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Executive Summary

aTotal Maximum Daily Loagl§TMDLsJor sedimentwere developedfor the Beaver RuiwWatershed(Figure
1) to addresghe siltationimpairments noted inthe 2018 FinalPennsylvanidntegratedWater Quality
Monitoring and Asessment Report (Integrated Reppiitcluding the Clean Water Act Section 303(d) List
Agriculturewasidentified as the cause ohese impairments Becausd’ennsylvania does nbavenumeric
water quality criteria for sedimenthe loading rates from a similarunimpaired watershedavere used to
calculate the TMDd

OGTMDLS were calculated using both a lotgrm annual average value (TMI) which would be protective
under most conditions, as well as a"9®ercentile daily value (TBIuax) Which would be relevant to
extremeflow events. Current annual averagediment loading in th®eaver Ruiwatershedwas

estimated to be6,623887pounds per yearTo meetwater quality objectivesannual averagsediment
loading should beeduced by68% to2,121,441 pounds per yearAllocation ofannual averagsediment
loadingamong theTMDLvariabless summarizedh Table 1To achieve this reductiowhile maintaining a
10% margin of safety and minor allowance for point souraraual aerageloading from croplandshould
be reduced by0% whereas loading frotmay/pasture lands and streambaskhould be reduced B0%
each

Table 1. Summary ofAnnual AverageTMDL (TMDLayg) Variablesfor the Beaver RunWatershed
Ibs/yr:

PO”Utant TM D LA\/g M OSA\/g WLAA\/g LAAvg L N RAvg ALAAvg

Sediment 2,121,441 212,144 21,640 1,887,656 20,409 1,867,247

TMDL=Total Maximum Daily Load; MOS = Margin of Safety; WLskvadsAllocation [foint sources); LA = Ldallocation
(nonpointsources). The LA is further divided into LNR = Loads Not Reducédl Anddjusted Load Allocatidndzd & O LJ0 & !
indicates that hese values arex@ressed as annual averages

Current 99'percentile daily loading in thBeaver RuiWatershed was estimated to 291,593 pounds
per day. To meet water quality objectives,"9®ercentile daily sediment loading should be reduced by
75% t072,499 pounds per day. Allocation of 9ercentile daily sediment loading among the TMDL
variabless summarized in Tabl

Table 2. Summary of 99 Percentile Daily Loading TMDL (TMDkax) Variables for theBeaver Run
Watershed

lbs/d:
PO”Utant TMDLMaX MOSMaX WLAMaX LAMax LNRMax ALAMax
Sediment 72,499 7,250 727 64,522 698 63,824

TMDL=Total Maximum Daily Load; MOS = Margin of Safety; WLA=Wasteload Allocation (point sources); LA = Load Allocation
(nonpoint sources)The LA is further divided into LNR = Loads Not Reduced and ALA=Adjusted Load AButzaipt
& aé indicates that these values are expresse®@s percentile for daily loading



Introduction

Beaver Run is a tributary ohillisquagueCreek with the confluence approximately orealf mile southeast
of the Village of Potts Groy€&igure ). This TotaMaximum Daily Load (TMDdgcumenthas been
preparedto addresghe siltation from agricultureimpairmentslisted for the entire watershe@Figure 1),
per the 20B Final Integrated Repofsee Appendix A for a descriph of assessmenmthethodology. The
Beaver RuiVatershedwas approximatelyl2 squaremiles andoccurredalmost entirely within Montour
County justnorth and east of the border with Northumberland Counitycontaired approximately25
stream milesall of whichwere designaed for warm water fishe§WWH andMigratory Fishes (MF)

The removal of natural vegetation asdil disturbance associated with agriculture increases soil erosion
leading to sediment deposition in streams. Excessive fine sediment deposition may destroy the coarse
substrate habitats required by many stream organisms. While Pennsylvania does not hawé naber
guality criteria for sediment, it does have applicablarative criteria:

Water may not contain substances attributable to point or nonpoint source discharges in
concentration or amounts sufficient to be inimical or harmful to the water tesbe protected
or to human, animal, plant or aquatic life. (25 PA Code Chapter 93.6 (a)

In addition to other substances listed within or addressed by this chapter, specific substances to be
controlled include, but are not limited to, floating materiadé, grease, scum and substances
which produce color, tastes, odors, turbidity or settle to form deposits. (25 PA Code, Chapter 93.6

(b))

While agriculturenas been identified as the source of the impairments, this TMDL document is applicable
to all sigrificant sources of solids that may settle to form deposits.

