seaas snolt inthe ring. Time at sea varies, with
some males (called jacks) meturing and returning after only 6 months at sea at a length of about
12 inches, while most fish stay 18 months before returning as full-size adults.

The entire freshwater portion of the coho salmon life cycle takes place in Duck Creek, including
spawning, egg development and one to two rearing years. Asaresult, the DO imparment to the
creek has thepotentid to afect many salmon lif estages throughout theyear, from adults
migrating upstream to spawn, to eggs and alevins devel oping in the stream gravel, and juveniles
during their rearing years This effect islikely to be even more pronounced during periods of low
flow, which commonly occur from January through July. Adult salmon returning to breed
encounter poolswith low DO and could experience physiologica stressand fal to successfully
reach the breeding grounds. This physiological gress might also impact the quality of the eggs
produced once breeding begins. Insufficient oxygen in thewater colunmn, combined with siltation
of the stream bottom by sediment (which wasaddressed in the Turhidity TMDL) and iron floc,
reduces the DO content of the interstitial waters of gravel used for spawning, potentialy leading
to higher devin mortality and the emergence of weaker fry. The emergent fry would already be
stressed and sulject to higher mortality as they encounter low DO during their migration to sea.
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According to Lorenz (1998), egg-to-fry survival of coho salmon in the creek is closeto zero as a
result of sedimentation and low DO levels, and nearly all coho rearing in Duck Creek migrated
there from outside the watershed.

Water Quality Analysis

Water Quality Data

The data availabl e for assesdng the condition of Duck Creek with respect to DO and iron ae
described in this section. In genera, agood amount of datais available for flow, precipitation,
DO, temperature, pH, and conductivity. Data on iron and other potential sources of oxygen
demand such as 5-day biochemical oxygen demand (BOD,) and nutrients are extremely limited.
In some cases the quality of the dat a has been questioned by the responsible agency or the
temporal coverage of the dataisnot adequate for certain analyses. However, TMDL guidance
(USEPA, 1991) providesthat TMDLs should be developed using the best available information,
especially when nonpoint sources are the primary concan. Therefore, as part of the Duck Creek
watershed characterizaion process, all data available to support the DO andiron TMDLS were
reviewed and are summarized in this section.

1994-1998 U.S. Geological Survey Streamflow Monitoring

Daily streamflow has been measured since December 1993 at a United States Geologica Survey
(USGS) gaging station (15053200) located downstream of Nancy Street in the Duck Creek
watershed (Figure 2). TheDCMP (Lorere, 1998) indicatesthat flow & the gaging station
represerts discharges from approximately 75 percent of the watershed (approxi mately 810 acres).
It is estimated that approximately 46 percent of the total precipitation that fallsin the Duck Creek
watershed is transported into the stream through overland runoff (Lorenz, 1998). The remaining
54 percent is believed to enter Duck Creek as groundwater or through sewer systems. Because
flow in Duck Creek is heavily influenced by groundwater, there is a substantial lag between
precipitation events and peak flow stages. Duck Creek has been observed to pesk gpproximatdy
24 hours after the neighboring Jordan Creek. Annual and monthly aver age flows and
precipitation for 1994 to 1998 are presented in Appendix B, Table B-1.

Peak monthly discharges and precipitation in the water shed occur on average during the months
of September and October. This representsthe period of maximum runoff and increased nonpoint
source pollutant loading from areas in the Duck Creek watershed. Periods of low flow which
occur from January through July are also criticd to water qudity in Duck Creek because this is
when the impact of groundwater inflow isat itspeak. Groundwater inflow remainsreatively
constant over the course of the year, but it makes up alarger percentage of total streamflow at
lower flows when the contributionsfrom pred pitation and runoff are a their lowed. Asareault,
groundwater conditions can dominate in-stream water quaity when groundwaet er is the main
contributor to streamflow.
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1997 USDA Forest Service Iron Sampling

In the United States Depart ment of Agriculture Forest Service's Duck Creek Hydrology Baseline
Conditions (Beilharz, 1998), the stream reacheswith the heaviest inflow of groundwater with
high concentrations of dissolved iron were found to be those areas where the chamnel or ponds
had been mechanically deepened into the underlying floodplain and glaciomarine deposits
(Beilharz, 1998). The stream is underlain by three typesof material: alluvial outwash composed
many of gravel, floodplain deposits of silt and organic soils and glaciomarine sediments
composed of gravel, sand, silt, and dense clay. Natura and human stream channel realignment
hasresulted in sections of the gream bottom intercepting each of these layers. The mgority of
the streambed conssts of floodplain deposits of silt and organic soils. Where dluvial outwashis
the predominant streambed material, the stream experiences ggnificant flow losses, especially in
the vicinity of Del Rae Street. Where the stream channel intersects the glaciomarine sedimerts,
the groundwater has high iron concentrations. Theiron in groundwater isin areduced state and
oxidizes when it flows into the stream and comes into contact with higher DO levds forming iron
floc. A single groundwater seepage observation was collected at each of 11 dtesin June 1997.
Thisset of observations showed total iron concentrations as high as 10 mg/L (the data are
presented in Appendix B, Table B-2).

The 1997 USD A Forest Serviceiron sampling data were used to identify three distinct locations
where iron-rich groundwater is seeping into the stream. These locations are Taku Boulevard,
below Berners Avenue, and the dredge ponds on the East Fork.

1996 U.S. Geological Survey Water Quality Monitoring

A limited amount of water quality data was available from the USGS, with one sample collected
at each of four sites (Appendix B, Table B-3). The collection sites are in close proximity to the
locations of high iron groundwater inflow. The observed nutrient concentrations from the USGS
data shown in Table B-3 are al low (NO, < 0.01 mg/L, NO, < 0.23 mg/L, NH, < 0.285 mg/L and
TKN < 0.37 mg/L), suggesting that nutrients are not asignificant source of oxygen demand in
Duck Creek. Therefore it appears that the high iron concentr ations at these locations r epresent
the mgjority of the in-stream oxygen demand. The observed DO concentrations are consistent
with the DO trends from sampling done by the National Marine Fisheries Service (as described
below). These observations, along with the AlaskaDepatment of Environmertal Conservation
(ADEC) water qudity monitoring datapresented bd ow, were used to support the assumption
that nutrients are not contributing significantly to the DO impairment to Duck Creek.

1994-1995 Alaska Department of Environmental Conservation Water Quality Monitoring
ADEC collected water quality samples on three dates. These sanples were tested for various
organic chemicals, nitrate, nitrite, BOD,, and chemical oxygendemand (COD). Samples were
collected at five sites. Taku Boulevard, Airport Boulevard, Dredge Lake, Stump Pond, and
Rainbow Road. Dredge Lake is above Taku Boulevard and may serve as a headwater for Duck
Creek. Based onstreet maps and various namesfor the station, Ranbow Road may be Rai nbow
Row, which drainsinto the East Fork. The exact location of Stump Pond isnot known, but it is
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suspected to be on the East Fork. The data collected by ADEC are spatially scattered to such an
extent that only agenerd pattern of water qudity can be determined and are presented in
Appendix B, Table B-4. The low nutrient and BOD values observed (on average, NO, = 0.3
mg/L, NO, = 0.3 mg/L, BOD, = 2.2 mg/L and COD = 16 my/L) support the assumption that
nutrients are not contributing significantly to the DO impairmert to Duck Creek.

1999 Groundwater Monitoring

Groundwater inflow typically has low levels of pollutants and reflects background or unimpected
conditions. Severa groundwater wells have been placed in the Duck Creek watershed. In an
unpublished report by Dr. Randy Sahl at the University of Alaska Southeas, monitoring results
from three of these wdlswere summarized (Stahl, 1999). The three wdlswere sampled in April,
May and June of 1999, and theresultsfor totd iron and DO are presented in A ppendix B, Table
B-5. Wdll 3, located near Cessna Drive, was impacted by construction during the study, and
sampling wasmoved to Well 4, which is locaed south of Berners Avenue. Both wells3 and 4 are
located near the stream and were observed to go dry when the stream wert dry, suggesting that
they were influenced by in-stream conditions and may not be a good reflection of groundwater
conditions. Well 17 islocated at El Camino Street and is near a pool and the East Fork. The
three iron readings for Well 17 are 8 mg/L or higher. InBeilharz (1998), high iron readings were
linked to discharge from the glaciomarine sediments, which suggeststhat Well 17 might be
located in such sediments and therefore representative of typical iron seepage conditions where
these sed mentsare intercepted. For anunmodified channd, however, these sediments would not
be directly intercepted, and background iron seepageto the creek would likely be substantidly
lower.

1992-1993 Alaska Water Watch Water Quality Monitoring

During 1992 and 1993, local students from Juneau Y outh Services, Miller House, collected water
quality sanplesat nire sitesin Duck Creek as part of the Alaska Water Watch (AWW) program.
The geographic locations of the stations in Duck Creek are referenced by street names and are
presented in Figure 2. Parameters measured include water temperature, DO, pH, turbidity,
specific conductivity, alkalinity, and fecal coliform bacteria. The in-stream data collected at these
sites did not have any correponding flow, and the period of record did not overlap with theflow
data collected at the Nancy Street USGS gaging station. The DO data available for 18 sampling
events between 1992 and 1993 were combined with a subset of the NMFS data (described below)
for use in the TM DL analydsand model development. These data are includedinthe data
analyss summarized in Table B-6 in Appendix B.

1994-1997 National Marine Fisheries Service Sampling

The National Oceanic and Atmospheric Administration’s (NOAA) National Marine Fisheries
Service (NMFS) has conducted both continuous and periodic water quality sampling of Duck
Creek using portable Hydrolab dectronic sensors. Measurements were taken of temperature, pH,
specific conductivity, salinity, DO, redox, and water levd. These data have temporal overlg with
the USGS flow record and constitute the bulk of the available DO data. Data were collected at
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25 stes adong the main stem and 5 steson the East Fork. Datawere available for 47 sampling
events between 1994 and 1997.

Because many stations were not sampled on aregular basis, long-term DO trends could be
determined for only 13 sites along the main stem of Duck Creek, and only those st ations with long
term recor ds were used in developing the TMDL. Table B-6 in Appendix B summarizesthe
AWW and NMFS DO data a the 13 sites used to develop this TMDL.

Analysis of Iron, DO, Temperature, and pH Data

The available in-stream measurements were comhined by parameter and station to evaluate trends
and poss ble exceedances of thewater quality standards. The data that overlap the flow record
were also used in determining relationships with flow. Not all stations were sampled on each
sampling dae, with the number of observations varying between 14 and 61 readings per gation
from 1992 to 1997. The location and distance upstream from the mouth for each station was
esimated with the best avallable mgpsand data. Some stations had severd names, and dl
digances were rounded to the neares 5 feet. (Appendix A cortains thelist of DO stations from
all the studies.)

Iron

No analygsof iron data is presented in thisreport. Theavalable iron data are limited to thedata
presentad in Balharz (1998), which was summarized in the previous sction. It wasnecessary to
assume these readings represent the total iron concentrations inthe sream. Thisassumption is
likely to result in higher predicted concentrations in the stream, which represents a conservative
assumption and contributes to the implicit margin of safety for the TMDL.

Dissolved Oxygen

Dissolved oxygen readings were available at 13 stations between 1994 and 1997, with the number
of observatiors at individual stations varying between 19 and 63. Many stations were not
sampled on aregular basis. Long-term statistics were determined for 13 sites along the main stem
of Duck Creek (Table B-6). Figure 3 shows asummary of the mean DO and iron concentrations
for 1997. Asshown inthefigure, the average DO isrelatively low near Taku Boulevard (just
above 7 mg/L) and is higher downstream (nearly 10 mg/L) until Nancy Street, where the East
Fork joins the main stemand DO dropsto 6.5 mg/L. The DO increases again below Nancy Street
(between 8 and 9 mg/L) until the vicinity of Berners Avenue, where it again drops below 8 mg/L.
From below Berners Avenue to the mouth of the stream, DO inareases again, reaching 12 mg/L
nea the mouth. The iron concentrations from June 1997, als plotted in Figure 3, show a co-
occurrence of increased iron concentrations with decreased DO concentr ations.

