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Total Maximum Daily Load (TMDL) for
Turbidity in

Upper Goldstream Creek, Alaska

TMDL at a Glance:
Water Quality Limited? Yes
Alaska ID Number: 40509001
Criteria of Concern: Turbidity

Designated Uses Affecter (1) Water supply(2) water recreatigrand (3)growth and
propagation offish, shellfish, otheraguaticlife, andwildlife

Environmental Indicatar Total suspendedolids

Major Source(s): Placemining, construction andnunicipalstormwater nonpoint
source runoff from historically disturbed landscape

Loading Capacity: Flow dependent,egtable below
Wasteload Allocation: Flow dependent, see table below
Load Allocation: Flow dependent, see table below
Margin of Safety: Implicit and explicit; fow dependent, see table below

Future Wasteload Allocation None for UrbanConstructiorand Industrial StormwatemdPlacer
Mining Reservsincluded ina consolidated futuré/LA

Necessary Reductien Flow dependent, see talidelow

Numeric targets by flow regime

: : -
EapaiEiE Extreme | High? Moist Mid Dry Low

(units) (0-1%) | (1-10%) | (10-40%) | (40-60%) | (60-90%) | (90-100%)
Turbidity (NTU) | 199.5 9.45 9.45 9.85 9 7.17
TSS (mg/L) 331.71 15.71 15.71 16.38 14.96 11.92

2 No data were available for the high flow condition; therefore, the numeric target calculated for the moist
flow regime was applied for high flow.

b Targets for the mid-range flows are slightly higher than the targets for high and moist flows. In this
dataset, higher turbidity was observed during mid-range flow conditions (when compared to the moist flow
conditions). This might be due to the limited dataset (less than 10 samples during each flow condition).
The observed turbidity values are similar at Pedro Creek for the moist, mid, and dry flow regimes,
suggesting that implementation considerations will be similar. The TSS concentrations calculated from the
turbidity values in the high, moist, and mid ranges all round to the same value; however, the TMDL TSS
load targets for mid-range flows will be lower than those during moist and high range flows due to the
increased flows in those upper ranges.
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TMDL by flow regime and watershed (loads are cumulative in downstream watersheds)

Total Suspended Solids Load by Flow Regime
(units in Ibs/day unless noted)

TMDL - - :
Subwatershe Extreme | High Moist Mid Dry Low
d (cumulative 0 e A0 (40- GAE _AARE
area in acres) TMDL Category or Input ()| (o) | iAot 60%) (algreain) | LT
Reductions required to meet the loading capacity and WQS
Median Flow (cfs) 30.7 22.6 17.7 13.3 8.7 5.1
TSS Target (mg/L) 331.71 15.71 15.71 16.38 14.96 11.92
Loading Capacity 54,905 1,915 1,497 1,175 700 330
Wasteload Allocation 112 4 3 2 1 1
HUC-01 -
(26,451 Load Allocation 51,763 1,805 1,411 1,108 660 311
acres) Margin of Safety 2,745 96 75 59 35 16
Future Wasteload Allocation 285 10 8 6 4 2
Maximum Observed Existing
Load at GS-2 118,070 | 76,569 53,560 29,685 32,730 6,417
Percent Load Reduction (%) 53% 97% 97% 96% 98% 95%
TMDL subwatersheds currently meeting loading capacity and WQS
Median Flow (cfs) 60 44 34 26 17 10
TSS Target (mg/L) 331.71 15.71 15.71 16.38 14.96 11.92
Loading Capacity 107,019 3,733 2,918 2,290 1,364 643
Wasteload Allocation 596 21 16 13 8 4
HUC-022 -
(51,527 Load Allocation 100,724 3,513 2,747 2,156 1,284 605
acres) Margin of Safety 5,351 187 146 114 68 32
Future Wasteload Allocation 348 12 9 7 4 2
Maximum Observed Existing | 45 gg9 | Np 1,869 | 1,479 | 1,148 637
Load at Ballaine
Percent Load Reduction (%)° 0% ND 0% 0% 0% 0%
Median Flow (cfs) 97 71 56 42 27 16
TSS Target (mg/L) 331.71 15.71 15.71 16.38 14.96 11.92
Loading Capacity 172,826 6,028 4,713 3,698 2,202 1,038
Wasteload Allocation 643 22 18 14 8 4
HUC-032 -
(83,211 Load Allocation 162,962 5,685 4,443 3,487 2,077 979
acres) Margin of Safety 8,641 301 236 185 110 52
Future Wasteload Allocation 580 20 16 12 7 3
Maximum Observed EXxisting
Load at Sheep Creek ND ND 4,256 1,659 1,402 891
Percent Load Reduction (%)° ND ND 0% 0% 0% 0%

Note: Based on the cumulative watershed drainage area; ND = No data
2 Loads for the HUC-02 subwatershed are equal to the sum of the loads from the HUC-01 and HUC-02 subwatersheds in Table 5-1.
Similarly, loads for the HUC-03 subwatershed are equal to the sum of the loads of the HUC-01, HUC-02, and HUC-03
subwatersheds presented in Table 5-1.
b Currently meeting the loading capacity for TSS when data are available; however, the data are limited to grab samples and

indicate that loads are sometimes close to the loading capacity. TMDLs are assigned to ensure that existing loads do not increase
and the subwatersheds continue to meet numeric targets, especially considering current mining activities and the potential for

additional construction in these drainages (see Section 4).
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Executive Summary

GoldstreantCreekbegins at the confluence of Pedro and Gilnweeks just north of Fairbanks, Alaska
in the Fairbanks North Star Borou¢fANSB). The entire Goldstream Creek watersie@ll8square mils
(mi?), but this document focuses on @0 mi?Upper Goldstream Creek subwatershauarea of major
and continuous goldhining for nearly 100 yeard his portion of the watershebegins at the headwaters
and includes three idigit hydrologic unit code (HUC) subwatersheds: 1904050B 702, and-03.

Alaskad Bepartment of Environmental ConservatiéidEC) first included Goldstream Creek the
Clean Water Act (CWAJPection 308) list as impaired for turbidity in 1992. &loriginal listing was
associated with placer mining activities in the watershme#l994,the U.S. Environmental Protection
Agency (EPA completed a waterbody assessment for Goldstream Creek and corfishplhcer
mining was contributing to elevated turbid{&gPA 1994)

In 2009, ADEC prepared a monitoring and sampling.pldme University of Alaska at Fairbanks
conducted samplingeween2010and2012 and ADEC collected additional data in 2qMsra et al.
2012). Results indicate that Goldstream Creek isttainingits designated usglsecausehe creeks
still exceeding the water quality critefiar turbidity; thereforea Total Maximum Daily Load TMDL) is
neededCurrent turbidity sources are a combination of point sources (placer mmimgcipal and
constructiorstormwatey and nonpoint sources (other Rpermitted runoff).

A TMDL is established in this document to meet the requirements of Section 303(d)(1)(CEd{Ahe

and the EPA snplementing regulations (40ode of Federal RegulatioRart 13(, which require the
establishment of a TMDL for the achievement of water quakigdardfWQS)when a waterbody is

water qualitylimited. A TMDL is composed of the sum of individual wasteload allocations for point
sourcef pollutionand load allocations for nonpoint sourcépollutionand natural background loads.

In addition, theTMDL must include a margin of safety, either implicitly or explicitly, that accounts for

the uncertainty in the relationship between pollutant loads and the quality of the receiving waterbody. A
TMDL represents the amount of a pollutant the waterbody ssimdate while maintaining compliance

with applicableNQS.

ApplicableWQSfor turbidity in GoldstreanCreek establish water quality criteria for the protection of
designated uses for water supplsater recreatiorand growth angropagatiorof fish, shellfish, other
aquatic life, and wildlifeThe TMDL is developed for the most string&nbidity criterion, which

protects thevater recreatiomise. This criteriotthat states thatirbidity may not exceed 5 nephelometric
turbidity units (NTU)above natural conditions when the natural turbidity is 50 NTU or less, and may not
have more than 1Percentincrease in turbidity when the natural turbidity is more than 50 NTU, not to
exceed a maximum increaseld NTU (18 AAC 70.020(b)(12)(B)(i))Theturbidity criteriafor

Goldstream Creelire based ohackground/naturalrbidity values. Turbidity data from Pedro Creek, at
the headwaters to Upper Goldstream Craakeused to estaish the natural conditioand to calculate
turbidity targetdased on the water quality criterfdow conditions affect both turbidity and sediment
measurementsherefore, target values are based on the background conditions present during varying
flow conditions.

Turbidity dataare not conducive to the calculationtafgetloads. Therefore, numeric targets are
expressed as both turbidity values and sediment concentrafifugrgis a strong correlatiobetween
turbidity and total suspended solids (TSS) samples collected artigetsne throughout the watershed
(R?=0.87). The equatioderivedfrom the linear relationship between actual turbidity samples and TSS
was used testimatdarget sediment concentraticas a surrogatr the target turbiditywalues
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established at PealiCreek at varying flow condition$he target TSS concentrations were combined with
flow values to determine existing laaend sediment loading capacity

The observed TSS loads ranged from 118,070 pounds per day (Ibs/day) in the uppdrmatsrshed
(HUC-01) during extreme high flow events to 637 Ibs/day during low flows in the middle subwatershed
(HUC-02). TSS loads will need to be reduced froto 08 percento meet the TMDL Based on the

current dataall reductionsareneeded in the most upstreanea. Specifically, the HUQ1 subwatershed

will require a 54percentreduction to TSS loads during extreme flows and ©098 percentreduction

during all other flow regires.

Potential sources of turbidity in thépperGoldstream Creek watershietlude point sourcesych as
discharges fromctive placer ming municipal areas ammbnstruction sitgsand nonpoint sourcesych
asrunoff from historicplacer minesites residential and commercial developmeatgjwinter road
maintenance)Reducimg turbidity inUpperGoldstream Creek will involve efforts to contpmint source
and nonpoint source inputsrough implementation of best management prac(B&Es). Follow-up
monitoringis recommendetb further evaluate sourcesack the progress of TMDL implementation,
BMP effectiveness, and the water qualitygperGoldstreanCreek to evaluatprogress towards
meetingWQsSs.
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1

. Overview

Section 303(d)(1)(C) of the Clean Water ACWA) and the U.S. Environmental Protectiog& ncy 6 s
(EPA) implementing regulations (40 CFR Part [3@te: CFR is the Code of Federal Regulatipns]
require the establishment of a Total Maximum Daily Load (TMDL) to achieve state water quality
standard¢WQS) when a waterbody is water qualiiynited. A TMDL identifies the amount of a

pollutant that a waterbody cassimilateandstill comply with applicableWQS TMDLs quantfy the

amount a pollutant must be reduced to ach@éevel e v e |

( @ltowsra lgivea watenbody follg t

supportits designated use¥MDLs alsoinclude an appropriate margin of saféf§OS) to account for
uncertainty or lack of knowledge regarding the pollutant loads and the response of the receiving water.
The mechanismgsed tocaddress water quality problems after TMDL is developedtan includea
combination of best management practi@dglPs)for nonpoint sourceand/oreffluent limits and
monitoringrequiredthroughE P A Rasional Pollutant Discharge Elimination Syst@PDES)permits

(orin Alaska, the Alaska Plitant Discharge Elimination System [APDESJrmit9 for point sources

Al askabs Department
CWA Section 308&) list as impaired for turbidity in 199Zable1-1 summarizes the information
included in Alaské BEinal 2012Integrated Water Quality Monitoring and Assessment Rdport
Goldstream Creek (ADEC 2013

of Environment al

Conservati

Potential sources of turbidity in thépper Goldstream Creek watershed include point sources (such as

discharges from active placer mines, municipal areas and construction sites) and nonpoint sources (such

as runoff from historic placer mine sites, residential and commercial developmentsnemdoad
maintenance).

In 1994,EPA completed a waterbody assessment for Goldstream Creek and confianpticer mining

was contributing to elevated turbidigiZPA 1994) In 2009, ADEC prepared a monitoring and sampling
plan The University of Alaka at Fairbanks conducted samplfrgm 2010 2012, while ADEC sampled

in 2013(Misra et al. 2012). Results indicate that Goldstream Creek is not protecting its designated uses
becausdt is still exceeding the turbidity water quality criterierefore,tiis in need of a TMDLCurrent
turbidity sources are a combination of point sources (placer mimuagicipal and construction

stormwatey and nonpoint sources (other rparmitted runoff).

Table 1-1. Goldstream Creek Section 303 (d) listing information from

ADECO s 2Iftelgrated Report

Alaska ID Area of Pollutant Pollutant
Number Waterbody Concern | Water Quality Standard Parameters Sources
40509-001 Goldstream Creek | 70 miles Turbidity Turbidity Placer Mining

Goldstream Creek was placed on the 1992 Section 303(d) list for nonattainment of the turbidity standard. A
waterbody assessment was completed and confirmed the pollutant and pollutant source. The assessment
determined that existing controls were sufficient to address the turbidity issue and that a formal TMDL was not
needed. Nevertheless, the water quality assessment was prepared (September 30, 1994) and submitted to EPA for
technical review for Goldstream Creek. The assessment contains a section on development of a management plan
and a pollution control strategy. No further sampling was conducted until 2010. Monitoring continued through 2013.

Source: ADEC (2013)

Note:Al askads Final 2012 | ntectgEPA in ®etemRer P0G and isvpanding apptovali t

on
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Figure 1-1. Regional location of the Goldstream Creek watershed .

1.1. Location and ldentification of TMDL Study Area

GoldstreantCreekbegins at the confluence of Pedro and Gilnweeks just north of Fairbanks, Alaska
in the Fairbanks North Star Borou@fflNSB). The entire Goldstream Creek watersis@l8 square miles
(mi?), but this document focuses on @0 mi2Upper Goldstream Cr&esubwatershed, an area of major
and continuous gold mining for nearly 100 yedigrel-1). The Upper Goldstream Creek
subwatershed has different geographic charestics than the lower watershed, which is downstream of
wetland areas and includes a state forest area (see Stat®di&$ission in Appendix BY.his portion

of the watershedonsists of the Goldstream Cresadwaters and includes threedigit hydrologic unit
code (HUC) subwatersheds: 190405@47-02, and-03 (Figurel1-2), referred to as HU®O1, HUGO02,

and HUCO3 throughout the remainder of this document

Numerous tributarieBow intoUpperGo |l dstream Cr eek, including Fox, B
Moose, Engineer, and Sheapeks. The watershed has two distinct areas:-sauntainous uplands and

the lower creek (below Ballaine Road). The uplands have desajor and continuous gold mining area

for nearly 100 years and therrainis highly mineralizedDue to past mining activities, the stream

channels are characterized by a loss of riparian vegetation and associatedsbileascontributedto

elevaed turbidity levelfAppendix A)
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Figure 1-2. Upper Goldstream Creek watershed .

1.2. Population

Population in théJpperGoldstream Creek watershed is |avith approximately twgercent of the
watershed designated as lolensity residential in the 20Q1S. Geological Survey (USG®ational
Land CovemDatabase (NLCD)Population has increased 2.5 to 3.3 percent in and arourtdpiber
GoldstreantCreekareafrom 2010 to 2012State of Alaska 2013YheUpperGoldstream Creek
watershed is in thENSB. The population for thENSBrecorded in the 2012 U.S. Census is,3886
with 320700f those residents residingtime city of FairbankgU.S. Census Bureau 2013)

1.3. Topography

Elevation data were obtained from the USGS National Elevation Dataset (NEDjopography is
generally steep in the uplandsith low relief in the lower portion of the creeRpecifically, the elevation
of theUpperGoldstreanCreek watershed ranges fra80to 2,595feet(140to 791 metersUSGS
2013. Elevation at theonfluence of Gilmore Creek and Pedro Crisakear890feet (271 meterswhile
the elevation at thdownstreanportionof theUpper Goldstreartreek vatersheds near472feet(144
meters)Figurel-3).
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Figure 1-3. Elevation in the Upper Goldstream Creek watershed (Source: NED ; USGS 2013).

1.4. Land Use and Land Cover

The Upper Goldstream Creek watershed is within the area covered by the Tanana Basin Aoea Plan
State Landswhich designates uses that will occur on state lands within the TananaAdaisiR (991).
Management intent for the public lands includes agriculture, fish and wildlife, minerals, recreation and
settlement. Publicly owned lands are a small foacdf the entire watershetdowever the Goldstream
Public Use arefzoned Outdoor Recreatiah) surrounds Goldstream Creek for a significant section of

HUC-02 (Figure1l-4 andTable1-2).
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Table 1-2. Land use (zoning) distribution in the

Figure 1-4. Zoning in the Upper Goldstream Creek watershed

Upper Goldstream Creek watershed

Code Description Area (acres) Percent of total area
GC General Commercial District 37 0.0
GU-1 General Use District 66,642 80.1
LC Light Commercial District 11 0.0
ML Mineral Lands District 672 0.8
OR Outdoor Recreational District 3,563 4.3
RA-10 Rural and Agricultural Districts 4,145 5.0
RA-20 Rural and Agricultural Districts 0 0.0
RA-40 Rural and Agricultural Districts 0 0.0
RA-5 Rural and Agricultural Districts 0 0.0
RE-2 Rural Estate Districts 7,294 8.8
RE-4 Rural Estate Districts 0 0.0
RF-2 Rural Farmstead Districts 230 0.3
RF-4 Rural Farmstead Districts 0 0.0
RR Rural Residential District 614 0.7
TOTAL 83,209 100.0%
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The majority of land in the watershed is zoned-Gfdr General Use with a much smaller proportion
zoned either General or Light Commercial, Rural Estate, Rural and Agricultural, Rural Residential and
Mineral Lands Table1-2). The GU1 zone is intended for rural areas and has few limitations (FNSB
2015).

There are approximately 75 miles of trails in the watershepi(e 1-4 andTable1-3). Winter uses
include dogmushing, snowmachining and skiing. Summer use includ#gerrain vehiclesATV) and
mountain biking. There are 46 miles of major roads and 182 miles of small(Fogure 1-4 andTable
1-3).

Table 1-3. Roads in the Upper Goldstream Creek watershed

Road Type Length (miles)
Trails 75
Major roads 47
Small roads 182

Landcoverdata werebtained from the 2001 USGS NLCDhe NLCD data are based on satellite
imagery from 2001Landin theUpperGoldstreanCreek watershed is predominantly fore&d (
percent,while 9 percent is wetlandsindjust over 5percent iddevelopedFigurel-5 andTable1-4).

NLCD 2001 Land Cover Type O Developed, Open Space - Open Water

O Barren Land - Dwarf Shrub o Pasture/Hay UKo Koy URUR
- Cultivated Crops ‘ Emergent Herbaceous Wetlands O Perennial Ice/Snow 5

- Deciduous Forest - Evergreen Forest O Sedge/Herbaceous Fairbanks North Star
- Developed, High Intensity O Grassland/Herbaceous O Shrub/Scrub

Developed, Low Intensity O Mixed Forest O Woody Wetlands

- Developed, Medium Intensity - Moss

Miles
6

Figure 1-5. Land cover in the Upper Goldstream Creek watershed (Source: NLC D 2001).
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Table 1-4. Land cover distribution in the

Upper Goldstream Creek watershed

Land Use Area (acres) Percent of total area
Open Water 310 0.4%
Developed 4,433 5.3%
Barren 617 0.7%
Forest 69,180 83.1%
Shrub/Scrub 1,381 1.7%
Pasture/Hay 0 0.0%
Cropland 38 0.1%
Wetlands 7,254 8.7%
TOTAL 83,212 100.0%

Vegetation consists mainly of mixed evergreen, such as white and black spruce, and deciduous, such as
Alaskan birch, quaking aspen and balsam poplar, trees omra@led hill slopes (Weber and Robus

1987). Low areas are dominated by muskeg, consistitaywodvillow, alder, dwarf birch, dwarf black

spruce, blueberry and cranberry, mosses and sedges (Weber and Robus 1987).