According tcan analysis of NLCD 20lhndcover dataas reported by Model My Watersheldnd use in tie
studywatershedwas estimated to b&9% forest/naturally vegetated landS1% agriculture, and0%
mixed developmen{Table 5) The agricultural landsere nearly evenly split between croplands and
hay/pasture landgAppendix BTable B). Therewerefour NPDES permitted point source dischariethe
watershedwith concentrationlimits relevant to sedimentatiorbut all were estimated to be very minor
sediment sources (Table.4)

Table 3. Aquatic-Life Impaired StreamSegmentsn the Beaver RunWatershedper the 2018 Final
Pennsylvania Integrated Report
HUC: 0205061 Lower West Branch Susquehanna

Source EPA 305(b) Miles Designated Use | Use Designation
Cause Code
Agriculture Siltation 10.4 WWEF, MF Aquatic Life

HUC= Hydrologic Unit Code; WWF=Warm Water Fish; MF= Migratory Fishes

The use designations for the stream segments in this TMDL can be found in PA Title 25 Chapter 93.

See Appendix C for a listing of each stream segment and Appendix A for more information on the listings and listing
process.
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Figure 1. Beaver RunWatershed Per the approved 2018 Integrated Repotiall aquatic life use impairments within the watershedwere
attributed to siltation from agriculture .



Table 4. Existing NPDE®ermitted Discharges in the Beaver Run Watershed and their Potential
Contribution to Sediment Loading
Permit Based Limits DMR Based Loading
Permit No. Facility Name Load, mean Load, max | Load, mean Load, max
Ibs/yr Ibs/d Ibs/yr Ibs/d
PAG045007 | Martin & Vicki Ruk
SETF 8 0.07 NA NA
PAG045157 | Anthony & Jenny
Beaver Conmy 8 0.07 NA NA
Residence
PA0035599 PA D_OT Bur of 213 12 10 04
Proj Delivery
PA0035602 PA D_OT Bur of 213 12 11 04
Proj Delivery

Permits within the watershed wer ehtpbh/awvaddpginsiate.pabiBdmappa &hd p P A
EPAG6s Watershed Resources Registry available at
https://watershedresourcesregistry.org/map/?config=stateConfigs/pennsylvania.json

Note that given their transient nature, any stormwater construction permits were not included above.

Martin & Vicki Ruk

Small flow wastewater treatment facility for a single-family residence. Average daily flows of 262.5 gpd and a daily
maximum flows of 400 gpd were assumed. The average flow along with an average monthly total suspended solids
(TSS) concentration of 10 mg/L was used to calculate the annual average loadings. A 20 mg/L TSS concentration along
with the assumed peak daily flow were used to calculate the daily max load. No eDMR data were available.

Anthony & Jenny Beaver Conmy

Small flow wastewater treatment facility for a single-family residence. Average daily flows of 262.5 gpd and a daily
maximum flows of 400 gpd were assumed. The average flow along with an average monthly TSS concentration of 10
mg/L was used to calculate the annual average loadings. A 20 mg/L TSS concentration along with the assumed peak
daily flow were used to calculate the daily max load. No eDMR data were available.

PA DOT Bur of Proj Delivery. Wastewater treatment plants serving rest areas along Interstate 80. Both permits had
concentration limits for total suspended solids of 10 mg/L average monthly 20 mg/L daily max. Permit limits were based
on effluent flow rates of 0.007 MGD. This flow along with the average monthly concentration limit was used to calculate
mean Ibs/yr; this flow along with the daily maximum concentration limit was used to calculate maximum lbs/d.

For mean annual load based on electronic discharge monitoring report (eDMR) data, both sites had three full years
(2017-2019) of monthly reported average flow (in MGD) as well as average monthly TSS concentration (in mg/L). Each
mont hés fl ow and concent r aaveragendaily wad éor each mahth.tThis wasanhultiplidd aytthe a n
number of days in the month, and all months were added in each year to make an annual load. All three annual loads

were averaged to generate the mean Ibs/yr values reported above. To calculate the maximum daily load, daily maximum
flows and daily maximum total suspended solids concentrations reported monthly from January 2017 to October 2020

were used to calculate the daily maximum load for each month. The values reported above were the maximum of those
values for each site.

avali


http://www.depgis.state.pa.us/emappa/
https://watershedresourcesregistry.org/map/?config=stateConfigs/pennsylvania.json

TMDL Approach

Althoughwatersheds must be handled on a cdsecase basis when developing TMDLsgr¢hare basic
processeshat apply to all cases. They include:

1. Collection and summarization of pexisting data (watershed characterization, inventory
contaminant sources, determination of pollutant loads, etc.);

2. Calculation of @MDLthat appropriately accounts for any critical conditions and seasonal

variations

Allocation of pollutant loads to various sources;

Submission of draft reports for public review and comments; and

5. EPA approval of the TMDL.

oW

Because Pennsylvania does not have numesaiter quality criteria for sediment, thé wS F SNBy OS
Watershed LJLINPwaghiged. his method estimategollutant loading rates in both the impaired
watershed as well as a similar watershed that islisteéd asmpairedfor the same useThen the loading

rate in the unimpaired watersheid scaled to the area of the impaired watershed so thatessary load
reductionsmay be calculated. It is assumed that reducing loading rates in the impaired watershed to the
levels found in thattainingwatershed willresult in the impaired stream segments attaining their
designated uses.