Figure 4 shows the maximum, minimum, and mean DO concentrations for al sample dates (1992
t0 1997). The same DO concentraiontrend is observed for 1992 to 1997 asfor 1997 done, with
depressionsin DO at Taku Boulevard, Nancy Street, and Berners Avenue.
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Moving downstream, DO readings at adjacent stations were compared to eval uate the corrdation
of immediate upstream and downstream conditions. Figures 5a and 5b present pairwise
comparisons of DO at adjacent stations. 1n al but two cases, there appears to be astrong
correation between the DO a each sation and the DO a the station immediately upstream,
suggesting that conditions immediaely upstream are the major determinant of downstream
conditions. Where atributary enters the stream (Nancy Street) or there is groundwater seepage
from the glaciomarine sediments (Berners Avenue), the corréation is not as pronounced, whichiis
to be expected as a new flow source with different water quality is added at those points.

As part of the andysis the DO readings were compared to the criterion of 7 mg/L. Table B-6
summarizes the data for the 13 stations used, including the number and percent of samples that do
not meet the criterion. T his exceedance analysis show's the same pattern of DO depression and
improvement from Taku Boulevard to Nancy Street, from Nancy Street to Berners Avenue, and
from Berners Avenue to the mouth of the creek. In each case, as shown in Figures 3 and 4, the
DO depression coircides with an elevated iron concentration from groundwater inflow.
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Temperature

Because DO saturation isdependent on temperature, temperature and DO data were evaluated
together for Duck Creek. In general, low DO concertrations occur at lower flows and higher
water temperatures. The saturated DO concentration increases with decreasing temperature, and
multiple-year plotsof DO versustemperature should show this relationship. The monitoring data
were analyzed to see if the DO-temperature relationshipin Duck Creek followed thesetrends.
Figures 6 and 7 show the correlation of temperature with month and with flow. These figures
show that thereis very little correlation between streamflow and in-stream temperature, but that
the overall seasond patterns of temper atur e do hold, with maximum wat er temperat ures occurring
in June through August and minimum temperatur es occurring in January and February. For the
period between 1992 and 1997, the maximum temperatures varied between 10 °C at Taku
Boulevard and 22.3 °C at McGinnis Street.  Although minimum temperat ures ranged between 0
°Cand-1 °C, the DO in Duck Creek is generdly below 80 percent of saturation.

pH

When the pH significantly differs over the length of a dream, a greater portion of the oxygen
deficit might be due to chemical speciation and equilibrium processes and not the decay and

reaer ation processes. When the pH does not significantly differ, stream chemistry remains
relatively constant, and comparisons between stations are simplified. This condition was assumed
in devdoping the amplified model for Duck Creek. On 58 dates, pH readings were taken from as
few as 3 gations and as many as 27 gations. On 19 of these dates, the difference between the
minimum and maximum pH in the creek exceeded 1 pH unt. Whenthe pH vdues for each month
were compared, a pattern similar to that of the temperature analysis was seen, with the maximum
pH readings generdly occurring from June to August. The sample dates used for the modd did
not have pH variations above 1 pH unit.
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Pollutant Sources

An assesgnent of potential sources of oxygen demand is needed to evaluate the type, magnitude,
timing, and location of the oxygen demand loading to Duck Creek. The sour ce assessment
indudesidertification of the varioustypes of sources (eg., point, nonpoint, background),
determination of the relativelocation and megnitude of loads fromthe sources and thetransport
mechanisms. Of particular concern iswhat loading processes cause the impairment. Pollutant
sour ces and their loadings are often evaluated using avariety of tools, including existing
monitoring information, aeria photography anayss, smple caculations, soreadsheet anadysis
using empirical methods, and a range of computer models.

Point Sources

No point sources are Pecified inthe DCAG reports (Lorenz, 1998; Koski and Lorenz, 1999). A
search of EPA’s Permit Compliance Systemidentified no point sources in the Duck Creek
watershed. NPDES permits arerequired for stormwater discharges incities of 100,000 or more
Because Juneau is amdler than this no sorm water permit isrequired, and storm water is
addressed as a nonpoint source of pollutionin this TMDL.

Nonpoint and Natural Sources

Organic Material

The decay of organic material and the conversion of ammoniato nitrite and nitrate (nitrogen
compounds) consume oxygen resulting in deareased DO. Possible nonpoint sources of nitrogen
compoundsinclude waste deposition throughout the watershed by wildlife and pets, leaves or
other organc material deposited in the stream, and storm water runoff. Limited in-greamdata
are available for nitrogen concentrations and BOD;, (see Tables B-3 and B-4). The available
samples did not exceed 0.3 mg/L for ammonia, and 3.1 mg/L for BOD,.. These observed
concentrations suggest that nutrients do not present a significant source of oxygen demand in
Duck Creek. Assuming typical decay raes (USEPA, 1985), no reaeraion, and the same vd oaty
and distance as were used in thesimplified model used to develop this TMDL, the oxygen
demand for the BOD. and amnonia at Taku Boulevard is estimated to be 0.5 mg/L. Themodeled
oxygen demand for 10 mg/L of iron isabout 2.5 mg/L, and the low groundwater DO creates a6.5
mg/L oxygen demand. Each of these sourcesis an order of magnitude larger than the estimated
oxygen demand of decaying organc material. Therefore, organic decay and nutrient conversion
are not conddered important sourcesof oxygen demand in Duck Creek.

Organic chemicals like ethylene glycol and propylene glycol can aso deplete DO. These
chemicals are deicing agerts found in automotive antifreezeand have a high chemicd oxygen
demand (COD). They are delivered to surface waters primarily though runoff from urban areas.
Limited in-stream data are available for COD in Duck Creek (see Tale B-4). Samples collected
in October 1994 ranged from 8 mg/L to 23 mg/L COD, while the February 1995 samples ranged
from5 mg/L to 45 mg/L. Sanples collected in May 1995 measured COD valuesfrom9 mg/L to
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12 mg/L, suggesting that the February sanmple might have been an isolated event, perhaps
associated with deicing activities. Because the laboratory COD measurement uses strong
oxidative reagents, it islikely to reflect a much stronger oxygen demand than would occur in-
stream. The relationship between laboratory and in-stream COD is not well documented in the
literature. Inaddition, the primary means of trangport of organic chemicastothe sreamis
through storm wat er runoff, which tends to be highly oxygenated. Asaresult, theimpact of the
COD values presented in Talde B-4 on DO was assumed to be evenlower thanthe 0.5 mg/L
impect esimated for nitrogenous and BOD decay.

The estimates of DO demand exerted by BOD, COD and ammonia presented above support the
assumption that iron-rich groundwater isthe primary source causing depleted DO. |t should be
possibleto attain water quality standards in Duck Creek by controlling the inflow of iron-rich and
oxygen-poor groundwater. The additional potential sources of oxygen demand discussed above
(e.g., organic decay) are not considered significart sources and are not the focus of the Duck
Creek DO TMDL.

Iron

Iron concentrations vary along the length of Duck Creek and approach 10 mg/L at several
locaions, based onthe groundwater seepage daa presented inBellharz (1998). Elevated iron
concentrations can formiron floc and affect streambed aeration, which in turn affects aquatic life
in Duck Creek. As theiron oxidizes, an iron floc forms and settles on the stream bottom, filling
interstitial spacesinthe gravel. The floc limits the aeration of the interstitial water and traps
organic sediments that require DO to decompose. Thisdecomposition can create an oxygen
demand and cause |ow interstitial DO where the in-stream iron concentrations and associated floc
formation are highest. Because no dataare available oninterstitiad DO leves in Duck Creek, this
TMDL addresses only the water column DO impairment. However, it is anticipated that reducing
iron and increasing water column DO will also improve interstitial DO.

Iron can also deplete DO in the water colurm. Iron enters Duck Creek through groundwater
from iron rich sedimentsthat have been exposed at severd locations dongthecreek. Theironis
picked up by the groundwater asit travels through the glaciomarine sediments underlying portions
of the Duck Creek watershed (Stahl, 1999). The iron in these marine sediments commonly is
present as pyrite (FeS,) in the +2 oxidation state (Stahl, 1999). The locations where groundwater
high in iron discharges into the creek are distinguished by orange staining of the water and
streambed and by the formation of iron floc (Koski and Lorenz, 1999, Stahl, 1999, Lorerz, 1998).

[ron in marine sedimentsis primarily found in the reduced (ferrous) form because of the low levels
of oxygen (Stahl, 1999). Thissolubleiron isenvironmentdly important because it can easly
move through the groundwat er and be discharged to surface waters. When exposed to oxygen,
the iron is oxidized to the +3 oxidaion state (ferriciron) and forms insoluble feric oxides or
hydroxides (Visvanathan and Boettcher, 1991), which precipitate out of the water columnas iron
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floc (Lorenz, 1998). Asthe floc settles out of the water column, it builds up on the stream
substrate, causing a red gaining effect (Lorenz, 1998).

High concertrations of iron ingroundwater are often associated with low groundwater DO
because the DO has been consumed by iron oxidation bd ow ground, with no opportunity for
reaeration. Asaresult, the very groundwater that ddliversincreased iron concentrationsto the
creek also delivers decreased DO concentrations, which contributesto the instream depletion of
DO seen at these sites.

The sources, fate, and transport of iron in Duck Creek are important to the DO TMDL because
the formation of iron floc consumes oxygen and is considered the primary cause of low DO in
Duck Creek.

The availableiron data provide a genera overview of the spatia pattern of iron seepage along the
length of Duck Creek (TableB-2). Increased iron concentrations in groundwater seepageare
seenat Taku Boulevard, Nancy Street (below the confluence of the Eag Fork), and below
Berners Avenue. All three are believed to be locations where iron-rich groundwat er is seeping
into the gream (Beilharz, 1998). The flowsand in-stream DO values corresponding to these iron
concentrations were not available. At somelocations in the creek (below Nancy Street), the
water has appeared orange due to suspended iron floc (Beilharz, 1998). The three stream reaches
with the highest concentrations of dissolvediron in the groundwater inflow coincide with
locations where there have been modifications to the channel or excavations of ponds. These
excavations often exposed the underlying sediments and glaciomarine deposits.

A more complete characterization of the distribution of iron concentrations would involve
additional seepage sampling above Nancy Street on both the main stem and East Fork, and at
least one site downstream of Berners Averue, preferably a Air Cargo. Simultaneous sampling of
seepage and instream iron and DO concentrations at various dates and flows would help clarify
the spatial pattern and would provide some insight into any tenporal paterns that might exig.
Using the best available data, this TMDL idertifiesthe locations where el evated iron
concentrations have been observed in groundwat er seepage (Taku Boulevard, East Fork and
Berners Averue) and explores managemert options to reduce their impacts. This assumes tha
iron floc and floc transport will be affected to asimilar extent as dissolved iron.

Analytical Approach

Development of TMDL s requires acomhbination of technical andysis, practical understanding of
important watershed processes, and interpretation of watershed loadings and receiving water
responses to those loadings. In identifying the technical approach for development of the DO and
iron TMDLs for Duck Creek, the following core set of principles was identified and applied:
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 The TMDLs mug be based on scientific analysisand reasonable and acceptable assumptions
All major assumptions have been made based on available data and in consultation with local
ADEC aff.

* The TMDLs mug use the best available data. All availalde daain the watershed were
reviewed and were used in the analyss when possible or appropriate.

