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Executive Summary

An Alternative Restoration Plan (AR&) sedimentpollution was developedor a subwatershed oflammer
Creek(Figurel) to addresghe siltationimpairments noted inthe 2018 FinalPennsylvanidntegrated\Water
Quality Monitoring and Asessment Report (Integrated Reppiincluding the Clean Water Act Section
303(d) ListAgriculturewasidentified as the cause ohese impairments Becausd?ennsylvania does not
havenumericwater quality criteria for sedimentthe loading ratérom a similaunimpaired watersheavas
used tocalculate allowable loading

Existing sediment loading in thdammerCreekHeadwatersSubvatershedwasestimatedto be 7,199913
pounds per yearTo meetwater quality objectives, sediment loaty should be reduced 51% to
3,492,676 pounds per yearAllocation ofsedimentloadingamong theARPvariabless summarizedn Table
1. To achieve this reductiowhile maintaining a 10% margin of safdtyading from croplandshould be
reduced by62% whereas loading frotmay/pasture lands and streambaskhould each be reduced By%

Table 1.Summary of ARP Variales for the Hammer CreelHeadwatersSubwatershed.
All values areannual averagesn Ibs/yr.

Pollutant AL UF SL LNR ASL

Sediment 3,492,676 349,268 3,143,409 24,547 3,118,862

AL-AllowableLoad;UF=Uncertainty FactarSI=Source LoadlheSLis further divided into LNR = Loads Not Reduced and
ASI=AdjustedSource Load

An analysis ofealisticBMPsopportunitiessuggess that, if fully implementeds prescribedsediment
loading in thesubwatershedcould be reducedy about83%, or 5,945,377 poundsper year.The most
effectiveBMP opportunities wereletermined to bethe use of precision grass filter strips along
concentrated overland flowpathanplementation ofagricultural erosion and sedimentation pk&n
increasing the usef conservation tillagethe use of forested buffers along streams, and streambank
stabilization.

This plan proposes joint effort between the Doc Fritchey Chapter of Trout Unlimited and the Pennsylvania
Department of Environmental Ptection (PA DER)n cooperation witHandowners anather

organizationsto implement a suite of BMPs over a niypeear periodthat are estimated to achieve the
prescribed reductionsA proposed monitoring plan is also included to evaluatelibeefits toaquatic
communities. The ultimate goaltise reversal ofaquatic lifeimpairments andhe establisiment of healthy

trout populatiors.

Introduction

HammerCreekis a tributary ofCocalicdCreek, withthe confluenceat the village of Millway ihancaster

County Thisalternative restoration plamas been preparetb address siltatiofirom agriculture
impairmentsoccurringh Y | F YYSNJ / NB S {1 Q& upstréamRidHeriirSadéHills ragios I NB |
(Figure 1)per the 20B Final Integrated Repo(tee Appendix A for a descriph of assessment



methodology. Thed | I YY S NJ / NB S ubwhat&shéavesiatpioEimatly 13 square miles and
occurredentirely within LebanonCounty. It contaiad approximatelyl9 stream milesmost of which were
designated for Colivater Fishes (CWFHowever, a small portion of the watershed, including tributaries
originating in theFurnaceHills near theformer LebanonReservoirplus a short reach below their
confluence, were designated for High Qualitgld Water Fishes (H@WF). All stream segments were
designated for migratory fishes.

Hammer Creek is of particular interest for stream restoration because it is believed to have high potential

as atrout fishery if the impairments noted in its headwaters wemgrected. As is the case with some of

t Syyaet glyalQa 3IANBFGSAad GNPBdzi & RNS FishiagCreakdg@iftonl a t Sy
County), the Kishacoquillas etc, Hammer Creek is fed by liméstoloenite springs in its headwaters, and

then flows through a higher gradient mountainous/hilly regigigure2 and 3). Karstsprings moderate

stream temperatures throughout the yeaallowing for the survival of colater fishes such as trout
SALISOAL T & RdzNRAY 3 t.Onftheéatbet handyhd hoQraindus/hilly ragiys (irStiNg

case, the Furnace Hillglovidegoodtrout habitat, as they are generalffiprested, higter-gradient, and

rocky.DEP has confirmed the presence of substactiéd-water fish populations, includingild trout and
sculpirs,in Hammer Creek within the Furnace Hills regighich issomewhatrare forLebanon and

Lancaster Countieslowever, no portion of Hammer Creek is currently classified as a Class A Wild Trout
Stream, perhaps due to the intensive aghiare (Figure 1) and associated pollution impairments noted in

the headwaters region (Table 2y addition toimprovingaquatic community health locallyestoration of

the Hammer Creek Headwaters Subwatershed would lkatlress a major sedimeation problemwithin
Speedwell Forge lakavhich is formed by a dam several miles downstream of our study @téa.lake and

dam were deemed unsafa 2011in partbecause so much sediment had accumulated in the lakélid

Lauch, personal communicatiofhe lake wasdrained and themrestoredat a cost of over 4 million dollars

but only asmall amount of the accumulated sediment load was remaiitt Lauch) According to Milt

[ FdzOK 2F GCNASYR&a PADEBNMSEERESSE ¢ ab BonbEteNaendl t RS A
Gr1S LXIFTOS AT GKS aSRAYSyYyld FTNRY GKS wHc aljdz NB YA
According to theNLC2016GISrasterlayer, land use in the study subwatershed was estimated t&@#
agriculture,27% forest/natually vegetated landsand 13% mixed developmern({@ppendix B, Table RDf

the agricultural landsapproximatelythree quarterswere classified asroplands. There were no NPDES
permitted point source discharges in teabwvatershed with limits relevant to sedimentation (Table 3).

The removal of natural vegetation asdildisturbance associated with agriculture increases soil erosion
leading to sedirant deposition in streams. Excessive fine sediment deposition may destroy the-coarse
substrate habitats required by many stream organisms. While Pennsylvania does not have numeric water
quality criteria for sediment, it does have applicabrative criteia:

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 uses to be protected
or to human, animal, plant or aquatic life. (25 PA CGHapter 93.6 (a)); and,

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

(b)).



While agriculture has been identified as the source of the impairmentstahisration plandocument is
applicable to all significant sources of solids that may settle to fornosiep

Table 2.Aquatic-Life Impaired StreamSegmentsn the Hammer CreekHeadwatersSubwatershed
per the 2018 Final Pennsylvania Integrated Report

HUC: 02050306 i Lower Susquehanna

Source EPA 305(b) Miles Designated Use | Use Designation
Cause Code
Agriculture Siltation 15.8 CEI:VV'\:/; f|\|/I'|FQ Aquatic Life

HUC= Hydrologic Unit Code; CWF= Cold Water Fishes; HQ-CWF=High Quality-Cold Water Fishes; MF= Migratory

Fishes

The use designations for the stream segments in this TMDL can be found in PA Title 25 Chapter 93.
See Appendix A for more information on the listings and listing process, and Appendix C for a listing of each stream

segment.
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upper photograph shows a segment just below a higholume karst spring, which provides a

consistent flow of coldwater. The lower photographwas taken in the Furnace Hills region
downstream of the study watershed. Thdilly topography and forested landscape of this area create

favorable habitat conditions for trout.



Table 3 Existing NPDE®ermitted Dischargesin Hammer CreekHeadwatersSubwatershed.
Permit No. Facility Name Load, Ibs/yr
PAG123774 Furnace Hill Holsteins?* NA
PA0259802 Wen Crest Farms? NA
PA0260657 Hammer Creek Dairy Farm?! NA
PA0260185 Barry Farms? NA
PAG123724 Ken Haller Farms? NA
PA0260843 Ken Haller Farms? NA
PAG133745 Heidelberg Twp MS42 NA

Permits within the watershed wer ehtpb/awvaddpginsiate.pabiBémappa &hd p P A
EPAG6s Watershed Resources Registry available at
https://watershedresourcesreqistry.org/map/?config=state Configs/pennsylvania.json

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

1In Pennsylvania, routine, dry-weather discharges from concentrated animal feeding operations (CAFOs) are not
allowed. Wet weather discharges are controlled through best management practices, which result in infrequent
discharges from production areas and reduced sediment loadings from lands under the control of CAFOs owner or
operators, such as croplands where manure is applied. Although not quantified in this table, sediment loadings from
CAFOs is accounted for in the modeling of land uses within the watershed, with the assumption of no additional CAFO-
related BMPs.