Selection of the Reference Watershed

In addition to anthropogenic influences, there are many other natural fa@tiestingsediment loading

and accumulatiomatesin a watrshed Thusselection of aeferencewatershedwith similar natwal
characteristics to the impaired watershed is crudralilure to use an appropriate reference watershed
could result in problems such as the setting of sediment reduction goals thanhat&inable, or

nonsensical TMDL calculations that suggest that sediment loading in the impaired watershed should be
increased.

TofindaNEFSNBEYy OSs (G KS 5SLI NI-haSed wesite (avgilabe AN § SR w S LI2 NI
https://www.depgis.state.pa.us/integrated_report_viewer/index.htinbr GlSdata layersonsistent with

the Integrated Reportwas used to search for nearkwatersheds that were of similar size as thgeaver
RunWatershed but lacked stream segmeniisted asmpaired for sedimentOnce potential references

were identified, they were screened to determine which ones were most like the impasestshed with

regard to factorsch as landscape position, topography, bedrock geology, hydrology, soil drainage types,
land use etc. Furthermore, benthic macroinvertebrated physical habitat assessmestbres were

reviewed to confirnthat a reference waacceptablePreliminarymodelling was conducted to make sure

that use of a particular reference would result in a reasonable pollution reduction.

Considering thatit wasnearby (only aboutourteen miles to thenorthwest), partially withinthe same
physiographic prance,had similar topographgnd hydrologic characteristics, and there was good


https://www.depgis.state.pa.us/integrated_report_viewer/index.html

evidence that it was attaining its aquatic life use, a subwatersheldeoBlack Hole Cregk Lycoming
County was considered for use as a referefiigures 2 and 3, Table 5)

Table5. Comparison of the ImpairedBeaver RunWatershedand the Black
Hole CreekSubwatershed

Beaver Run Black Hole Creek

68% Susquehanna
Lowland Section of the

Susquehanna Lowland | Ridge and Valley Province
Phys. Province! Section of the Ridge and _
Valley Province 32% Appalachian

Mountain Section of the
Ridge and Valley Province

Land Area?, ac 7,753 7,618
51% Agriculture 23% Agriculture
Land Use? 39% Forest/Natural 63% Forest/Natural
Vegetation Vegetation
10% Developed 14% Developed
16% Group A 30% Group A
24% Group B 32% Group B
Soil Infiltration® 3% Group B/D 1% Group B/D
5% Group C 3% Group C
14% Group C/D 19% Group C/D
38% Group D 15% Group D
65% Shale 48% Shale

_ 16% Quartzite
14% Quartzite
11% Calcareous Shale
Dominant Bedrock* 8% Calcareous Shale
11% Siltstone
7% Limestone
7% Sandstone

5% Siltstone )
6% Limestone

Average
Precipitation®, in/yr 41> o
Average Surface 31 2.7

Runoff®, infyr




Average(flf)levation5 686 905
Average Slope® 9% 9%
1%t order: 1.86% 1%t order: 4.38%
S”easrToigfn”e' 2" order: 0.44% 2" order: 1.18%
3 order: 0.05 3" order: 0.59%

!Per PA_Physio_Sections GIS layer provigedlennsylvania Bureau of Topographic and Geological Survey, Dept. of
Conservation and Natur&esources

2MMW output based on NLCD 2011 for Beaver R based orNLCD 201for Black Hole Creek Subwatershed.

%'a NBLR2NISR 6@ a2RSf aeé 2 G0SNEKSRQa lFylfearaa 2F | {5! 3I{
“Per Bedrock Geology GIS layer provibdgdPennsylvania Bureau of Topographic and Geological Survey, Dept. of
Conservation and Natural Resources

5As reported by Model My Watershed

Both watersheds wereither primarily or entirely within th&usquehanna Lowlan&ection of the Ridge
and Valley Physiographic Province &ad significant agricultural coveragbpugh thepercentageof
agricultural land areaasmore thantwice as much in th&eaver RuiWatershed versus th8lack Hole
CreekSubwatershedH1 versus23% Table 5. This being the casehére was substantially more natural
lands cover in th@8lack Hole CreeBubwatershedg3% versus @) The amount of developed lands were
nearly the samel(0 and 14%)in both watersheds

Both watersheds were dominated Iopn-karstsedimentary bedrockghough both had small amounts of
limestone(7 and 86)(Table 5)The average topographic slope in both watersheds was virtually the same
(9%), though stream channel slopes were higher on average in the Black Hole Creek Subwatershed (Table
5). Estimated srface runoff ratesvere similar, though somewhat higher in the Beaver Run WatergBdd
versus 2.1nches per year).