» Wateashed-scale models should be applied only where appropriate and when sufficient data
are availade. A simplified modding goproach based onempirical relationships was used for
the estimation of the iron and DO concentrations in Duck Creek. Available data and the
complex chemigry of iron oxidation did not support the use of watershed or water quality
models.

* Methods should be clear and as simple as posdble to facilitate explanation to stakeholders.
All methods and mgor assumptions used in the anayss are described, with additional detail
provided in the gppendices. The TMDL document has been presented in a format accessble
by awide range of audiences, including the public and interested stak eholders.

The andlytical approach used to estimate the loading capacity, existing loads, and load alocations
presented below relies on the above principles and provides a TMDL calculation that uses the best
availabe information to represent watershed and in-stream processes.

Simplified Model Development

The data available on nutrients, BOD and COD (Tables B-3 and B-4), and the negative
correlation of iron and DO concentrations (Figure 3) suggest that the dominant oxygen-
consuming process in Duck Creek isiron oxidation. To account for these unique dynamics
contributing to impairments in Duck Creek, the TMDL analyss focused on iron concentration as
apredictor of in-stream DO and a site-specific amplified model was devel oped to simulate flow,
DO ard iron interactions. The Duck Creek waershed is represented in themodd by aseries of
eight segments. The modé contains calibrated boundary conditions that set theinitial DO and
iron concentrations, and equaions from Chapra (1997) are then used to simulate iron and DO
interactions and dynamics within the stream segments. The modd predicts the resulting iron and
DO concentrations at the output of each segment. Those output concentrations are then used as
input to the next downstream segment. Areas of expected or known groundwater inputs are also
included within the model and are represented by input flows and concentrations within the
gopropriate ssgments.  The modd was developed using flow and iron information found in
Beilharz (1998) and DO monitoring daa. Detalls on the estimation of flow and simulation of iron
and DO within the mode are contained in Appendices C and D, respectively. The following
sections provide gereral summariesof the modeled edimation of flow and iron and DO
concentrations, the calibration of the model, and the assumptions and limitations associated with
the modd.
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Estimation of Flow

Equations used inthe model to simulate DO and iron dynamics are dependent on stream flow.
Therefore, to simulate the instream conditions of Duck Creek, it was necessary to have input
flowsfor each amulation time period and modeed segment. The flow pattern in Duck Creek is
complex and varies dong the length of the stream, but continuous flow observations are avalable
only at Nancy Street. A method was developed to estimate flows at locations of interest along
Duck Creek using information on flow regimes and percertages from the Duck Creek Hydrology
Baseline Conditions report (Beilharz, 1998). The flow estimation method, presented in detail in
Appendix C, was used to estimate the flow at three of the eight stream segments smulated: Taku
Boulevard, Mendenhall Boulevard, and Sephen Richards Memorial Drive. Obseved flows wee
used for the Nancy segment, and flows for the remaining segments Agpen Avenue, Duran Stred,
McGinnis Drive, and below Kodzoff Acres, wereinterpolated from the estimat ed flowsin
adjacent segments.

Interaction of Iron and DO

Iron and DO losses due to oxidation and floc formation, as well as DO increases due to in-stream
aeration, were calculaed for each stream segment. DO concentrations change aong the chamel
due to groundwater inflow. The groundwater, whichis assigned an iron concentration in each
segment based on the observed monitoring information in Table B-5, will increase or decrease the
in-stream iron concentration. A constant concentration of 0.3 mg/L was used to specify the
groundwat er iron concentration for segments with groundw ater inflowsthat are not influenced by
glad omarine sediments (Aspen Ave, Duran &, McGimisDr, Stephen Richards Menorial Dr,
Kodzoff Acresand Nancy St.) An iron concentration of 10 mg/L was assumed in groundwater
inflows for segments where t he glaciomarine sediments have been exposed (T aku and M endenhal
Blvds). TheDO concentration was estimated for each typeof groundwater (hghironand low
iron) based on the groundwater observation daa presented in Table B-5. A constant DO
concentraion of 4.9 mg/L wasused inthe model for groundwater with an iron concentration of
0.3 mg/L. A DO concertration of 3.2 mg/L was assumed for iron-rich (10 mg/L) groundwater*.
Since the groundwater DO in both cases is lower than the in-stream DO concentration, the low
groundwater DO contributes to the depletion of in-stream DO, espedally in those segments where
glaciomarine sadimerts have been exposed. The detail s of the equations used to calculate iron
and DO in each stream segment are presented in Appendix D.

Estimation of Hydraulic Condition
The hydraulics of the stream depend on the stream cross section, slope, and bottom roughness.
The hydraulics affect the decay, settling and aeration rates within the segment, affecting the model

! The following regression relating groundwater iron cancentrations to groundwater DO cancentrations was
developed based on the data presented in Table B-5:

[DO] = -0.187*[Fe]+5.0397 (R? = 0.6315)
Therefore, for [Fe] = 10 mg/L, [DO] = 3.2 mg/L and fa [Fe] = 0.3 mg/L, [DO] = 5.0 mg/L
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prediction of instream DO and iron. The slope of eachmodd segment was egimated based on
the elevation of the segment endpoints from the mapsincluded in Beilharz (1998). A constant
roughness of 0.035 was applied to the entire stream. The width of the stream was assumed to be
4 feet everywhere except for the segments of Aspen and Duran, where a width of 20 feet was
used. A wider channel was used to represent these two segments because they consist of ponded
water along the majority of their length, rather than free-flowing streams. The Manning's
equation (Linsley et al., 1992) was used to calculate the flow velocity and depth of each stream
segment. Since the depth of each model segment is unknown, the iteration method was used to
estimate depth so that the flow calculated using Manning’ s equation matched the flow estimated
for each model segment.

Model Calibration and Validation

The nodel was calibrated using DO data from Augug 1995 and validated using DO data from
August 1997 (see FiguresD-1 and D-2 in Appendix D). (Because iron daa are availalde only for
June 1997, iron dataused in all cdibrations are the June 1997 data.) To further verify the modd,
it was then used to simulate the instream corditions for June 15, 1997, and the mean flow for
June 197 (Figure 8), corresponding to the time period when groundwater segpage data were
collected (Table B-2). Iron predictions closely matched the patterns and concentrations of the
observed iron data (Figure 8). The model DO predictions for June 1997 show poor agreement
with the instream DO observations, which frequently exhibited supersaturated conditions. The
predictions did, however, capture the overall pattern of the June DO measurements, with DO
values consstently underestimated by approximately 3 mg/L (see Figure 8). A review of the
precipitation data reveded a 0.56 inch rain gorm on June 12, 1997. The peak value observed at
14,000 feet could represent algal activity from nutrientswashed into the stream during rains from
the three days prior to the sampling date. The correlations in Figures 5a and 5b suggest that the
effect of such algal activity would trandate to downstream sites. This activity and the resulting
supersaurated DO conditions camnot be simulated by the modd. However, the model’s capture
of the waer quality pattern and its good calibration in Augug 1995 and August 1997 indicates its
appropriatenessand successful smulation of Duck Creek iron and DO dynamics.
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Figure 8. Validaion of sinplified model simulation of iron and DO for June 1997

Limitations of the Iron and Dissolved Oxygen Model

Duck Creek has a documented DO problem, which could be caused by pollutants from several
sour ces, including urban runoff containing nitrogen and organic material, high instream iron,
increased inflow of low DO groundwater, and limited instream reaeration caused by hydraulic
problems. Thehydraulics are complicated by the loss of water through portions of the streambed.

Model selection required consideration of the available data and a determination of which

poll utantsrepresent the largest source of oxygen demand. Comparison of the monitoring data to
the DO saturation value shows instances of the stream being supersaturated with DO, suggesting
algal photosynthess Talle 2 presents the conmparison for June 15, 1997. Sincemonitoring data
also show devated levels of iron, the idea model would ssimulate iron chemistry, BOD, nitrogen,
phosphorous, and algae. The realistic simulation of iron chemistry requires data for pH,
temperature, cationslike sulfate and nitrate, and competing metd ions. A eutrophication mode,
which can smulate super saturation of DO, requires datafor BOD, agae, phosphorus, and

nitrogen. Due to limited data, implementation of such a model was not possible.
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Table 2. Instream DO saturation values on June 15, 1997

Site Temp (°C) | DO (mg/L) | DO Saturation (mg/L) | DO Saturation (%)
Taku Blvd 7.11 12.10 11.76 102.9
Mendenhall Bl vd 7.45 12.10 11.66 103.8
Aspen Ave 8.74 13.20 11.29 117.0
Duran St 9.23 11.60 11.15 104.0
McGinnis Dr 11.07 10.40 10.66 97.6
Stephen Richards Memorial Dr 10.37 11.50 10.84 106.1
Kodzoff Acres 11.06 11.00 10.66 103.2
Nancy St 13.08 10.40 10.17 102.3

Water Quality Data Limitations

The limited water quality and flow data availabde for Duck Creek are described in the Water
Quality Analysis section of this report. The lack of nitrogen and phosphorus data makesit
impossbleto appropriately goply aeutrophication model, which limitsmodeled DO valuesto
saturation levels or less. The single round of iron sampling and lack of cation concentrations
makes it impossible to simulate iron chemistry in detail. Theavailable BOD and nitrogen
concentration daa sugged that oxidation of these parameters would not consume more than 0.5
mg/L of DO at typical rates. Given these data limitations, the best available method for iron
simulation is an exponential decay with time, represented by the simple Streeter Phelps model
found inQual2EU (Chapra, 1997). Loss of iron occurs through decay and settling, with material
that settles to the bottom assumed to be lost from the system. Temperature correction of rates,
DO saturation, and groundwat er inflow are included in this smplified model following the
methodsof Qual2EU. While settling rates would ideally be corrected based on water temperature
and water density changes, this approach would require particle size distributions and complicated
estimates that could introduce further error into the model. Oxygen saturation isincluded in the
model using the equation from Chapra (1997) relating the steady decline in DO saturation to
instream temperature.

Hydraulic Limitations

Predictions of decaying sources are coupledto the hydraulicsof the stream. The hydraulicsof
Duck Creek are complicated by the fact that some reaches gain flow, while othersloseit. Modes
like Qual2EU have the ability to include withdrawals, which could be used to smulate losing
reaches However, the model sassume that theloss is known for all flow conditions, whichisnot
true for Duck Creek, where flow losses vary depending on the ingtream flow and the leve of the
groundwater tade Anattempt was made to usethe flows in Table C-1to estimae upgreamto
downstream flow ratios, but the ratio values varied too much from low to high flowsto allow a
reliabe simulation. An alternative approach was used to estimate the incremental inflow for each
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dreamreach fromthe datain Table C-2. The estimated in-stream flows are therefore steadily
increasing in the downgream direction for all flow scenarios. The error in estimating flow at each
modd segment greatly affects the estimate of groundwater inflow and its associaded DO andiron
loadingsto the Creek. The collection of additional flow data at more locations along the Creek
will hdp minimize this error.

Model Accuracy Limitations

The modd equations being used have an accuracy of 0.1 mg/L, meaning that a prediction of 7
mg/L is actually between 6.9and 7.1 mg/L. The fit of the model to monitoring daa will not
approach this level of accuracy. Different flow conditions will create instream conditions that can
not be exactly matched. A defensible model will minimize the error between actua conditions and
predicted values, with the calibration and validation runs close to or matching several observed
values, and having about the same number and magnitude of overpredicted values as
underpredicted values.

The ahility of the model to match the monitoring data is dependent on thereactionrates used.
The model had 3 reaction rates. reaeration, settling, and decay. T hereaeration rate is dependent
on velocity, which varies with stream channel morphology. With sufficient monitoring data, reach
variable reaeration rates can be derived. Sufficient data were not available to do thisin Duck
Creek. Therefore, a constant reaeration rate was used in the model. For shallow streams, most
equdions predid reaerationratesthat exceed 20/day. Thetypical range of observed rezeration
rates for a shalow stream like Duck Creek, however, is between 2/day and 15/day (USEPA,
1985). Through calibraion of model parameters, the model rezeration rate was se to 19/day.