2A very small area (approximately 100 acres, or about 1% of the subwatersh e d) occurs within the
urbanized area, and they received an MS4 permit waiver. Note that Model My Watershed accounts for development
when calculating loading rates.

ARPApproach

Per the Federal Clean Water Agtaters withpollutant impairmentsequirethe establishment ofiT otal
Maximum Daily Loasd 0 ¢)ahat[setallowablepollutantloading limis. The TMDL is then allocated
amongpoint source dischargers, nonpoint sourceatural and anthropogenic bagfound sources not
considered responsible for the impairmeras well as a margin of safety factdMDLs can then be used to
set appropriate loading limits fadPDES permittedischargersHoweverwhere the pollution problem is
due primarilyto unpermitted nonpoint sources there médpe no effective mechanism torfice pollution
reduction Thus historicallythere have been many nonpoint souré®DLs developed that have led to little
actual stream improvements.

In recognition of thisEPA has allowed an alternative apprgaghich is essentially a sheteérm restordion
planthat is to be implemented to addresse pollution impairments If it can be shown thahe plancan
be implemented anaouldresult in the reversal of the impairmenthe development of a TMDL may be
postponed.If, however, the ARRailsto reverseimpairmentsthena TMDL would be required.

The same basitMDLprocess is also relevant to ARPBese stepsnclude:

avail

Hei de


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

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

2. Calculation of @MDL or in the case of the ARP, an allowable loading vhlateappropriately

accounts for 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 TMPdr recognition of theARP

kW

Because Pennsylvania does not have numesaiter quality criteria for sediment, thé wS F SNBy OS

2 | ( SNB& KSR whsudeiNRid ni2fkdd estimates sediment loading rates in both the impaired
watershed as well as a similar watershed that islisdéd asmpaired for sediment. Therthe loading rate

in the unimpaired watershed is scaledtte area of the impaired watershed so thatcessary 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 attaigitheir

designated uses.

Selection of the Reference Watershed

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

ratesand accumulationThus selection of aeferencewatershedwith similar natual characteristics to the

impaired watershed is crucidtailure to use an appropriate reference watershed could result in problems

such as the setting of sediment reduction goals that are unattainable, or nonsensical TMDL calculations that
suggest that sedimearoading in the impaired watershed should be increased.

¢2 RSGSNNAYS GKS adzaidloAfAade 2F GKS NBFEdSwBsicOS aAGS
was used to search favatersheds that wre similar to the HammerCreekHeadwatersSubwatershed, but

lacked stream segments impaired for sediment.

Since the studgubwvatershed was approximatelyd% limestone/dolomite geology neeffort was made to
find a reference watershed with similkarstgeology. However, for a variety of reasons,such reference
could be foundFor one, stream impairments were common in karst regitikelydue tointensve
agricultural uses being commontimese areasAttaining watersheds in karst areasuld be found in the
more mountainous regions of theidge and Valley?hysiographi®rovince, however they often had much
greaterlandscapeslope than in the Hammer CreéleadwatersSubwatershegwhich wasonly 6%(Table
4). There was concern that higher gradient referesteamsmaybe lessvulnerable to sediment
deposition whichmayultimately cause prescribesediment reductionsgn the impaired subwatershed to
be too low.

Asubwatershed oDntelaunee CreefFigure 4was choseras a potentiateference becausall of its
stream segments were listed as attaining for aquatic life use and it was similar to the impaired
subwatershed, though it lackddrstgeology Key watershed characteristics are summarizefTable 4)
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Table 4. Comparison of the ImpaireqHammer CreekHeadwaters) and
Reference(Ontelaunee CreekSubwatersheds.

Hammer Creek Ontelaunee Creek
58% Great Valley Section | 88% Great Valley Section
of Ridge and Valley of Ridge and Valley
Phys. Province® 42% Gettysburg Newark 12% Blue Mountain
Lowland Section of Section of Ridge and
Piedmont Valley
Land Area?, ac 8,001 8,046
60% Agriculture 52% Agriculture
Land Use? 27% Forest/Natural 37% Forest/Natural
Vegetation Vegetation
13% Developed 11% Developed
0% Group A 14% Group A
77% Group B 62% Group B
Soil Infiltration® 2% Group B/D 5% Group B/D
15% Group C 8% Group C
5% Group C/D 0% Group C/D
0.5% Group D 11% Group D
39% Limestone 61%shale
24% Sandstone 38% Graywacke
16% Dolomite 2% Sandstone

Dominant Bedrock® 10% Quartz Conglomerate
6% Limestone

Conglomerate
3% Shale
2% Diabase

Average
Precipitation®, in/yr 40.7 39.9

Average Surface
Runoff®, infyr 2.1 2.0

Average Elevation® 617 712

(fo)

1C



Average Slope® 6% 9%

18t Order:1.7% 1st Order: 1.8
Stream Channel

5 2" Order: 0.8 2" Order: 0.6
Slope

3 Order: 0.42

Per PA_Physi®ections GIS layprovidedby Pennsylvani@ureau of Topographic and Geological Survey, Dept. of
Conservation and Natural Resources

2MMW output corrected for NLCD 2016

%4 NBLR2NILISR o0& a2RSftf a& 21 0SNBREKSRQa lylrfeara 2F | {5!
‘PerpagpolyGIS layer providedy PennsylvaniBureau of Topographic and Geological Survey, Dept. of Conservation
and Natural Resources

5As reported by Model My Watershed

More than half of the land area of both subwaterskadhsin the Great Vallegection of the Ridge and
Valleyphysiographic province, and upland regi@tsurred on their margindand cover/use distbutions

in these twosubwatersheds weresimilar(Table 4)More than half the land cover in bogubwatersheds

was in agricultural usehile naturaly vegetaked lands were of secondary importan&»nth subwatersheds
were dominated by soils with moderate infiltration rates (group B), and on average, their terrain was of
relatively low slope.

A concerrin using a referencaithout karst geologyvas that the hydrology of the twsubwatersheds
would dffer greatly. However, the average surface runoff rate in both subwatershedsstiasated to be
about the sameZ.1in/yr versus2.0 in/fyr-see Table ¥ and no better karst referencegere found.

As was the case for most of teream segments in the impaired subwatershetieam segments within
the Ontelaunee CreeBubwatershed were designated for celdter fishes The Ontelaunee Creek
Subwatershed had one, relatively minor, NPRE$itted point source discharge witiumericlimits
relevant to sediment (Table 5).

Table 5. Existing NPDE®ermitted Discharges in theOntelaunee CreelSubwatershedand their
Potential Contribution to Sediment Loading
Permit No. Facility Name Load, Ibs/yr

PA0070254 Lynn Twp WWTP 7,306

3{

Permits within the watershed wer ehttph/aveveddpginstate.paEIBdmappa dhd p PA avai |

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.