While stream segmentsithin the Beaver Run Watershed were designated for warm water fishes (WWF)
stream segments within thBlack Hole CreeRulwatershed were designated for trostocking Neither
watershed contained stream segments designated for special protection (hidityquraexceptional value).
Like the Beaver Run Watershekere wereseveralNPDES permittegoint sourcedischargswith
concentration limitselevant tosedimentin the Black Hole Creek Subwatershieat, none were major
sediment sourceéTable 6)

Table 6. Existing NPDE®ermitted Discharges in the Black Hole Creek Subwatershed and
their Potential Contribution to Sediment Loading

Permit No. Facility Name Load, mean Load,
Ibs/yr max Ibs/d
PAR604816 Robert Twigg B&C Auto Wreckers NA NA




PA0010421 Moran Ind. Inc. West Phgrm Svc 274 o5
Montgomery PIt? (rescinded)

PAR234808 West Pharmaceutical Service NA NA

PA0228311 Brady Township 207 10

PAG045256 White Deer Hole Golf Course® 46 0.3

PA0041327 PA College of Technology WWTP® 24 2.8

Permits within the watershed wer ehtph/aveveddpginstate. PaEIBdmappa dhd p PA avai |
EPAG6s Watershed Resources Registry available at
https://watershedresourcesregistry.org/map/?config=state Configs/pennsylvania.json

Note that given their transient nature, any stormwater construction permits were not included above.

In Pennsylvania, routine, dry-weather discharges from concentrated animal feeding operations (CAFOSs) are not allowed.
Wet weather discharges are controlled through best management practices, resulting in infrequent discharges from
production areas and reduced sediment loadings associated with lands under the control of CAFOs owner or operators,
such as croplands where manure is applied. Although not quantified in this table, sediment loading from CAFOs is
accounted for since the modelling program estimates loadings from croplands and hay/pasturelands.

Robert Twigg B&C Auto Wreckers
Industrial stormwater permit without sediment loading limits. Note that Model My Watershed accounts for loading from
developed lands.

Moran Ind. West Pharm Svc Montgomery PlIt.

This discharge has ceased and the permit has been rescinded. However, since the discharge recent and was apparently
active before and dur i ng itdpbllataniaading was hdudidl i tha watesied totd. Mheir
NPDES permit issued in 2010 indicated that there were two outfalls, but only one had limits relevant to sedimentation.
Total suspended solids limits were 10 mg/l monthly average and 20 mg/l instantaneous maximum. A bulletin notice and
Water Quality Management permit indicated that this outfall had an average annual flow listing of 0.009 MGD and a
design hydraulic capacity of 0.015 MGD. The average annual flow listing and the monthly average concentration limit
was used to calculate mean Ibs/yr. The instantaneous maximum concentration limit along with design hydraulic capacity
was used to calculated max Ibs/d. The other outfall without sediment limits had a design flow of 0.041 MGD.

West Pharmaceutical Service
Industrial stormwater permit without sediment loading limits. Note that Model My Watershed accounts for loading from
developed lands.

Brady Township

Permit for a wastewater treatment plant. Mean Ibs/yr was based on two full years of eDMR data where average monthly
pounds per day of TSS were reported. The monthly value was multiplied by the number of days in the month and then all
months were summed to give an annual value. The two annual values were then averaged. The daily max sediment load
was based on the 20 mg/l instantaneous maximum concentration limit for total suspended solids and a 0.06 MGD
hydraulic design capacity for the wastewater treatment plant per their permit issued July 31, 2017

White Deer Hole Golf Course

Permit for wastewater treatment plant emg@ampliante Histbryy @nlineAccor di ng
website and internal documentation, the facility had a design flow of 0.0015 MGD. A TSS concentration limit of 10 mg/l

monthly average was assumed when calculating the mean annual load and concentration limit of 20 mg/l instantaneous

maximum was assumed when calculating the maximum daily load.

PA College of Technology WWTP
Permit for this WWTP has been terminated, but it was recent and active during assessment sampling. Mean Ibs/yr was
based on five full years of eDMR data where average monthly flows and TSS concentrations were reported. These


http://www.depgis.state.pa.us/emappa/
https://watershedresourcesregistry.org/map/?config=stateConfigs/pennsylvania.json

values were used to derive an average daily load in Ibs/d for each month, and these values were then multiplied by the
number of days in the month and then all months were summed to calculate Ibs/yr. The five years were then averaged to
calculate mean Ibs/yr. From their eDMR data ranging from November 2011 through June 2017 the highest instantaneous
maximum TSS concentration reported was 56 mg/L This value along with a flow rate of 0.006 MGD per their permit
issued in 2016 was used to generate the daily maximum load.

After selecting the potential referee,the two watersheds wergisitedto confirm the suitability of the
referenceas well as to explore whether there were any obvious land use differences that may help explain
why one watershed was impaired for sediment while the other was attaiflihg.impaired watershed was
visited during October 2020, whereas the Black Hole C3ebkvatershed was visited during November

2020. However, since the Black Hole Creek Subwatershed was used as a reference in prior projects, recent
observations from Septembeand April 2020were also used to evaluate this watershed.