1.5. Soils and Geology
1.5.1. Soils

Data from the Natural Resources Conservation Service (NRCS) were used to characterize soils in the
watershed. General soils data and map unit delineations are available thradgth $weveyGeographic
databas¢SSURGO)A map unit is composed of several soil series having similar properties.
Identification fields in theyeographic information systerG[S) coverages can be linked to a database
that provides information on chemical goitysical soil characteristics. SSUR@@&ta were only

available for portions of thdpperGoldstream Creek watersheshd many soil properties were not
provided for areas that were surveyed. Specifically, erodibility factors that would be of interest in this
TMDL were not available.

The hydplogic soil group classification is a means for grouping soils by similar infiltration and runoff
characteristics during periods of prolonged wetting. Typically, clay soils that are poorly drained have
lower infiltration rates, while sandy soils that arelvdrained have the greatest infiltration rates. NRCS
has defined four hydrologic groups for soilable1-5). The majority of the soils in thdppe

Goldstream Creek watershed belong to Hydrologic Soil Group D, while the rest are Hydrologic Soil
Group B (NRCS 2009 GroupD soils have high runoff potential and very low infiltration rates with a
clay layer at or near the surfa€oupB soils typicaly have moderate infiltration rates with moderately
well to welldrained soilsFigure1-6 andTable1-6 summarize th&pperGoldstream Creek watershed
soil information.

11
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Hydrologic Soil Group

No Data Yukon-Koyukuk
Il s
I -

Fairbanks North Star

Figure 1-6. Soil classification in the  Upper Goldstream Creek watershed (Source: SSURGO; NRCS 2009).

Table 1-5. Characteristics of hidroloiic soil irouis

A ?;?de, deep, well drained soils; deep loess; aggregated silty 0.30 to 0.45

Sandy loams, shallow loess, moderately deep and moderately
well-drained soils

B 0.151t0 0.30

Clay loam soils, shallow sandy loams with a low permeability
c horizon impeding drainage (soils with a high clay content), soils 0.05t0 0.15
low in organic content

Heavy clay soils with swelling potential (heavy plastic clays),
water-logged soils, certain saline soils, or shallow soils over an 0.00 to 0.05
impermeable layer
Source: NRCS 1972

D

12
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Table 1-6. Soil distribution in the  Upper Goldstream Creek watershed

Hydrologic Soil Percent
Group Area (Square Miles) Area Drainage Class - Wettest

3 2% Poorly drained

B 6 4% Moderately well drained
21 15% Well drained
44 30% Very poorly drained
11 8% Poorly drained

D 6 4% Somewhat poorly drained

1% Moderately well drained
45 31% Well Drained
Unclassified 5 4% Unknown

1.5.2. Geology

In the upper portion of the watershed, Goldstream Creek flows through reworked tailing piles (Qht),
consisting of sulyounded to angular gravel with cobbles and boulders up tmé€tés indiameter
(Figurel-7). Clasts are mostly quartzite, gneiss, and sdnishe middle and loweportions of the
watershed, the creek flows throughtr@ansported, Quaternary windblown silt (Qer) from the surrounding
hills (Figure1-7). This silt is unconsolidet! and wellsorted with less than 10 percent clay that may
overly benches of Tertiary gravel. The grains mostly consist of quartz, feldspar, and micas, locally
cemented by iron oxides. Organic material is noticeable and discontinuous permafrost is abitindant

ice lenses visible in some areas. The creek also flows through a more organic rich silt unit (Qos) in the
lowland bogs. This consists mostly of decomposed vegetation with less than 20 percent clay.

The surrounding hills of the watershed are comprisainly of the Fairbanks Schist (Zf, Zfa, Zfw) and

the Fairbanks Loess (QeNearly 90 percent of the Fairbanks schist is composed of quartzite and quartz
muscovite schist. However, a wide range of metamorphic rocks can be observed in these unitg includ
hydrothermally altered marble, chlorite schist, and magnretitebiotite schist. Upper regions of the
watershed also contain areas of granite and granodiorite (Kg, Kgd) with smaller regions of tonalite and
guartz diortite (Ktn).

Full unit descriptims of the area can be founchéips://www.uaf.edu/files/olli/Units.pdind geologic map
data of the Fairbanks area can be downloaded Hitgon//www.dggs.alaska.gov/pubs/id/1740

13
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Geology
S 2 £ Upper Goldstream

- No description provided Qer - Retransported Silt Watershed
- Kg - Granite I:I Qht - Reworked Creek Gravel Tailings

Kgd - Granodiorite - Qos - Organic Silt

Kitn - Tonalite and Quartz Diorite - Zfa - Fairbanks Schist
\:l Qef - Fairbanks Loess - Zfw - Fairbanks Schist

Lower Goldstream
Watershed

G

4§ Fairbanks, AK

Miles

0 075 1.5 3 4.5 6

Figure 1-7. Geology in the Upper Goldstream Creek  watershed .

1.6. Drinking Water

Drinking water protection programs exist to prevent the contamination of drinking water sources. Both
surface and groundwater sources are protected theleationalWellhead Protection and Source Water
Assessment and Protection programst A | a s KDanking&ter #ogram integrates the
requirements of both prograrhs.

There are Zone A and Zone B drinking water protection areas and both public and other regulated water
sources within the Upper Goldstream watergfiéglure1-8). In the Fox area, the drinking water

protection areas are for the following water systems: Hilltop Truck Stop, NESDIS CDA Station, Fox
Roadhouse, DOT&PF, Pioneer Wells at Fox and the TGitlb. Further down in the watershed, there

are additional protection areas for the Vallata, Ivory Jacks, Moose Mountain and Bear Run apartments.

1 http://dec.alaska.gov/eh/dw/DWP/DWP_Overview.html
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Drinking Water

Community Water System (Active)

NonCommunity Water System (Active)
NonPublic Water System (Active)

NonPublic Water System (Inactive)
— Highways

& oa o0

Zone B (GW-2 Yr Time of Travel or SW-1 mile buffer)
Zone A (GW-Several Months Time of Travel) or SW 1000 ft buffer)

NonTransient/NonCommunity Water System (Active)

Figure 1-8. Drinking water resources inthe Upper Goldstream Creek watershed.

1.7. Climate

TheUpperGoldstream Creek watersheds i interibrd e c Ifii

mat e

Zone

of

Al as ka,

transitionalandarcticzones. Temperatures in timterior zonenearthecity of Fairbanks can range from a

high of 90degreed-ahrenheit (°F)n the summer and below80 °F in the winter(Western Regional

Climate CenteR013. Climate is typically cold with dry winters and warm but short sumnfersrage

annual precipitation wak2.78inches(in) for the period of recordl@76 2012) atthe College 5 NW

weather g&tionnearthe UpperGoldstream Creek watershéthe average monthly precipitation for the
period of recordanges fron®.29inches in April to2.29inches inJuly. The highest temperatures occur
in July on average with aaveragehightemperature of abo®0.75°F. The loweshir temperatures occur

in January with minimum average temperature of aD@&°F.

Autumn begins in early September and ends inr@utbber with temperatures falling in September and
snowfalls inceasing in October. Wintéasts from midOctober to early AprilSpring begins in late April
and May with less precipitation and increasing temperatliresssummer months of June through August
are warmand have the highest rainfall amouriigure1-9 andTable 1-7 presenta summary of monthly
averages for rainfall, snowfall and temperaturthatCollege 5 NW station

15
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Figure 1-9. Monthly average precip itation and temperatures at College 5 NW station .
Table 1-7. Monthly average precipitation, snowfall, and temperatures at College 5 NW station
Jan Feb Mar | Apr | May | Jun Jul Aug | Sep Oct Nov [ Dec
Average

AT 0.62 | 047 | 0.32 | 0.29 | 0.79 2.1 229 | 2.18 14 0.86 | 0.73 | 0.73
Precipitation (in)

Average Snowfall
(in)

Average
Temperature (°F)

9.7 7.5 4.8 2.5 0.7 0 0 0 1.9 109 | 129 | 11.6

065 | 705 | 154 | 328 | 48.8 | 58.65 [ 60.75 | 55.3 | 449 | 25.7 | 9.35 3.2

1.8. Hydrology and Waterbody Ch aracteristics

UpperGoldstream Creek and itadwatetributaries pass through highly mineralizedrain with
moderately swift flow through shallow sand, gravel, and cobble bottoms with low Hdmkheadwaters
of Pedro and Gilmorereeks arejust west ofCleary Summi(2,233 feet above sea leyakar the Pedro
and Gilmore Domes.

UpperGoldsteam Creek and its tributaries are frozen from-Qictober through Aprjlwith flow starting

to decreasén September anthcreasan mid-May following spring breakupEPA 1994) Dischargerom
Goldstream tributary streams is highly variable. Peak flows typically occur during the spring. Summer
storms interacting with permafrost, impermeable or saturated ground conditions, and lack of surface
storagdn the upper basin can cause heavy floods. Localized flooding in the smaller drainages typically
occursduring eventgienerating an inch or more of precipitati®@P@ 1994)

Upper Goldstream Creek flows through undifferentiated silt and a small amangiaoic silt. Above

Ballaine Prad, Goldstream Creek is characterized by a sand, gravel and cobble bottom, shallow water,
low banks and overhanging vegetation primarily of dense willows while below BallastkitRs

16
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characterized by a mud and silt bottanda channel with high banks and deep water (Weber and Robus
1987).

1.9. Available Data

1.9.1. Recent Data

ADEC sampledive stationsin the Upper Goldstream Creek watersfredn upstream to downstream
(Figurel-10andTable1-8):

1 Pedro Creek: Pedro Creek just above confluence with Gilmore Creek (reference site)
1 GS1: Gilmore Creek justlave confluence with Pedro Creek

1 GS2: Goldstream Creek at Goldstream Road

9 Ballaine: Goldstream Creek at the Ballaine Road bridge

1 Sheep Creek: Goldstream Creek near Sheep Creek Road

ADEC Sampling Stations

O Continuous Upper Goldstream
Watershed

Sheep Creek GS-2

@ Grab Samples GS-1

12 Digit HUCs

03 Upper Goldstream Watershed
Ballaine Pedro

Lower Goldstream
Watershed

-~
i

190405090701, |

4

-G “%/ ‘»
P :

N\,
Ve SR
N S

)
.Y
=
)

Fairbanks, AK

s Viles
0 075 15 3 45 6

Figure 1-10. Continuous and grab water quality monitoring stations in the Upper Goldstream Creek
watershed.
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Table 1-8. TMDL stations and their associated watershed

Station Name HUC-12 Number HUC-12 Name TMDL Subwatershed
GS-1 190405090701 Fox Creek HUC-01
Pedro 190405090701 Fox Creek HUC-01
GS-2 190405090701 Fox Creek HUC-01
Ballaine 190405090702 Big Eldorado-Goldstream Creek HUC-02
Sheep Creek 190405090703 O6Connor Cr ¢ HUC-03

A summary of the turbidity anbtal suspended solid$SS data at the four sampling stations as well as
the reference station at Pedro Creeshown inTable1-9. The data are presentedliable1-9 from the
upper most station near the headwaters (Pedro Creelgmeawnstream t&heep Creek. The stations
at GS1, Pedro Creelkand GS2 have both continuous monitoring data and grab sample data. All other
sites have only grab sample data.

Table 1-9. Summary of availab le TSS and turbidity data for

Upper Goldstream Creek

Parameter | Sample Station Number of

(units) Type? Name Observations | Start Date | End Date | Minimum | Average | Maximum
Grab Pedro 4 6/17/2013 | 9/16/2013 2.0 15.6 39.0
Grab Gs-1 23 9/12/2011 | 9/16/2013 1.6 92.0 940.0

TSS (mg/L) Grab GS-2 25 9/11/2011 | 9/16/2013 1.9 31.6 237.0
Grab Ballaine 7 5/24/2013 | 9/16/2013 1.8 21.5 131.0
Grab Sheep Creek 4 7/9/2013 | 9/16/2013 1.3 1.8 25
Cont. Pedro 535 8/16/2013 | 9/9/2013 1.5 6.5 26.4
Grab Pedro 20 6/10/2011 | 9/16/2013 0.5 22.0 216.0
Cont. Gs-1 7,693 5/24/2011 | 9/9/2013 1.5 60.9 674.0

Turbidity Grab Gs-1 47 5/20/2011 | 9/16/2013 3.0 60.2 526.0

(NTU) Cont. GS-2 7,650 5/24/2011 | 9/23/2013 0.7 25.0 380.3
Grab GS-2 68 5/5/2011 9/16/2013 3.3 32.0 433.0
Grab Ballaine 12 8/13/2012 | 9/16/2013 2.9 6.6 25.0
Grab Sheep Creek 9 6/17/2013 | 9/16/2013 4.4 6.7 12.0

Note: mg/L = milligrams per liter; NTU = nephelometric turbidity units

2 Grab = Grab samples that were taken once a day; Cont. = Continuous sampling that was performed hourly (or more frequently) at
data logger sites.

TheUSGScollectssampleson streams near Goldstream Creleldt does not have argctive USGS flow
monitoring gages in thepperGoldstream Creek watershed. ADEC collected limited instantesnigmw

and water levetlata from 2011 to 2013 at GSand G (seeFigure1-10for station locations)A
summary of available flow and surface water level data is providédhle1-10.

Table 1-10. Summary of available flow and water level data for

Upper Goldstream Creek

Parameter Station Number of
(units) Name Observations Start Date | End Date | Minimum | Average | Maximum
Gs-1 15 6/3/2011 9/4/2013 1.00 4.04 8.30
Flow (cfs)
GS-2 27 4/25/2011 9/4/2013 3.30 15.64 52.30
Water Level | GS-1 8,249 5/24/2011 9/9/2013 0.14 25.57 82.80
(cm) GS-2 6,260 5/24/2011 | 9/23/2013 0.22 22.67 61.11

Note: cfs = cubic feet per second; cm = centimeters
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Table A1 in Appendix A presents summary ofill available datédy month An additional downstream
site (GS3) was sampled during 20i12012, but is not included in this TMDL because it is outside the
Upper Goldstream Creek watershed (see Appendix B&8 data).

1.9.2. Historical Data

Water quality data fronthe UpperGoldstream CreeWwatershed wereollected during the 1970s to early
1990s. The data show highly variable turbidity, based on land use in the watershed at fhatliedel(l).
Several of the sites correspond to the recent sampling stations.

Table 1-11. Summary of historical turbidity for Upper Goldstream Creek

Number | Average Median
TMDL of Turbidity | Turbidity
Site Name Subwatershed | Year Months [Samples| (NTU) (NTU) Source
Pedro Creek HUC-01 1983 | Aug 2 63.00 63.00 | Weber and Robus 1987
1984 | Aug 2 60.00 60.00 | Weber and Robus 1987
1986 | Sept 3 406.00 359.00 | Weber and Robus 1987
1987 | May-June 23 17.99 19.60 | ADFG 1987
1990 | unknown 10 11.10 3.20 | Ray 1993
1991 | unknown 13 22.00 14.00 | Ray 1993
1992 | unknown 6 7.30 3.60 | Ray 1993
1994 | June-Sept 58 1.10 0.90 | Noll and Vohden 1994
Gilmore Creek | HUC-01 1983 | Aug 3 926.67 | 1040.00 | Weber and Robus 1987
1984 | Aug 2 555.00 555.00 | Weber and Robus 1987
1986 | May-Sept 2 611.00 611.00 | Weber and Robus 1987
1987 | May-June 7 39.04 28.20 | ADFG 1987
1993 | June-Sept 54 8.50 4.70 | Noll and Vohden 1994
Fox Creek HUC-01 1993 | June-Sept 52 38.40 19.00 | Noll and Vohden 1994
Goldstream HUC-01 1970 | Aug-Oct 7 6.71 5.00 | Peterson 1972
Creek at Fox
1971 | Mar-Oct 7 14.23 7.00 | Peterson 1972
1983 | Aug 34 271.18 260.00 | Weber and Robus 1987
1984 | Aug 3 418.00 400.00 | Weber and Robus 1987
1991 | unknown 75 6.30 4.50 | Ray 1993
1992 | unknown 125 7.10 5.20 | Ray 1993
1993 | Apr-Sept 151 12.90 8.00 | Noll and Vohden 1994
Goldstream HUC-01 1984 | May-June 9 409.67 225.00 | Weber and Robus 1987
Creek above
Goldstream Rd 1986 | Sept 1 334.00 334.00 | Weber and Robus 1987
Goldstream HUC-02 1970 | Aug-Oct 6 13.83 14.50 | Peterson 1972
g;igfnit 1971 | Jan-Oct 9 13.94 11.00 | Peterson 1972
1984 | May-June 9 220.56 240.00 | Weber and Robus 1987
1986 | Sept 1 80.00 80.00 | Weber and Robus 1987
1987 | May-June 37 41.55 30.00 | ADFG 1987
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Number | Average Median
TMDL of Turbidity | Turbidity
Site Name Subwatershed | Year Months |Samples| (NTU) (NTU) Source
Goldstream HUC-03 1970 | Aug-Oct 6 19.50 18.50 | Peterson 1972
g;felgaéreek 1971 | Jan-Oct 10 20.51 12.50 | Peterson 1972
Rd. 1983 | Aug 5 338.00 260.00 | Weber and Robus 1987
1984 | Aug 282.00 348.00 | Weber and Robus 1987
1986 | Sept-Oct 30 236.13 238.00 | Weber and Robus 1987
1993 | May-Sept 82 6.20 4.10 | Noll and Vohden 1994
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2. WQS and TMDL Target

WQSdesi gnate the Auseso t precteaiongrowhtared propaghtiof af fisly, . , wa't
shellfish, other aquatic lifeand wildlife and t he fAcriteriad for their prc
pollutant can be present in a waterbody without impairing its designated uses). TMDLs are developed to

meet applicald wateWWQS, which may be expressed as numeric water quality criteria or narrative

criteria for the support of designated uses. The TMDL target identifies the numeric goals or endpoints for

the TMDL that equate to attainment of M&S. Whena numeric watequality criterionis availablgthe

TMDL target is set equal to this value. Alternatively, the TMDL targay represent a quantitative

interpretation of a narrativ@r qualitative) water qualitgriterion This section reviews the applicable

WQSand icentifies amappropriate target for calculation of thuebidity TMDL for UpperGoldstream

Creek

2.1. Applicable WQS

Title 18, Chapter 70 of the Alaska Administrative Codlé& C) establishe¥VQSfor the waters of Alaska
(ADEC 20132, including the designatagses to be protected and the water quality criteria necessary to
protect the usess described belovétate water quality criteria are defined for both marine and fresh
waterbodiesThe fresh water criteria applo GoldstreanCreek

2.1.1. Designated Uses

Des gnated uses for Alaskads waters are aMXSabl i shedo
(18 AAC 70). For fresh waters of the state, these designated uses include (1) water supply, (2) water
recreation, and (3) growth and propagation of fishllfitie other aquatic life, and wildlife. All

designated uses must be addre$sedny water in Alaska except whayae or more uses have been

removed for specified watelisted under 18 AAC 70.230(eJherefore, the TMDL must use the most

stringent ofthewater qualitycriteriaprotectingany of the usesin this case, the most stringent criterion is

for contact recreation (see Sectibi.?).

2.1.2. Water Quality Cri teria

UpperGoldstream Creek does not fully support its designated uses becamseropogenic sources of
turbidity in the water colum(Section3.1). Turbidity water quality criteria for all designated uses are
applicable tdJpperGoldstream Creek able2-1 shows thevater quality criteria foturbidity, on which
the Section303(d) listing for UpperGoldstreanCreek isbhased.