*Loading rates based on their permit issued January 8, 2019. Their average annual load was calculated assuming they discharged at
their effluent concentration limit of 30 mg/L (monthly average) for total suspended solids and a flow rate equal to their hydraulic design
capacity of 0.08 MGD.
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After selecting the potential referee,the two subwatersheds were visiteduringthe summer of 201%0
confirm the suitability of theeferenceas 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
attaining.In the Hammer Creek Headwaters Subwatershed, fine sediment depositioreprelere
obvious at many sites (Figut® These problems wereonsistent with the high coverage of agricultural
lands 60% of land area) and lack of agricultural best management practices (BMPsjst&oce crop

fields were observed in close proximity streams with little to no riparian bufferingnd pasture sites
were observed where cattle had direct access to streams (F&)u&ites were also observed with
significant bank erosiothat was likelyattributable to the lack of riparian buffers aqmbssibled f S3 I O &
ASRAYSyYyil¢ RPPLIZaAGA 6 CAIdzNS

In contrast, expansive forested riparian bufferere the norm in the Ontelaunee Creek Study
SubwatershedFigure8). In only a few cases were agricultural activities obseimedose proximity to
waterways withot significant forested buffer(Figure9). And, while some localizgmtoblemswere
observedthe Ontelaunee Creek Subwatershadgely lacked the bank erosi@amd major siltation deposits
observed in the Hammer Creek Headwaters Subwatersheals, conditions appeared to be much better in
the Ontelaunnee Creek Subwatershed, even though its total agricultural landcovemaiks tothat of the
Hammer Creekeadwaters Subwatershed (Table 4).
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Figure 5. Example stream segments in the Hammer Creéleadwaters Subwatershed with heavy sediment depositian
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Figure 6. Example agricultural practices in the Hammer CrediteadwatersSubwatershed that may result in excessive sediment loading
In photograph A and B croplands extend nearly to the streambanks with minimal riparian bufferingPhotograph C shows a stream
segnent flowing betweenan active pastureand sloping croplands.PhotographD shows a large area of pasture where cattle directly

acces®d the stream.
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Figure 7. Example stream segments in the Hammer Crekleadwaters Subwatershed with obvious bankerosion and potential legacy
sediment accumulations.
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Figure 8. Examplebuffered headwater and mainchannektream segments in the Ontelaunee Creek reference subwatershdebrested
buffers were exceptionally common in this watershedcomprising an estimated A% of the land area within 100 feet of the stream
segments. In contrast, the buffering rate was only8s in the agricultural area of theHammer Creek Headwater&ubwatershed.
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Figure 9. Example agriculturalpractices in the Ontelaunee Creek Subwatershed that may leadeixcessivesedimentloading. Photographs
A and B show rare cases where croplands were located near waterways without substantial forested buffers. In the cagghofograph, A,
the waterway was a pond, which may help settle out sediment and prevent it from being transported downstreafhotograph C shows
pastureland where cattle have access to the stream. Photograph D shows steeply sloping pasture lands along a stream seghmurgh it
appears that the cattle hd been fenced out of the stream
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Comparison ofFine Sediment Deposit$n the Impaired and
Reference Watersheds

Sediment deposits were measured in both the Hammer Creek Impaired Subwatershed and the
Ontelaunee Creek Reference Subwatershed in order to confirm that the refeseibamtershed did

indeed have less fine sediments and also to collect baseline data to allow for comparisons before and
after restorationin Hammer Creek

Study reaches were establishaedar the downstrearmmost extent of themainstems of both
subwatersheds (Figurd9and11). These sitesvere within valley topography and the stream segments
were low gradient. Thelacement of these study reachasoided bridges or culvertsThe study reach in
Ontelaunee CreeWwas placedipstream of a large liand, which would have made defining the
mainchannel difficultWithin each reach, fine sediments were measured in five consecutive obvious
mainchannel riffles, as well fige consecutive obvious mainchannel large scour pdriffles were
chosen becausthey werethe most common habitat for benthic macroinvertebrate collection in
assessment surveys, and excessive fine sediments are known to embed, or even smother this habitat.
Pools were chosen because they are natural areas of fine sediment depositibthus may bdnabitats
whereexcessive fine sedimenisay be most readily detecteth order to qualify for measurement,
pools had to cover at least one half of the wetted width of the stream, be formed by the shape of the
bed substrate rather than debrjamming, and be at least twice as desftheir deepest point than the
water depth at the apex of the tailout.

Perpendicular transects were established at approximately 25, 50 and 75% of the pool or riffle length.
Within each pool,ihe sediment depositésmall gravels and smallexere measured byprobing with a
metaktipped broom handle that had cm graduations. The probe was pushed into the substrate until
penetration was impededypicallyby the presence of coarser materials (large gravels and cobbles)
These measurements were takatong each transe@t approximatelyl0, 20, 30, 40, 50, 60, 70, 80 and
dprE: 2F (0KS ad NFornfes, fing Sdintedt Bepdsits R@nikmisieve size) were measured
using a modified version of the pebble count prdaee. Along each perpendicular riffle transect, the
observer reached down with an extended index finger at 17 approximately evenly spaced points across
the streams wetted widthThe presence or absence of a deposit dominated by <2mm sieve size particles
was recordedWhere a deposit of fines was felt that had particles that were both greater than and less
than 2mm sieve size, the observer took a pinch and considered whether the volume of the pinch was
dominated by the larger or smaller particles.

For analyss, data from all three transects within a riffle or pool was averaged to make one value for
each riffle and pool. Thus, within eastbwatershed, there were five replicate riffles and five replicate
pools. Statisticalanalyses were conducted using theldgkonRankum TS & (i  versfonZi6als (R

Core Team 2019)

It should be noted that the methodology used hergimoughhighlycustomized for our purposedrew
heavily from existingnethodologies used in other jurisdictiongarticularly methodsised by the
Montana Department of Environmental Quality as welttess US Forest Service. Sespecially Kusneirz
et al. (2013und Hilton and Lisle (1993).
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Figure 12. Mean (++ sd) depth of fine sediment deposits in pools of the Hammer Creek (impaired)
and Ontelaunee Creek (referenceubwatersheds.Measurements were made in five consecutive,
large mainchannelscour pools within each subwatershed. According to the Wilcoxon Rank Sum
Test, pool sediment depth was significantly different between the two groups (p=0.0079).
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Figure 13. Mean (+/- sd) proportion of sampling points dominated by <2mm (sieve size) deposits
within riffles of the Hammer Creek (impaired) and Ontelaunee Creek (reference) subwatersheds.
Measurementswere made in five consecutive mainchannel riffles within each watshed. According
to the Wilcoxon Rank Sum Test, the amount of fine sediment in riffles was significantly different
between the two groups (p=0.0079)
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Both the depth of fine sediments in pools, as well as the proportion of riffle sampling points dominated
by fine particles were far greater in the Hammer Creek sampling reach than in the Ontelaunee Creek
sampling reachandthese differencesvere statistically significant. On average, the pools of the
Hammer Creekampling reach had nearly 12 dinick fine sedment depositsversus only about 3cm

thick fine sediment deposits the Ontelaunee Creek sampling rea@hgure 12)Within riffles, the

mean percersgeof sampling points with <2mm sieve size deposits was néa#ly in the Hammer

Creek sampling reach versus only about 12% in the Ontelaunee Creek samplingrigaehl3) These
results support the use of Ontelaunee Cré&bbwatershed as a reference fetammer Creek.

Hydrologic / Water Quality Modeling

Estimates of sediment loading for the impaired and reference watersheds were calculated using the
Ga2RStf aeé 2 GSNAKSR: | LILX AOIGARZ2Y 6aa20X gKAOK Aa
through an initiative of the Stroud Water Research Center. MMW is a replacement for the MapShed

desktop modelling application. Both programs calculate sediment and nutrient fluxes using the
GDSYSNI t AT SR 2F0SNEKSR [ 2-E)RbdélaHovGeurf8nShed was uyf K y OS R €
using a MapWindow GIS package that is no 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/model/ In addition to the changes to the GIS framework,

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

In the present studythe watershed area fothe Ontelaunee CrdeSulwatershedwasdefined using

aa2Qa 21 G4§SNAKSR 5 RKtpsiwinatérahdybrgldczgnentation/@réw
tech/#delineatewatershed. The watershed area fdlammer Creekvas determinedprimarilyusing

ArcGISPro and TauDEMtools SS G KS I SN at NEOA)aTRedyhe DNI a4 CAf G S
mathematical model used in MMW, GWEFwas used to simulate 3@ars of daily water, nitrogen

phosphorus and sedinme fluxes. To provide a general understanding of how the model functions, the
Fft26Ay3 SEOSNLIia FINB |jd2iSR FNRY a2RSt a& 2| (SN

The GWLF model provides the ability to simulate runoff, sediment, and nutrient (nitexgen
phosphorus) loads from a watershed given variatilee 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. It is a continsiougdation 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 to be a combinlstributed/lumped parameter watershed model. For

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

0dzi SI OK FNBF A& |&dadzYySR G2 06S K2Y23Sy2dza Ay N
considered by the model. Additionally, the model does not spatialtyilige 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 as a lumped parameter model

using a water balance approach. No distin separate areas are considered for subface
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flow contributions. Daily water balances are computed for an unsaturated zone as well as a
saturated subsurface zone, where infiltration is simply computed as the difference between
precipitation and snowralt minus surface runoff plus evapotranspiration.