The overdl iron removal rate was cdibrated first, followed by a calibraion of the predicted DO.
In the model used, ironis lost due to decay and settling, while DO isimpacted only by decay.
Since decay is involved in both the iron and DO equaions, the impact of low DO on the decay
rate should be taken into consideration. Available literature on the impact of low DO on decay
rates deals with the decay of nitrates, and the impact isnot significant for DO levels above 3
mg/L. Themodd predicted DO lessthan 3 mg/L for the stream reach between Taku and
Mendenhall Boulevards. Accounting for the effect of low DO on iron decay rates would mean
slower predicted iron removal rates and less DO consumption. A sensitivity analysis was
performed to test the magnitude of the impact of including this inhibition mechanism, and the
results showed tha predicted val ues varied by less than 0.1 mg/L when the inhibition of iron
decay a low DO wasincluded. Sengtivity analysis of other model parametersyielded the
following results:

» Varying theassumed reaeraionrate: 10% change in predicted resuts
» Varying theassumed decay and settling rates: 10% change in predicted results
* Varying theassumed flow velocity and chamel morphology: 20% changein predicted results
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Clearly the model is most sensitiveto the assumptions made regarding the hydraulicsof Duck
Creek. Theaccuracy of thissimplified modd aralysis is therefore edimated & 0.5 mg/L for
reacheswhere daa areavalable. Under low flow condtions results will vary and model resuits
may ot be as accurate. The assumptions regarding hydraulics were made based on the limited
data available and should be verified through more intensive study of the hydrology of the Duck
Creek watershed.

Loading Capacity

One of the essential components of a TMDL isidentifying and r epresenting the rdationship
between the desired condition of the stream (expressed as the water quality standard) and
pollutant loadings. Once this relationship has been established, it is possible to determine the
capacity of the waterbody to assimilate iron loadings and still maintain acceptable DO levels.

It is estimated that 75 percent of the watershed (810 acres) drains to the USGS gaging dation at
Nancy Street. Duck Creek currently experiences flow losses in the reach downstream of the
Nancy Street station, to the point that flow is ertirely absent from this reach during certain times
of the year. Severa management options have been proposed to restore flow in thisreach,
including lining the streambed to prevent flow losses to groundwater and flow augmentation
(Koski and Lorenz, 1999). Thisanalysis assumes that flow is conserved from Nancy Street to the
mouth of the creek at Radcliff Road. Although flow conservation does not represent current
conditions, it was necessary to assume tha no reaches of the areek went dry inorder to simulae
ironand DO dynamicsinthe creek. It isnot possible to model water quality during zero flow
events.

Itisalso assumed that the seepage of highiron, low DO groundwater occursonly a Taku and
Mendenhall Boulevards, the East Fork and Berners Avenue, and that the concentrations of DO
andironinthis segpage are the same at all four sites. Teble B-2 shows that the iron
concentrations at Taku, Mendenhall, and 200 feet below Berners are nearly equivalent (10 mg/L,
9.5 mg/L, and 9mg/L, respectively.) No iron measurements are availall e for the East Fork.
Since no other data are available, the iron concentration in the creek in proximity to groundwater
seepageistherefore assumed to be 10 mg/L, based on theiron monitoring data presented in
Beilharz (1998) and Table B-2. That iron concentraion correpondsto a DO concentration of
3.2mg/L (as determined by the regression relating groundwat er iron and DO discussed in the
Simplified Model Development section). The DO and iron concentrations of the groundwater
inflow at Takuand Mendenhall Boulevardsare also assumed to be condant year-round.
Sufficient dataare not available to suggest that the quality of the groundwat er varies seasondly
(the datain Tale B-2 were colleded in June 1997, and the wellsin Table B-5, were sampled on
five dates over a 9x week period inthe goring of 1999.) While the high iron cortent of
groundwater is a naturd conditionin some parts of the Mendenhall Valley, the inflow of iron to
Duck Creek has beenincreased by stream modifications, induding dredging, that have intercepted
the glaciomarine sedimert layer.
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Were sufficient flow records and monitoring data available, the loading analyds would be based
on a statistical low flow analysisusing long-term average concentrations. Thelimited flow record
is, however, not sufficient to performalow flow analysis The loading analysis was therefore
doneat several flow conditions determined based on theflow percentilescalculated from
December 1993 to September 1999 flow record. Based on this flow record, the 10" percentile
flow, or flow that is exceeded 90 percent of the time, is 1.0 cfs, and the mean flow is 2.4 cfs.

Using the 10" percentile flow and an initial upstream DO of 7 mg/L, an iron concentration of 10
mg/L at Taku and Menderhall Boulevards results in a DO concentration below the 7 mg/L
criterion and iron concentration above the0.3 ng/L criterion. The upsgreamDO was set at 7
mg/L to match the water quality criteria. Theiron at Taku and Mendenhall Boulevards must
therefore be reduced in order to meet water qudity criteria. A reductionto 0.3 mg/L of ironin
groundwater resulted inthe satisfadion of the DO criterion of 7 mg/L, as shown in Table 3.

The loading capacity for iron in Duck Creek is the total amount of iron that the stream can
assmilate without violating the DO criterion of 7 mg/L and theiron criterion of 0.3 mg/L. The
load ng capacity of each segment can be calculated as the maximum dlowall e concentration of
iron multiplied by the incremental flow increase in each model segment. Thetotal loading
capacity for the creek is then oltained by summing the loading capacity of dl model segments.
Table 4 preserts the calculation of the loading capacity for Duck Creek at thecriticd low flow
(10" percentile) of 1.0 cfs. The loading capacity established for the iron and DO TMDLs in Duck
Creek is0.27 tonglyr of iron at low flow.

Table 3. Resulting DO in Duck Creek segments under low flow TMDL conditions

Model Segment Distance Upstream (ft) Modeled DO (mg/L)
Taku Blvd 16,600 7.00
Mendenhall Blvd 15,275 7.91
Aspen Ave 14,145 7.86
Duran St 13,650 8.59
McGinnis Dr 12,710 8.95
Stephen Richards Memorial Dr 11,775 9.20
Kodzoff Acres 10,035 9.57
Nancy St 8,520 8.62
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Table 4. Loading capacities for Duck Creek under low flow (1.0 cfs) conditions

Model Segment Distance Incremental Instre am Iron Low Flow Iron

Upstream (ft) | Increase in Flow | Water Quality Loading

by Model Criterion (mg/L) Capacity

Segment (cfs) (tons/yr)!
Teku Blvd 16,600 0.158 0.3 0.04
Mendenhal Blvd 15,275 0.289 0.3 0.08
Aspen Ave 14,145 0.004 0.3 0.00
Duran St 13,650 0.002 0.3 0.00
McGinnis Dr 12,710 0.004 0.3 0.00
Stephen Richards Memorial Dr 11,775 0.004 0.3 0.00
Kodzoff Acres 10,035 0.288 0.3 0.08
Nancy St 8,520 0.251 0.3 0.07
Total 1.000 - 0.27

! The loading capacity for each segment was cd culated by multiplying the flow by the ingream aiterion. The
following convergon factors were used to convert dfs*mg/L to tons/yr:
(28.31685 L/ft%)* (31,536,000 s/yr)/(1,000,000,000 mg/ton) = 0.893

Wasteload Allocation
Because no point sources contribute to the iron and DO impairment in Duck Creek, the wasteload
allocation was set to zero.

Load Allocation

Because instream iron delivered by groundwat er is considered the primary source of both iron and
oxygen demand, the Duck Creek DO and iron TMDL s establish aloading capacity for iron
originating in groundwater irflow. And becausethere areno point sources and iron is assumed to
be the only sgnificant source of oxygen demand, theload allocation (LA) for iron is set equd to
the loading capadty. Theexisting load (EL) iscalculated by multiplying the currernt concentraion
of iron by the existing flow in each segment, and then summing al of the segments. The current
concentration of iron in groundwater inflow from glaciomarine sediments is assunmed to be 10
mg/L, with anassodated DO of 3.2 mg/L. The groundwater inflow with high iron concentration
andlow DO occursinthe Taku and Mendenhall Boulevard segments  Thegroundwater inflow to
the remaining segmentsisassumedto be low iniron (0.3 mg/L) and to havea DO concentration
of 5.0 mg/L. Table5 presentsthe calculation of the existing iron load for Duck Creek at the
critical low flow (10" percentile) of 1.0cfs Theload ng capacity, existing load, load allocation
and load reduction unde low flow conditions are presented in Table 6. The low flow iron load
allocation is 0.27 tonslyr, representing aredudtion of

3.87 tors/yr (93 percent reduction) in current ironloads to attain water qudity sandards for iron
and DO under low flow conditions.
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As discussal earlier, thedelivery and deposition to Duck Creek via storm water runoff may exert
an oxygen demand, but that demand is significantly less than the impad of the in-streamiron.
Therefore, there is no quarntified load allocation for organic material because the sources can not
be reasonably estimated. Any contribution to oxygen demand from organic material is considered
negligibleand can be accounted for through the margin of safety indudedin the TMDL aralysis

Table 5. Existingiron loadsfor Duck Creek under low flow (1.0 cfs) conditions

Model Segment Distance Incremental Existing Low Flow
Upstream (ft) | Increase in Flow | Groundwater Existing Iron
by Model Iron Load (tons/yn)’
Segment (cfs) Concentration
(mg/L)
Teku Blvd 16,600 0.158 10.0 141
Mendenhall Blvd 15,275 0.289 10.0 2.58
Aspen Ave 14,145 0.004 0.3 0.00
Duran St 13,650 0.002 0.3 0.00
McGinnis Dr 12,710 0.004 0.3 0.00
Stephen Richards Memorial Dr 11,775 0.004 0.3 0.00
Kodzoff Acres 10,035 0.288 0.3 0.08
Nancy St 8,520 0.251 0.3 0.07
Total 1.000 - 4.14

! The loading capacity for each segment was cd culated by multiplying the flow by the ingream aiterion. The
following converdon factars were used to convert cfs*mg/L to tons/yr:
(28.31685 L/ft%)* (31,536,000 s/yr)/(1,000,000,000 mg/ton) = 0.893
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Table 6. Loading capadty, existing load and |oad reductionfor Duck Creek under low flow

conditions
Low Flow Iron

Loading Low Flow Low Flow Iron Low Flow Iron

Capacity Existing Iron Load Allocation | Load Reduction
Model Segment (tons/yr) Load (tons/yr) (tons/yr) (tons/yr)
Teku Blvd 0.04 141 0.04 1.37
Mendenhall Blvd 0.08 2.58 0.08 2.50
Aspen Ave 0.00 0.00 0.00 0.00
Duran St 0.00 0.00 0.00 0.00
McGinnis Dr 0.00 0.00 0.00 0.00
Stephen Richards Memoria Dr 0.00 0.00 0.00 0.00
Kodzoff Acres 0.08 0.08 0.08 0.00
Nancy St 0.07 0.07 0.07 0.00
Total 0.27 4.14 0.27 3.87

Margin of Safety

Thissection addresses the incorporation of a marginof safety (MOS) into the TMDL analysis
The MOS accounts for any uncertainty or lack of knowledge concerning the relationship between
pollutant loading and water quality. The MOS can be implicit (e.g., incorporated into the TMDL
andysis through conservative assunptions) or explicit (e.g., expressedinthe TMDL asa portion
of the loadings) or a combination of both.