Table 2-1. Alaska f resh water quality criteria for  turbidity (18 AAC 70.020)

Designated use Criteria

Turbidity (Not applicable to groundwater)

(A) Water supply

May not exceed 5 nephelometric turbidity units (NTU) above natural
conditions when the natural turbidity is 50 NTU or less, and may not
have more than 10% increase in turbidity when the natural turbidity is
more than 50 NTU, not to exceed a maximum increase of 25 NTU.
May not cause detrimental effects on indicated use.

(i) Drinking, culinary, and food processing

(ii) Agriculture, including irrigation and
stock watering

May not exceed 25 NTU above natural conditions. For all lake waters,

(iii) Aquaculture may not exceed 5 NTU above natural conditions.
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Designated use Criteria

May not cause detrimental effects on established water supply

(iv) Industrial treatment levels.

(B) Water recreation

May not exceed 5 NTU above natural conditions when the natural
turbidity is 50 NTU or less, and may not have more than 10% increase
in turbidity when the natural turbidity is more than 50 NTU, not to
exceed a maximum increase of 15 NTU. May not exceed 5 NTU
above natural turbidity for all lake waters.

May not exceed 10 NTU above natural conditions when natural
turbidity is 50 NTU or less, and may not have more than 20% increase
in turbidity when the natural turbidity is greater than 50 NTU, not to
exceed a maximum increase of 15 NTU. For all lake waters, turbidity
may not exceed 5 NTU above natural turbidity.

Same as (A)(iii)

(i) Contact recreation

(i) Secondary recreation

(C) Growth and propagation of fish,
shellfish, other aquatic life, and wildlife

Source: 18 AAC 70.020 (ADEC 2012)

2.2. Antidegradation

Al a sWQ@Salso include an antidegradation pol{@B AAC 70.015) which states that existing water
uses and the level of water quality necessary to protect the existing uses must be maintained and
protectedThe policy also states that highality watersmust be maintained and protected unless the

state finds that allowing lower water quality is necessary to accommodate important economic or social
development in the area in which the water is located. In allopéngitteddischarges that degrade

water quality, the state must ensure water quatitgdequate to fully protect existing uses of the water.

The methods of pollution prevention, control, and treatment found to be the most effective and reasonable
will be applied to all discharges. All dischaswill be treated and controlled to achieve the highest

statutory and regulatory requirements for point sources and akffestive and reasonabBMPs for

nonpoint sources.

The antidegradation policy also states thateswates that are designategan outstanding national
resourcanust be maintained and protected. In such waters, no degradation of water quality is allowed

2.3. Designated Use Impacts

GoldstreantCreekwasplaced on th&€ WA 1992 Section 303(d) list for nasttainment of théreshwater
quality criteria forturbidity (ADEC 2013. The nonattainment affects the designated abgl water
supply, (2) water recreation, and (3) growth and propagation of fish, sheltfigh,aguatic life, and
wildlife. Increased levels of turbidityegativelyaffectdrinking water sources, diminish fish rearing
success, and impair recreationalsise

2.4. TMDL Target

The TMDL target is the numeric endpoint that represents attainment of appii¢@8eThis values
used tocalculatethe loading capacity and necessary load reductions.

The water qualitriterion for contactrecreationsee sectio2.1.2 used as the basis for this TMDL
states that turbiditfimaynot exceed 5 NTU above natural conditions when the natural turbidity is 50
NTU or less, and may not have more tharpé&fentincrease in turbidity when the natural turbidity is
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more than 50 NTU, not to exceed a maximum increase of 15 NJ4é¢ of thecontactrecreation
criterionwill address albtherdesignated uses.

As shown inTable2-1, one must establish natural background conditiorestablish a sitepecific

numeric TMDL target based on the contact recreatitarion. The calculated natural conditions for
turbiditywereu s ed t o determine numeric water quality tar
quality criteria for turbidity. Pedro Credkigure1-10) wasused to reprent natural conditionfor this

TMDL.

PedroCreek is part of the headwatersitpperGoldstream Creek herefore, his drainage is
topographically and geographically a good representation of reference conditioasvatershedrhe
Pedro Creek suimtesshed includes some Alaskepartment of Natural Resourc&NR) state mining
claims but there are nactive ADEC mining permitsin addition,no mine dischargdsaveoccurred

during the recent thregear monitoringperiod.Based on the NLCD 2001 land cover data, the Pedro
Creek drainage has only 0.4 square miles of developedrad of this subwatershed isindisturbed
forest or scrulfHomer et al. 2007 Monitoringdatafrom 20162013(Misra et al. 20123howlow

turbidity values on Pedro Creek, except during spring brgakvhich is a natural occurrenckhis
collective geographic and water quality data analysis cosfinat Pedro Creek is a good representation
of natural conditions in the Upper Goldstream Creek wagets

Several factors are importaior identifyingthe TMDL numeric targets. The water quality criteria are

based on turbidityTurbidityisa measur e of the watero6s optical pr oy
or absorbedBecausét does not incporate a measurement of matssbidity values areot conducive to

the calculation of loads. Therefore, numeric targets are expressed as both turbidity values and sediment
concentrationgwhich do measure mass in a volume of watesjng a correlation with watershegecific

TSS concentrations. For this watershed, flow conditions affect turbidity and sediment measurements;

therefore, analyses were conducted to represent numeric target values during varying flow conditions.
Specificanalyses and decisions associated with numeric target calculations are described below (note:

these are also applied to the calculation of existing loads and the loading capacity).

24.1. Time Period

From midOctober through AprilUpperGoldstream Creek arit$ tributaries are completely frozen. The
creeks generally open @nd begin flowingn mid-May, following spring breakip, and remain free
flowing until mid-September when streams begin freeziagheéemperaturefall. This coincides with
the period ofwvailable datagnd of May to mieSeptember for 2012013. The TMDL was developed
based on flow regimes from mMay to midSeptembeto bestuseavailable data and accurately
represent stream conditions

2.4.2.  TSS-Turbidity Relationship

All available turbidly and TSS data in the watershed were analyzed to evaluate the relationship between
these two parametef8ppendix A) For the correlation, TSS grab samples were assigned to a turbidity
measurement based on the closest sample time. It was determinestithag aelationshigxists(R? =

0.87) and the resulting equation can be usegtimnateT SS concentrations associated with available
turbidity values Figure2-1). This correlationis largely driven by samples in late May or early June that
were collected during spring break. The spring breakip samples arénportant to includdecause they
representwater quality duringinatural seasonalventin the watershe

The TMDL usetheequation for theelationshippresented ifrigure2-1 to estimateéTSS concentrations
associated with the turbidityater quality criteria, re$ting in TSS numeric targets.
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TSS - Turbidity Correlation (All Data)
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Figure 2-1. TSS and turbidity relationship for Goldstream Creek watershed

24.3 Flow Data

No continuous flow data were available within the Goldstream Creek watershed to develop flow regimes;
limited instantaneous flow data were available to calculate |bbmgever, continuous water level data

were collected from 2012013 at sampling statiol3S-1 and G (seeFigure1-10for station

locations). This period of record overlaps with nearly all of the continuous turbidity data and most of the
grab samples dlected. Relationships associated with the available water levelv@ataused to develop
continuous flow datasets for Goldstream Creek, as described below.

Instantaneous flow measurements atlGd G are strongly correlated, when evaluating both
instantaneous flow values and uaita flow (cfs pemi? [cfs/mi?]) (Figure2-2 andTable2-2). These
relationships indicate that flow measurements at one site can be used to predict flow measurements at the
other site.

The next data evaluated were the continuous water level data. These data were compared to the unit area
flow measurement for each stati@ata analysis showealgood relationship between @Sunit area
flow and water level (R= 0.74), but not at G (R = 0.03) Figure2-3).

Becausd5S-1 and G flows have a strong relationship, #guation associated with thwater level to

unit area flow relationship at GB(Figure2-3) wasused taestimate flow for the TMDLSpecifically,the
continuous water level data at @Svas included and the equation was solved to estimate theadsed

unit area flow, resulting in a continuous unit area flow datd$eés. continuous unit area flow dataset can

be extrapolated to any point in the watershed based on drainage area. These continuous flaxerealues
then used to develop flow duratioarves and resulting flow regimes, whiserecombined with

turbidity and TSS data to investigate water quality conditions under different flow regimes and calculate
sediment loads (using TSS values).
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Figure 2-2. Flow relationships between GS -1 and GS-2.
Table 2-2. Unit area flow statistics at GS -1 and GS-2
summary statistic | gi1i0n Gs-1 | Station GS-2
(in cfs/mi?)
Minimum 0.09 0.08
Average 0.36 0.37
Maximum 0.73 1.25
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Figure 2-3. Water level and unit area flow relationships at GS
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2.4.4. Numeric Target Calculation

Naturalconditionsat areference statioare needetb determine numeric water quality targbased on
Al askads wat er gu aAsiddsgibed above, dataRedro Creckverdusedtb i di t y .
represent natural conditioasd to calculate the TMDL numeric targets

To account for seasonal varibity in the Upper Goldstream Cre&katershednatural conditions are
evaluatedisingdifferent flow regimes. This first requires assigning a representative flow for each day
with measured turbiditywhich was performed using the following steps:

1 How regmes are based on a continuous flow dataset developed by applying-the&& level
to unit area flow equatiofFigure2-3) to the 14.4squaremile Pedro Creek watghed This
calculated continuous flow dataset was then compared to the date range of the turbidity dataset.

1 There were four datés 2013with turbidity measurements at Pedro Creek that fell outside of the
calculated continuous flow dataset (based owtter level dataset at @GS (three dates were
before the continuous flow monitoring began and one was after the data collection stopped for the
season)To incorporate these data, the flow regime for that date at the nearby L Chena USGS
gage (station #194.000, located approximately 10 miles southwest of the Goldstream Creek
watershed) was applied to determine an applicable flow value in Pedro Creek.

1 Thefull range ofcalculated flows at Pedro Creek from rhithy to midSeptember were broken
into high, mois, mid-range, dry, and low flow regimgas well as an extreme high flow regime
that represents the spring bragk (0 to 1percentof flows). These data were ready to incorporate
into the daily turbidity dataset.

9 The continuous (i.e., multiple measurenseinta single day) turbidity data were summarized into
daily values representing each day analyzed. Specifically, the median continuous measurement on
a given day was used to represent turbidity conditions on that date. The median value was used
because iis lowerthan the averagendis, therefore more conservative, yet it allows for some
variability in the measurements (as opposed to the minimum valsie)y this more conservative
measurement is important because it sets a lower value for comparison with other data in the
watershed, thereby requiring slightly higtpellutant loadreductions and ensuring attainment of
WQS (note: this is included as anpficit MOSin the TMDL,; Sectiorb.4).

1 A flow percentile was assigned to each daily turbidity value based on the corresponding
calculated flowon that date

i Thesedataaresummarizedising a water quality duration curve with box and whisker pots
represent the turbidity data by flow reginfégure2-4) (note: no data were aWable for the high
flow condition).

Summary statistics for each flow regintf@able2-3) were calculated to evaluate the turbidity
measurements at the referenceiatailhe summary statistics include the minimum and maximum
values, as well as the 250" (i.e., median), and T5ercentiles for each flow regime. There were no
turbidity measurements collected during the high flow regime. These data show thateime dmMgh

flow regime has the highest turbidity measurements. When evaluating the medianhighexsturbidity
was observed during midinge flow conditions (when compared to the moist flow conditiarss is
likely due to the limited dataset for getwo flow conditions. As expected, the low flow condition had
the lowest turbidity concentrations.
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Pedro Monitoring Data Summary
Daily Median Turbidity Analysis (2011-2013)
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Figure 2-4. TMDL targets based on median daily turbidity measurements at Pedro Creek

The mediarvalue for each flow regimer@ble2-3) was used to calculate the TMDL numeric targets
using the following steps:

1 Theapplicable water quality criteriomas identified This is associated witihe contact
recreation use, which is the most conservative:

May not exceed 5 NTU above natural conditions when the natural turbidity is 50 NTU or
less, and may not have more than a 10% increase in turbidity when the natural turbidity
is more than 50 NTU, not to exceed a maximum increase of 15 NTU.

1 As noted in theriterion, te flow regimes with turbidityneasurementselow 50 NTU have a
target based on the median NTU +5 NTlie data at Pedro Creek indicate that the natural
background turbidity is less than 50 N'BuUring all flow regimegxceptthe extreme high thw
regimethat occurgluring spring breakip.

1 Whennaturalturbidity was above 50 NTU, the target was basethemedian NTU + 15 NTU
Specifically, the criterion allows for a J&rcentincrease in turbidity when natural turbidity is
more than 50 NTU, with a maximum increasel6fNTU. Because a 1fercentncrease in a
turbidity of 150 NTU is equal to 15 NT&, 15 NTU increase applies when the natural condition
turbidity measurementse@above 150 NTWnote: this condition occurs at Pedro Creek during
the extreme high flow condition)
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9 Using these conditiondhé turbiditynumerictarges for this TMDL werecalculated using the
two equationdelow and are presentedthre bottom row offable2-3.

Extreme high flow regime: Median Pedro Creek NTU + 15 NTU = Numeric Target NTU
All other flow regimes: Median Pedro Creek NTU + 5 NTU = Numeric Target NTU

Table 2-3. Pedro Creek turbidity summary statistics and numeric target

Turbidity Values by Flow Regime (NTU)

Extreme High 2 Moist Mid Dry Low
Turbidity Statistics (0-1%) (1-10%) | (10-40%) | (40-60%) (60-90%) | (90-100%)
Number of Days Sampled n=2 n=0 n=7 n=8 n=17 n=7
25th Percentile 168.75 N/A 1.76 1.78 2.08 2.05
Minimum 153.00 N/A 0.92 0.71 0.50 1.92
Median 184.50 N/A 4.45 4.85 4.00 2.17
Maximum 216.00 N/A 12.00 10.60 16.92 4.00
75th Percentile 200.25 N/A 6.60 8.29 9.96 3.21
Numeric Target 199.50 9.45 9.45 9.85P 9.00 7.17

Note: median values (first blue row) were used to calculate numeric targets (bottom row) using the equations
presented above.

2 No data were available for the high flow condition (N/A = not applicable); therefore, the numeric target calculated for
the moist flow regime was applied for high flow. Use of the moist flow regime is a conservative assumption applied to
the TMDL numeric target.

b Targets for the mid-range flows are slightly higher than the targets for high and moist flows. In this dataset, higher
turbidity was observed during mid-range flow conditions (when compared to the moist flow conditions). This might be
due to the limited dataset (fewer than 10 samples during each flow condition). The observed turbidity values are
similar at Pedro Creek for the moist, mid, and dry flow regimes, suggesting that implementation considerations will be
similar. The TSS concentrations calculated from the turbidity values in the high, moist, and mid ranges all round to the
same value; however, the TMDL TSS load targets for mid-range flows will be lower than those during moist and high
range flows due to the increased flows in those upper ranges.

The calculated turbidity numeric targeTaple2-3) were then used to calculai€S numeric target
concentrationgin mg/L), which can be used to determine sediment loads in the Upper Goldstream Creek
watershed. Specifically, TSS numeric etgverecalculatecbasedn theequation representing the
linearrelationship between TSS andhidity described aboved-{gure2-1). Following the equation, y =
1.6627x, wherey is equal to TSS anxlis equal to turbidity, the turbidity numeric target for each flow
regime(Table2-3) was multiplied by 1.6627 to calculate the corresponding TSS vEthese values are
presented iMTable2-4. Theyareappliedbelowto calculate the loading capacity aar@ alsaised for
comparison with existing loads determine required reductions

Table 2-4. Turbidity and TSS TMDL numeric targets

Numeric Targets by Flow Regime
Extreme High @ Moist Mid Dry Low
Parameter (units) (0-1%) (1-10%) | (10-40%) | (40-60%) (60-90%) | (90-100%)
Turbidity (NTU) 199.50 9.45 9.45 9.85 9.00 7.17
TSS (mg/L) 331.71 15.71 15.71 16.38 14.96 11.92

2 No turbidity data were available for the high flow condition; therefore, the numeric target calculated for
the moist flow regime was applied for high flow.
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3. Data Review

Compilation and analging data and information is an essential step in understanding the general water
guality conditions and trends in an impaired water. This section outlines and summarizes all of the data
reviewed including impairment analyseasndtemporal and spatial trends.

3.1. Impairment and Temporal Analys es

The following sections discuss data analyses conducted to evaluate any important frapesments

of water quality inthe UpperGoldstreanCreekwatershedDetailed analyses @@irbidity and TSSlata

are describelelow, from upstream to downstregseeFigurel-10 andTable1-8), includinga

comparison to the TMDL numeric targets by flow regime for both turbidity and D&t& analyzeth

this sectiorconsist ofa combination oboth continuous and grab sample dataPedro Creek, G$, and
GS-2) for ease of comparison to the water quality tanglich is based on all data available at the Pedro
Creekstation Dataseparated by continuous and grab sampling, where applieabpgesentedn

Appendix Bfor a more refined look at the data basedampling protocolln addition totheimpairment
analysepresented beloywdatawereevaluatedemporally to observe any monttirmonth trends.

3.1.1. Pedro Creek Station (reference site)

Pedro Creek station is just above the confluence with Gilmore Credidity data(continuous or grab)

are available for all flow regime=sxcept highat PedroCreek which drainsl4.4square milesf the HUG

01 TMDL subwatershed’here werenly four TSSgrab samplesAs noted previously, rdian observed
turbidity data aPedro Creek were used to set the references conditiorrtiadity in the Upper
GoldstreanCreek watershed.able3-1, Table3-2, andFigure3-1 summarize théaily maximum
continuousobserved turbiditand grab saple tubidity concentrations ahe PedroCreek stationFigure

3-1 alsoshows thenumerictargets for each flow regintbat are based on these data (Se@idh Figure
3-2looks at Pedro Créedata seasonally over the observed months of May through September. Turbidity
values rise in May with the spring breag period and dip in June and July before rising again in late
summertor fall. Continuous and grab samplata are segpated andliscussedurther in Appendix B.

Table 3-1. Pedro Creek: Summary of turbidity data
(combination of continuous daily maximum and daily grab samples)

Extreme High Moist Mid Dry Low
Turbidity (NTU) (0-1%) (1-10%) [ (10-40%) (40-60%) (60-90%) | (90-100%)
Number of Days Sampled n=2 n=0 n=7 n=38 n=17 n=7
25t Percentile 168.75 ND 1.76 2.28 3.99 3.00
Minimum 153.00 ND 0.92 0.71 0.50 1.96
Median 184.50 ND 8.00 7.20 10.87 3.45
Maximum 216.00 ND 14.80 26.42 20.75 4,78
75™ Percentile 200.25 ND 10.73 9.06 16.43 3.93
Numeric Target* 199.50 9.45 9.45 9.85 9.00 7.17

ND = no data
*The numeric target is equal to the median daily continuous Pedro Creek turbidity value plus 5 NTU.
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Table 3-2. Pedro Creek: Grab sample TSS data summary table

Extreme High Moist Mid Dry Low
TSS (mg/L) (0-1%) (1-10%) | (10-40%) (40-60%) (60-90%) | (90-100%)
Number of Samples n=0 n=0 n=3 n=0 n=1 n=0
251 Percentile ND ND 10.46 ND 2.31 ND
Minimum ND ND 2.02 ND 231 ND
Median ND ND 18.90 ND 2.31 ND
Maximum ND ND 39.00 ND 231 ND
751 Percentile ND ND 28.95 ND 2.31 ND
Numeric Target* 331.71 15.71 15.71 16.38 14.96 11.92

ND = no data
*The numeric target is equal to the median daily continuous Pedro Creek turbidity value plus 5 NTU converted to a TSS
concentration based on the equation in Figure 2-1.