With respect to major processes, GWLF simulates surface runoff using t@&Nsfproach

with daily weather (temperature and precipitation) inputs from the EPA Centdexposure
Assessment Modeling (CEAM) meteorological data distribuioosion and sediment yield are
estimated using monthly erosion calculations based on the USLE algorithm (with monthly
rainfal-runoff coefficients) and a monthly KLSCP values for each source area (i.e., land
cover/soil type combination)A sediment delivery ratio based on watershed size and transport
capacity, which is based on average daily runoff, is then applied to theatelt@rosion to
determine sediment yield for each source sec®urface nutrient losses are determined by
applying dissolved N and P coefficients to surface runoff and a sediment coefficient to the yield
portion for each agricultural source area.

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

Streambank erosiowas calculated as a function fafctors such athe length of streams, the monthly
stream flow, the percent developed land in the watershed, animal density in the watershed, the
watersheds curv@umber and soil k factor, and mean topographic slope

For a detailed discussion of this modelling program, including a description of the data input sources,
see Evans and Corradini (2016) and Stroud Research Center (2020).

Model My Watershed allows theser toadjust model parameters, such as the area of land coverage
types, the use of conservation practices and the efficiencies of those conservation practices, the
g G SNEKSRQa &S RA YRt vaRiGstwar@SddEor telmodeldng ruvihiihe ¢
exception that the flow value associated with point source discharge listed in Table 5 was added
landcover types were adjusted to reflect newer NLCD 2016 landcoverAlaater dataset of NLCD
2016 landcover was opened ArcGISPror ArcMa andclipped to the shapefile of eactubwatershed
to determine the proportion of nofopen water pixelsccounted for by eaclandcover clas These
LINPLR2NIA2Yya 6SNB (GKSYy YdzZ GALX ASR o0& GKS G2aFft FNB
adjustment feature to readjust the inputs. Presumably due to rounding, the irgnrsetimes addd up
to 0.1 hectars greater or lesser than the exact lacwler area neeed by the programWherethis
occurred whichever landcover class was closest to having been rounded in the other direegded
was changed by a negligible-®/1 hectare to get the exact number needed.

Acorrection for the presence @xisting riparian buffers was made in the BMP Spreadsheet Tool
provided by Model My Watershed following the model rdine following paragraphs describe the
riparian buffer correctioomethodology.

Riparian buffer coverage was estimated via a GIS anailyaisMap or ArcGISPrBriefly, landcover per
a high resolution landcover dataséiriversity of Vermont Spatial Analysis Labora@0$6) was
examined withinl0Ofeet2 ¥ b1 5 Ff2gf AySad ¢2 RSUSNNYAYS NALI NRIy
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I NB I I gon kool wak fiséd to clip riparian areas that, based on cursory visible inspection, appeared

to be in an agriculturatiominated valley or have significant, obvious agricultural land on at least one
side.This was necessary to exclude the Furnace Hillsarthe Hammer Creekleadwaters
SubwatershedFigure #), butthis wasunnecessary in the Ontelaunee Creek Subwatershed because no
stream segments were mapped outside ofdaagricultural areé (Figure 5). Then the sum of raster
pixelsthatwereDf  3aAFASR a4 SAGKSNI ¢9YSNBSyid 2SiflyRaéx
by the total number of nowwater pixels to determine percent riparian bufféysing this methodology,

percent riparian buffer was determined twe 28% in the agriculturadrea of the impairedubvatershed
versus/4% in the referencesubwvatershed.

An additional reduction credit was given to the referemscdwvatershed to account for the fact it had

more riparian buffers than the impaireslibvatershed. Applying a reductionedtit solely to the

reference watershed to account for its extra buffering was chosen as more appropriate than taking a
reduction from both watersheds because the model has been 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 fito the calibration curve versus simply providing an additional credit to a

reference site.

When accounting for the buffering of croplands using the BMP Spreadsheet Tool, the user enters the
length of buffer on both sides of the stream. To estimate thieaebength of buffers in the agricultural

area of the referencsubwatershed over the amount found in the impairedbwatershed, the

approximate length of NHD flowlines within the referestwatershed was multiplied by the

difference in the proportion obuffering between the agricultural area of the referermgéwatershed

versus that of the impairedubwatershed, and then by two since both sides of the stream are
considered. The BMP spreadsheet tool then calculates sediment reduction using a similedohesgl

as the Chesapeake Assessment Scenario Tool (CAST). The length of riparian buffers is converted to acres,
assuming that the buffers are 100 feet wide. For sediment loading the spreadsheet tool assumes that 2
acres of croplands are treated per acifeboiffer. Thus, twice the acreage of buffer was multiplied by the
sediment loading rate calculated for croplands and then by a reduction coefficient of 0.54. The BMP
spreadsheet tool is designed to account for the area of lost cropland and gained for@stripharian

buffers are created. However, this part of the reduction equation was deleted for the present study
since historic rather than proposed buffers were being accounted for.
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Figureld. Ripariarbuffer analysis in thélammerCreekHeadwatersSubwatershedA raster dataset of highesolution land cove(University of
Vermont Spatial Analysis Laborat@®16)is shown within 100 feet (geedic) of either side of NHD flowline$heagricultural area selection
polygonis shown in redlt was estimatedhat approximately 28% of land within 100 feet of NHD flowlimethe agricultural areavas
comprised of tree canopy, shrub/scrub or wetlands.

25



Legend

Ontelaunee Creek Subwatershed
- Water
- Emergent Wetlands
- Tree Canopy
[ scrub/shrub
- Low Vegetation
- Barren
- Structures
[:] Other Impervious Surfaces
- Roads
D Tree Canopy Over Structures
|:| Tree Canopy Over Other Impervious Surfaces
- Tree Canopy Over Roads

I SE1gEOmmU NIty SO GEE SR §ital C]ChEN

(EET og%rphlf}z, CNESAlbS B8, USDA, USES, AsreSRID, I8,
and U1 GIS User Commumisy 5

Figure b. Riparian buffer analysis in the Ontelaunee Creek reference subwater8hnaster dataset of
high-resolution land covefUniversity of Vermont Spatial Analysis Labora@®¢6)is shown within 100
feet (geodsic) of either side of NHD flowlineall stream segments were determined to be within an
agricultural area, so no selection polygon is sholvwas estimated that approximately 74% of land
within 100 feet of NHD flowlines was comprised of tree canopy,Bbauub or wetlands.
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Calculation of theAllowable Loading Rate

The mean watershewide sediment loading rate for the unimpaired referersedwvatershed
(Ontelaunee CreeBubwatershed) was estimated to B87 pounds per acre per yedfFable §. Thiswas
substantially lower thante estimatedoading rate in the impairetlammerCreekHeadwaters

Subwvatershed(900pounds per acre per yeafFable J. Thus, to achieve the loading rate of the

unimpairedsubwatershed sediment loading in thelammerCreekHeadwatersSubvatershed should be

reducedto 3,492,676 poundsper year(Table §.