Site observationdgn the Beaver RuiWatershedsuggestdthere were some areas of substantial
impairment though conditions were highly variab{Bigure4). For instance, steeper tributaries originating
nearthe mountainousor hillymargins of the watershetended tohave rocky substratdn contrast
mainstem reaches within the valley appeared to have substantial fines deposition and high turbidity
some, though not all, cases

It is hypothesizedhat theseimpairments may be attributable ta moderately high amourof agriculture

in a watershed that may be especially susceptible to sedimentatéposition At 51% of its total land area,
the amount of agriculture in this watershed was hitigugh not as extreme as some of the most
intensively farmed regiosof the state. However at 0.44% slopen averageits secondorder channel
segments were low gradient, and at 0.05% sligp¢hird order segments were exceptionally low gradient
(Table 5). Such low gradient reaches meymote sediment deposition rather than part, and thus
portions of this watershedhay not be able to tolerate even moderate agricultural land cavignout
exhibiting sedimentation problemsinless perhapi exceptional best management practicg&MPsyare
implemented

While site observations indicatethere were areas where agricultural practicgsarlycould have been
improved, conditions typically did not seem that bad in this watershehlile areas of ploughed fields,
pastureswith cattle access to the stream, and bacdhkarosion were all observdéFigure 6)there were
alsoareaswith riparian buffers, cattle exclusion fencing, astdeam restoration projects (Figure. T}
should be notechowever that many crop fields had not been harvesteddwing the site visisoit was
difficult to evaluate BMPs such as the use of conservation tikegever cros.

Part of the reason that the Black Hole Creek Subwatersiesiselected as a potential reference was that
like the Beaver Run Watershed it also had some stream segments wittowegyadient yet it was listed
as attaining its aquatic life uskn fact, the mainchannel rea¢hrough the White Deer Golf Coursecha
comparable slope tthe 3 order reach in Beaver Run (0.08 vs 0.05, see FR)ultewas hypothesized that
the far lesser agricultural cover in the Black Hole Creek Subwatershed (23% vs 51% of leaitbeueait

to largelymaintain aquatic life hetth despite these low stream slopesnd thus serve as a model for
restoration in the Beaver Run Watershed.



In general site observations within the Black Hole Creek Subwatergtdicated healthier stream

substrate conditions (see Figur@shrough 12). In additionto having lesser overall agricultural landcaver

expansive forested riparian buffers wesemewhat morecommon in the Black Hole CreSkbwatershed

(Figures 13and14). According to a GIS analysis, approximaté®p of the land area within 100 feet of NHD

flowlines was comprised of tree canopy vegetation, shrub/scrub lands or emergent wetlands in the

agricultural valley area of the Black Hole Creek Subwaterstrasdisabout61% in theBeaver Run

2 §SNBEKSR 0aSS G(GKS &l @ R2 NP 2 IWhde candifohsiv&rdNdenedrly t A G & a2
better in the Black Hole Creek Subwatershed, there were instances where agricultural/land use practices

could have beemiproved (Figure 15).

One area of the Black Hole creek Subwatershed was obstrve/eheavy sediment deposition, the
mainstem reach within and around the White Deer Hole Golf Cdlrigeire 10)However, it is thought that
this may be in large part atbutable to the very low gradient of the stream in this area, the abundance of
wetlands and beaver activity (Figures 1Gjven this potential natural explanatiam addition to the fact

that stream substrate conditions appeared to be excellemther downstream (Figure 12jhe BlackHole
Creek Subwatersedtas notdisqualified foruse as a referencen this basis

The far lesser amount and intensity of agricultural land uses within the Black Hole Creek Subwatgaghed
bein large part due to the preserf the restricted Susquehanna Ordnance Depot military site, which

along with the neighboring White Deer Golf Couasel Pennsylvania College of Technology Earth Science
Center campuscomprisel a large fraction of the land area within the subwatershedttivould have been
suitable for agriculture (Figuresy In fact, the land that is now the Susquehanna Ordnance Depot
previouslycontained numerous farms until the Federal Government acquired these lands in the early 1940s
for the purpose of manufacturingnd stockpiling munitions for World War Il (Beauge 2019). At present, the
site is fenced and posted against trespassing. And, according to satellite imagery, GIS land use classification,
and observations from its perimeter, it appears to be mostly comgrifepatches of forest, wetland, and

areas of hay/mowed grass (Figuré) 1Such grasslands and even developed lands associated with golf
courses would be expected to be a far lesser sources of sediment than crop fields.