Pedro Monitoring Data Summary
Daily Turbidity Analysis (2011-2013 all data)
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Figure 3-1. Pedro Creek water quality duration curve for  continuous daily maximum and daily grab sample
turbidity .

30



Turbidity Total Maximum Daily Load for Upper Goldstream Creek, AK August 2015

Pedro Monitoring Data Summary
Daily Turbidity Analysis (2011-2013 all data)
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Figure 3-2. Pedro Creek seasonal analysis for continuous daily maximum and daily grab sample turbidity .

3.1.2. Station GS -1 (Gilmore Creek)

Station GSl islocatedon Gilmore Creek just above the confluence with Pedro Chiegkidity and TSS

data are available for all flow regimes at-G8n GilmoreCreek which drains 11.3 square milesthe

HUC-01 TMDL subwatershedbserved turbidity dat@gased on a combination of continuous and grab
sampleskxceed the turbiditpumerictargetsn all flow regimeg(Table3-3). When comparing with the
TMDL numeric targets, necessapductions othe maximum observed turbiditpeasurement@ange

from 68 to 98 percenkEewer TSS dataereavailablebecausehese were only baden grab samples.

TSS concentrations duririge dry and low flow regimes did not exceed the TSS numeric target; however,
exceedances during the extreme high, high, moist, and mid flow regimes ranged from 64 to 94 percent
(Table3-4).

Table 3-3. GS-1: Summary of turbidity data
(combination of continuous daily maximum and grab samples)

Extreme High Moist Mid Dry Low
Turbidity (NTU) (0-1%) (1-10%) (10-40%) (40-60%) (60-90%) [ (90-100%)
Number of Days Sampled n=>5 n=28 n =102 n =69 n =104 n=34
251 Percentile 310.20 63.98 29.84 38.89 8.94 4.75
Minimum 187.00 8.91 8.87 9.14 3.97 2.07
Median 370.00 124.30 63.23 82.50 22.46 10.71
Maximum 639.10 626.70 665.20 674.00 366.30 387.10
751 Percentile 471.00 253.83 140.68 261.00 82.78 25.75
Numeric Target* 199.50 9.45 9.45 9.85 9.00 7.17
Load Reduction 68.78% 98.49% 98.58% 98.54% 97.54% 98.15%

*The numeric target is equal to the median daily continuous Pedro Creek turbidity value plus 5 NTU.
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Table 3-4. GS-1: Summary of grab sample TSS data

Extreme High Moist Mid Dry Low
TSS (mg/L) (0-1%) (1-10%) (10-40%) | (40-60%) | (60-90%) | (90-100%)
Number of Samples n=1 n=1 n==6 n=2 n=5 n=1
25 Percentile 940.00 132.00 9.05 42.13 1.65 2.25
Minimum 940.00 132.00 5.20 31.50 1.60 2.25
Median 940.00 132.00 17.85 52.75 3.02 2.25
Maximum 940.00 132.00 262.00 74.00 18.80 2.25
751 Percentile 940.00 132.00 21.60 63.38 5.99 2.25
Numeric Target* 331.71 15.71 15.71 16.38 14.96 11.92
Load Reduction 64.71% 88.10% 94.00% 77.87% 20.40% 0.00%

*The numeric target is equal to the median daily continuous Pedro Creek turbidity value plus 5 NTU converted to a TSS

concentration based on the equation in Figure 2-1.

Turbidity data are also represented graphicallyigure3-3. This figure shows that the data are well
above the numeric targets for all flow regimeigjure3-4 looks at GS1 data seasonally over the

observed months of May through September. Turbidity values at Gilmore Creek do not appear to follow
the same seasonal trend as Pedro Creek. Extreme flows were observed in May, June, and July at Gilmore
Creek which explainswhy all of these months have high turbidity values. Median concentrations of daily

maxiumum observed turbidity are highest in September on Gilmore @ertinuous and grab sample
data are separated and discussed further in App&ndix
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Figure 3-3. GS-1 water quality duration curve for
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GS-1 Monitoring Data Summary
Daily Turbidity Analysis (2011-2013 all data)
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Figure 3-4. GS-1 seasonal analysis for continuous daily maximum and daily grab sample turbidity .

3.1.3. Station GS -2 (Goldstream Creek)

GS2 is located on Goldstream Creek at the downstream end of theDHUI®IDL subwatershedlhis

station has a 41-8quaremile drainage area and includes inputsrfi@edro Creek and Gilmore Creek.
Turbidity and TSS data for 2011 to 2013 at statiorX3%ere summarized. In addition, the maximum
values for each flow regime were compared to the TMDL numeric targets. Turbidity values were nearly
two orders of magnitudebave the numeric targets for the high through low flow regimes and nearly 50
percentabove the extreme high flow condition numeric targetb{e3-5). TSS data were well above the
associated numeric target for the high to mid flow regimes, but below the targets for the extreme high,
dry, and low regimesTable3-6).

Table 3-5. GS-2: Summary of turbidity data
(combination of continuous daily maximum and daily grab samples)

Extreme High Moist Mid Dry Low
Turbidity (NTU) (0-1%) (1-10%) (10-40%) (40-60%) (60-90%) [ (90-100%)
Number of Days Sampled n=3 n =30 n=111 n=63 n=101 n=34
25 Percentile 82.57 40.95 17.47 16.81 9.16 10.77
Minimum 38.73 17.68 4.27 6.40 4.89 5.88
Median 126.40 101.00 39.81 53.24 16.89 16.67
Maximum 380.30 300.30 376.20 221.70 314.20 110.40
75" Percentile 253.35 163.40 83.60 108.55 51.57 52.44
Numeric Target* 199.50 9.45 9.45 9.85 9.00 7.17
Load Reduction 47.54% 96.85% 97.49% 95.56% 97.14% 93.50%

*The numeric target is equal to the median daily continuous Pedro Creek turbidity value plus 5 NTU.
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Table 3-6. GS-2: Summary of grab sample TSS data

Extreme High Moist Mid Dry Low
TSS (mg/L) (0-1%) (1-10%) (10-40%) (40-60%) | (60-90%) | (90-100%)
Number of Samples n=1 n=1 n==6 n=2 n=3 n=1
25t Percentile 237.00 71.00 10.80 39.90 551 4.80
Minimum 237.00 71.00 7.35 20.70 191 4.80
Median 237.00 71.00 15.90 59.10 9.10 4.80
Maximum 237.00 71.00 43.00 97.50 10.30 4.80
75™ Percentile 237.00 71.00 32.55 78.30 9.70 4.80
Numeric Target* 331.71 15.71 15.71 16.38 14.96 11.92
Load Reduction 0% 77.87% 63.46% 83.20% 0% 0%

*The numeric target is equal to the median daily continuous Pedro Creek turbidity value plus 5 NTU converted to a TSS
concentration based on the equation in Figure 2-1.

Turbidity data are also representgdphically inFigure3-5. This figure shows that the median of

maximum observed daily data are well above the numeric targets for all flow regimes (but less for for the

extreme higtlows). Figure3-6 looks at G& data seasonally over May through SeptentBiemilar to
Pedro Creek, sdian daily maximum observed turbidity values rise in May with the spring-boeak
period andthendip in June, July, and August before rising again in Septer@Goetinuous and grab
sample data are separated and discussed further in Appendix B.
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Figure 3-6. GS-2 seasonal analysis for continuous daily maximum and daily grab sample turbidity .

3.1.4. Ballaine Road Station (Goldstream Creek )

The Ballaine Road station, located in thgdC-02 TMDL subwatershednd draining 77.5 square miles,

was represented with grab samples for turbidity and TSS from 2012 and 2013. The number of samples
varied from zero to five,&pending on the flow regime. Data are summariz&thlie3-7 andTable3-8

for turbidity and TSS,espectivelyNo turbidity or TSS exceedances were observed (note: no data were
available for the high flow regimeJurbidity data are also represented graphicallyigure3-7. This

figure shows that the data drelowthe numeric targets for all flow regimdsgure3-8 looks atBallaine
Roaddata seasonally over the observed months of May through Septé&wbenwith these limited data,

the turbidity values follow a similar pattern to the other statiaith highervalues in Mayand then a
decrease untibeptember.

Table 3-7. Ballaine Road : Summary of grab sample turbidity data

Extreme High Moist Mid Dry Low
Turbidity (NTU) (0-1%) (1-10%) | (10-40%) (40-60%) (60-90%) [ (90-100%)
Number of Samples n=1 n=0 n=2 n=2 n=>5 n=2
25 Percentile 25.00 ND 5.67 5.89 3.46 4.71
Minimum 25.00 ND 5.59 5.68 2.85 4.28
Median 25.00 ND 5.74 6.09 3.98 5.14
Maximum 25.00 ND 5.89 6.50 5.94 6.00
751 Percentile 25.00 ND 5.82 6.30 4.46 5.57
Numeric Target* 199.50 9.45 9.45 9.85 9.00 7.17
Load Reduction 0.00% ND 0.00% 0.00% 0.00% 0.00%

ND = no data
*The numeric target is equal to the median daily continuous Pedro Creek turbidity value plus 5 NTU.
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Table 3-8. Ballaine Road : Summary of grab sample TSS data

Extreme High Moist Mid Dry Low
TSS (mg/L) (0-1%) (1-10%) 10-40%) (40-60%) (60-90%) | (90-100%)
Number of Samples n=1 n=0 n=2 n=1 n=2 n=1
25 Percentile 131.00 ND 4.35 2.73 1.97 2.69
Minimum 131.00 ND 3.74 2.73 1.78 2.69
Median 131.00 ND 4.96 2.73 2.17 2.69
Maximum 131.00 ND 6.18 2.73 2.55 2.69
75t Percentile 131.00 ND 5.57 2.73 2.36 2.69
Numeric Target* 331.71 15.71 15.71 16.38 14.96 11.92
Load Reduction 0.00% ND 0.00% 0.00% 0.00% 0.00%

ND = no data
*The numeric target is equal to the median daily continuous Pedro Creek turbidity value plus 5 NTU converted to a TSS
concentration based on the equation in Figure 2-1.

Ballaine Monitoring Data Summary
Daily Turbidity Analysis (2012-2013)
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Figure 3-7. Ballaine Road water quality duration curve for daily grab sample turbidity .
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Ballaine Monitoring Data Summary
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1,000

Box and Whisker
Formatting of
Monitoring Data

D 25-75th Percentile

o
o

= Median

Min-Max

Water Quaﬁty Target

Turbidity (NTU)

= Numeric Target

& & & & &
@
&

Figure 3-8. Ballaine Road seasonal analysis for daily grab sample turbidity .

3.1.5. Sheep Creek Road Station (Goldstream Creek)

The Sheep CredRoadstation, located in thelUC-03 TMDL subwatershednd draining 98.2 square

miles, was represented with grab samples for turbidity and TSS. The number of samples varied from zero

to three, depending on the flow regime. Data are summariZegbie3-9 andTable3-10 for turbidity

and TSS, respectivelfhe Sheep CredRoadstation lies betweenthiédp per Gol dstr eam Wat
steepmountainougerrain (upstream) artieL o wer Gol dstr eam Water shedds f
(downstream Target loads are given to the Sheep Creek Station to ensure that water quality targets are

met in the futuredespiteno TSS exceedancégingobservedin addition,turbidity exceeded the numeric

target for the moist and low flow regimes (note: no data weadable for the extreme high and high

regimes). Compared to other stations, theeseedances were only slightly above the numeric targets and

are within an order of magnitud@urbidity data are also represented graphicalFigure3-9. This

figure shows that the data dimited and only above tgets during moist and low flow regimdsgure

3-10looks atSheep Creek roadhta seasonalliyom Juneto September. Turbidity valuese highest in

Juneanddip from July through September.

e
I

Table 3-93-9. Sheep Creek Road : Summary of grab sample turbidity data

Extreme High Moist Mid Dry Low
Turbidity (NTU) (0-1%) (1-10%) | (10-40%) (40-60%) (60-90%) | (90-100%)
Number of Samples n=0 n=0 n=3 n=1 n=3 n=2
25™ Percentile ND ND 5.59 6.22 5.39 6.43
Minimum ND ND 451 6.22 4.38 6.00
Median ND ND 6.66 6.22 6.39 6.85
Maximum ND ND 12.00 6.22 6.73 7.70
751 Percentile ND ND 9.33 6.22 6.56 7.28
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Extreme High Moist Mid Dry Low
Turbidity (NTU) (0-1%) (1-10%) | (10-40%) (40-60%) (60-90%) | (90-100%)
Numeric Target* 199.50 9.45 9.45 9.85 9.00 7.17
Load Reduction ND ND 21.25% 0.00% 0.00% 6.87%

ND = no data
*The numeric target is equal to the median daily continuous Pedro Creek turbidity value plus 5 NTU.

Table 3-10. Sheep Creek Road : Summary of grab sample TSS data

Extreme High Moist Mid Dry Low
TSS (mg/L) (0-1%) (1-10%) (10-40%) (40-60%) (60-90%) (90-100%)
Number of Samples n=0 n=0 n=2 n=0 n=2 n=0
251 Percentile ND ND 1.34 ND 2.07 ND
Minimum ND ND 1.25 ND 1.93 ND
Median ND ND 1.43 ND 2.22 ND
Maximum ND ND 1.60 ND 2.50 ND
75 Percentile ND ND 151 ND 2.36 ND
Numeric Target* 331.71 15.71 15.71 16.38 14.96 11.92
Load Reduction ND ND 0.00% ND 0.00% ND

ND = no data
*The numeric target is equal to the median daily continuous Pedro Creek turbidity value plus 5 NTU converted to a TSS
concentration based on the equation in Figure 2-1.

Sheep Creek Rd Monitoring Data Summary
Daily Turbidity Analysis (2013)
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Figure 3-9. Sheep Creek Road water quality duration curve for daily grab sample turbidity .
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Sheep Creek Rd Monitoring Data Summary
Daily Turbidity Analysis (2013)
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Figure 3-10. Sheep Creek Road seasonal analysis for daily grab sample turbidity .

3.2. Spatial Analysis

Turbidity and TSS data were analyzed for spatial patterns idgperGoldstream Creek watershézke
Figure3-11 andFigure3-12). Dataaredisplayed left to right from upstream to downstrearhath
figures.Turbidity concentrations are highest at-G&nd lowest ahe PedroCreek stationFrom GS1,
turbidity concentrations decrease moving downstream and rise again slightly at Sheep Creek Road. TSS
dataarelimited buttheyshow a similar spadl trend with the highest observed TSS at-G&nd

decreasing TSS moving downstredmis also important to note that orfRedroCreek GS-1, and GS2

have continuous data, which limits the conclusions that can be drawrstdttbes &rtherdownstream
Where available he continuous and grab sample data were separatéguire3-12 for more accurate
comparisor(continuous data represented by green box&sill three stations with both types of data, the
continuous data are higher than the grab $esrgnd the same overall spatial trend exists when solely
evaluating the continuous data (highest values al @fd then decreasing moving downstream).
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Figure 3-11. Spatial analysis for continuous daily maximum observed turbidity
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Figure 3-12. Spatial analysis for daily grab sample TSS measurements .
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3.3. Summary

Data analyses characteraed quantify thexisting conditions in thelpper Goldstream Creetkatershed
Turbidity measurements were evaluated at four statiioos upstream to downstrean&S-1 (blend of
continuous and grab daj&}S2 (blend of continuous and grab datallaine Road (grab sample data
only) and Sheep Cr&eRoad(grab sample only datajations. The highest observed turbidity data were
taken at GSL during midrange flows and the lowesbserved were #&S-1 during low flows.Turbidity
exceededhe numeridargets during all flow regimes and monthéth observed data at GEand G&
stations based on continuous and grab samphesigh exceedances were not observed at the Ballaine
Road station, it should be noted that turbidity data were limited to a handful of grab samples with only
one sample during exame high flows and none during high flowstrbidity data(based on grab
samplesht the Sheep Creek Road statitightly exceeded targets during moist and low flows and
during the months of June and July. No high or extreme high flow turbidityrdaésavailable forthis
station.

Exceedances of the T®8merictarget were noted at GBand G&. No TSS exceedances were noted
downstream of G&; however, assessmerasBallaine and Sheep Creek Road statameshased on
limited data.The TMDL is calculated usinghe TSShumerictargets Based on evaluation of available
data,Ballaine Road and Sheep Crdeéad stations are currently meetthg TSS numeritargets To
prevent future exceedances, even if TMDL subwatersheds are meeting numes¢cdaofet
subwatershei assigned loading capacitin Sectionb.
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4. Source Assessment

This section discusses the potential sourcegrbidity to UpperGoldstreanCreek, including poinand

nonpoint sourced here are many potential sources including permitted sources such as active placer
mines, construction stormwater, construction fill material and a municipal separate storm sewer (MS4) as
well as nonpoint sources suchrasoff from historically disturbed sites, winter road maintenance,

residential and commercial development and ATV trail Tike.following sections summarize the

available information for these potential sources.

4.1. Point Sources

Point sources of turbiditgurrently regulated by permitsclude active placer mingsonstruction
stormwaterconstruction fill materialandan MS4. A wastewater facilitys also located in the watershed
Thesepoint sourceswhichwere evaluated toeceive wasteload allocations (WLAS) in this TMDite
summarized imable4-1, illustrated inFigure4-1, and discussed below.

Table 4-1. Upper Goldstream Creek permitted discharger summary

TMDL Disturbed?/ Impacted®/
Permit Permit Type Subwatershed Urban® Area (Acres)
AKG370356 Placer Mine HUC-02 52
AKG370894 Placer Mine HUC-01 52
AKG370927 Placer Mine HUC-01 52
AKG370970 Placer Mine HUC-01 52
AKG370391 Placer Mine HUC-01 52
AKG370336 Placer Mine HUC-01 52
AKG370949 Placer Mine HUC-01 52
AKG370717 Placer Mine HUC-01 52
AKG870614 Placer Mine HUC-01 52
AKG370786 Placer Mine HUC-01 52
AKG370A43 Placer Mine HUC-03 52
AKG370A86 Placer Mine HUC-03 52
AKR10EK52 )
AKRLOEKS3 Construction Stormwater HUC-02 85.52
AKR10EK14 Construction Stormwater HUC-03 52
AKR10EK71 Construction Stormwater HUC-03 52
AKR10EP52 Construction Stormwater HUC-01 92
POA-2013-402 Fill Material HUC-01 2.7°
POA-1991-243-M2 Fill Material HUC-03 2.6°
POA-2012-43 Fill Material HUC-03 1.47°
AKG570062 Wastewater HUC-03 0
AKS053414 MS4 HUC-02 154.79¢

Note: Permit information retrieved from Permit Compliance System and Integrated Compliance Information System
(PCS-ICIS) (http://www.epa.gov/enviro/facts/pcs-icis/search.html) and ADEC in January 2014.

2 Discussions with ADEC and EPA determined that placer mining operations typically do not disturb more than five
acres at a time. For the purposes of calculating WLAs it is assumed that mining operations will not disturb more than
five acres at a time. Stormwater construction disturbed acreage came directly from ADEC permit information.

b Impacted areas for fill material permits came from ADEC permit information.
¢MS4 urban area is based on the 2010 census urban area maps (see Figure 4-1, MS4 area shaded in purple).
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ADEC Permits
Type, Status 2013
Fairbanks, AK ®  Placer Mining, Active
Placer Mining, Not Active
Storm Water, Active
B Waste Water, Active
ADNR State Mining Claims - No ADEC Permit

I .M Mining Land
- Private Mining Land

ADNR State Mining Claims with ADEC Permit
MS4 Area

Miles D Goldstream Watershed Boundary
6

P 07515 3 4.5

Figure 4-1. Permitted discharges to Upper Goldstream Creek .