Table 6. Existing Annual Averagel.oading Vales forOntelaunee CreelSubwatershed reference

Unit Area Load,

Source Area, ac Sediment, lbs/yr
Ib/aclyr
Hay/Pasture 1,065 285,895 268
Cropland 3,112 3,008,190 967
Forest and Shrub/Scrub 2,909 4,039 1
Wetland 49 104 2
Herbaceous/Grassland 1 32 49
Bare Rock 1 0 0
Low Intensity Mixed 851 10,190 12
Development
Medium Intensity Mixed 51 3,593 70
Development
High Intensity Mixed 7 486 71
Development
Streambank? 456,741
Point Sources 7,306
Riparian Buffer Discount? -264,177
total 8,046 3,512,402 437

listreambanko
rather than area.

sedi ment

| Modle |l waiye Wad lec slhaetdédd wdirre@ mbank

2Accounts for the extra amount of riparian buffering of the reference subwatershed versus the impaired subwatershed
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Table 7. ExistingAnnual Averagel.oading Values fothe Hammer CreekHeadwaters Sulwvatershed,
impaired
Unit Area Load,
Source Area ac Sediment, lbs/yr
Ibs/aclyr
Hay/Pasture 1,239 216,036 174
Cropland 3,602 6,164,580 1,712
Forest and Shrub/Scrub 2,106 6,243 3
Wetland 13 35 3
Herbaceous/Grassland 6 0 0
Low Intensity Mixed 910 10,382 11
Development
Medium Intensity Mixed 95 5946 63
Development
High Intensity Mixed 31 1,941 63
Development
Streambank 794,750
Point Sources 0
total 8,001 7,199,913 900
AiStreambanko sediment | oads were calculated using Model

rather than area.

Table 8 Annual AverageAllowable Loadingfor the Hammer CreekHeadwatersSubwatershed

Loading Rate in Total Land Area in
Pollutant Reference, Ibs/ac/yr | Impaired Watershed, ac Target AL Value, lbs/yr
Sediment 437 8,001 3,492,676

Calculation ofthe SourcelL.oad Allocations
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Calculation of theUncertainty Factorand Source Load
In the ARP equation, th&llowable Load (Ali$ comprised of the Source Load (8hich accounts for all
significant natural and anthropogenic sources of the pollutant plus an Uncertainty Factor (U§).

AL sSL + UF

Reserving a portion of the load as ancertaintyfactor requires further load reductionsom targeted
sectors to achieve the allowable loa@or this analysis, tHgFwas explicitly designated as tgrercent
of the ALbased on professional judgment. Thus:

3,4926761bs/yr AL* 0.1 =349,268Ibs/yr UF
Then, the SL is calculated as:

3,492,6761bs/yr ALg 349,268 Ibs/yr UF=3,1434091bs/yr SL

Calculation of theAdjusted Source Load

In the ARPequationthe Source Loads furtherdivided into theAdjusted SourcelLoad (ASL), which is
comprised othe sourcesausing the impairment anirgeted for reduction, as well as thealds not
reduced (LNR), which is comprisedhs naturaland anthropogenisoucesthat arenot considered
responsible for the impairmenrmtor targeted fo reduction. Thus:

SL=ASL+ LNR

Therefore, before calculating thallowable loading from the targeted sectotbe loads not reduced
must also be defined

Since the impairment addressed by this TMDL is for sedimentation due to agriculture, sediment
contributions from forests, wetlands, developed laradsd any noragricultural point source discharges

within the Hammer Creek Headwaters Subwatershed were considered loads not reduced (LNR). LNR was
calculated to be 2547 Ibs/yr (Table 9).

Then, theASL igsalculated as:

3,1434091bs/yr Slg 24,547 bs/yr LNR 3,1188621bs/yr ASL

Table 9. Source Load Loads Not Reduced and Adjustéslource Loadas Annual Averages
Sediment, lbs/yr

Source Load (SL) 3,143,409
Loads Not Reduced (LNR): 24,547
Forest 6,243
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Wetlands 35

Non-Agricultural Herbaceous/Grasslands 0
Low Intensity Mixed Development 10,382
Medium Intensity Mixed Development 5,946
High Density Mixed Development 1,941
Adjusted Source Load (ASL) 3,118,862

Calculation of Sediment Load Reductionsy Source Sector

To calculatgrescribedoad reductions by source, thdDAwas further analyzed using the Equal
Marginal Percent Reduction (EMPR) allocation method desciibadpendixD. Althoughthe Hammer
CreekHeadwatersARPwas developed to address impairments caused by agricultural actjvities
streambanks wee also significant contributors to the sediment load in swwatershed, and
streambank erosiomates areinfluenced by agricultural activities. Thusiestmbankswvere included in
the ASLand targeted for reduction.

In thisevaluation croplandsexceededhe adjusted sourcdoad by itself Thuscroplands received a
greaterpercent reduction §2%) than hay/pasture lands and streambank4% eachfTables 10 and
11). Note howeverthe prescribed reductions by source sectors are simply suggested tamgbisot
rigid goals that must be met. During implementatigneater or lesser reductiorsan be made for each
source sector so long as the overal|wsted source load is achieved.

Table 10. Sediment Load Allocations for Sourcees8tors in the Hammer CreekHeadwaters
Subwatershed, AnnualAverageValues

Load Allocation Current Load Reduction Goal
Land Use Acres Ibs/yr Ibs/yr
CROPLAND 3,602 2,355,479 6,164,580 62%
HAY/PASTURE 1,239 163,158 216,036 24%
STREAMBANK 600,225 794,750 24%
AGGREGATE 3,118,862 7,175,366 57%
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Consideration of Critical Conditions and Seasonal Variations

Gaz2RSt aé& 2| (GcOmMidususMiulatidrantdel with daily time steps for weather data and
water balance calculations. The source of the weather data (precipitation and temperature) was a
dataset compiled by USEPA ranging from 19890 Stroud Water Research Cent2019). Thre
evapotranspiration calculations also take into account the length of the growing season and changing
day length. Monthly calculations are made for sediment loads based on daily water balance
accumulated in monthly values. Therefore, variable flow comdgtiand seasonal changes are inherently
accounted for in the loading calculations.

An Analysis of BssibleBMPs

The following proposes laypotheticalset ofBest Management Practicé8BMP$ that are calculated to
exceedthe prescribedsedimentloading redictions andaddress the specific problems observed in the
Hammer CreekleadwatersSubwatershedTable 1 presents the proposed BMPs and theddculated
sediment reductions. Key locations for the propopdysicaBMPs are shown in Figuré.Note that

other BMP opportunities may exist in other areas and it is not intended to limit physical BMPs to only
those opportunities showin Figure 16

Where relevant, BMP implementation should follow USNIRCS standardiom the Field Office
Technical Guide for Pennsylvanialess there is a good reason to deviate from these standémds.
cases where there are deviations from these standardsview should be made of tH&MP to
determine whether the changes would ligglesultin substantiallydiminished sediment pollution
prevention If so, a decision could be made to not credit the BMBhould be noted thathereare likely
be other BMP opportunities beyond what is envisioned harwhat is ultimately implemente will
largelybe dependent m the landownef preferences

In any case, it will be important to keep careful track what is implemented so that progress may be
documented.
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Table 11. BMP opportunities and their calculated sedinheading reductions.

Sediment
Proposed BMPs reduction lbs/yr

14,067 feet streambank stabilization 385,443
7,674 feet comprehensive stream restoration 210,260

95% ag. erosion and sedimentation plan implementation 1,480,506
10% morecropland with cover crops (360 acres) 61,646
30% more conservation tillage (1,081 acres) 758,243
300 acres grazing land management 15,699
162acres forested riparian buffers 260,636
62 acres croplands retired for establishing the riparian buffers 105,933
99 acres hay/pasture lands retired for establishing the riparian buffers 16,975

102 acres precision grass filter strips 2,522,996
83 acres of cropland retired for establishing filter stfips 127,040

subtotal 5,945,377

Ibs/yr

current loading for targeted sectdtrs 7,175,366

current loading for targeted sectorsall reductions 1,229,989

adjusted source loac 3,118,862

Must be installed along main drainagelines showRigure 16 for crediting to be applicableleviation
from proposed design (location, length, width) will require new modelling of reductions.