It should be noted that ta Beaver Ruand the Black Hole Creek watersheds had somewhat different

topographic characteristiqgsee Table and Figure B In particular, valleynainchannektream reaches

were generally steeper upstream and flatter downstream in the Beaver\Ratershed whereas the

oppositewastrue in the Black Hole Creek Subwatershed. This could at least in part explain the apparently
healthier conditions in the downstream area of the Black Hole Creek Subwatekthéd.the uncertainties

resulting from such factorsra not ideal, the Black Hole Creek Subwatershed was chosen as the most

suitable reference candidate identified following a diligent search for potential references. And, as detailed

Ay GKS a/ fOdA FGA2y 2F GKS [ 2 ltidR retuttibr® Ddiuderazafelye a SO0 A
factor that helps account for such uncertainty.
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Figure 4. Examplestream substrate and turbidity conditions within the Beaver RunWatershed. The
lower mainstem exhibited diverse conditions, includingareas that wereslow and turbid (A), areas
with heavy fines deposition (B) areas that wereprimarily rocky (C) andareas that weregravelly
with fines deposition. Tributaries were often primarily rocky as in E and F.
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Figure 5. Example landscapes within the Beaver Run Watershétbte the existence of large
expanses of agricultural fields in the valleyOftentimes however, these fieldswere intermixed with
patches of forestparticularly alongthe stream segments

14



Figure 6. Examples ofconditions within the Beaver Run Watershed that may exacerbate sediment loadinijote the presence of vast
expanses of croplands, including sites that were tilled (A) as well as pasture lands where cattle had direct access to theast (B).
Photographs C and D show sites with excessive bank erosion. In the case of D, this was likghait due to intentional riparian vegetation

removal and the presence of lawn and agricultural fields along the banks.
15



Figure 7. Exampleconditions andagricultural practices in theBeaver RunWatershedthat may help prevent sediment loadingPhotograph
A showsan expansiveforested riparian buffer. Photograph B showgattle exclusionfencing andan herbaceousbuffer. PhotographC shows
stream/drainageway protection among agricultural fields and photographD shows a streambank stabilization project.
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Figure 8. Map of channel slopes in the Beaver Run (left) and Black Hole Creek (right) watershefkpes were reported as drop:length per
USGS FACET output (see Hopkins et al. 2020)
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Figure 9. Example substrate condition®f stream segments originating in the mountainous/hilly areas of the Black Hole Creek
Subwatershed.These streams were primarilyrocky, though some fines deposition could be observed in photograph D. This photograph
was taken where the tributary entered an agriculturally dominatedvalley. Note that due to dry conditions during the Summer of 2020,

many first order tributaries were dry during site visits.
18



Figure 10. Example substrate conditions within the White Deer Golf Course region of the Black Hole Creek Subwaterstédle some
reaches were substantially rocky, as in A and B, other reaches exhibited heavy fines deposition (C and D). While this codidate
sedimentation pollution, it is expected that natural factors including exceptionally low stream gradient, natat wetland conditions and
beaver activity could also explain the observed deposition in this approximately hathile reach.
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Figure 11. Examples of beaver activity in the Black Hole Creek Subwatershed. Signiseafver activity (right) were obvious in the golf
course area The upper left photo shows a beaver dam. While the area below the dam was somewhat rocky (upper left), heavy fine
sediment depositionoccurred above the dam (lower left).
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Figure 12. Examples of stream substrate conditionwithin the lower mainstem of the Black Hole CreekSites occurring below thegolf
course reachtended to haverocky substrates and clear conditions, even in pools.
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Figure 13. Example landscapes within in the Black Hole Creek Subwatersh&bme stream
segments originated in a forested mountainous area, while others flowed through a low relief valley
dominated by agricultural lands, a golf course, and a restricted military site.
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Figure 14. Examples of conditions within the Black Hole Creek Subwatershed that may help prevent sediment pollutid®hotograph A
shows a forested mountainous area within the northern part of the watershed. Photographs B through D shéwested and wetland
buffers along the lower mainstem.
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Figure 15. Examples of conditions within the Black Hole Creek Subwatershed that may exacerbate sediment loadRfgptograph A shows
a large expanse of croplands, and photographs B through D show rijzan buffers that were either nearly absent or likely too narrow to be
highly protective of the stream. Note that in Photograph C the stream ran right along the road shoulder on the right sidehaf photo.