4.1.1. Active Placer Mines

UpperGoldstream Creeis within the Fairbanks Mining District and was one of the earliest nggjlar
mining areas in Interior Alaska. The uplardshe watershetlave been a maj@lacermining area for
nearly a centuryPlacer mining strips awaxegetation and soil to gain access to placer grdiFaisire

4-2). The process uses large volumes of water, resulting in wastewater that is full of sediment (EPA
1994). Permitted mine discharges are subsequently routed through a settling pond and wastewate
recycled, therefore discharges to a stream from fully compliant mines should be minimal.

Mining has historically been documented aoarceof turbidity inthe Upper Goldstream Creek drainage
(Noll and Vohden 1994 Placer mining removes vegetatji@s illustratedn Figure4-2. The headwaters
areas of the watershed are largely disturbed with tailing Jitestailingscanextend forup toa mile

acrosghe GoldstreanValley and tte watershedas been mined almost continuously fromabefluence

of Gilmore and Pedroreeks to below Foreek? The early miningrelated disturbance occurred before
regulation and sources from these areasbegiltoverecdsnonpointsourcegSectiond.2). Regulation has
reduced potential loadings from placer mining to downstream receiving waters. APDES permits include
stabilization requirements for placer mines, which are important to reduce erosion potential. However, the
permits do not include revegetation requiremeatsne vegetation regrowth has occurred in disturbed
areas, which helps to reduce erosion; howeveresafmegrowth is on top of inadequately stabilized and
mitigated tailings pilefrom historically mined sites (i.e., nonpoint source [Sediid).

2 http://www.mindat.org/lo€197747.html
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Figure 4-2. Aerial photographs downstream of station GS ~ -2.
Source: Chandra McGee, ADEC (photos taken in 2013)

The extent of mining in the Upper Goldstream Creek watershed is considéfraieare 612 mining
claimsin the Upper Goldstream Creek watersheidre4-1). Of these, 12 placer mining operati@re
permitted by ADEC for discharge to surface watérese are associatedth 61 mining claims in the

Upper Goldstrear€reekwatershedTable4-1). Nine of thetwelve permittednining operations were

active in 2013. State, Bureau of Land Management (BLM), and private mining claims indicate there are
33 additional active mining operators ®%1claims in the watershedrigure4-1) that are not currently
permitted by ADEC to discharge wastewater
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permittees Table4-1) can discharge up to water qualityteria therefore, under optimal (i.e., full
complance) conditions, these facilities should not contribute turbiditypoerGoldstream Creek.

Theproposed 2015 mechanical placer mining discharge permit covers both discharging-and non

discharging mines using the same limits and monitoring requirenvietsever discharges occur.
Therefore these sources receiVLAs in this TMDL.

Mining activities in the state of Alaska require permits and licenses from setateshndederal

agenciesAs noted inFigure4-3, BLM, U.S. Forest Service, and U.S. Park Service are responsible for

Wi

approving plans of operation on federal land. Alaska DNR is responsible for issuing miscellaneous land

use permits fogtate land. ADEC authorizes wastewater discharge from mining operations to surface
waters through their APDES General Permit. Additional approvals are required from the Alaska

Department of Fish and GarfeFG) and U.S. Army Corps of Engineers.

Agencies involved in the permitting process, along with the respective permits/licenses managed, follows:

AGENCY

RESPONSIBILITY

Alaska Department of Fish & Game

Fish Habitat Permit or Special Area Permit

Alaska Department of Revenue- Tax Division

Mining Licenses

Department of Environmental Conservation

Wastewater Discharge, Compliance Inspections, &
Technical Assistance

Department of Environmental Conservation

Alaska Pollution Discharge Elimination System permit

DNR, Division of Mining, Land & Water
Mining Section

Miscellaneous Land Use Permit
(On claim activity only, including surface use)

DNR, Division of Mining, Land & Water
Land Section

Miscellaneous Land Use Permit
(Access across state land)

DNR, Division of Mining, Land & W ater
W ater Section

Temporary Water Use Authorizations, Permit to Appropriate
Water, or a Certificate of Appropriation

DNR, Division of Parks

Special Park Use Permit or SHPO requirements

DNR, Division of Forestry

Timber Purchase may be required

Bureau of Land Management

Approved Plan of Operation or Notice of Operation

U.S. Forest Service

Approved Plan of Operation

U.S. Park Service

Approved Plan of Operation

U.S. Army Corps of Engineers (USACE)

Dredge and Fill Permit in Waters of the U.S.

Figure 4-3. Agencies involved in the Alaska mining permitting process (ADNR 2014).

4.1.2. Stormwater

Stormwater runoff from both municipal areas and construction activities are other likely sources of

turbidity. Unlike most constant point sources (evgastewater treatment plaWWTP] discharges),

stormwater is precipitatiedriven. Stormwaterpermits regulate point source discharges of stormwater
into receiving watersTable4-1 identifies the stormwater permits in the watershieese are described in

further detail below
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Municipal Stormwater

For municipalities meeting specific size requirements, M&4nits are issuedrhere is currently an

APDES MS4 permit for thENSB (AKS053414, issued June 2013) that addresses stormwater discharges
in theborough able4-1 andFigure4-1). This MS4 permit applies to a very small portion of the Upper
Goldstream Creek watershdtbwever, this area does not include a piped stormwater conveyance. system
It is specifically 155 a@s of primarily residential land use located alongviéry northern edgef the

MS4 area, which is based on @@10 census urban area mépse purple shading Figure4-1 above).

Industrial Stormwater

Industrial activities can also generate contaminated stormvdendustrial stormwater permittees
discharge directly inttdpperGoldstream Creek; therefore, there is no WLA for industrial stormwater
included inthis TMDL and any future industrial facilities must m&éQSand all terms and conditions of
their Multi-Sector General Permit for Stormwater Discharges Associated with Industrial Activity (MSGP)
(AKR06000Q Effective April 2015) The MSGP requireindustial facilities to implement control

measures and develop s#ieecific storm water pollution prevention plans (SWPPP), among other,things
to comply with APDES requiremenasd meet WQS for turbidity (see Sect@for a discussion of

WQS) It is anticipated that, in some cases, current placer mining permits mai18&xe coveragm

the future to address their industrial activities.

Construction _Stormwater

Construction activities can also result in stormwater disch&ige Alaskaconstruction general permits
(ACGPs) for four separate construction saegentlylist the impaired segments OpperGoldstream

Creek as the receiving wat@rable4-1 andFigure4-1). Additional construction permits are anticipated

in the future (notegiven the temporary nature of construction activities, some, but not necessarily all, of
the existing permits ight be closed before new permits are issu@dording to the permits,

construction facilities must mespecific BMP requirements and W@ turbidity (see Sectio for a
discussion of WQS)

Transportation/Highway _Stormwater

Two highways(Steese Highway and State Highwayir2)he watershed are potential sources of
stormwater tdJpperGoldstream Creek; however, thésghways do nohave ADPES permits at this
time and are naissigned& WLA in this TMDL

4.1.3.  Fill Material

Activities that involve dumping, placing, depositing,discharging dredged material or fill material into
waters or wetlands of the U.S. require federal authorization under a CWA Section 404 permit and do not
need additional coverage under the ACTiRree fill material permitsurrently affecinearly 7 acresf

wetlands in the UppdBoldstream Creek watershethple4-1 andFigure4-1). Dischargef fill material

at thesesites have the potential to affect water quality in Goldstream Creek and are therefore assigned
WLASs based on their impacted wetland area

4.1.4. Wastewater

One wastewater treatment facility (WWTF) with an APDES peisiit the watershed. This WWTF is
associated with the Ivory Jacks Restaurdable4-1 and Figure4-1) and is in the Sheep Creek drainage
It hasa design capacity of 1,000 gallons per.dagcording to the permit, this facility discharges
Atundraodo and i s n olWppeeGoldstraam ErdetrtitsotribatariessThhrefarey ieis nbto
assigned a WLA in this TMDL.
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4.2. Nonpoint Sources

Nonpoint sources in thdpperGoldstream Creek watershed includeoff from historically disttbed
sites, winter road maintenance, residential and commercial develqame®TV trail useThese
sources are discussed belamd receive load allocations (LAs) in this TMDL

4.2.1. Historic Mining

Erosion from historically disturbed mining areas rgapoint sourcef turbidity toUpperGoldstream
Creek.This area has been mined extensively since 1903 with dredging as much as a mile wide at some
locations® During 19291959 four dredges of difference sizes worked Goldstream, Pedro and Engineer
creeks(Peterson 1973As shown inFigure4-2, a significant portion of the landscape is disturaed

much of this disturbance is associated with histdacer miningMine sites that are not stabilized or
reclaimedare susceptible terosion, therebincreasg sediment loads, especially during high water flow
and surface runoffPA 1994).Specificfeaturedncludeold settling ponds, cutbacks, overburgeies,
unstabilized disturbed areas, and reestablishment of diverted stream chaRA€1994) loading varies

by land use, slope, and other sifgecific factors

4.2 2  Winter Road Maintenance

Another source of sediment tipperGoldstreanCreek is the apation of sand to road surfaces, which
generally occurs from November through Febru@ihe volumeand locatiorof sand applie@ffectsthe
amount of sedimerntansferedto the streanbecaus@nly a portion of the material is liketp reachthe
creek ad contribute to turbidity problemSand and gravel are applied to roads by the Alaska
Department offransportation and Public Facilities (ADOT&PF) and local jurisdictidimés material is a
potential source of sediment to Upper Goldstream Creek anibitsties after snow melts and runs off
to the receiving waters.

4.2.3. Residential and Commercial Developments

Much of the Upper Goldstream Creek watershed is zoned Gihich allows multiple uses with few

limits (seeFigurel-4 andTable1-2 Sectionl.4). There is also land zoned foommercial and residential
developments. In Fox, in HUQL, there are many industrial commercial businesses as well as a brewery,
bar, and restaurant. At the uppend of HUCOL1 is a large HtionalOceanic and\tmospheric
Administrationsatellite operations facility. In addition, there is state land allocated for subdivision
developments within the Tanana Basin Area PFDNR 1991). All developed land, residentoal

commercial, has the potential to contribute turbidity from stormwater runoff due to increased impervious
surface area.

4.2.4. ATV Trall Use

There are over 70 miles of trails in the Upper Goldstream Creek watershed that are used year round.
Although winter e likely has little impact oturbidity, summer use that degrades trail conditions near
the stream could impact water quality.

3 http://www.mindat.org/lo€197747.html
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5. TMDL Allocation Analysis

A TMDL represents the total amount of a pollutant that can be assimilated by a receivingeyaterb

while still achievingVQS3 also called théoading capacityln TMDL development, allowable loadings

from all pollutant sources that cumul atively amou
be established and thereby provide the basis fabkshing water qualitpased controls.

A TMDL is composed othe sum oindividual WLASs for point sourced.As for nonpoint sources and
natural background loadanda MOS that accounts for the uncertainty in the relationship between
pollutant loads anthe quality of the receiving waterbodyonceptually, this definition is denoted by the

equation

TMDL = EFE WLAs + E LAs + MOS

The analytical approadlsedto estimate the loading capacity and allocationdJfgperGoldstream

Creekis based on the beavailable information to represent the impairment and expected sources

Loading capacity curves were based on the numeric target, while existing loads were calculated from data
at the most downstream station in each TMDL subwatershed (i.€ f&3HUC-01, Ballaine for HUCG

02, and Sheep Creek for HUI3) (seeTable1-8 andFigure5-1).

® ADEC Sampling Stations

12 Digit HUCs Upper Goldstream
Watershed

C:') Upper Goldstream Watershed

Lower Goldstream
Watershed

O'Connor,Creek

190405090703 / J
3 /Big‘Eldorado‘\Creek-GoIdstream-Cre

\,/ 190&050907@12\[\ P
Sheep Crrejk > - (f(_.

190405090701

Fox Creek ) '\\
4
|

Fairbanks, AK

T s Vliles
0 075 15 3 45 6

Figure 5-1. Extent of impairment on Upper Goldstream Creek and representative sampling stations
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5.1. Loading Capacity

The loading capacity for a given pollutant is the greatest amount of pollutant that a waterbody can receive
without exceeding the applicable water quatitigeria TMDLSs are typically expressed on a mass loading
basis (e.g., pounds per d#lys/day). Thepollutant forUpperGoldstream Creek is turbidity ufbidity is

a measure of the watero6s optical properties that
incorporate a measurement of malserefore, it does not lend itself to developing ailbgdapacity and
allocationgto different sources. Because turbidity does not work well as the basis for calculating a target
loading capacity, turbidity TMDLSs typically use a surrogate parameter, such as TSS, to establish the load
and percent reductiofiurbidity can be affected by different suspended particles such as clay, silt, and
microorganisms, many of which are the same substances that form TSS. Turbidity can also be affected by
algae Algae hae been noted on sensors during monitoring. Howeéhamuse othe strong relationship

between TSS and turbidity and the lack of algae data, for this TMDL TSS is assumed to be the dominant
source of turbidity.

Local TSS data provide a measure of the amount of sediment suspended in the stream at a given
momern in time.Becaus&laskahas not developed numeridteria for TSSa statistical relationship
between turbidity and TSS can be developed and applied. This relationship should be based on local
data because sediment can vary significantly from stream to stream. As described in2Skgtian

strong TS&urbidity relationship has been establisti@dUpperGoldstream CreelEigure2-1).

The loading capacity fddpperGoldstream Creek is derived from the water qualitierionfor

recreational usesvhich statethat turbidity may not exceed 5 NTUs above natural conditions when the
natural turbidity is 50 NTU or less, and may not have more tharpart@nincrease in turbidity when

the natural turbidity is more than 50 NTU, not to exceed a maximum increaS&NdiL By relating

sediment (expressed as TSS) and turbidity, a single measure, the TSS load, can be used to represent the
turbidity impairment The loading analysis conducted usingstream measurements of TSS proside

estimate of the existing sedimédaad, accounting for various-stream processes (e.g., transport,

deposition) that affect the fate of sediment delivered to the stream from the watershed.

A load duration curve approach is being used to evaluate the relationships between hydrolapgiand
guality and to calculate the TSS loading capadihe primary benefit of duration curves in TMDL
development is to provide insight regarding patterns associated with hydrology and water quality
concerns. The duration curve approach is particulaji@able because water quality is often a function
of stream flow. For instance, sediment concentrations typically increase with rising flows as a result of
various factors, such as channel scour from higlaervelocities or sediment from the land dad to

the stream by runoff during a storm event. Other parameters, such as chtmridee more

concentrated at low flows and more diluted by increased water volumes at higher flows. The use of
duration curves in water quality assessment creates avirark that enables data to be characterized by
flow conditions. The method provides a visual display of the relationship between stream flow and water
quality.

Allowable pollutant load¢loading capacityhave beemletermined through the use of load duration
curves(Table5-1 andTable5-2 provide additional detail)Discussion®f load duration curves are

presented i\n Approach for Using Load Duration Curves in the Development of TNIERA 2007).

This approach involves calculating the allowable loadings over the range of flow conditions expected to
occur in the impaired stream through the following steps:
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1. A flow duration curve for the stream is developed by generating a flow freqtedieyand
plotting the data points to form a curffégure5-2). The data reflect a range of natural
occurrences from extremely high flows to extremely low flows.

Upper Goldstream Creek Flow Duration Curves

1,000
HUC-01

w— HUC-02

w—HUC-03

100

\
N

Flow (cfs)

%\\

10 ‘

Dry Flows Low Flows

High Flows Moist Flows Mid Flows
| (1-10%) . (10-40%) ‘ (40_90%) ‘ (60-90%) ‘ (90-100%)‘
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Extreme High Flows !
(0-1%) Flow Percentile
Figure 5-2. Flow duration curves for all flow regimes in each TMDL subwatershed.

2. The flow curve is translated into a loag capacityor TMDL) curve by multiplying each flow
value (incfs) by thenumerictarget for a contaminant (mg/L), then multiplying by conversion
factors to yield results in the proper unit (itensper dayor yeaj. The resulting points are
plotted to create a loady capacitycurve(Figure5-3).
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Upper Goldstream Creek Total Maximum Daily Load HUC-01 TMDL
——HUC-02 TMDL

——HUC-03 TMDL
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Figure 5-3. Calculated TMDLs for all flow regimes in each ~ TMDL subwatershed.

w

Water qualitydataareconverted to loaglby multiplying the water quality sample concentration

by the average daily flow on the day the sample was collected. Then, the individual loads are
plotted as points on the TMDL graph and can be compared to thedaapacitycurve(step 2
above) Figure5-4 illustrates the load duration curves for TSS in the TMDL subwatersheds using
the maximum representative existing load (these values match those preséatadd52

below)

»

Points plotting above the curue Figure5-4 represenexceedancesom thenumerictarget and
the daily allowable load. Those plotting below the curve represent complianc&/@&and the
daily allowable load. Further, it can be determined which locations contribute loads above or
below thenumerictarget.

5. The area beneath the TMDL curve is interpreted as the loading capacity of the stream. The
difference between this area and the area representing the current loading conditions is the load
that must be reduced to meeimerictargets.

6. The final step is to dermine where reductions need to occur. Those exceedances at the right side
of the graph occur during low flow conditions. Exceedances on the left side of the graph occur
during higher flow events, andight be derived from sources such as runoff. Usiregltiad
duration curve approach allowdEC to determine which implementation practices are most
effective for reducing loads on the basis of flow regime. If loads are considerable during wet
weather events (including snowmelt), implementation effortsar@et those BMPs that most
effectively reduce storm water runofigure5-4 illustrates that reductions are needed during all
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flow regimes for HUGO1. This suggestthat implementation measures are needed to control
sediment during runoff conditions as well as the dry season in this subwatershed.

Upper Goldstream Creek TMDL and Existing Loads
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Figure 5-4. Load duration curves with existing loads for all flow regimes in each TMDL subwatershed.

To summarize the TMDL in tabular format (rather than the load duration curves shown aimter)yet

TSS concentration was multiplied by the estimated median flow for each TMDL subwatershed and the
appropriateconversion factors to calculate a target load for each flow rediatddg5-2). This was

performed cumulativelipecause¢he flow calculation includes the entire drajeaarea for each TMDL
subwatershed.

Table5-1 andTable5-2 showthe TMDL, allocations, MOS, and required reductiofable5-1 presents

the loads associated with individual drainage areas (i.e., the loads from the three drainages can be
summed to equal the loads of the HO& drainage iTable5-2). Table5-2 presents the cumulative

TMDL results with values that increase moving downstream in the watershed with increasing drainage
area (and associatedwip(note: the HU@)1 results irTable5-1 andTable5-2 are identical because

they represent the most upstream drainage)

The TMDL for theUpperGoldstream Creek watershescultimately equal to the cumulative load

presented for the most downstreanbwatershe@HUC-03) in Table5-2; however, the additional detalil
is provided to support implementation and local compliance efforts.
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Using the load reduction approackguiredreductiors werecalculatedrom theestimatedgsedimentoads
for eachTMDL subwatershedSpecifically, TSS measurements (the maximum of the observed data or
TSS calculated from the observed turbidity and the equatibigure2-1) at thestation arthest
downstream in each TMDL subwatershed were used to represent the existing load within each
subwatershed (i.e., G&for HUCG01, Ballaine for HU@02, and Sheep Creek for HUI3) (seeFigure

5-1). The percent reductierto meet target loads wegalculatedased on comparing the load associated
with existing conditions for each flow regime to the target load in each flow regintkat through
compliance with the TMDLwater qualitywill meetnumeric targetsinder all conditions throughout the
TMDL subwatersheds

Reductions needed to TSS loads range from 0 fme@&nt All reductions are needed in the most
upstream HUEL sibwatershed. The HUQ1 subwatershed requires a 54 percent reduction to TSS loads
during extreme flows and a 95 to 98 percent reduction to TSS loads during all other flow ré&ggmes (

5-4 andTable5-2).