2Conservatively assumed filter strips would load at the rate of hay
*Targeted sectors include croplands, hay/pasture lands, and streambanks
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andit is not intended to limit physical BMPs to only those opportunities shown on this map.
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Table 2. Cost analysis of BM#pportunities All coss are reported adollars.

Total

One Time Annualized

Opportunity  Total Cost per

Capital  Annual Cost per Annualized Total Total Total pound of

Lifespan Costper O&M Cost unit(land  Costper  Units Capital Capital + Annualized sediment

BMP Unit inyears unit per unit cost) unit Proposed Cost Land Cost Cost per year
Streambank Stabilizatidn ft 20 74.75 0.00 0.00 6.00 14,067 1,051,460 1,051,460 84,368 0.219
Stream Restoratioh ft 20 350.00 0.00 0.00 28.08 7,674 2,685,900 2,685,900 215,524 1.025
Erosion and Sedimentation Pldns  ac 10 15.00 0.00 0.00 1.94 4,598 68,974 68,974 8,921 0.006
Cover Crops ac 1 0.00 75.50 0.00 75.50 360 0 0 27,195 0.441
Conservation Tillade ac 1 0.00 0.00 0.00 0.00 1,081 0 0 0 0.00d
Grazing Land Managemé‘nt ac 1 81.27 0.00 0.00 85.33 300 24,381 24,381 25,599 1.631
Forested Riparian Buffer w/o Ferfce ac 40 4,062.42 81.25 1,770.23 406.51 83 337,181 484,110 33,740 0.139
Forested Buffer w/Fende ac 30 7,216.47 238.95 971.31 756.96 79 570,101 646,835 59,800 0.425
Grass Filter Strifis ac 10 899.15 35.97 1,770.23 240.93 102 91,713 272,277 24,575 0.009

sum 4,829,710 5,233,936 479,722

Where necessary, costs were annualized using CAST methodology. See https://cast.chesapeakebay.net/Documentation/CostProfiles

! Current CAST methodology reports a much higher cost for "Non Urban Stream Restoration Protocol”. However, per personal communication with Shaun
of Trout Unlimited, smaller projects using general permit type structures and restoration designs provided by government agencies tend to be much chea
approximately $50 per foot. To be conservative, $63.56 per foot was used in accordance to the second most recent CAST methodology for Pennsylvania.
however was multiplied by 1.176 to adjust for inflation from April 2010 to April 2020 per the CPI inflation calculator provided at https://data.bls.gov/cgi-
bin/cpicalc.pl.

%This cost estimate for more comprehensive stream restoration was provided by Shaun McAdams of Trout Unlimited.

3Based in internal discussions at DEP, the most current CAST estimate of $24.91 per year for "Soil Conservation and Water Quality Plans" does not seen
typical costs and longevity for agricultural erosion and sedimentation plans in Pennsylvania. Thus the prior CAST cost estimate was used.

“Based on most recent CAST methodology
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Figure 17. Estimatedtotal annualized cost per pound of sediment removed per yedior BMPs See
footnotes in Table 2 for a description ofhow costs were derived.

Agricultural Erosion and Sedimentation Control Plans

PA DEP and County Conservation Districts are currently working towards ensuring that agricultural
operations are implementing required erosion and sedimentation control plans, aB8carplementation
rate was assumedNote that this is not to be terpreted as an acceptable 5% rate of noncompliance
Rathersuchconservative assumption may help accountfmtors such akemporary noncompliance,
implementation lag timeduring transitionspotential error in NLCD classifications, acreage comprised of by
BMPs, etc.Thiswould result inan estimated3,422 acres of croplanénd 1,177 acres of hay/pasture lands
covered by planBased orChesapeake Bay Program (20d®thodology it was assumed thahese plans
would reduce sediment loading amoplandsby 25%and loading on hay/pasture lands by 8%ee

Appendix F)Therefore an annual sediment reduction 4f480,506lbs/yr is predicted(Table 1).

Basedon internal discussions at DEP and prior CAST methoddhege plansvere estimated to have a
capital cost 6about $5 per acre, so, if applied to 95% of the acreage of croganttl hay/pasture lands
in the subwatershed the total capital cost of these plans would be ab8$68,974 (Table12). The total
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annualized cogper pourd of sediment removed per yearasonly $0.006, whichsuggestshat this BMP is
very costeffective (Figure 17)

For tracking purpose$pad reductions associated with agricultural erosion and sedimentation plan
implementationmaybe calculated as:

Ib/yr reduction =acresof agricultural lands witimplementedplan * agricultural landoading rate *
reduction coefficient

where: cropland loading rate = 1,71Bs/(ac*yr)
hay/pasture land loading rate £74 Ibs/(ac*yr)

reduction coefficienfor croplands= 025

reduction coefficient for hay/pasture lands = 0.08

Note that the loading rates for croplands and hay/pasture lands given above should ocobfused with
erosion rategeported in agricultural erosion and sediment plaas the abovealuesreflect loading rates
transported to thewatershed outlet.

Consevation Tillage

The currentrate of conservation tillage use is currently unknowat it wasconservatively assumetiat its
use could increasby an acreagequivalent to30%of the current cropland acreagerabout1,081acres.
Based orChesapeake Bay Program (20dfthodology,a sediment reduction efficiency of 41%as
assumedSee Appendix Fyherefore, implementation of this BMd& proposedvould beestimatedto
reduce thesediment loadby about758,243lbs/yr.

According to CAST damentation, use of conservation tillage considered to be cost neutrahus with a
cost estimate of $@er pound of sediment removed per yedis is considered the mosbsteffective BMP
(Table 12, Figure 17)

For tracking purposes, load reductions associated with conservation tillage implementatidre
calculated as:

Ib/yr reduction = acres croplands witlew/recentconservation tillagé cropland loading rate * reduction
coefficient

where: cropland loadig rate = 1,712 Ibs/(ac*yr)

reduction coefficient = @1

If an additionall,081acres are not available for implementation of this BMRtive to current conditions,
increased use of this BMP since 2004 could be creditémplementation since then can be clearly
demonstrated An argument can be made for using 2@34the baselingear because it was the last time
that physical habitaassessment scores, which included a sedimentation component, were taken for the
Hammer Creek Headwaters Subwatershsithce 2004 much progress may have already been made in
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implementing this BMP, because on a statewide level;tilbuse went from a litie over 20% in 2004 to
close to 70% by 2014 (USDIRCS 2039

Cover Crops

According to Chesapeake Bay Program (2@i6hodology no additional credit is given for these of

cover cropon croplands that are already managedth low tillage.And, on lands with higher tillage, use of
cover cropsvould providemuch less sediment reductionersusconverting toconservation tillageThus
only a small amount of cover cro@60 acres or 10% of the cropland land akeere presemly proposed

to account forareas where landowners are unwilling to implement conservation tillage.

Based on Chesapeake Bay Program (2018) methodalogyBMP was givea 10%sedimentreduction
efficiency(See Appendix H} should be noted however Ht crediting is only applicabiehen this BMP is
used on high tillage lands and when the cover crop is nhot a commaodityltisgstimated that thisvould
reducesedimentloadingby a meager 6646Ibs/yr.