The MOS was included in this TMDL implicitly through a series of conservative assumptions
related to both the estimation of the existing loading and the water quality target for the TMDL.
The conservative assumptionsinclude the following:

» Theassumption that groundwater isthe primary source of instream flow in Duck Creek: the
contribution of runoff to instream flow could not be quantified. However it islikely tha
runoff would contain much less iron and nore DO than groundwater. The assumption that
groundwat er isthe primary contributor to instream flow is therefore likely to overestimate the
iron and low DO contributions to the creek.

* The use of a simple model to smulae the uptake of iron: chemicd equilibrium and speciaion
changes with changes in pH and temperature. Many equilibrium reactions are not first-order
s0 the use of afirst-order modd could overestimate the uptak e of iron and overpredict the
oxygen demand. Thetemperature correction of the settling and decay ratesisal a
conservaive assumption, which would tend to dow the decay rate, extending the length of
stream with high iron concentrations.
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Seasonal Variation

It is difficult to pred c and estimae theannual and seasonal variaioninthe delivery of iron to
and the consumption of oxygen in stream systems. Delivery occurs throughout the year, but can
also be influenced by precipitation patterns and their associated infiltration and groundwater
dischargerates. Asthe precipitation infiltrates into the soil and is exposed to the underlying
glaciomarine sediments, it picks up dissolved iron and is eventually delivered to the stream as
iron-rich groundwat er discharge. The consideration of seasond variation is an important
component of the Duck Creek TMDL because of the critical time periods associated with the
fishery. These critical periods vary depending on the life stage being considered. The critical
period for hatching and fry emergence is from January to May, whereasthe critical period for
adult spawning migration is from July to November. The TMDL was established with annual
alocations of iron to Duck Creek, but the anaysis focused on periods of low flow, when the
groundwater irflow ismorelikely to dominate in-stream chemistry. These periods of low flow
occur from January through July. The TMDL is therefore sensitive to periods of low flow when
exceadancesof the DO standard are mog likely to occur.

Monitoring and Possible Future Actions

ADEC developed sections describing their expected or potential efforts to measure the accuracy
of assumptions made in the TMDLs and effectiveness of the actions taken to reduceiron and
increase DO as well as to implement managemert actions to reduce iron and increase DO in Dudk
Creek. Those discussions are provided in Appendix E.

Public Participation Process

EPA published a notice on the proposed Duck Creek TMDL for iron and DO inthe Juneau
Empire, the newspaper with the largest circulation in the Juneau area. T he public comment
period was open from August 15, 2000 to September 15, 2000. Additionally, this proposed
TMDL was presented at the Duck Creek Advisory Group’ s meeting on August 16, 2000. In the
published public notice, EPA invited the public to attend this meeting. EPA developed a website,
which included the public notice, afact sheet and the draft TMDL and advertised the webste
addressin the public notice. Thiswebsite was posted on both EPA Region 10's website and
linked fromthe Alaska Department of Environmental Conservation's webgte. Additionally, EPA
directly sent and e-mailed copies of the public notice and draft TMDL to key federa, state and
local agencies, environmental groups and other local organizations.

The Alaka Department of Fish and Game and the City and Borough of Juneau provided
comments on this specific TMDL. The responsiveness summary, which discusses how these
comments are addressed, is provided in Appendix F.
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Appendix A: Complete List of Dissolved Oxygen Monitoring Stations

Monitoring Station Distance Parameters Used in Notes

Upstream (m) Sampled Analysis?
Dredge Lake N/A Coliform No Above watershed
Taku Blvd 16,600 DO, Yes

Coliform

Mendenhall Blvd 15,275 DO Yes
Aspen Av 14,145 DO Yes
Duran St 13,650 DO Yes
McGinnis Dr 12,710 DO Yes
Stephen Richards 11,775 DO Yes
Memorial Dr
Glacier Valley Schoal 11,500 DO No Drainsto East Fork, Rainbow Rd
Cinema Dr 10,975 DO Yes
Kodzoff North 10,600 DO Yes
Lakes de Condos 10,575 DO No Drainsto East Fark
Kodzoff South 10,035 DO Yes
Nazerene Pond 9,995 DO No
Nancy above East Fork 8,645 DO No Samples limit to 1995
Nancy Pond 1 8,620 DO No On East Fork
Nancy Pond 2 8,590 DO No On East Fork, Stump Lake?
Nancy St 8,520 DO Yes At USGS Gage
James Blvd 7,170 DO Yes
Tesoro Ditch 7,000 DO Yes
Pumphouse 6,800 DO Yes
Superbear Pond 6,290 DO Yes
Egan Dr 5,490 DO Yes
Del Rae Rd 4,370 DO Yes
Glaci er Hwy 4,150 DO No Not enough samples
FA.A. 3,900 DO Yes
Valley Restaurant 3,600 DO Yes
Valley Paint 3,300 DO Yes
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Monitoring Station Distance Parameters Used in Notes
Upstream (m) Sampled Analysis?

Professional Haza 3,000 DO Yes

Berners Av 2,701 DO Yes

Air Cargo 2,040 DO Yes

Airport Blvd 1,050 DO, Yes

Coliform
Radcliff Rd 0 DO Yes
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Appendix B: Water Quality and Flow Monitoring Data

1994-1998 U.S. Geological Survey Streamflow Monitoring

Table B-1. Streamflow data from USGS gaging station at Nancy Street (15053200) and
precipitation from NCDC Juneau International Airport Station (504100) from 1994 to 1998

Year* 1994 1995 1996 1997 1998
Annual mean flow (cfs) 3.87 2.65 3.67 3.85 3.75
Annual runoff (acrefeet/yr) 2,800 1,920 2,660 2,790 2,710
Annual precipitation (infyr) 68.89 46.35 60.45 74.62 53.20
Annual precipitation (aoe-feetyr) 6,200 4,170 5,440 6,720 4,790
Month® Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
Flow (cfs) 170 {230 | 252 | 276 | 249 | 200 | 276 | 3.61 | 6.72 | 7.52 | 3.92 | 4.31
Pred pitation (in/month) 327 | 477 | 425 [ 3.10 | 2.86 | 3.50 | 543 [ 5.27 | 874 | 827 | 432 | 6.92
@ Annual values are summarized by cdendar year.
® Monthly values are averages for 1994 to 1998.
1997 USDA Forest Service Iron Sampling
Table B-2. Ironin groundwater seepage along Duck Creek (June 1997)

Street Crossing

Total Iron (mg/L)

Temperature (°C)

Taku Blvd 10 4.2
Mendenhall Blvd 9.5 7.4
Aspen Av 35 9.1
Duran St 35 9.8
McGinnis Dr 15 13.4
Stephen Richards Memorial Dr 0.5 13.8
Below Kodzoff Aaes (Kodzoff Sauth) 0.5 15.7
Nancy St (below confluence o East Fork) 25 16.9
De Rae Rd 1 15.6
Berners Av 5 10

200 feet below Berners Av 9 6.6

Source: Duck Creek Hydrology Baseline Conditions (Beilharz, 1998).
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1996 U.S. Geological Survey Water Quality Monitoring

Table B-3. USGSwate qudity monitoring data
Site Date NO, (mg/L) | NO, (mg/L) | NH, (mng/L) | TKN (mg/L) | DO (mg/L)
Taku Blvd 8/26/96 <0.01 0.116 0.14 <0.20 4.1
Mendenhall Blvd 8/26/96 <0.01 0.23 0.118 <0.20 6.1
East Fork 9/2/96 <0.01 <0.05 0.044 <0.20 4.6
Cessna Dr 9/2/96 <0.01 <0.05 0.285 0.37 3

1994-1995 Alaska Department of Environmental Conservation Water Quality

Monitoring

Table B-4. ADEC water quality monitoring data

Site Date NO, (mg/L) NO; (mg/L) BOD; (mg/L) COD (mg/L)
Taku Blvd 10/10/94 3 0.35 <2 14.75
2/10/95 <0.04 <0.11 31 28.06
5/1/95 <0.04 0.68 3 11.79
Airport Blvd 10/10/94 0.1 0.23 <2 8.85
2/10/95 <0.04 0.22 <2 5.26
Dredge Lake 10/10/94 0.07 0.02 <2 20.65
2/10/95 <0.04 <0.11 <2 45.59
5/1/95 <0.04 0.72 <2 12.23
Rainbow Raed 10/10/94 0.84 0.53 <2 22.62
2/10/95 <0.04 0.38 2 -
5/1/95 <0.04 1 <2 10.47
Stump Pond 10/10/94 0.05 0.06 <2 2.55
2/10/95 <0.04 <0.11 2.1 24.55
5/1/95 <0.04 0.71 <2 9.15
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1999 Groundwater Monitoring

Table B-5. Groundwater monitoring for DO and iron

Site Date DO (mg/L) Iron * (mg/L)
Well 3 (near Cessna Dr)° 4/7/99 4.00 0.6
4/21/99 7.50 0.2
Wl 4 (south of Berners Av)°® 5/26/99 3.30 0.64
6/9/99 4.90 -
Well 17 (at El Camino St) 4/21/99 1.30 19.8
5/5/99 1.20 21
5/26/99 0.40 8
6/9/99 1.40 -

Source: Stahl, 1999

@ Stahl does not mention sample filtering, so assumed to be total iron
b Near stream and not considered to be representative of groundwater concentrati ons.

1994-1997 National Marine Fisheries Service and Alaska Water Watch Water
Quality Sampling

Table B-6. Summary of DO monitoring dataused in TMDL development

Distance No. of No. of Ex- Percent Ex-
Site Upstream (ft) Obs. Mean Max Min ceedances ceedances
Taku Blvd 16,600 61 5.13 14.60 1.83 48 79%
Mendenhadl Blvd 15,275 55 7.58 14.12 4.00 30 55%
Aspen Av 14,145 61 7.72 14.12 5.00 29 48%
McGinnis Dr 12,710 63 8.15 14.94 1.20 17 27%
Cinema Dr 10,975 46 9.07 1351 6.61 2%
Kodzoff Acres 10,600 49 9.55 15.95 4.43 2 4%
Nancy St 8,520 45 1.77 12.77 447 20 44%
Supebea Pond 6,290 44 8.36 14.00 3.00 14 32%
Egan Dr 5,490 411 8.43 13.85 1.07 10 24%
Del Rae Rd 4,370 27 8.32 12.54 4.00 9 33%
Berners Av 2,700 438 8.09 13.06 0.61 16 33%
Air Cargo 2,040 38 7.38 13.43 1.08 19 50%
Radcliff Rd 0 19 9.00 14.00 3.00 5 26%
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Appendix C: Flow Estimation Method

To usethe dmplified model to simulate instream DO and iron, it was necessary to have flows for
each of the modded ssgments. However, flow data are only available at Nancy Street.
Information contained in the Duck Creek Hydrology Baseline Conditions report (Beilharz, 1998)
was used to estimated flows throughout Duck Creek based on the measured flows at Nancy
Street. In Beilharz (1998) flows were measured and reported at six locations for six flow regimes
varying from low to high flows, and the percentage of total flow that would occur instream
segments was estimated based on the 25-year return interval. T he streamflow per centages can be
used in flow interpolation for the simplified model segments. Table C-1 lists the six flow regimes,
and Table C-2 lists the estimated percentage of flow in each of the stream segments.

Table C-1. Flow measurementsin Duck Creek under six different flow regimes

Location Low Flow s High Flow
3/5/96 5/31/95 4/3/95 8/16/95 8/28/96 9/11/95
Teku Blvd 0.12 0.15 0.13 0.28 0.64 1.03
Mendenhall Blvd 0.34 0.76 0.81 1.15 1.70 2.70
Stephen Richards Memorial Dr 0.35 1.72 1.85 3.37 5.75 14.60
Nancy St 0.76 2.63 3.26 6.77 12.60 25.20
Del Rae Rd 0.00 0.18 1.49 5.44 14.50 22,50
Berners Av 0.00 0.00 0.00 3.36 12.10 25.20

Source Duck Creek Hydrology Baseline Conditions (Beilharz, 1998).