Althoughboth the HUG02 and HUGO3 subwatersheds are currently meeting the loading capacity for
TSS, the data are limited to grab samples and indicate that loads are sometimegtedsadng
capacity(Figure5-4 andTable5-2). TMDLs are assigned to thesgbwatersheds to ensure that existing
loads do not increase and the subwatersheds continue to meet numeric targets, especially considering
current mining activities and the potential for additional construction in these drainages (seedgection
The required reductions are only calculated for the cumulative loddsble5-2 because the loads are
based on irstream TSS concentrations, which represent water quality from all upstream sources (i.e.,
cumulative sources)

Table 5-1. Upper Goldstream Creek individual watershed TMDL allocation summary for TSS

Total Suspended Solids Load (Ibs/day) by Flow Regime
TMDL Extreme High Moist Mid Dry Low
Subwatershed Allocation (0-1%) | (1-10%) | (10-40%) | (40-60%) | (60-90%) | (90-100%)
Reductions required to meet the loading capacity and WQS
Loading Capacity 54,905 1,915 1,497 1,175 700 330
Wasteload Allocation 112 4 3 2 1 1
HUC-01 Load Allocation 51,763 1,805 1,411 1,108 660 311
Margin of Safety 2,745 96 75 59 35 16
Foture Wasteload 285 10 8 6 4 2
TMDL subwatersheds currently meeting loading capacity and WQS
Loading Capacity 52,114 1,818 1,421 1,115 664 313
Wasteload Allocation 484 17 13 10 6 3
HUC-02 Load Allocation 48,961 1,708 1,335 1,048 624 294
Margin of Safety 2,606 91 71 56 33 16
Z:Jl(t)li: raet i\(/)\ﬁ]asteload 63 2 2 1 1 0
Loading Capacity 65,807 2,295 1,795 1,408 839 395
Wasteload Allocation 47 2 1 1 1 0
HUC-03 Load Allocation 62,238 2,170 1,698 1,332 793 374
Margin of Safety 3,290 115 90 70 42 20
,'::Jlgi: r:t i\cl)\aasteload 232 8 6 5 3 1

Note: Loads are based on only the individual watershed areas, not the cumulative drainage area.
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Table 5-2. Upper Goldstream Creek cumulative TMDL allocation summary for TSS

Total Suspended Solids Load by Flow Regime

TMDL (units in Ibs/day unless noted)
(Sclijt:;]"’u"’};etirjged Extreme | High Moist Mid Dry Low
area in acres) TMDL Category or Input (0-1%) | (1-10%) | (10-40%) | (40-60%) | (60-90%) | (90-100%)
Reductions required to meet the loading capacity and WQS
Median Flow (cfs) 30.7 22.6 17.7 13.3 8.7 51
TSS Target (mg/L) 331.71 15.71 15.71 16.38 14.96 11.92
Loading Capacity 54,905 1,915 1,497 1,175 700 330
Wasteload Allocation 112 4 3 2 1 1
HUC-01 Load Allocation 51,763 | 1,805 | 1,411 1,108 660 311
(26,451 acres) Margin of Safety 2,745 96 75 59 35 16
Future Wasteload Allocation 285 10 8 6 4 2
'li"oa;‘('jma‘t”gggse“’ed EXISing | 118,070 | 76,569 | 53,560 | 29,685 | 32,730 | 6,417
Percent Load Reduction (%) 53% 97% 97% 96% 98% 95%
TMDL subwatersheds currently meeting loading capacity and WQS
Median Flow (cfs) 60 44 34 26 17 10
TSS Target (mg/L) 331.71 | 15.71 15.71 16.38 14.96 11.92
Loading Capacity 107,019 | 3,733 2,918 2,290 1,364 643
Wasteload Allocation 596 21 16 13 8 4
HUC-02% Load Allocation 100,724 | 3,513 | 2,747 2,156 1,284 605
(51,527 acres) [ gin of Safety 5351 | 187 146 114 68 32
Future Wasteload Allocation 348 12 9 7 4 2
t”oa;‘é";‘:’gaﬂ;’;irve‘j EXisting | 40680 | ND | 1,869 | 1479 | 1,148 637
Percent Load Reduction (%)° 0% ND 0% 0% 0% 0%
Median Flow (cfs) 97 71 56 42 27 16
TSS Target (mg/L) 331.71 15.71 15.71 16.38 14.96 11.92
Loading Capacity 172,826 6,028 4,713 3,698 2,202 1,038
Wasteload Allocation 643 22 18 14 8 4
HUC-03% Load Allocation 162,962 | 5,685 | 4,443 3,487 2,077 979
(83,211 acres) Margin of Safety 8,641 301 236 185 110 52
Future Wasteload Allocation 580 20 16 12 7 3
'li"oa;‘(ij";‘t‘rghcézzegggk'z"is“”g ND ND | 4256 | 1,659 | 1,402 891
Percent Load Reduction (%)® ND ND 0% 0% 0% 0%

Note: Based on the cumulative watershed drainage area; ND = no data
* Currently meeting the loading capacity for TSS when data are available; however, the data are limited to grab samples and
indicate that loads are sometimes close to the loading capacity. TMDLs are assigned to ensure that existing loads do not increase
and the subwatersheds continue to meet numeric targets, especially considering current mining activities and the potential for
additional construction in these drainages (see Section 4).
* Loads for the HUC-02 subwatershed are equal to the sum of the loads from the HUC-01 and HUC-02 subwatersheds in Table 5-1.
Similarly, loads for the HUC-03 subwatershed are equal to the sum of the loads of the HUC-01, HUC-02, and HUC-03
subwatersheds presented in Table 5-1.
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5.2. Wasteload Allocations

TheWLA is the portion of thedading capacity allocated pwint source discharges to the waterbody.
Point sources includactive placer mined1S4 discharges, stormwater runoff framnstruction
activities, and stormwater runoff from fill material activitiés addition, a future WLA has been
calculated for future permitted activities, including placer mining and stormwater runoff from future
industrial and construction activities.

For each poinsourcen the watershed, an estimate of the sediraotvableloadwasdeveloped for
comparison with the istream loading capacity calculated fpperGoldstream CreelSourcespecific
loads were calculated by assigning an avegightedportion of the totahllocatable load (i.e., loading
capacity minus the MOS3p each sourcdll point sources within a TMDL subwatershed were area
weighted based on their disturbed area (or impacted aré&h foaterial permitsor urban area for the
MS4) and the total TMDL subwatershed area.

For examplean active mining permit would receive loads basetivenacres (the assumedisturbed
areg divided bytheapplicableTMDL subwatershedrea(from Table5-2) multiplied by theallocatable
loadfor each flow regiménote: sed able5-2 for the concentration, flow, andOS). This is illustrated
for an active mining permit in the HUCQL subwatershedith the followingcalculationfor the extreme
high flow regime(seeTable5-2 for details ly flow regime and-igure5-2 for an illustration of the flow
duration curves)

WLA = (Disturbed Area + HU@1 Area) x([Target Concentration x Flow x conversiagni10S)
WLA extremenigh= (5 acres + 26,451 acres) x 3B1.71mg/L x 30.7cfs x5.3B776 i 2,745 Ibs/day)
= 9.86lbs/day
Permitted poinsources in the watershed fall undetcategories: constructigtormwaterfill material,

MS4, wastewater, miimg permits and futurepermitted activitiesEach permitted facilityas evaluated
for a WLA for thisTMDL as follows:

w  Construction Stormwate¥Where available, the disturbed aveasused to calculate and assign
WLASs to permittees, based on the proportion of area in the watershed (i.e., a proportion of the
loading capacityvasassigned to the permittee based on their proportion of disturbed area)
Four construction permits, with 106ras of reported disturbed area, are currently in the
watershed.

W Fill Material: Where available, the impacted wetland as@aused to calculate and assign
WLASs to permitteesSpecifically, the impacted wetland area included in the permit was
divided by he overall subwatershed area to deterrttieeproportion of area in the watershed
which was then used to determine the WI(ie., a proportion of the loading capacitas
assigned to the permittee based on this area)

w  MS4 The MS4 permigppliesto the census urban area in titg of Fairbanks (155 acres
the Upper Goldstrea@reekwatershegseeFigure4-1, MS4 area shaded in purplé WLA
wascalculated by applying this proportion of area in the watershed to the overall loading
capacity Additional developmemntegulated through the MS4 pernstunlikely outside of the
census Wan area,; therefore, fioture allocatiorwasconsidered necessaagthe MS4AWLA
alreadyapplies to the entire urb@ensusareain the watershed

4 Consistent with the extreme high WLA for an active mining permit in Hl1(resented ifiable5-3.
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w Wastewater The one WWTF permit in t lareldoesadter shed d
receive a WLAbecauset is not expected to dischargelipperGoldstream Creek (i.e., the
permittees listed in permit tables, butthe WLAI i st ed as fAnot applicabl e
w  Placer nnes DMR summary reports i ngld@ cart edna hdits a hheae

all permittees with available information. Although no discharge has been reported, the
estimated disturbance arwasused to calculate WLAs for each mitfiéve acreswasused as

the current disturbed area for assigning all mine®a/ Thewatershed contairs89 active

state mining claims and 23 active private and BLM mining claims, representing 22,603 acres
(based on the BLMprivate, andstatemining claim shapefiles from ADEC)The owners of

these claims have the right to mine the land for the minerals it might caDidynl2 owners
haveADEC permits (representingl&laims) in the watershe@hese permits receive WLAs.

w Futurepermittedactivities A future WLA is included irthe TMDL as a reserve allocation for
any new permits. Separate future WLae provided for each TMDL subwatershed based on
the calculations described below. The future WLA is the sum of the anticipated future
allowable loadrom the sources below and pettees from any of these sources can work with
ADEC to draw upon this reserafiocation

o Future construction stormwatefAdditional construction activities are anticipated in the
Upper Goldstream Creek watershed; therefore, these activities may useragicthe
future WLA when authorized under the ACGP. Because planning department and land
management offices do not currently have projected growth or plans for development
specific to the Upper Goldstream Creek watershed area, the projected growvittaata
are available for a broader geographic area were used to estimate future construction.

Fairbanks North Star Borough is projected to add 31,687 to its population from 2012 to
2042 (moving from 100,343 to 132,d8@& 31 percent increase in populatiddyrrently
32,070 of the population of the borough resides in the city of Fairbanks (approximately
32 percent). This information was used to estimate projected growth in the Upper
Goldstream Creek watershed. Specifically, it was assumed that the borowtjin gro

outside of the MS4 areas of Fairbanks will be evenly distributed among the remainder of
the borough area. Using an atgaighted population estimate for the remaining

population outside of Fairbanks (68,273 people), it is assumed that the Upperdaoidstr
Creek watershed had 1,209 residents in 2012 (Upper Goldstream Creek is approximately
2 percent of the borough area). Applying the growth projections from the borough results
in an estimated population of 1,590 people in 2042. It is assumed that biheaciserent
population is supporting 105 acres of ongoing (i.e., permitted) construction, there is the
potential for construction needs of8l&cres by 2042 if population growth continues at

this estimated rate. Therefore, fature WLA includes 3 distubed areas associated to
considelfuture construction. Each TMDL subwatershed is assigned a proportional share
of the reservéoadbased on its subwatershed area.

o Future placer minesThere are currently 12 mining claim owners with ADEC permits
(which receive WLAs, as described aboaa)l another 33 owners with a total of 551
active mining claims that do not currently have ADEC permiitg&se 551 mining claims
represent potential future mind® determine a reserve allocation for future miites,
was assumed that if every owner requested an active permit, the maximum number of
placerpermits possible in the watershed would be 45. Theref6fdisturbed acres
were included in the future WLAnNaking up the difference between the current permits
[12] and the total assumed, possible permits [45], and assarfiiegacre disturbed area
perfuture permit)to considefuture placer minesEach TMDL subwatershed is assigned
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a proportion of the resenteadbased on the area stfate claims currentlyithe
subwatersheds.

0o Future industrial activitiesCurrent MSGRIn the city of Fairbanks were used to
estimate an area associated with future industrial activities in the Upper Goldstream
Creek watershed. To calculate a reserve allocation for future M$l&&Paverage area of
the current Fairbanks MSGP permittees was calculated (note: this calculation did not
include three permits with large areas because operations that large are not expected in
the Upper Goldstream Creek watershed). The average aréd \®d@sacres. It was then
assumed that three futu#SGPs could occur in the watershed at any given time,
resulting in a total of 95.91 disturbed acreach TMDL subwatershed is assigned a
proportion of the reserve load based on the arsetatdmining claims in the
subwatershetlecause future MSGPs are likely to be located near nAsasoted
previously, it is anticipated that current placer mining permits may need MSGP coverage
in the future to address th@mdustrial activitiegparticularlyunder thaMSGP Sector J
for minerals mining and dressing

The areaveighted WLAs are presentedTiable5-3 for each permit (note: this can be sorted by TMDL
subwatershetb characterize the loading in a particidabwvatershed) TheseWLAs are summarized and
incorporated into the TMDIn Table5-2 for the cumulativevatershedireas (noteTable5-1 presents the
allocations associatl with individualsubwvatershed areas)
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Table 5-3. Area-weighted WLAs
Area Weighted WLA by Flow Regime
Disturbed?/ d s (L /dy g
Impacted®/ : ISS (Ibs/day)
TMDL Urban¢ Area | Extreme High Moist Mid Dry Low
Permit Name Type Subwatershed (Acres) (0-1%) (1-10%) | (10-40%) | (40-60%) | (60-90%) | (90-100%)
WLAs for HUC-01
Larry DeGraaf & Willam . a
AKG370894 Bohan|Same]4 N SXX Placer Mine HUC-01 5 9.86 0.34 0.27 0.21 0.13 0.06
AKG370927 | Marge Kniffen & Helen Warner|Les | o o vtine HUC-01 5a 9.86 0.34 0.27 0.21 0.13 0.06
Underwood|4 N XXP
AKG370970 Mark & Sherry Funk|Same|4 N SXX | Placer Mine HUC-01 5a 9.86 0.34 0.27 0.21 0.13 0.06
Donald and Evelyn Stein | Donald . a
AKG370391 Stein dba DEPEM | 7 Y XEP Placer Mine HUC-01 5 9.86 0.34 0.27 0.21 0.13 0.06
AKG370336 | Fred Cornelius and Gerald Erikson | | by or pine HUC-01 58 9.86 0.34 0.27 0.21 0.13 0.06
Same [4Y XFX
AKG370949 IA‘frr]:‘neé |LPL%W9'S°” Fox Creek Placer Mine HUC-01 58 9.86 0.34 0.27 0.21 0.13 0.06
AKG370717 E')'&e” Crouse | Larry Crouse [ 4N | b cor Mine HUC-01 58 9.86 0.34 0.27 0.21 0.13 0.06
Raymond Meder | Tracy Fortner & . . a
AKG870614 Scott Veigut | 5 N SXX Placer Mine HUC-01 5 9.86 0.34 0.27 0.21 0.13 0.06
AKG370786 2%’( Robinson|Dexter Clark|3 N Placer Mine HUC-01 58 9.86 0.34 0.27 0.21 0.13 0.06
AKR10EP52 | FOX Community Park | Fox Lions | Construction HUC-01 9 17.75 0.62 0.48 038 0.23 0.11
Club Stormwater
POA-2013- Goldstream Creek Fox Lions Club . ) b
402 Park | Fox Lions Club Fill Material HUC-01 2.7 5.32 0.19 0.15 0.11 0.07 0.03
WLAs for HUC-02
AKG370356 | Coldstream Properties LLC [ Polar | 0o pine HUC-02 58 9.87 0.34 0.27 0.21 0.13 0.06
Mining, Inc. | 9 N XXP
Goldstream Rd Improvements Fbks
AKR10EK52 | Spot Area Improv | HC Contractors,
Inc. Construction a
Goldstream Rd Improvements Fbks | Stormwater HUC-02 85.5 168.70 >.88 4.60 3.61 215 1ol
AKR10EK53 | Spot Area Improv_2 | State of
Alaska DOT&PF Northern Region
AKS053414 Fairbanks North Star Borough MS4 HUC-02 154.79¢ 305.41 10.65 8.33 6.54 3.89 1.83
WLASs for HUC-03
AKG370A43 | Dan & Jack Adams Placer Mine HUC-03 52 9.87 0.34 0.27 0.21 0.13 0.06
AKG370A86 | Charlene Seamon Placer Mine HUC-03 5a 9.87 0.34 0.27 0.21 0.13 0.06
AKR10EK14 | Murphy RSA Road Improvements | | Construction HUC-03 5a 9.87 0.34 0.27 0.21 0.13 0.06
M & M Constructors Stormwater
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. Area Weighted WLA by Flow Regime
Disturbed?®/ 9 TSS (b /dy 9
Impacted®/ : ISS (Ibs/day)
TMDL Urban¢ Area | Extreme High Moist Mid Dry Low
Permit Name Type Subwatershed (Acres) (0-1%) (1-10%) | (10-40%) | (40-60%) | (60-90%) | (90-100%)
Murphy Dome RSA Road Construction
AKR10EK71 | Improvements | Fairbanks North HUC-03 5a 9.87 0.34 0.27 0.21 0.13 0.06
Stormwater
Star Borough
POA-1991- Goldstream Creek Kuykendall . . . b
43D Subdivision | Kuykendall Inc Fill Material HUC-03 2.6 5.13 0.18 0.14 0.11 0.07 0.03
POA-2012- | Sheep Creek ET Construction Fill Material HUC-03 1.47° 2.90 0.10 0.08 0.06 0.04 0.02
43 Subdivision | ET Construction
IVORY JACKS WW TREATMENT
AKGS570062 | Ex 1y vory Jacks Restaurant | Vastewater HUC-03 N/A N/A N/A N/A N/A N/A N/A
WLA Summary
N/A Total WLA All All 326.06 643.27 22.43 17.54 13.77 8.20 3.86
Future WLAs for HUC-01
N/A Future WLA for Mines Placer Mine HUC-01 84.77 167.17 5.83 456 3.58 2.13 1.01
N/A Future WLA for Construction gons”uc“on HUC-01 10.49 20.69 0.72 0.56 0.44 0.26 0.12
tormwater
N/A Future WLA for MSGP Industrial HUC-01 49.28 97.17 3.39 2.65 2.08 1.24 0.58
Stormwater
Future WLAs for HUC-02
N/A Future WLA for Mines Placer Mine HUC-02 13.92 27.46 0.96 0.75 0.59 0.35 0.16
N/A Future WLA for Construction Construction HUC-02 9.04 19.62 0.68 0.54 0.42 0.25 0.12
Stormwater
N/A Future WLA for MSGP Industrial HUC-02 8.09 15.96 0.56 0.44 0.34 0.20 0.10
Stormwater
Future WLAs for HUC-03
N/A Future WLA for Mines Placer Mine HUC-03 66.31 130.83 4.56 3.57 2.80 1.67 0.79
N/A Future WLA for Construction gons”uc“on HUC-03 12.57 24.79 0.86 0.68 0.53 0.32 0.15
tormwater
N/A Future WLA for MSGP 'S”d“St”a' HUC-03 38.54 76.05 2.65 2.07 1.63 0.97 0.46
tormwater
Future WLA Summary
N/A Total Future WLA All All 293.91 579.75 20.22 15.81 12.40 7.39 3.48

N/A = not applicable.

2Discussions with ADEC and EPA determined that placer mining operations typically do not disturb more than five acres at a time. For the purposes of calculating WLAs it is assumed that mining
operations will not disturb more than five acres at a time. Stormwater construction disturbed acreage came directly from ADEC permit information.

bImpacted areas for fill material permits came from ADEC permit information.