I O0O2NRAY3I (2 [/ ! {Rendylvadipugelof cBvaricrbp¥ sstintated t& @vedn annual
operation and maintenance coef $75.50 per acre Thus if applied to10% of the acreage of cropland in
the subwatershed, the totahnnualcost of theproposed cover cropsould be about 7,195(Table 2).
The total annualized cost per pound of sediment removed per year4g $@vhich indicates that this BMP
isfairly expensivgFigure 17)

For tracking purposes, load reductions associated with cover crop implementatiphe calculated as:

Ib/yr reduction = acres croplandas high tillage landsiith new/recent cover cropse* cropland loading
rate * reduction coefficient

where: croplandoading rate = 1,712 Ibs/(ac*yr)

reduction coefficient = L

If an additionaB60acres are not available for implementation of this BMP relative to current conditions,
increased use of this BMP since 2004 could be credited, if implementation since then can be clearly
demonstrated. An argument can be made for using 2004 as the bagelmédecause it was the last time

that physical habitat assessment scores, which included a sedimentation component, were taken for the
Hammer Creek Headwaters Subwatershed. Since then, much progress may have already been made in
implementing ths BMP; inBerks, Lancaster, Lebanon and York Counties, use of cover crops after growing
corn went from about 40% in 2009 to about 65% in 2012 (USRES 2019).

ConventionalRiparian Buffers

It is widely recognized that riparian buffers are highly beneficialreash communities for many reasons.
Not only dothey filter out pollutants, such as sediment and nutriertist they alsgprovide habitat and
nutrition for aquatic, semaquatic and terrestrial organismgrotect streambanksand moderate stream
temperature. Thus, riparian buffers should be encouragb@reverpossible Therefore Figurel6
essentially shows proposdd0-foot wide forestedbuffersfor all streamsideareas where they are
substantiallylacking and are feasibladt within a significantlydeveloped area)The acreagesf buffer
opportunitiesreported inTable 11 were reduceetlative to the full area shown in Figure tbreflect only
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the areawith croplands or happasturecoverageper NLCD 201@&ssome areamay already haveome
natural vegetative coveaind it is unlikely that significant buffers would be established on many developed
lands

While many experimental studies suggest riparian buffers can be very effective at removing upland
pollutantloads, ecent researcrsuggestsghat buffer filtration performancemay belimited by reatworld
environmental conditionsgspecially due to the existence @fncentrated flowpathgDosskeyet al. 2002,
Sweeney and Newbold 2014urthermore, for any given buffer thremay notbe much uplands
contributingpollutantsto it. Or,if there are too much uplands communicatingaanit area of buffeit is
thought that its filtration capacity may becontess effective For such reasons, the CAST expert panel
report chose to very conservatively assume ttie sediment loadrom only two acres of uplands are
filtered by about half (though variable by region) per acre of buffer creafaddit is also given for the land
conversion associated with the creation of the bufféor more informationsee Belt et al(2014) and
Appendix FSimilarly to Belt et al.(2014) and Chesapeake Bay Program (20Qd&3juctions associated with
conventional buffersnaybe calculated as

Ib/yr reduction =(acres of new streamside buffers create@ * cropland loading rate filtration reduction
coefficien) +[acres of new streamside buffers createfctirrent land usdoading rateg forest land e
loading raté

where: croplandoading rate = 1,712 Ibs/(ac*yr)
filtration reduction coefficient .47

current land use loading rate for hay/pasture larfdsreeded)=174 Ibs/(ac*yr)

forest land use loading rate = 2.9&/(ac*yr)

One advantage to creditg buffers by the acreather than by length of strearnufferedis that buffer with
and configuratiorwill likelyvarydepending on théandownef degree of commitment to this BMRVhile
%100 foot buffersare preferable the above formula allows farediting buffers of vafingwidths.

Using the above methodology, it is estimated that the proposed buffleosvn in Figurd6 would remove
383544 pounds of sediment per yedfable 1).

Notethat while forested buffersare preferable fowildlife habitat, grass buffers are thought to provide a
similarsedimentfiltration benefit (see Belt et al. 2014Reductions associated with streamside grass

buffers could be modelled using the above formitewhich casehe loading for hay/pasture add be

used forthe loading rate of the grass buffers when calculating the reductions associated with the change of
land use.

I OO2NRAY3 G2 /! {¢Qa O2thkeostDRoiested tipar@rabuffeid dbstardiafly & & t @1 y A
higher iflivestock exiusion fencing is necessatyimplemented as proposed in Figure 16, exclusion fencing

would be necessary about half of the timlWithout fencing, riparian buffers amxpected to have aapital

cost of $,06242per acre, sofor the 83 acres of forested buffers proposgthe capital cosis expected to

be $337,181 (Table 2). Forforested buffers with exclusion fencing, the capital cost is expected to be

$7,216.47 per acre, so for the 79 acres proposed the total capital cost is expedtte570,101
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If the cost of the land is included, the toedtimatedcapital + land codbr all the proposed buffers
$1,130,945With a total annualized costf $0.14 per pound of sediment removed per yeagnventional
forested bufferswithout fencingappear to bemoderatelycosteffective(Figure 17)even with very
conservative assumptions of sediment removalcontrast, buffers where fencing is needme
moderately expensive, at aroun$D.43per pound of sediment removed per year.

Precision Grass Filter Strips

As mentioned previously, CAST derived methodology for calculating the effectiveness of riparian buffers
was purposely very conservative to account fack of knowledge of how muaedimentcommunicatego

any given buffeandthe possibilitesof concentrated flowpathand saturation of filtration effectiveness.
Rather tharusing veryconservative crediting to account for these uncertaintiesyas sought talirectly
address these conceriiy strategically plaing bufferswhere theywould intercept the mostrunoff and

design thenso they would be effective atediment remova(see Dodsey et al.2005 Allerby and Burke

2012 Holden et al. 2013

To determinethe locationswhere buffers maynterceptthe moststormrunoff/sediment loads USGS QL2

LiDARJata (USGS 2017) was analyzed using the TaulZEdbn 5 toolkit in ArcGIPB. Briefly the bare

earth digital elevation model (DEM) was clipped to the general area of the Hammer Creek Headwaters
Subwatershedl I YR (KSYy (&KSy o€ R FH oS MISIS &/X22 0 ND NI Aty I & N &
FYR a{ GNBIY 5ST7T iobls wekedised to &eate daliage KetwvbhRised oran

accumulated stream souragid cell threshold value df0,000.Different thresholds were explored, but this

value was chsen as sufficient for displaying the major drainageways witlo@etwhelming their

visualization with too much detait. KS a5y / 2y i NAROdziAy 3 ! NBHanmér2 2t 41 &
Creek HeadwaterSubvatershedat a delineation point placed near the desired outlBhen thed { G NB | Y
Definition by Threshold G 22t = 31 Ay ¢ A (K ,was usddhaRigfifefaiRagedibys jus6 2 F
within the delineated watershed. Thentiie{ § NS I ¥ wS | OK tobl WaR ustdtaictai@ak S R ¢
shapefile2 ¥ GKS 61 6SNAEKSRQ& RNS8 FhyWaesshed®SNiR N 28 & K SIS TTWE3S;
used to help create a shapefile of the DEM delineated watershed, though some subsequent editing of the
shapefile was necessargthere was some disconnectedness in the center due apparently to poor

resolution of flow in the very flat central portion of the watershi@dgure B).
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Source: Esri, DigitalGlobe, GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA, USGS, A=roGRID, IGN, and the GIS User Community

Figure 18. Drainage networks within the Hammer Creek HeadwaterSubwvatershed.Drainage

networks were mapped using USGlsare earth digital elevation model and the TauDEM toolkit in

ArcGISProThe drainage networks are shown in light blue. Note, they were disconnectédthe central

portion, apparently due to this area being very flatThe flow in this area, shown as dashed dark blue

line, was reconstructed using®El T x1 ET AO A£OT 1 O0ATT OUI OATEA8O c¢mpe EI

As is obviousvhencomparing the drainageaysto the assessed stream segmeinsFigurel9, these
resultsconfirm the presence of caentrated overland flowpathsTherefore riparian buffers in certain
areaswouldintercept larger amounts of overland flow, whereas buffessablishedn other areasvould
filter virtually no uplandunoff. To choose thareas hat would bemost important for bufferingit was
sought to definghe keyoverland drainageshedbat drainedthe greatestamount d croplandsThis was
accomplished by visually inspecting the drainagevork along withthe NLCD 2016 landcovand stream
network layers (FigureQ). Key drainagesheds were then delineafgimarily usingthe aforementioned
TauDEM todat outlet pointsnear where main drainagelines entered the stredfigre20). Additional
shapefile editing was done where necessary in ArcGl&&rareasthat were poorly resolved witifauDEM
tools, final delineations wer@lsoA y LJ NIi ot aSR 2y g 0SNAKSR RSt AySIGA
dWatershed Delineation Tob{seehttps://wikiwatershed.org/documentation/mmwtech/#delineate
watershed. Some potentiabreawasexcluded becausproposed buffering would have interfered with
existing roaevay.