Table C-2. Estimated streamflow percentagesin Duck Creek

Stream Reach Percentage of Total Flow
Taku Blvd to Mendenhal | Blvd 26%
Mendenhall Blvd to Aspen Av 30%
Thunder Mt. Rd to EI Camino St 15%
El Camino St to Nancy St 82%
“East Fork” channel 16%
Nancy St to Egan Way 92%
Egan Way to Glacier Hwy 96%
Glacier Hwy to Mendenhall River 100%

Source: Duck Creek Hydrology Baseline Conditions (Beilharz, 1998).
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Although derived for higher streamflows (25-year return interval flows), the percentages of total
flow for Nancy Street before and after the East Fork were assumed valid for all flow levels.
These are the best available data for estimating the variation in flow along Duck Creek.

Using asorted instantaneous flow measuremerts from the USGS at several stes along Duck
Creek, flow ratioswere caculated for Taku Boulevard ver sus Nancy Street and Mendenhal
Boulevard versus Nancy Street. The three ratios for Mendenhall Boulevard versus Nancy Street
were 23.5%, 31.3%, and 62.1%. T his comparesto a28% ratio (0.26/0.92) for Table C-2. The
ratiosfor Table C-2 are therefore a reasonable assumption for dl flows. The flow ratiosfor Table
C-1 are similar.

The simplified model simulation of Duck Creek was limited to the portion of the Creek between
Taku Boulevard and Nancy Street, which coversfour of the six flow dtesin Table C-1. For
stream locations not found in Table C-1, the flowswere interpol ated assuming auniform variation
in flow per unit of streamlength. For exanple, Table C-3 shows the percentage of the Nancy
Street gaged flow tha occurred on 04/03/95 at each site based on Table C-1. These flow
percentages were used inthe model for dates where the observed Nancy Street flow was similar
to that reported for 04/03/95 in Beilharz (1998). For other flows, a similar flow percentage was
calculated and used.

Theincrementd increases in flow fromlocation to location moving downgreamwere assumed to
come from groundwater. Groundwater inflows between the sites were assigned a DO
concentration based on theregresson results of the groundwater monitoring datashownin Table
B-5. A constant groundwater DO of 5.0 mg/L was assigned for aniron concentration of 0.3
mg/L. Aniron concentration of 10 mg/L was assumed in groundwater inflows a the locations
where the glaciomarine sediments have been exposed (Taku and Mendenhall Boulevards, the East
Fork, and below Beners Avenue). Groundwater inflows at all other points along the stream were
assumed to havean iron concentraion of 0.3 mg/L based onthe water quality standard and data
for wells 3 and 4 inthe unpublished report by Dr. Randy Stahl at the University of Alaska
Southeast. If stream conditions influence the 0.6 mg/L readings at the 2 wells, thenthe 0.3 mg/L
water quality dandard is a reasonabl e estimate in the absence of other data.
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Table C-3. Flow percentages at the model segments

Site Flow Percentage
Taku Boulevard 4%
Mendenhall Boulevard 22%
Aspen Avenue 31%
Duran Street 35%
McGinnis Drive 43%
Stephen Richards Memoria Drive 51%
Kodzoff Acres 71%
Nancy Street 100%
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Appendix D: Simplified Model Analysis of Iron and DO Dynamics

As dscussed inthe Analytical Approach section, a smplified model was developed to simulae
flow, iron and DO interactions. This Appendix discusses the specific equations and assumptions
used to represent and simulate the processes within the model.

Iron Dynamics

The simplified model assumes that the assimilation of iron through oxidation and floc settling
follows a first-order decay rate with gream reaeration. The Streeter-Phel ps equation (Chapra,
1997) presented below was used to simulate iron dynamics.

L =L, exp(-K,-x/u)

where: L = iron concentration leaving a given stream segment
L, = iron concentr ation entering a given stream segment
K, = K, (decay) + K, (settling) rates
x = length of stream segment
u = flow velocity

A longer stream segment will lose more iron than a shorter segment. Similarly, a segment with a
slower flow velocity will lose iron more quickly than a faster-flowing segment. And increased
settling and decay rates will lead to faster decreases in iron concentration.
Dissolved Oxygen Dynamics
The simulation of DO dynamics is based on the oxygen deficit, which is the difference between
saturation and actua conditons. The following equation was used to caculate DO at saturation:
D=DQ, -model segment DO
DO,, = exp(-139.34+1.57E5T -6.64E7/T? +1.24E10/T® -8.62E11/T*)  (Chapra, 1997)
where: T istemperature in degrees Kelvin, or 273.15 + T °C
The following equation was used to simulate DO dynamics:
D =D, exp(-K_x/u) + [K4L/(K,-K)]*[exp (-K.x/u) -exp(-k_.x/u)] (Chapra, 1997)
where: D = DO deficit leaving a given segment
D, = DO deficit entering a given segment

K, = receration rae
L, = iron concentr ation entering a given stream segment
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K, = K, (decay) + K, (settling) rates
x = length of stream segment
u = flow velocity

Smilarly to the dynamics of theiron loss equation, a longer disgance, dower flow velocity,
increased iron floc settling rate, or increased iron decay rate would increase the oxygen deficit, as
would alower reaeration rate.

Reaction rates were adjusted for temper ature using the following equation:
K; = K,o* 020 where: 6 = 1.024 for reaeration and 1.047 for decay and settling.

Simplified Model Calibration and Validation

The simplified model was calibrated using the flow, temperatures, and DO readings from August
18, 1995. The flows for each stream segment were calculated using the 4.2 cfsflow at the Nancy
Street U SGS flow gage and the flow ratios for August 16, 1995, from Bellharz (1998) and
included in Table C-1. The estimated iron concentration at Taku Boulevard from June 1997
(Table B-2) was used as L, and the measured DO reading as D,. The decay, settling, and

reaer ation rates were adjusted to obtain a good comparison bet ween the model predictions and
field conditions. Figure D-1 showstheiron and DO fit for the calibration. Initial reaeration rates
cdculated usng formulae from Chapra (1997) overestimated the DO, 0 the rate was manudly
adjusted to obtain agood fit. The simplified model was validated using the data for August 15,
1997, and changing the temperatures, flows and starting DO. A reasonable fit was oltained for
these daa, as shown inFigure D-2. All of the formulae used are available in Chapra (1997).
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Figure D-1. Calibration of smplified model simulation of iron and DO for August 1995
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Figure D-2. Validaion of simplified model simulation of iron and DO for August 1997
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Appendix E: Monitoring and Possible Future Actions

The following sections discuss ADEC’ splans for follow-up monitoring for the Duck Creek Iron
and DO TM DLsaswell as possible future actions for the TMDL implementation, including public
participation and education, flow reservaions and storm water management.

Monitoring
ADEC devedoped this section to assst in their effortsto measure the accuracy of assumptions
made in the TMDL s and effectiveness of the actions taken to reduce iron and increase DO.

The impads of dissolved ironand other oxygen-demanding substanceson designated uses are
difficult to characterize in Duck Creek. For thisreason, this TMDL islikely to have significant
uncertainty associated with selection of numeric targets representative of the desired in-stream
condition and estimat es of source loadings and waterbody assmilative capacity. Recognizing this
inherent uncertainty, EPA has encouraged the devel opment of TMDL s using availal e information
and data with the expectation that alocal commitment to additional monitoring will accompany
the TMDL (USEPA, 1991). This approach dlows proceeding with source controlswhile
additional monitoring data are collected to provide abasisfor reviewing the success of the
TMDL. This approach enables stakehol ders to move forward with resource protection based on
existing data and less rigorous analysis.

The past and current monitoring activities inthe Duck Creek watershed are outlined in the water
quality analysis section of this TMDL (and in the DCMP). Although the future status of these
monitoring programs is uncertan, it isanticipated that water qudity and flow monitoring will
continue at the USGS sampling stations in the watershed. The monitoring data collected at these
siteswill provide data tha:

* Verify the assumption that nutrients and BOD are not significant sources of oxygen demand
compared to iron.

* Assessimprovements in water qudity.

» Establish the background condition of Duck Creek and its groundwater inflows.

In addition to continued collection of data at the USGS stations, water quality monitoring by
other involved state and federa agencies (e.g., ADEC, NMFS) and volunteer groups (such asthe
Mendenhall Watershed Part nership) should continue in a coordinated manner. The focus of the
monitoring programs should be onthe assessment of stormwater as a COD source, assessnert of
in-stream conditions (iron and DO concentrations, nutrients, BOD, COD) and assessment of the
impacts on water quality of the planned flow restoration and channel improvement activities. The
monitoring will provide information onin-gream improvements and show long-term trends.
Implementation monitoring is often cited as the most cost-effectiveof the monitoring types
becauseit provides information on whether restoration efforts are having the desired effect on
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water quality. Specific projectsthat potentialy affect water quality conditions should be
monitored to determine their immediate on-site effects.

A better understanding of surface and groundwater flows inthe Mendenhall Valley and Duck
Creek would be helpful in the design of restoration and protection actions. Additional data on the
hydrology and stream channel characteristics of Duck Creek are needed to determine the
effectivenessof the TMDL inmeeting water quality standards in Duck Creek. In particular,
efforts should be made to measure flow, and channel width, depth and dope at various locations
along the Creek under different flow conditions. Thisinformation could be used to validate the
assumptions made in this TMDL.

Additional information on possible future actions to implement the TMDLSs isincluded in
Appendix E.

Possible Future Actions
ADEC devel oped this sedionto assist in thear efforts to implement the TMDLs for redudng iron
and inaeasing DO.

Public Participation

The Duck Creek Advisory Group (DCAG) wasformed in 1993 to plan and coordinate restoration
and protection of water quality and fish habitat in Duck Creek and its adjacent wetlands. The
DCAG includes representatives of the City and Borough of Juneau, state and federal agencies,
private businesses, conservation organizations, and homeowners. While the DCAG provides
interagency coordination and addresses technicd issues, the Mendenhall Watershed Part nership
(the Partnership, www.mendenhallwatershed.org) whichwas formed in 1998, is a citizen group
that provides direction and coordination for protection and restoration projects, public
information and education, and volunteer activities throughout the watershed — including Duck
Creek. Some of the activities sponsored by the MWP include the following:

* Adopt-a stream: community groups volunteer to help keep streams in the Mendenhall
watershed litter-free.

» Stormdrain stenciling: the message “ Dump No Waste, Drairns to Stream” is stenciled on
sdormdransto let residents know tha waste dumped into sorm drainsistransported directly
to streams without treatment.

* Public education and events: field trips, community forums on important water shed issues, and
technical workshops on erosion control and water pollution prevention are organized.

* Youth educaion the MWP and Discovery Southeast host “Watershed Discovery Days” for
youth to explore, do hands-on science, and help with a stewardship project in the watershed.

» Restoration projects. examples of projects include wetland habitat resoration and stahilization
of eroding stream banks.
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* Smart development: the MWP has worked with locd bulders and landowners to prepare
user-friendly maps that will help them design their projects with better information about
watershed resources.

» Flood control: record flooding in 1998 demonstrated the need for hydrologic studies of the
watershed. MWP funding supportsthe USGS hydrologic studies inthe valley.

Public attitudes and perceptions toward the importance of Duck Creek are already changing as a
result of the work done by the DCAG and the Partnership, and it is hoped that these or ganizations
will continue their effortsin the future.

Education

Water shed education should include informing the public and development community about the
fish and other wildlife that depend on good water quality, the causes of pollution, and the
environmental safeguards in place to maintainand regore water quality and fish habitat. In
particular, the community needs to understand the effects of land disturbing activities and other
sources of pollution on water quality, and to be aware of the local ordinances and other
regulations that are in place to prevent degradation of our aguatic resources.