¢MS4 urban area is based on the 2010 census urban area maps (see Figure 4-1, MS4 area shaded in purple).
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5.3. Load Allocations

The LA is the portion of the loading capacity allocated to nonpoint source dischErgesare
numerous nonpoint sources includingnoff from historically disturbed sites, winter road maintenance,
residential and commercial developmetd ATV trail use.Historic mining is assignedlaA, while
active, permitted mining is assignetd.A (Section5.2). The difference between the loading capacity
(minus the MOSand the WLAs was used to assign an overall(detailedin Table5-2 for the
cumulative loacand Table5-1 for the individual watershed load

5.4. Margin of Safety

A MOS must be included in a TMDL to account for any uncertainty or lack of knowledge regarding the
pollutant loads and the responsehd# teceiving water. The MOS can be implicit (incorporated into the
TMDL analysis through conservative assumptions) or explicit (expressed in the TMDL as a portion of the
loadings) or a combination of bothhis TMDL includes botlan implicit and explicit NOS.

The TMDL includesan explicit5 percentMOS. A 5 percent explicit MOS isisedbecause the use of load
duration curves is expected to provide accurate information on the loading capacity of the stream, but this
estimate of the loading capacitguldbe subject to potential error associated with the method used to
estimate flows within the watershed.

In addition to the explicit MOS, the TMDL relies on the use of conservative assumptions where data are
lacking (e.g., the establishment of th@merictarget for turbidity). The conservative assumptions made
were related to both the estimation of the existing loading and the selectionroksctarget for the

TMDL, and include the following

1. The use of the median of the turbidity observatiorBeatroCreekto establish the baseline
turbidity for GoldstreanCreek The median turbidity observationsRédro Creekange from
2.17to0 4.85NTU from low tomoistflow conditions whicharelower than the average vabiaf
2.74 t0 6.66NTU. Using a lower turidlity value to establish the background turbidity in the creek
represents a conservative approach because it means that the load reductions required to meet the
turbidity WQSare more likely to be overestimdithan underestimatie There was no observed
turbidity measurement during the high fleegime. hetarget for the moist flow condition was
applied for high flows because it is a conservative apprimasét the numeric target.

2. The use ofnaximum (as opposed to average or median) observed measurenuatsilate
existing conditions and estimate the load reductions nece&ssing the maximum observed
measurements reflects the worst case scenario and is the most conservative .approach

5.5. Seasonal Variation and Critical Conditions

Seasonal variation araitical conditions associated with pollutant loadings, waterbody response, and
impairment conditions can affect the development and expression of a TMDL. Therefore, TMDLS must
be developed to ensure the waterbody mglintainWQSunder all expected conditions.

The load duration approach accounts for seasonaligvaliatingoads on a daily basis over the entire
range of observed flows and by presenting daily allowable loads that vary by-toWpperGoldstream
Creek, the tiras of highest loadingreduringthe spring breakip period, which are characterized by the
extreme high flow regime in the TMDL
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5.6. Future Growth

The MS4 permit applies the smallurbarnizedareain the Upper Goldstream watershi@dsociated with

the 155 ares ofcensus urban areerth ofthecity of Fairbanks)Any additional residential and

commercial growth outside of this area is characterized as a nonpoint source &2di@nd is not
associated with an MS4 perniltherefore, no future allocation for MS4s was considered necessary as the
MS4 WLA already incorporates the entire urban amehe watershe(seeSection5.2). Future

allocatiors for mines constructionand other industriactivitiesareincluded inthe futureWLASs, which
provide a reserve load by TMDL subwatershed from which future permittees ca(sdesection5.2).

5.7. Daily Load

A TMDL is required to be expressed as a daily Jaadhe amount of a pollutant the waterbody can
assimilate during a daily timedrement andtill meetWQS. The TMDL forTSSis presented athe
maximumload allowedduring agivenflow regime(e.g., extreme, high, moist, mid, dry, loWhe
allowableloads can be calculated for any flewd can therefore be applied on a daily basis.

5.8. Reasonable Assurance

EPA requires that there is reasonable assurance that TMDLs can be implemented when the TMDL is a
mixed source TMDL (EPA 1991). A mixed source TMDLoisedeveloped for waters that are impaired

by both point and nonpoint sources. The WLA in a mixed source TMDL is based on the assumption that
nonpoint source load reductions will occur. Reasonable assurance is necessary to determine that a
TMDL 6 s WL A sin @gmmbihatibnAase established at levels that provide a high degree of
confidence that the goals outlined in the TMDL can be achieved. This TMDL is a mixed source TMDL
therefore, reasonable assurance has been included

The TMDL uses available istream data and information to quantify sediment loads to the creek within
the entire drainage arebhis approach characterizes the contributioseafimenfrom both nonpaoint
sources and point sourc@scluding future point source) Upper Goldstreartreek.

Education, outreach, technical dimthncial assistance, permit administration, and permit enforcement
will all be used to ensure that the goals of this TMDL are Aldioughit is anticipated that

improvements to water quality will take decatlesause othe extreme disturbance in the headwaters
from historic mining activities hie following rationale helps provide reasonable assurance that the Upper
Goldstream Creek watershed TMDL goals will be met.

5.8.1. Programs to Achieve Point Source  Reductions

Permitcompliance frequentlyequiresmplementatiorof BMPs, monitoring, and reporting.

Requirements differ by permit typ®pportunities and resources associated bgth placer mining and
stormwateicontrolare discussed belowhese activities already support this TMDL and add to the
assurance that turbidity will meet AlasR&S In addition, ecommended BMPs are presented in Section
6.

1 Placer Mining Permit Enforcement: Mining activities in the state of Alaska require permits and
licenses from severalate andederal agencie3hrough the APDES General Permit, ADEC
manages mining operation permits addressingligeharge of runoff into surface wateDEC
inspected five placer mine permittaaghe Upper Goldstream Creek watershetveerOctober
2010andDecembef014.Since ADEC began oversight of APDES perni#810) they have
been working more closely withe mining community. Aseeded,lie ADECinspections
included educatig mine operatorsn BMPs to reduce erosion and prevggbverflow of
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settling pondsas well adollow-up visitsto ensure complianagith permitrequirement&nd
improvementdo waterquality.

Alaska DNR reviews mine plans state land an@LM, U.S. Forest Service, and U.S. Park
Service are responsible for approving plans of operation on federaPlamditted mine
discharges are routed through a settling pond and wastewaterdedetherefore discharges to
a stream from fully compliant mines should be minimal. Review of DMR summary reports
indicated that there was O6no miningd or o6no di
information. Permit limits indicate that these permittees can aligelwvater containing sediment,
but this discharge water must meet water quality criteria for turbitiéyefore, under optimal
(i.e., full compliance) conditions, these facilities should not contribute turbidity to Upper
Goldstream Creeln addition tothe permit enforcement and compliance actiarsgries ofact
sheets andtherstreambank protection resources are available at
http://dnr.alaska.gov/mlw/factsht/
http://www.adfg.alaska.gov/index.cfm?adfg=streambankprotection, mach
http://www.blm.gov/ak/st/en/prog/minerals/APMA.html
to help mine wners implement the required permit enforcement and compliance actions

1 Fairbanks Storm Water ManagementProgram: Many resources for managing storm water in
the Fairbanks area are identified by the Fairbanks Storm Water Management Program. These
resourcesreavailable at
http://www.co.fairbanks.ak.us/pworks/stormwatermanagementprogram/resourcaschtm
includethe BMP Effectiveness Report for Fairbanks, Algskiaska Storm Water Pollution
Prevention Plan GuideandErosion and Sediment Control Practices for Small Constacti
Sites.Any new permitted development in the Upper Goldstream Creek watershed wilimesult
improved stability, which will reduce erosion and improve water quality.

9 Alaska Stormwater Guide:The di versity of Al addmatesangkeogr aph
designing and implementing stormwater controls particularly challengingAlaska
Stormwater GuidéADEC 2011) provides detailed guidance on the implementation of
stormwater BMPs to comply witWQS. The Stormwater Guidaddresses some of the unique
chall enges posed by the diver sandmake®f Al askaods ¢
recommendations about the design and selection of stormwater BMPs in an effort to optimize
their effectiveneshapter 2 offhe Stormwater Guiderovides stormwater congations for
the various climatic regions in AlaskaoldstreanCreek is in thenterior Alaskaregion.

1 ADEC Follow-Up Actions: ADEC has the legal authorities that would allow the possibility of
requiring more stringent permit limits or more effective nonpoint controls if there is insufficient
progress in the expected nonpoint source control implementatibough ADEC is authorized
under Alaska Statutes Chapter 46.03 to impose strict requirements or issue enforcement actions to
achieve compliance with staféQs, it is the goal of all participants in the Upper Goldstream
Creek TMDL process to achieve clean water through cooperaforeseincluding continued
inspections and education through the APDES permit process

5.8.2.  Programs to Achieve th e NPS Reductions

The load from the araaot associated withoint sourcesvas assigned LA. Recommended BMPs are
presented in Section 6 and in regramsdescribed below.

1 Alaska Clean Water Action(ACWA) grants (funded througle PA6s CWA Secti on 31
program can provide funding to support nonpoint source pollution control prackit@s.
informaion on ACWA grants can be foundlatp://dec.alaska.gov/water/acwa/acwa_index.htm
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1 Abandoned Mine Lands Programfunding is available for reclamation of both coal and-non
coal abandoned miséhttp://dnr.alaska.gov/mlw/mining/anl/

1 BLM Alaska Mineral Program has recently (November 2014) developed guidance to facilitate
compliance with laws, regulationsnd national policies regarding reclamatonBLM lands
(note: 1200 acres of the Upper Goldstream Creek watershed are BLM langeftehf the
total area]andabout 360 acres of this area have mining claiBd) M @aal is to ensure
effective rechmation and to ensure that placer mining operations are adequately.bomeled
guidelines establisWQSfor rehabilitating placemined streamsAdditional information is
available athttp://www.blm.gov/ak/st/en/prog/minerals.html

1 Community Improvement Projects by various state and municipal programs rdayelop parks
and bike paths in the watershibatwill help to improve stability of the stream channel and
reduce erosion. These typesammunity improvements are anticipated in the coming years as
other development continues.

1 ADEC Monitoring and Tracking to Evaluate Progress:The implementation section includes a
description of monitoring recommendations to evaluate progress andadjakéments.

To provide additional assurance beyond existing programs and planned activities, the actions described in
the Implementation Section (Secti6hare provided to help permittees and property owners better
understand how to implement the W&And LAsin the TMDL. Given the widespread disturbance in the
headwaters, it is anticipated tmaeasurable improvemenisll take decades tachieve The

implementation section of this TMDL describes BMPs that can be used to achieve these actions.
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6. Implementation and Monitoring Recommendations

Implementing management measures in the Upper Goldstream Creek watershed is necessary to improve
waterquality to the point where the creek can support its designatedAdaigonal monitoring is

desired to verify TMDL assumptions and measure progress. This section presents recommendations for
additional implementation and monitoring to assist in meeatingumericturbidity targets and TSS

loading capacityand ultimately th&vVQSfor UpperGoldstream Creek.

6.1. Implementation

The bulleted list below identifies implementation optionsifigglementatiorin the UpperGoldstream
Creek watershe®ptionshave been identifiebr permitted sources and nonpoint sources.

6.1.1. Point Source Implementation Options

0 Placer mning: Implemening BMPson mining operations in thdpperGoldstream Creek
watershed should focus on permitting and reclamaéismletailed belo:

o Permitting: APDES inspection and enforcement activities intended toeduce
discharges from active mine sites, particularly during storm events.

0 Reclamation: Several management measures are traditionally fasedstong mined
sites. The first traditional activity includes renmaythe miningrelated material
(potentially includingailingsdredged from the creek itself) and placing this material in a
repository designed to contain contanmitsaleaching from the tailing®thertraditional
activities focus on the critical pathway(s). To prevent surface runoff, mine tailings and
related material are capped in plaRevegetation is also critical fstabilizationand to
minimize erosion.

0 Education: Education for placer mers that includes discussions on recommended and
appropriate BMPs to protect watersheds from mimgigted erosion and sediment input
could help the community better understand requirements for stream protection and help
foster a sense ofatershedwnesship.

o Additional BMPs are identified in the resources listed in Se&ién

o Construction: The ACGP requires the development of a SWPPP to manage materials,
equipment, and runoff from construction sites. To ensure compliance with the TMDL
construction sites need to implement storm water controls described in their SWPPP and maintain
erosion and sediment controls as necessary.

0 The City of Fairbanks aneNSB conduct periodic outreach events that include
recommendations on appropriate BMPs and how to manage runoff.

o Fill Material: The AlaskaGeneral Permi2007-541-M18 for fill material in wetlands for
residential and community developmergguires the followig BMPsfor fill material
operations

fiPrior to construction, erosion control measures, such as silt fencing, sediment traps, or
water diversion structures, must be properly deployed and installed. During construction,
silt and sediment from the site warlust be prevented from entering wetlands or
waterbodies outside the authorized project limits. Methods shall be implemented to filter
or settle out suspended sediments from all constructiated wastewater prior to its

5 http://dec.alaska.gov/water/wnpspc/stormwater/sw_construction.htm
8 http://portal.hud.gov/hudportal/documents/huddoc?id=23383 _akgeneralpermit.pdf
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6.1.2.

1

direct or indirect discharge inamy natural body of wateRuring excavation and fill
placement, heavy equipment must not be operated in wetlands outside the authorized
excavation and fill area. Heavy equipment working in wetlands or mudflats must be
placed on mats, or other measuresiie taken to minimize soil disturbance. All
exposed fills and disturbed areas shall be stabilized immediately after construction to
prevent erosion. Reegetation of the disturbed areas shall begin as soon as site
conditions allow. Species to be usedgeeding and planting should be native to the area
and at worst native to the state.o

MS4 Urban Runoff: The Fairbank#$1S4 permitincludes BMPsto reduce sediment from runoff
includevegetated filter strips, grassed swales, porous pavement, concrete grid pavement,
filtration basins and sand filters, and water quality inlets (2P22. Additional BMPs are
identified in the resources listed in Sect®B.

Nonpoint Source Implementation Options

Historically Disturbed Sites: Sites that have been disturbed due to dredging, mining or other
land disturbance activity likely have a higher erosioreptiél and may contribute to elevated
turbidity.

0 Restoration BMPs may include revegetation or construction of other erosion control
measures.

Transportation/Highway and Winter Road Maintenance Erosion, sedimenand runoff
control for transportation and highways includes construction site BMPs, general maintenance
BMPs, permanent control BMPs, and lelegm operation and maintenance of BMPs.

o Construction site BMPs for preventing sediment from transportatiohighd/ays
include straw bale barriers, filter fabrics, silt fences, sediment basins, and stabilized
entrances.

0 General maintenance BMPs include seeding with grass and fertilizing, seeding with grass

and overlaying with mulch or mats, wildflower cover, sodd and salt and sand
distribution equipment performance evaluations.

o0 Permanent erosion, sedimgand runoff control for transportation and highways include
grassed swales, filter strips, terracing, check dams, detention ponds or basins, infiltration
trenches, infiltration basins, constructed wetlands, and salt/sand storage and
housekeeping BMPs.

o Operation and maintenance of transportation and highway BMPs should include regularly

scheduled inspection and maintenance of both temporary and permanient eros
prevention BMPs and the removal of temporary BMPs (EPA 1995)

o In addition, preventing runoff of sediment andidi&g from winter maintenance efforts
should be a priority. When feasible, maintenance crews should use solutions that
effectively deice while keeping sand and {&ng agents out of streams. Tlaisn be
achieved through the use of filtration and retention BMPs as well as treatment options
that minimize the loss of sand andidimg agents from the road surface.

Residential and Commercial Dgelopment:

o0 Encourage application of green infrastructure and other BMPs to reduce erosion and
increase vegetative cover and infiltration of watessite.
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1 ATV Trail Use:

o Educatérail users on appropriate trail use and the impacts of degradation on water
quality. Encourage trail users to minimize use during wet weather or on wet areas of the
trails during the summer.

6.2. Monitoring Recommendations

Sedimentrelated impacts on designated uses are often difficult to characterize. For this reason,-sediment
relaied TMDLs are likely to have uncertainty associated with selection of numeric targets representative
of the desired istream condition and estimates of source loadings and waterbody assimilative capacity.
The amount of available data used in this TMids limited, which resulted in the usecoirelations

and estimates rather than sigecific data for TSS and flow.

Additional monitoring could support future load reduction estimates usinrgptEfic data to more
accurately represeltpperGoldsteam Creekin particular flow data (cfs), TSS data (mg/L), and
turbidity data (NTU) taken simultaneously during all flows regimebePedro Creek3S-1, GS-2,
BallaineRoad and Sheep Creekod stationswould be beneficial.

Collecting additional matoring data at these sites could
1 Verify the water depth to flow relationship assumed in the TMDL.
1 Indicate improvements in water quality and flow.

1 Verify the natural background conditiomsthe watershed.

Specific data gaps (station, parameter, fiowd regime areas that hatewerthanfive observed samples)
that should be targetddr additional data collectioareprioritizedin Table6-1. The itemddentified by

a n ihHable6-1represent flow regimes with no data available at théibstéor that parameter

therefore, these are a high priority for data collectiorgeneraldata during extreme flow regimase

limited and continuous or regularly schedule grab samples of TSS need to be taken to provide data for
each flow regimeWherever possible, flow and turbidity measurements should be taken through
continuous sampling protocols, while TSS data are generally represented with grab samples.

Table 6-1. Monitoring recommendations for the Upper Goldstream Creek watershed
Station Parameter Recommended Additional Baseline Data Collection by Flow Regime

Name (units) Extreme High Moist Mid Dry Low
Flow (cfs) H H H
Ballaine | TSS (mg/L)
Turbidity (NTU)
Flow (cfs)
GS-1 TSS (mg/L)
Turbidity (NTU)
Flow (cfs)
GS-2 TSS (mg/L)
Turbidity (NTU)
Flow (cfs)
Pedro TSS (mg/L)
Turbidity (NTU)
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Station Parameter Recommended Additional Baseline Data Collection by Flow Regime

Name (units) Extreme High Moist Mid Dry Low
Flow (cfs) H H H H H H

Sheep

Creek TSS (mg/L) H H M H M M
Turbidity (NTU) H H M M M M

Note: H = high priority data gap as no data are currently available; M = medium priority data gap (some data are
available, but data are limited); L = low priority for data collection as sufficient data are available.

Additional data collection ialsouseful for specific sources, to verify existing logalsd to document
compliance. Sourespecific monitoringecommendationareidentifiedbelow.

1 Mining: ADEC authorize wastewater discharge from mining operations to surface waters
through the APDES General Permit. APDES inspection and enforcemeniesfiviactive
placers mines should focus on storm events when violations of APDES permit conditions are
most likely b occur.Samples (flow, turbidity, and TSS) should be collected during each site visit
Additional datecollectionby the permit holdeandassociate@nnual reporting should be
encouraged by ADEQn addition, forhistoricsitesor stream segments that require reclamation,
BLM has developed guidance to support reclamation effectiveness monitoring. These guidelines
are available atttp://www.blm.gov/style/medialib/blm/ak/aktest/
ims.Par.90269.File.dat/im_ak 2015 6%20%20a2.pdflnspection of historic mining areas
could help to identify priority sites for reclamation.