Overall, however, riparian buffering tended to be good in this waterste
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on visual inspection of the Lycoming Cauty Parcel Viewer. Also, be aware that only Depot lands
within the watershed are shown; their lands actually extend well beyond the watershed boundary.
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Figure 17. Photograph looking into the Susquehanna Ordnance Depot from the fenced periphery along Magill Drive. Note the presence
of mowed grass fields/hay and forested area down in the valley
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Hydrologic / Water Quality Modeling

This section deals primarily with the TMRJcalculation, as use of annual average valuas w
determined to be the most relevant way to expreébks dTMDLE variables For information abouthe
TMDlyaxcalculations &SS GKS 1 GSN) a/ FfOdz.REABFEORX2Y P51 Af & a

Estimates of sediment loading for the impaired and reference watersheds were calculated using the
Gaz2RSt aé 2 GSNAKSRE I|LILX AOIGARZ2Y 6aa20X gKAOK Aa
through an initiative of the Stroud Water Research Center.\WM a replacement for the MapShed

desktop modelling application. Both programs calculate sediment and nutrient fluxes using the
GDSYSNIfAT SR 21 GSNEKSR [ 2-E)RbdélTIHowedry, BdpSrad/wadbyik | y OS R €
using a MapWindow GIS package tisabo longer supported, whereas MMW operates with GeoTrellis,

an opensource geographic data processing engine and framework. The MMW application is freely

available for use atttps://wikiwatershed.org/mocl/. In addition to the changes to the GIS framework,

the MMW application continues to be updated and improved relative to its predecessor.

Ly GKS LINBaSyid aiddzRes gl GSNBEKSR I NBlFa 6SNB RSFTAyS
https://wikiwatershed.org/documentation/mmwtech/#delineatewatershed. Then, the mathematical

model used in MMW, GWLE, was used to simulate 3@ars of daily water, nitrogen, phospharand

sediment fluxes. To provide a general understanding of how the model functions, the following excerpts

FNBE ljd2iSR FNRY a2RSt aé& 2 iSNBEKSRQa (SOKYyAOFf R2

The GWLF model provides the ability to simulate runoff, sediment, and nutrieradeitand
phosphorus) loads from a watershed given variatile source areas (e.g., agricultural,

forested, and developed land). It also has algorithms for calculating septic system loads, and
allows for the inclusion of point source discharge data.dtésntinuous simulation model that

uses daily time steps for weather data and water balance calculations. Monthly calculations are
made for sediment and nutrient loads based on the daily water balance accumulated to
monthly values.

GWLF is considered t@a combined distributed/lumped parameter watershed model. For

surface loading, it is distributed in the sense that it allows multiple land use/cover scenarios,

odzi SIOK | NBF Aa |adaadzySR G2 060S K2Y23Sy2dza Ay N
considera@ by the model. Additionally, the model does not spatially distribute the source areas,

but simply aggregates the loads from each source area into a watershed total; in other words

there is no spatial routing. For subsurface loading, the model acts aspetlparameter model

using a water balance approach. No distinctly separate areas are considered-furfade

flow contributions. Daily water balances are computed for an unsaturated zone as well as a

saturated subsurface zone, where infiltration is giyncomputed as the difference between

precipitation and snowmelt minus surface runoff plus evapotranspiration.

With respect to major processes, GWLF simulates surface runoff using tH&Nsgproach
with daily weather (temperature and precipitation) s from the EPA Center f&ixposure
Assessment Modeling (CEAM) meteorological data distribuoosion and sediment yield are

27
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https://www.epa.gov/exposure-assessment-models/meteorological-data

estimated using monthly erosion calculations based on the USLE algorithm (with monthly
rainfallrunoff coefficients) and a monthly KLSCP values for each source area (i.e., land
cover/soil type combination)A sediment deligry ratio based on watershed size and transport
capacity, which is based on average daily runoff, is then applied to the calculated erosion to
determine sediment yield for each source sect®urface nutrient losses are determined by
applying dissolved Nna P coefficients to surface runoff and a sediment coefficient to the yield
portion for each agricultural source area.

Evapotranspiration is determined using daily weather data and a cover factor dependent upon
land use/cover type. Finally, a water balaneg@erformed daily using supplied or computed
precipitation, snowmelt, initial unsaturated zone storage, maximum available zone storage, and
evapotranspiration values.

Streambank erosion is calculated as a functiofaofors such athe length of streamsthe monthly
stream flow, the percent developed land in the watershed, animal density in the watershed, the
watersheds curve number and soil k factor, and mean topographic slope

For a detailed discussion of this modelling program, including a descridtibe data input sources,
see Evans and Corradini (2016) and Stroud Research Cent8y. (201

Model My Watershed allows the user &dljust model parameters, such as the area of land coverage

types, the use of conservation practices and the efficienciglsasfe conservation practices, the

g GSNEKSRQa ASRAYSY(d RStAGSNE NIGA2T SGO® 5S¥FI dz
exception thatandcover within the Black Hole Creek Subwatershed was adjusted to reflect newer NLCD

2016 landcover datagnd average annuabastewater (but not stormwater) flowassociated with the

relevant facilities in Tables 4 and 6 were added as inputs. Landcover was adjusted in the Black Hole

Creek Subwatershed because the older NLCD 2011 data used by Model My Waitedgtstdd the

presence of substantial croplands in the Susquehanna Depot restricted military site. Not only did this

seem unlikely, but newer NLCD 20d#a indicated that theravere nocroplands in this area.