Restoration

Because of the high level of pollution and the substantia loss of aquatic resourcesin the
watershed, a major effort will be needed to restore Duck Creek. The Duck Creek Watershed
Management Plan (DCM P, 1999) identifies two areas in which restoration efforts should be
focused —water quality and fish habitat. Theplan recommends that water quality restoraion
efforts should concentrate on maintaining flow throughout the stream, creating wetlands to treat
storm water, developing riparian greenbelts to serve as stream buffers, and reducing dissolved
iron levels in the stream. Specific aternatives include the control of dissolved iron through
capping sources of ironwithorganic fill, plarting riparian and aguatic vegetation cgpable of
oxidizing iron, mechanically aerating the water at the sources of dissolved iron, and increasing the
volume of flow to dilute the dissolved iron. Fish habitat restoration efforts should focus on the
restoration of stresm hydrology, including reduced flooding, and increased stream baseflow, and
improved stream crossings.

A number of demonstration projects have already been completed, including several improved
stream crossings better snow management, revegetation, sediment removal and channel
reconfiguration, and wetland creation. Planned projectsinclude additiona stream crossing
improvements, wetland creation and riparian zone revegetation, control of dissolved iron,
streamflow restoration, streambed lining or sealing, fine sediment removal, and public access and
education. The sdection and implementation of restoration projects should be balanced with
resdents concernsregarding drainage and flood control, while focusing on storm water treat ment
and wetland management. Education and enforcement of existing regulations will dso help curtall
the causes of impairment related to drainage and flood contral.
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Flow Reservations

One way to make sure that there is adequate wat er flow to maintain water quality and fish
populations is through a “flow reservation.” The Alaska Department of Natural Resources
(ADNR) can allocate minimum flows to protect fish and water quality. Once aflow dlocationis
granted, water can not be diverted to another use that would reduce flows below the minimum
flow reservation. A firg step toward the protection of instream flows was initiated by the Juneau
Chapter of Trout Unlimited (TU) in 1993, when it filed an gpplicaionfor an instream flow
reservation in Duck Creek to sustain fish produdion and hahitat in the creek and its tributaries
This flow reservation hasnot yet been adjudicated by ADNR, and 0 it is not known how much of
the requested reservation will be granted. Anadditional flow reservation request could be made
to protect water quality and would force adjud caion of the 1993 TU requed. The prevention of
additiond decreasesin instream flowsin Duck Creek is critical for fish habitat restoration.

Storm Water Management

The City and Borough of Juneau Planning Commission recently recommended that the Assembly
amend the Comprehensive Plan to include development and implementation of a comprehensive
borough-wide storm waer management plan. The requesed amendmert would include discussion
of how thelack of stormwater management resultsinan increase in storm flow delivered to
streams, and calls for the development of a borough-wide plan that will include:

* A mappdl inventory of current orm water discharge points

* Aninverntory of sediment load and pollutants at each site

* Anevauation of how current standards for public and private devel opment affect water
quantity and how they can be improved to help reduce water quantity before storm water
enters the storm drain system

* Anevaluation of snow managemert practices
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Appendix F: Response to Public Comments

EPA received comments from the Alaska D epart ment of Fish and Game and from the City and
Borough of Juneau on the proposed Duck Creek TM DL for Dissolved Oxygen and Iron. This
section of the TMDL summarizes the comments received in the letters and provides EPA’s

response to those commerts (Table F-1).

Table F-1. Summary of comments received on Duck Creek TMDL for DO and Iron and their

associated responses

Comment

Response

State of Alaska Department o Fish and Game

1. The proposad TMDL reports should
acknowledge that the fir st step to protect Duck
Creek instream flows has been initiated, but not
compleed. Noreservaions of water for general
water qual ity or for recreation purposes have been
filed to date.

The following text has been added tothe Possible Future
Actions section of the Duck Creek iron and DO TMDL :
“Flow Reservations: One way to make sure that there is
adequate water flow to maintain water quality and fish
populations is through a ‘flow reservation.” The Alaska
Department of Natural Resources (ADNR) can allocate
minimum flows to protect fish and water quality. Oncea
flow alocation is granted, water can not be diverted to
another use that would reduce flows bel ow the minimum
flow reservation. A first step toward the protection of
instream flowswas initiated by the Juneau Chapter of
Trout Unli mited (TU) in 1993, when it filed an application
for an instream flow reservation in Dudk Creek to sustain
fish production and hakitat in the creek and its tributaries.
Thisflow reservation has not yet been adjudicated by
ADNR, and so it is not known how much of the requested
reservation will be granted. A n additiona flow
reservation request could be made to pratect water quality
and wauld forceadjudication of the1993 TU requed. The
prevention of additional decreasesin instream flowsin
Duck Creek iscritical for fish habitat restoration.” [This
text isincluded in a section developed by ADEC to assist
in their efforts toimplement theTMDLSs.]

2. ADF&G hastwo instream flow reservation
appl icati ons pending adjudication by ADNR for
protection of fish and wildlife within the
Mendenhall River. Thes two reervaionswere
filed on April 10, 1992 (LAS 13806 and LAS
13807). Impacts to these reservations shoul d be
included i n the assessment of identifying water
sources to augment flows within Duck Creek.

This TMDL nolonger recommends flow augmentation as
ameans of attaining water qual ity standards in D uck
Creek.
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Comment

Response

3. Theinstream flow reservation applications
filed for Duck Creek and the Mendenhall River
are pendi ng adjudi cation. Unti| the adjudicati on
processes for theseand other water rights
applications are completed, the ultimate amaounts
of water that ADNR will grant for these water
reservati ons and other out-of-stream water uses
will remain unknown.

The following text has been added tothe Passitie Future
Actions section of the Duck Creek iron and DO TMDL :
“Thi s flow reservation has not yet been adjudicated by
ADNR, and so it is nhot known how much of the requested
reservation will be granted.”

City and Borough of Juneau

4. From page 1 Executive Summary: “...channel
modifications and land digurbancesnear the
creek have removed the thick layer of peat that
previoudy filtered out much of theiron,” How
did athick laye of peat accumulatein

geologically very young glecid v ley?

Rephrased as “ ...channel modifications and Iand
disturbances near the areek, including theremoval o the
thick layer of peat that previously filtered out much o the
iron, have becomemore common.”

Both Beilhartz (1998) and Stahl (personal communication)
corroborate that the peat layer accumul atesvery quickly.

5. Fram pagel Executive Summary: “... st the
loading cgpacity for iron at 1.36 tondyr...” Inthe
summary at the top of the page, the loading
capacity islisted as 0.23 tong/yr. On page 22,
loading cegpacitiesare cd cul ated as 0.23 tons/yr
(existing conditiong and 1.13 tons/yr (with an
additional 3 cfs). Where doesthe 1.36 figure
come from?

Thiswas atypoand has been corrected in the final TMDL.
The correct valueis 0.27 tong/yr with no flow
augmentation.

6. From page 1 Executive Summary: “Itis
recommended that proposed flow augmentati on
and streambed lining projects be carried out in
order toreducethe inflow of iron to the aeek...”
Flow augmentation may dilute the iron levelsin
the stream, but how will it reduce inflow of iron?
Similarly, the proposed streambed lining projects
are expeded to reducethe loss of water from the
creek. Thewater tablein these areasis so low
that i nflow is aready minimal in these reaches
and thusthe prgeds would havelittleif any
effet on the inflow of iron to the creek.

The text has been changedto read: “The local

impl ementation plan recommendsthat a combination of
the proposed iron reduction and flow restoration projects
be carried out in order to reduce the i mpact of iron inflow
to the creek...”
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Comment

Response

7. From page 10, 1997 and 1999 Ground water
Monitoring: “Two groundwater monitoring wells
were found in the USGS data with one reading at
each well. Information descriking the well
locations was not available” If their location is
unknown, then so it their relevance. Unless thar
locati on can be deter mined, thisinformation
should not beincluded in the final draft.

The USGS wells are known to be located in Southeast
Alaska, but more exact location data were not available.
Thesewells were ariginally induded because they confirm
the regional problem of low DO in iron-rich groundwater.
The USGS wells have been deleted from the final TMDL
because of the uncertainty regarding their locations. An
ongaoing USGS study of groundwater qudity in the
Mendenhall Valley may provide valuable infarmation in
the future.

8. Page 18, first full sentence: “The turbidity
impairment to Duck Creek wasaddressed in the
turbidity TMDL.” | have not seen the final
version, only an early draft of the turbidity
TMDL, hut the draft did not mention iron flocas
asourceof turhidity.

Thefind turbidity TM DL for Duck Creek mentionsiron
floc asa potential source of turbidity. Because its
contribution to turbidity was several orders of magnitude
less than ather sources, aloading valuefor iron flocwas
not calculated aspart of theturbidity TMDL. However, a
discussion of the presence of i ron floc and its contri bution
to turbidity was included A copy of the final turbidity
TMDL can be ohtained at

www.state.ak.us/l ocd/akpaged ENV.CONFERV/dawg/tmd
[/fin_tmdl.htm.

9. Page 20, last sentence of first (incomplete)
paragraph: “The predicted values are deemed to
be aufficiently accurate given the limited amount
of iron data available...” According to figure 8
the predi cted values for DO are uniformly lower
than the observed datain most cases by large
amounts. In particular the model predicts DO
levelsless than the 7 mg/L mini mum all owable,
whil e the observed | evels exceed this level by
about 50%.

A section entitled “Limitations of the Iron and Dissolved
Oxygen Madel” has been added to the TMDL and
describes the model in moredetail. The availabledata
allowed only a very amplified madeling approach. The
observed DO valuesin figure 8 repr esent super saturated
condtions. In arder tosimulate supersturation, the
model would havehad to include a simulation of algae.
Suffident data were na avalable to support such a
detailed modding approach. As aresult, the model could
not dmulate the supeasaturaed DO valuesseen in Figure
8. Howewer, themodd simuatesiron and non-super-
saturated DO observations wel, as seen in Figures D-1
and D-2.

10. Page 20, last full sentence: “This anaylsis
assumes that flow is conserved from Nancy Street
to the mouth of thecreek at Radcliff Road.”
While the model may not work if the flow stops
entirdy, it shauld be able tohandlea deaeasing
flow. This appearsto be area ity of Duck Creek
in all but the highest of flows according to Table
C-1, in particular during the situations when DO
isat it'slowest.

A section entitled “Limitations of the Iron and Dissolved
Oxygen Madel” has been added to the TMDL and
describes the model in more detail. T he section of Duck
Creek that was modeled ran from Taku Boulevard to
Nancy Stred. The sctions of Duck Cresk that are losing
flow arebelow this point, and waer loss isnot consistent
at all flows, which would be dfficult to modd given the
sparse data available. The approach taken was
conservative and appropriate given the available data
because it focused on low flow conditions when the creek
is most susceptible to losing reaches.
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11. Page 22, second paragraph: “The accuracy of
this simplified modd analysisis edimated at 0.1
mg/L.” Noneof the charts comparing the

modd’ s autput to adual measured conditions
come closeto having thisdegree of accuracy. The
model is off by several mg/L in figure 8,
approximately 1 mg/L in Figure D-2 and even in
the calibration trial FgureD-1, the predictions
are more than 0.1 mg/L from the field
measurement at half of the stations. If the model
actually did predict DO towithin 0.1 mg/L it
would be a usdul tool indeed, but if Figure D-2
(or Figure8) isrepresentative it’'s usdfulnessat
thistimeis questionable.