1 Construction: Consistent with the ACGP, constrigst facilities are requiretb ensure that their
discharge does not exceed spedificAs or LAs. If a permittee dischaggto a waterbodyhat is
included on the stateds CWA Section 303(d)
impairedfor turbidity or sedimentand if thet permittee disturbs more than twenty (20) acres of
land at one timéincluding noncoriguous land disturbances that take place at the same time and
are part of a larger common plan of development oj,dalen that perniieemust conduct
turbidity sampling at locations as required by part 3 of Permit No. AKR100000 to evaluate
compliance with th&VQSfor turbidity.

1 Fill Material: Discharge of dredged or fill material to waters and wetlands of the United States
requiresa CWA Setion 404 PermitTo meet Section 404 Permit requiremestspsmustbe
taken to avoigbr minimizeimpacts to aquatic resour¢ce®mpensatiomustbe provided for
unavoidable impacts. Compliance with the permit will ensure these discharges meet the TMDL
WQS.

1 MS4: MS4 areas are required to meet TMDL allocations outlined in their NPDES MS4
stormwater permit. The MS4 area within the Upper Goldstream Watershed should monitor BMPs
for effectiveness to ensure compliance with WQS.

1 Industrial: Industrial stormwatdr discharges are covered under the MSGRe MSGP requires
that discharge must be controlled to meet applicable WQS. Monispegfics arelependent on
theindustrial sector andreapplicalbe to a specific dischargélthoughno industrial permits ar
currently present that discharge to Upper Goldstream Cit@gknformation is pertinent for any
future industrial facilities.

1 Transportation/Highway and Winter Road Maintenance Runoff from highwaysnd roads
should bemonitoredto ensure compliance with WQS. Installed BMPs should be monitored for
effectiveness.

7 http://dec.alaska.gov/water/wnpspc/stormwater/docs/AKG0600@015 MSGP_Permit.pdf
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7. Public Comments

The notice for the public review period was posted/iary 18, 2015and theeview periodclosedon

August 17, 2015The notice was posted in the looalwspaperthe Fairbanks Daily Newsminesn

ADECOs website, and on the State of Alaskaods Publi
ADEC6 s whalbicsnettings were held at the Fairbanks ADEC office on June 9 and July 22, 2015.

No comnents were received during the public review period.
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Appendix A : Water Qualit y Data
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Table A-1. Monthly turbidity , TSS, and flow data for Goldstream Creek
Parameter | Site Year | Month Average | Minimum | Maximum
TSS June 18.90 18.90 18.90
(mglL) Pedro 2013 | August 39.00 39.00 39.00

September 2.17 2.02 2.31

2011 | September 112.63 20.70 262.00

2012 June 40.10 18.60 74.00

August 2.82 1.60 5.20

GS-1 May 940.00 940.00 940.00
June 76.90 21.80 132.00

2013 | July 12.26 2.25 31.50

August 14.70 14.70 14.70

September 6.58 5.99 7.16

2011 | September 10.00 8.00 13.20

2012 June 52.73 8.30 97.50

August 10.26 1.91 18.60

GS-2 May 237.00 237.00 237.00
June 48.07 36.00 71.00

2013 | July 9.91 4.22 20.70

August 43.00 43.00 43.00

September 8.15 6.81 10.30

May 131.00 131.00 131.00

. July 2.66 2.55 2.73
Ballaine 2013 17 Lqust 6.18 6.18 6.18
September 2.76 1.78 3.74

July 2.50 2.50 2.50

Sheep Creek 2013 | August 1.25 1.25 1.25
September 1.77 1.60 1.93

GS-3 2011 | September 4.03 2.50 5.40
2012 | June 35.33 21.90 51.00

Turbidity June 0.92 0.92 0.92
(NTU) 2011 July 0.90 0.90 0.90
2012 | August 0.93 0.50 1.58

Pedro May 184.50 153.00 216.00
June 7.00 4.00 12.00

2013 | July 5.16 1.85 10.60

August 7.02 1.65 20.75

September 5.23 1.52 26.42

May 11.77 6.82 71.30

June 54.68 3.63 265.00

2011 July 108.61 5.55 639.10

August 251.05 9.68 674.00

September 101.44 5.40 626.70

September 16.70 16.70 16.70

May 45.73 11.00 247.10

GS-1 June 79.20 1.77 387.10
2012 | July 27.67 9.33 117.00

August 12.77 3.26 84.30

September 39.94 3.40 318.10

May 420.50 370.00 471.00

June 34.38 2.75 310.20

2013 | July 12.50 3.29 152.80

August 8.01 1.53 87.80

September 7.22 4.29 97.70
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Parameter | site Year | Month Average | Minimum | Maximum
May 20.09 0.74 107.20
June 20.71 3.09 279.00
2011 July 35.47 3.02 380.30
August 46.25 4.96 297.70
September 53.05 5.23 314.00
September 9.60 9.60 9.60
April 26.50 26.50 26.50
May 52.13 6.86 376.20
GS-2 2012 June 30.01 5.75 433.00
July 13.36 4.54 158.10
August 10.16 3.40 255.80
September 11.87 3.85 105.30
May 81.00 81.00 81.00
June 14.80 2.81 108.20
2013 | July 28.28 1.46 314.20
August 10.00 3.12 86.00
September 37.54 3.61 262.60
2012 | August 3.46 3.46 3.46
May 25.00 25.00 25.00
Ballaine June 6.00 6.00 6.00
2013 | July 5.37 4.28 6.50
August 4.79 3.98 5.59
September 4.37 2.85 5.89
June 9.00 6.00 12.00
July 6.77 6.22 7.70
Sheep Creek | 2013 1=\ | ist 6.70 6.66 6.73
September 4.45 4.38 451
May 18.00 10.60 23.50
June 14.49 8.11 26.30
GS-3 2011 | July 19.73 10.70 28.00
August 6.90 6.80 6.99
September 6.92 6.64 7.19
2012 | June 14.17 6.94 21.40
Water May 34.88 29.55 39.31
Level (cm) June 30.14 24.87 50.23
2011 | July 31.35 23.15 58.20
August 27.16 22.50 55.58
September 31.17 25.17 40.99
May 34.06 24.56 47.69
GS-1 June 19.58 13.55 51.00
2012 | July 21.13 15.23 48.94
August 24.91 19.89 55.92
September 34.29 30.47 44.34
June 26.16 0.14 82.80
2013 July 19.37 13.74 42.97
August 15.88 9.83 32.69
September 22.39 17.87 35.24
May 37.17 32.91 43.17
June 26.98 16.92 35.44
GS-2 2011 | July 17.79 10.96 30.23
August 26.33 12.87 35.61
September 32.82 28.82 36.86
2012 May 27.11 12.56 38.24
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Parameter | site Year | Month Average | Minimum | Maximum
June 18.54 1.65 31.59
July 25.61 12.91 37.96
August 11.45 0.42 27.27
June 17.72 0.22 61.11
2013 July 19.66 15.68 30.25
August 17.85 13.46 28.65
September 21.27 18.23 29.29
Discharge June 4.87 2.60 7.80
(cfs) 2011 | August 4.33 3.50 5.10
September 2.50 2.50 2.50
GS-1 2012 | June 2.27 1.00 3.20
June 5.45 2.60 8.30
2013 | July 4.00 2.70 5.30
September 4.80 4.80 4.80
April 17.85 11.40 24.30
May 25.54 13.30 52.30
2011 June 11.97 9.00 16.10
July 18.07 14.60 24.00
August 9.07 7.70 11.40
GS-2 September 8.50 8.50 8.50
2012 May 7.00 7.00 7.00
June 5.87 3.30 10.40
June 11.10 11.10 11.10
2013 July 16.00 16.00 16.00
August 14.40 14.40 14.40
September 16.00 16.00 16.00
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Data Analysis ( Separation of ¢ ontinuous and grab sampling data)

The following sections discuss data analyses conducted to evaluate any important irapesments
of water quality inthe UpperGoldstreanCreekwatershedThese analyses are different than those
presented in Section 3 of the main TMDL re@sttheyseparatéhe continuous and grab samplidgta
for stations with multiple data typeBhis section also includes an analysis of data at statie8, @Bich
lies downstream of the Upper Goldstre@neek vatershedind is outside of the TMDL study area

Pedro Creek Station

TableB-1, FigureB-1, andFigureB-2 summarize théaily maximumcontinuous data loggebserved

turbidity concentrationatthe PedroCreek stationTableB-2, FigureB-3, andFigureB-4 summarize the

daily grab samplebserved turbidity concentrationstiaé PedroCreek stationThe continuous

monitoring data were consistently higher than the grab samplel$ flmmaregimes. The low flow regime

has the most similar results between the two sampling types. When evaluating the data on a log scale, as
in the four figures, the data were all within the samder of magnitude.

Table B-1. Pedro Creek: Daily maximum of continuous turbidity data summary table

Daily Maximum Extreme High Moist Mid Dry Low
Turbidity (NTU) (0-1%) (1-10%) (10-40%) (40-60%) (60-90%) | (90-100%)
Number of Days n=0 n=0 n=2 n=4 n=14 n=4
251 Percentile ND ND 10.80 6.81 10.41 3.10
Minimum ND ND 9.46 2.74 2.94 2.80
Median ND ND 12.13 8.36 14.71 3.32
Maximum ND ND 14.80 26.42 20.75 4.78
751 Percentile ND ND 13.47 13.01 16.72 3.78
Numeric Target* 199.50 9.45 9.45 9.85 9.00 7.17
ND = no data
*The numeric target is equal to the median daily continuous Pedro Creek turbidity value plus 5.

Table B-2. Pedro Creek: Grab sample turbidity data summary table
Turbidity (NTU) Extreme High Moist Mid Dry Low

(0-1%) (1-10%) (10-40%) (40-60%) (60-90%) [ (90-100%)

Number of Samples n=2 n=0 n=6 n=4 n=4 n=4
25 Percentile 168.75 ND 2.01 0.85 151 2.64
Minimum 153.00 ND 0.92 0.71 0.50 1.96
Median 184.50 ND 3.80 3.56 2.37 3.36
Maximum 216.00 ND 12.00 10.60 4.00 4.00
75 Percentile 200.25 ND 7.35 7.32 3.17 3.89
Numeric Target* 199.50 9.45 9.45 9.85 9.00 7.17

ND = no data

*The numeric target is equal to the median daily continuous Pedro Creek turbidity value plus 5.
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Pedro Monitoring Data Summary
Daily Maximum Turbidity Analysis (2013)
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Figure B-1. Pedro Creek water quality duration curve for ~ continuous daily maximum observed
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Daily Maximum Turbidity Analysis (2013)
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Figure B-2. Pedro Creek seasonal analysis for  continuous daily maximum observed turbidity
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Pedro Monitoring Data Summary
Daily Turbidity Analysis (2011-2013)
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Figure B-3. Pedro Creek water quality duration curve for daily grab sample turbidity.
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Figure B-4. Pedro Creek seasonal analysis for daily grab sample turbidity.
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Station GS -1 (Gilmore Creek)

TableB-3, FigureB-5, andFigureB-6 summarize the maximuugaily continuous data logger observed

turbidity concentrations at th@S-1 Gilmore Creelstation while TableB-4, FigureB-7, andFigureB-8
summarize the daily grab sample observed turbidity concentratitims stition.The largest differere

between the two datasets at this station was in the dry and low flow regimes, vehepper end of the
continuous measurements were much higher than the grab sample data. This is particularly evident when

evaluating the figures, including the summer months in the seasonal analyses.

Table B-3. GS-1: Daily maximum of continuous turbidity data summary table

Daily Maximum Extreme High Moist Mid Dry Low
Turbidity (NTU) (0-1%) (1-10%) (10-40%) (40-60%) (60-90%) | (90-100%)
Number of Days n=3 n=28 n =98 n =69 n=104 n=34
251 Percentile 248.60 54.47 32.70 38.89 8.94 4.69
Minimum 187.00 8.91 8.87 9.14 3.97 2.07
Median 310.20 123.00 72.21 82.50 22.46 10.71
Maximum 639.10 626.70 665.20 674.00 366.30 387.10
75™ Percentile 474.65 245.53 140.68 261.00 82.78 25.75
Numeric Target* 199.50 9.45 9.45 9.85 9.00 7.17
Load Reduction 68.78% 98.49% 98.58% 98.54% 97.54% 98.15%
*The numeric target is equal to the median daily continuous Pedro Creek turbidity value plus 5.

Table B-4. GS-1: Grab sample turbidity data summary table
Daily Maximum Extreme High Moist Mid Dry Low
Turbidity (NTU) (0-1%) (1-10%) (10-40%) (40-60%) (60-90%) | (90-100%)
Number of Samples n=2 n=6 n=22 n=8 n=>5 n=4
25t Percentile 395.25 27.90 8.03 6.78 4.13 3.46
Minimum 370.00 8.30 3.40 5.55 3.82 3.00
Median 420.50 67.15 13.85 7.13 4.29 3.81
Maximum 471.00 265.00 526.00 205.00 12.10 5.00
75t Percentile 445.75 148.33 19.05 30.78 6.00 4.25
Numeric Target* 199.50 9.45 9.45 9.85 9.00 7.17
Load Reduction 57.64% 96.43% 98.20% 95.20% 25.62% 0%

*The numeric target is equal to the median daily continuous Pedro Creek turbidity value plus 5 NTU.
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GS-1 Monitoring Data Summary
Daily Maximum Turbidity Analysis (2011-2013)
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Figure B-5. GS-1 water quality duration curve for  continuous daily maximum observed turbidity .
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Figure B-6. GS-1 seasonal analysis for continuous daily maximum observed turbidity .
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GS-1 Monitoring Data Summary
Daily Turbidity Analysis (2011-2013)
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Figure B-7. GS-1 water quality duration curve for daily =~ grab sample turbidity .
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Figure B-8. GS-1 seasonal analysis for daily grab sample turbidity .
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Station GS -2 (Goldstream Creek)
The data forthe GS2 Goldstream Creek statiame summarized below. SpecificallyableB-5, Figure

B-9, andFigureB-10 presenthe maximum continuous data logger observed turbidity concentratmohs
TableB-6, FigureB-11, andFigureB-12 summarize the daily grab samjplata The extreme high and

low flow regimes show the largest differences in sampling type, with the continuous measurements much
higher than the grab sample results. Overall, the two sampling types show similar patterns when

evaluating flow regimes and seasonal patterns.

Table B-5. GS-2: Daily maximum of continuous turbidity data summary table

Daily Maximum Extreme High Moist Mid Dry Low
Turbidity (NTU) (0-1%) (1-10%) (10-40%) (40-60%) (60-90%) | (90-100%)
Number of Days n=3 n =30 n=111 n=63 n=101 n=34
251 Percentile 82.57 40.95 17.47 16.81 9.16 10.77
Minimum 38.73 17.68 4.27 6.40 4.89 5.88
Median 126.40 101.00 39.81 53.24 16.89 16.67
Maximum 380.30 300.30 376.20 221.70 314.20 110.40
751 Percentile 253.35 163.40 83.60 108.55 51.57 52.44
Numeric Target* 199.50 9.45 9.45 9.85 9.00 7.17
Load Reduction 47.54% 96.85% 97.49% 95.56% 97.14% 93.50%
*The numeric target is equal to the median daily continuous Pedro Creek turbidity value plus 5.

Table B-6. GS-2: Grab sample turbidity data summary table
Daily Maximum Extreme High Moist Mid Dry Low
Turbidity (NTU) (0-1%) (1-10%) (10-40%) (40-60%) (60-90%) | (90-100%)
Number of Samples n=2 n=11 n=33 n=10 n==8 n=3
251 Percentile 61.50 13.65 8.81 7.44 6.49 7.75
Minimum 55.00 3.28 4.20 4.40 5.27 6.12
Median 68.00 22.90 12.20 11.60 14.35 9.37
Maximum 81.00 279.00 81.30 166.20 433.00 12.00
751 Percentile 74.50 26.40 24.30 17.33 20.05 10.69
Numeric Target* 199.50 9.45 9.45 9.85 9.00 7.17
Load Reduction 0% 96.61% 88.38% 94.07% 97.92% 40.24%

*The numeric target is equal to the median daily continuous Pedro Creek turbidity value plus 5 NTU.
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Figure B-9. GS-2 water quality duration curve for
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GS-2 Monitoring Data Summary
Daily Turbidity Analysis (2011-2013)
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Figure B-11. GS-2 water quality duration curve for daily ~ grab sample turbidity .
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Figure B-12. GS-2 seasonal analysis for daily grab sample turbidity .
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Station GS -3 (Goldstream Creek)

Station GS3, which drains 250 square miles, was sampled from 2011 through 2012 for turbidiig&nd
(TableB-7 andTableB-8, respectively)All data were grab samples, so the sample sizes are limited.
There arano turbidity and TSS data for the extreme high and low flow regithesigh flow regime is

also lacking TSS data. Turbidity data are represented graphic&ligureB-13. This figure shows that

the data are above the numeric targets during high, moist, afr@unge flowsFigureB-141ooks at GS

3 data seasonally. Observed turbidity values are similar in May, June, and July and lower inTAigust.
site is in the lower portion of the watershed, which has low relief and is more forested than the upper
semimountainous portions of thépperGoldstream Creek watershedthoughthese figures and tables
do compare to the TMDL numeric target, this comparison is for illustrative purposes only and does not
represent impairment. Specifically, the numeric targets in the TMDL are based aenegtige natural
conditions.These targets are not considered applicalilee @ S3 site because GS represents a

separate geographic area, which would Hdifferert natural conditionshanthe Upper Goldstream

Creek watershedddressed in this TMDL

GS3 is located much further downstream from the other Goldstream Creek statisnstation is
located ina flatter, slower moving portion of the creek and is topographically very different from the
other upstream stations. It is located downstreametiindareasand within astateforest area. Because
of its location, additional development is not anticipated neaB.Gis addition, mining activities in the
watershed primarily take place in the upper portions of the watershed and are not expesteibtde
turbidity to Goldstream Creek at @S Giventhe separatéocation and different sources involyele
numerictargets based on water qualitgtafrom the PedrcCreekstation are notonsideredpplicable to
water quality at station G3, and this station was determined to be outside of the TMDL study area

Table B-7. GS-3: Daily turbidity data summary table

Turbidity (NTU) Extreme High Moist Mid Dry Low
(0-1%) (1-10%) (10-40%) (40-60%) (60-90%) | (90-100%)
Number of Samples n=0 n=1 n=11 n=4 n=1 n=0
25 Percentile ND 26.30 7.09 10.29 6.94 ND
Minimum ND 26.30 6.64 9.06 6.94 ND
Median ND 26.30 10.60 15.60 6.94 ND
Maximum ND 26.30 28.00 21.40 6.94 ND
751 Percentile ND 26.30 20.45 20.73 6.94 ND
Numeric Target* 199.50 9.45 9.45 9.85 9.00 7.17
ND = no data
*The numeric target is equal to the median daily continuous Pedro Creek turbidity value plus 5 NTU.
Table B-8. GS-3: Observed TSS data summary table
Extreme High Moist Mid Dry Low
TSS (mg/L) (0-1%) (1-10%) (10-40%) | (40-60%) (60-90%) | (90-100%)
Number of Samples n=0 n=0 n=2 n=1 n=1 n=0
25t Percentile ND ND 3.35 51.00 22.30 ND
Minimum ND ND 2.67 51.00 22.30 ND
Median ND ND 4.04 51.00 22.30 ND
Maximum ND ND 5.40 51.00 22.30 ND
75™ Percentile ND ND 4.72 51.00 22.30 ND
Numeric Target* 331.71 15.71 15.71 16.38 14.96 11.92

ND = no data

*The numeric target is equal to the median daily continuous Pedro Creek turbidity value plus 5 NTU converted to a TSS
concentration based on the equation in Figure 2-1.
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Figure B-13. GS-3 water quality duration curve f  or daily observed turbidity

Figure B-14. GS-3 seasonal analysis for daily observed turbidity
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