Furthermore the amount of croplands reportdoyb [ / 5 Hnamc 6SNB Y2NB O2yarads
QoplandDatall @ SN & H n M ¢ ToOdrfake #hé IAndcover-carrecliofmraster dataset of NLCD

2016 landcover was opened in ArcGISPro and clipped to the shapefile of the Black Hole Creek
Subwatershedo determine the proportion of nofopen water pixels accounted for by each landcover

Of Faad ¢KSAS LINRPLRNIAZ2Yya ¢6SNB (GKSy YdzZ GALX ASR 6@

landcover adjustment feature to readjust the inpuBresumably due to rauding, the total hectares

calculated for the 2016 adjustment differed from the value required by Model My Watershed by 0.1 ha.

Thus, the amount of wooded areas was reduced by a negligible 0.1 ha to produce the exact value

required by the programLandcovecorrections were deemed unnecessary for the Beaver Run

Watershed because the older NLCD 2011 classifications of croplands and hay pasture lands appeared to
Y2NB O2yaraiaSyd ¢AiGK (@&2D19¢ldsdHitatbdas / N2 LIX I yR 5FdF [ @&

Based on an analysis of eDMR Data and permit limits, it was estimated that the point souhees in
Beaver Run Watershatischarged total ofapproximatelyl0.3cubic meters per dagn average
whereasthe facilities in the Black Hole Creek Subwaterstwdributed approximatel\284.8cubic
meters per day.
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Acorrection for the presence of existing riparian buffers was made in the BMP Spreadsheet Tool
provided by Model My Watershed following the model sufihe following paragraphs describe the
riparian bufer correctionmethodology.

Riparian buffer coverage was estimated via a GIS analysis. Briefly, landcover per a high resolution

landcover datasetidniversity of Vermont Spatial Analysis Labora0$6) was examined withitOO
feetof NHD flowlines. TodeS NYAY S NALI NAIY O6dzZFFSNAYy3I sAGKAY GKS
used to clip riparian areas that, based on cursory visible inspection, appeared to be in an agrcultural
dominated valley or have significant, obvious agricultural land on at ta@e side. The selection

polygons are shown in Figurgé8 and19. Then the sum of raster pixels that were classified as either
GOYSNBSY(G 2SGflyRaés a¢NBS /I y2LR¢é 2N GvseNHzo k { ONIz
pixels to determine percentwarian buffer.Using this methodology, percent riparian buffer was

determined to be61% in the agricultural area of the impaired watershed vei&# in the reference

watershed.

An additional reduction credit was given to the reference waterdioegiccount for thefact it had more
riparian buffers than the impaired watersheflpplying a reduction credit solely to theference
watershed to account for its extra buffering was chosesmore appropriate than taking a reduction
from both watershed®ecause thanodel haseen calibrated at a number of actual sites (see
https://wikiwatershed.org/help/modeihelp/mmw-tech/) with varying amounts of existing riparian
buffers.If a reduction were taken from all sites to account for existing buffers, the datapoints would
likely have a poorer fit to the calibration curve versus simply providing an additional credit to a
reference site.

When accounting for the buffering efoplandsusing the BMP Spreadsheet Tablke user enters the

length of buffer on both sides of the streaifio estimatethe extra length of buffers in the agricultural
area of the reference watershed over thenount found in the impaired watershethe length oNHD
flowlines within the reference watersheglas multiplied by the proportion of riparian pixelsat were

within the agricultural area selection polyg@ee Figurd9) and then bythe difference irthe

proportion ofbuffering between theagricultural area of theeference watershed versubat of the

impaired watershedand then by two since both sides of the stream are considéred.BMP

spreadsheet tool then calculates sediment reduction usirsgmilarmethodology as th&€hesapeake
Assessment Scenario Tool (CASh& length of riparian buffers is converted to acres, assuming that the
buffers are 100 feet widd=or sediment loaithg thespreadsheet toohssumes that 2 acres of croplands
are treated per acre of buffer. Thus, twice the acreage of buffer is multiplied by the sediment loading
rate calculated for croplands and then by a reduction coefficient of 0.54. The BMP spreadsthée
designed to account for the area of lost cropland and gained forest when riparian buffers are created.
However, this part of the reduction equation was deleted for the present study since historic rather than
proposed buffersvere being accountetbr.
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Figure 18. Riparian buffer analysis in the Beaver Run Watershedraster dataset of highresolution
land cover(University of Vermont Spatial Analysis Laboratory 2016)s shown within 100 feet
(geodesic) of either side of NHD flowlinesThe rate of riparian buffering within the agricultural

selection polygons was estimated to be abo1%.
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Figure 19. Riparian buffer analysis in the Black Hole Creek SubwatergsheAraster dataset of high
resolution land cover(University of Vermont Spatial Analysis Laboratory 2016)s shown within
100 feet (geodesic) of either side of NHD flowlined.he rate of riparian buffering within the
agricultural selection polygons was eSmated to be about76%.
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