A section entitled “Limi tations of the Iron and Dissolved
Oxygen Madel” has been added to theTMDL and
describesthe model in more detail. The assumption of
iron folloving an exponential decay areates an errar in the
DO that can not be precisaly quantified. The accuracy of
the model equations is edimated at 0.1 mg/L. However,
uncertainty associated with reaction rates and other
variables means that the error islikely larger. The model
is believed to simulatethe system as accurately as possile
with the available information. The use of first order
reaction rates represents a conservative assumption that
accounts for some of the model error. First order rates
coud overegimatethe uptake of iron and overpredict the
oxygen demand.

12. Page?21, Seoond paragraph from the battom:
“Decreasing both the groundwater and headwater
iron concentrations to0 mg/L still resutedin a
excealence o the DO standard at Duran
Street...” Thissuggeds that the model is flawed.
What seams to be happening in the madel is that
even without iron problems, the2 mg DO/L
groundwater isn't bang aerated as fast asit is
being put into thecreek. In actual practice, the
50th percentile fl ow will be a combination of
groundwate (at an estimated 2mg DO/L) and
surface runoff (nearly saturated with DO).

A section entitled “Limitations of the Iron and Dissolved
Oxygen Madel” has been added to the TMDL and
describes the model in more detail. The model assumes
that all inflows to thecreek are from graundwater, and
ignores surface water inputs. While surface runoff is
likely to contri bute to instream flow, more data are needed
to allow simulation of reach-variable reaeration. In
addition, the assumption that groundwater isthe primary
sourceof flow represents aconservativeassumption that
contributes to the TMDL’s margin of safety.

13. Page 22, Load Capacity Calaulations: The
Loading Capacities (0.23 tons/ yr under existing
conditions and 1.13 tons/yr with an additional 3
cfs) have been calculated from aconstant iron
concentration of 0.3 mg/L (appar ently determined
by the reseration rate based on the 10th
percentileflow). Thisisonly accurate for the
entirestream if the reaeration rate doesnot vary
with the differing flow levels that are faund in
diffeaent parts of the stream.

A section entitled “Limitations of the Iron and Dissolved
Oxygen Madel” has been added to theTMDL and
desaibes the modd in more detail. 0.3 mg/L isthe
secondary drinking water standard and the applicatble
water qudity criterion far iron and was therefare used as
the TMDL target.
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14. Page 23, Load Reduction Cdculations: The
existing laad (EL) figure appears to assume that
the entire flow is made up of high iron, low DO
groundwater. Thisisnot the case. As menti oned
above, some of the flow will be iron-free high-DO
runoff, andin the case d theaugmented flow, the
additional 3 cfs will also below-iron water. The
addition of 3 ds o iron-free waer will allow the
0.76 ds of 10 mg/L water to diluteto thepoint
where less of the iron will have to be removed.
(Perhaps the additional water will also reduce in
more tur bulent flow, resulting in an increased
reaeration rate)

A section entitled “Limitations of the Iron and Dissolved
Oxygen Madel” has been added to the TMDL and
describesthe moddl in more detail. The fl ow
augmentation wasassumed tocontain 0.3 mg/L iron and
7.0 mg/L DO as a conservativeassumption. Itislikdy
that the flow used to augment Duck Creek would have a
lower cancentration of iron.

15. Page 30 Table B-2: Two hundred feet bel ow
Berna's Avenueis nea the dte o thenew ach-
pipe culvat at Cessna Drive. Canstruction of this
culvert involved “mechanically deepening” the
channel in the vicinity of theculvert. Accarding
to tableB-2 and thefirg sentenceon under the
heading 1997 USDA Forest Service lron
Sampling, on page 8, this should have resulted in
iron-rich groundwater entering the stream. This
was hot the caze. | was preent when afemale
Forest Service employee tested the upwdling
groundwate for iron during construction of the
culvert. The ground water had barely detectable
amounts o iron, significantly less than the stream
water. Thisisconsistent with iron readings taken
from well 4 aslisted on table B-5.

The prablem of high iron inflows into Duck Creek isvery
scattered spatially. The available sources o data indicate
that highiron occurs at this location (Table B-2). The
congervaiveassumption of high iron contributes tothe
TMDL’ smargin of safety.
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16. Page 32 TableB-6:It appears from this table
that DO levels start falling downstream of Egan
Drive, particularly between Berners Ave and Air
Cargo. As el sewherein Duck Creek iron-rich
groundwate has been the cause of lov DO, one
might assume that it is again the causein this
reach. Indead thisis thecondusion that Beilharz
(1998) reached (Second and third sentence of first
full paragrgph on page 18). A littlemorethought
on thematter though leads oneto a dfferent
conclugon. First, according to Table C-1, only at
extrame flows, does thecreek gain water (iron-
rich or otherwi<e) in this reach. Indeed during
low flowsit is typically dry around Berners Ave.

| personal ly was respond ble for taking much of
the data that is summarized in table B-6. Note
the low number of observationsin the lower
creek. Obviously, when there was nowater at a
given site, no data was collected on that day.
However, if therewasany water, even astanding
pod (aswasoften thecaseat Berners Ave and
Air Cargo) datawas col lected. While not
mentioned in Table B-6, these standing pods
were general ly very warm (reducing the oxygen
saturaion leve) and diten had algae or decaying
plant (or sametimes) fish matter in them. For a
truer picture of the DO levelsin thisportion of
Duck Creek oneshoud ook only & the
observations teken when Duck Creek was
flowing. (probably the times that Del Rae and
Radcliff both had water- The latter is occasianally
tidally influenced.)

A section entitled “Limitations of the Iron and Dissolved
Oxygen Madel” has been added to the TMDL and
describes the model in moredetail. The availabledata
alowed simultion of iron and DO only in the portion of
Duck Cresk upstream of theNancy Street flow gage. Egan
Driveis downstream of Nangy Sreet and therefare beyond
the modeled area  The desaiption of algaeand decaying
organic material was not available in any of the data
SOurces.

17. Page 34 Table C-2: How does theEl Camino
to Nancy St flow (82%) plusthe Eag Fork
Channel flow (16%) combine to make the Nancy
St to Egan Way (sic) figure of 92%7?

Thesenumbe's were taken directly from Table 7 of the
Duck Creek Hydrology Baseline Report (Beilharz, 1998).
Thiswasthe only information avail able on the distributi on
of flow aong the creek. Additional monitoring would be
useful in verifying this information.

18. Page 34 last partia paragraph: “Although
derived for hi gher stream flows, the per centages
of the tatal flow for Nancy Street and after the
East Fork were assumed validfor all flow levels.
Theseare thebeg avdlable data far estimated the
variation in flow along Duck Cre&k.” Both
statements seem to ignore Table C-1.

A section entitled “Limi tations of the Iron and Dissolved
Oxygen Madel” has been added to the TMDL and
describes the model in more detail. The ssmpl e model
used required a cansistent, uniformly increasing ratio.
Theflowsin Tade C-1 give extremdy variable ratics that
arevalid only for the listed flows. The percentagesin
TableC-2 arethe best available uniformlyincreasing
ratios which can be applied to al flow scenarios.
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19. Page 35 Fourth sentenceof firg entire
paragrgph: “ Groundwater inflows beween the
sites were assumed to have a DO of 2 mg/L based
on the groundwater monitoring shown in Table
B-5." Actually table B-5 shows an average DO
level of 2.64 mg/L if each well (rather than each
reading) is given equa weight. The DO levels of
the wells known to be near Duck Creek averages
3.64 mg/L

The fol lowing regression relating groundwater iron

concentrations to groundwate DO concentrations was

developed based on the data presented in Table B-5:
[DO] = -0.187*[Fe]+5.0397 (R? = 0.6315)

Ther efore, for [Fe] = 10 mg/L, [DO] = 3.2 mg/L and for

[Fe] = 0.3 mg/L, [DO] = 5.0 mg/L

20. Page 35 Table C-3: What ar e the units of
velodty? Al9, even taking the side slopes (2:1
H:V or V:H?) into account, the velocity doesn’t
seem toscale with cross-sectional area.

Table unitsare ft/sec and havebeen added tothe final
document. All velocities are caculated based on
Manning'’s equation;

Velodty =(1.486 / Roughness) * (Area/ Wetted
Perimeter)?® * (Stream Slope)Y?

21. Onto thecomputer modd. Asgiven, the
model is a steady-statemodel. In particular, while
the madel doesnotethe rate of iron ttlement
(Ks), it does not keep track of the amount of
sttled iron. The model assumesthat therate of
iron settlement isequal to the rate of decay of
settled iron. It isnot clear that thisis appropriate.
In particular, in the | ower creek, iron floc i s not
consistently present. High water tends to remove,
either directly (as described on page 103 of
Thomann 1972) or by presenting enough DO to
allowing for complete decay, theiron floc.

Settled iron isconsdered adsorbed to sdiment and no
longer availablefor decay. It isasaumed that storms will
flush this adsorbed iron out of the system. A full
DO/metals/sedi ment model would be required to a low
settlediron to reauspend and exert an oxygen demand.
Suffident data are not availableto support afull
DO/metals/sediment model. The use of first order reaction
rates is a consavative assumption that could overestimate
the uptake of iron and the associated oxygen demand.

22. The Streeter- Phel ps Equation near the top of
page 36 makes snse mathematicdly, but Kd (the
iron decay congant) should dependant on the
availability of DO. Unlike Ks (the settling rate) it
is not afixed constant. Assumethe dependenceis
linear with DO, amor e appr opriate equation
would be something like:

L = Lo exp(-Ks x/u) exp(-Kd (DOsat - D) x/u)
Where Kd istheiron decay rate at unit oxygen
concentration.

The Street er-Ph el ps equati on consider s the balance of iron
decay versus settling. The model isan approximation of
iron and DO dynamics. Theintroduction of a dependence
of the decay rate on available oxygen would introduce so
much error into the model as to make it unusuable.
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23. The equation cited from Chapra on page 36,
regarding the relationship between satur ation
levels d DO and temperature appears to bein
error. This equation hasa local minima around
T=293. it shoul d be monatoni caly decreasing for
all reasonable temperatures. Equation 5-10 in
Thomann 1972 gives this relationship as:
cs = 14.652 -0.1022T + 0.0079910T"2 -
0.000077774 T"3
wherecs=DOsatin mg/l and T is temperature
in degreesC.
(Note that thereis atypo in Thomann. the
coefficient on the last term should be 7.7x10"-5 as
given above not 7.7x10M-4.)

This equation isin Chapra (1997), Qual2E, and Rates,
Constants, and Kinetic Formulations in Surface Water
Quality Modeling (USEPA, 1985). Table 3-2 (page 93) of
Rates has thesaturaion valuesfor 0 to 40 degrees C and
no minima occur. The approach taken was the most
reasonabl e given the i nformation available.

24. Similar to point 24, the second equation from
Chapra (page 36 of theTMDL) also seems to
assume that the decay of the iron is limited only
by the availability of iron, without regard to DO.

Thisisthe dassc Streeter-Phd ps DO deficit equation and
represents deficit reduction through reagration and deficit
increasesthrough decay. Although it seems possiblethat
decay could be retarded at low DO, there is no available
literature regarding the decay of iron at various DO levds.
Therefore, such decay isnot accounted for in the modd.

25. Thetop of page 37 givesa formulafor
adjustment of reaction rates with temperatur e.
The same adjustment is gven fa both the decay
and settling o iron. The decay is a chemical
process, the settling a physcal one It seems
unlikely that both processes would be affected by
tempeaturein the same manner. I'm not aure
about the chamical process but the settling shauld
be propartional to terminal fall vdocity with is
proporti onal to I/kinematic viscosity. The latter
doesnot follow the 1.047 (T -20) very cloy.

Use o the kinematic viscosity and fall velccity would
require a complex model which includes particle 9zes to
develop fall vdodties For asimpe madel, including
Qual2E, the use of the temperatur e correction i s accepted
practice.
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