To determine the sediment load associated with these drainageshieelgproportion ofeachNLCD 2016

landcover claswithin eachdrainageshed was multiplied by tleerallarea of the drainagesheger Model

My Watershedo solve for the area of eaddLCD 2016 landcover cla¥bese areas were thanultiplied

by thelandcoveroading ratesin the BMP spreadsheet tool provided by Mddéy Wateshed.Estimated

sediment loads for eackeydrainageshed labeled in Figu28 are reported in Tablé3. It shoud be noted

that approximately half of thélammer Creek Headwate®ilg | G SNAKSRQa G201 f &aSRAYS)
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derive fromthese key drainageshegandthus pass through theutlets (delineation pointsshown in
Figure20.

Source: Esri, DigitdGlobe, GeoEye, Eathstar Geographics, CHES/Airbus DS, USD A, USGS, AzroGRID, IGN, and the GIS User Community

Drainage Network
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Lo - gy e
= Mon Attaining for Aquatic Life Developed, Cpen Spac= g b eveloped, High Intensity I Evergreen Forest Grassland/Herbacsous Woody Wetlands

B Developed, Low Intensity gl Barren Land

—— Attaining For Aquatic Life Mixed Forest Pashure Hay

Figure 19. Drainage networks wit flowlines and land useFlowlines are shown as eithemttaining or
non-attaining for aquatic life and largely correspondo permanently flowing channels Land use is
from the NLCD 2016landcover layer. See Figure 8 for a description of the drainage network.
Drainage networks that drained large amounts of crplands (brown) were chosen as the most crucial
for buffering. Note that O gainage Network Repairérefers to correction of the flowline image rather
than a proposed BMP.

Simply establishing riparian buffers along the flowing stream at the outlet of the drainagesheds may be
ineffective becausé&arge amounts ofediment and flowcould overwhelm very small areas of buffers
(Dosskey et al. 2002nd personal observatiohsThus to provide adequate area to buffer these
drainagesheds, it was proposed to extemdfers up the main flowline afach keydrainageway (Figur20).

Because these drainagelingass through agricultural fields, establishing forested buffdrsugh
preferable for wildlife habitatyould likely be unacceptable téarmers.Thus,it was proposed to use tall
grass buffers instea@®uich grass lined waterways are a commonly used Bivie® the CAST Expert Panel
Report (See Belt et &#014) indicates that grass buffers may be as effective as forested buffers for
sediment removal.
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Source: Esri, DigitdGlobe, GeoEve, Eaithstar Geographics, CHNES/ Airbus DS, USDA, USGS, A2roGRID, IGN, and the GIS User Cammuniky

Figure 20. Key drainagesheds with proposed precision grass buffersThe green dots show the outlet of the drainageshed near where it

empties into aregularly flowing channel. Because key drainagesheds were chosémbe areas that draired a large amount of croplands, it

is estimated that approximately half of thesubx AOAOOEAAG O OAAEIT Al O through thes€1d oufletsEdciDpreciios A OOOAAI
buffer would be comprised of a dense, tall grass mixture ds0 feet on either side of the main drainage flowlineThe letter labels

correspond to the labels in Table 3.
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Table 13. Contribution of sediment from each drainageshed to theubwatershed total and predicted %
sedimentremoval by the precision buffers for the yr and 5-yr storms. Note: drainageshed labels
correspond to labels in Figure20.

contribution to Reductions for 1yr Reductions for 5yr

watershed total storm storm
Drainageshec acres mean, Ibs/yr % Ibs/yr % Ibs/yr

A 152 147,731 64 94,696 29 42,842

B 137 212,220 100 211,159 98 206,914
C 183 276,224 99 274,014 95 262,689
D 159 238,353 98 233,824 84 200,455
E 489 706,178 95 670,870 66 466,078
F 407 493,276 96 475,025 73 358,612
G 897 1,082,609 89 963,522 50 540,222
H 115 141,112 99 140,266 95 134,339
I 201 241,267 99 238,131 76 183,363
J 90 140,399 99 139,136 91 127,483

Total: 3,440,641 Total: 2,522,996

Note: % reduction corresponds to % sediment reductioe to retenion in the bufferduring thel-yr or 5yr storm.

The Ibs/yr reductions were calculated by simply multiplying the % redufdicthe 1 or 5yr storm by the average annual
sediment contribution of each drainageshed to th&ubwatershed totalper Model My Watershed and its BMP
spreadsheetool. Note that these reductions are for upslope filtration only and do not account for land conversion when
creating the buffers.

In order to design and credit these buffers for sediment remavaigorous, scientificalljustifiable
approach wasought.Ultimately the VFSMOD program was chosen because it Waslgavailable
mechanistic modedlesigned to estimate sedimeand other pollutantremovalfrom grass bufferbased on
site specific conditiongzurther, this modehas been the subject efumerous peetreviewed scientific
publicationsand it hasbeenvalidated under experimental conditions.

Using user defined parametefdFSMOBimulates storm eventgenerates landscape runoff and sediment
loads and estimates sediment retentiorersus exporin grass filter strips3nce the model cannot
accommodate complex site geomettiie total non-buffer land area of the drainageshedhs assumed to

be a uniform rectangl¢éhat drained to arectangularl5m (or 50 ft) widegrass buffer that watwice as long
(to account for two sides) as the purple strips shown in Fig0r&imulations were conducted using two
storm eventscorresponding to th@ne andfive year storms fothis region ofPennsylvania: &9 mm and
99.4mmin 24 hourdPENNDOZ010. The buffer was assumed tave uniform slopeandbe comprised of
adense grasmixture. See AppendiGfor VFSMOD parameter inputs and furthastails on how site
geometry wassimplified

According to the VFSMOD output, the proposed vegetated filter dfffilgaire20) were typicallypredicted
to remove nearly all of the sedimefrom upland runnofiduring the tyear stormand most of the
sediment during the &earstorm. For crediting these buffers however, it is proposed to be very
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conservative and base claimed reductiamsperformance during the-gears storm. Thus, % reductions
during the 5year storm were multiplied bthe drainageshef éontribution to the overalbnnualaverage
sediment load Table 13)even though these buffers woufikrform far better during more typical storms
Another reason to believe these results are conservative isdbtitnated amount oediment getting
through thesebuffersis really just sedimeneachingthe centerline of the drainagewaylo actually get to
the streamthis sediment would have to flow dowhrough the buffer and reacthe drainageshed outlet
Fitration in this flow directiorwas not even accounted fofhislikely compensategor one reason the
buffers might not perform as well as expectéle fact that additional concentrated flowpaths feed into
the main drainagelinandperhapsoverwhelmthe buffersat certain pointsNote that if this is the case, the
buffer would be underwhelmed at other points.

Usingstrategically placed buffers ammleditingthem with realistic methodologguggestshey maybe the
most effective BMBpportunity in terms of the amount of sedimenemoved(Table 11)It is estimated
that if implemented as proposed, these filter strips woolttupy oty 102 acre®f land which would be
equivalent to about 2% of current agricultural landist these buffers woulde conservativelyestimated to
removemore than2.5 million pounds of sediment per yeéfablell), whichis about a third of
subvatershed2 a | sédindenhtfoad.

I OO2NRAY3 G2 /! {¢Qa O2giass b@farsifikerdtripsBeexpdcdid akyiy d &t O y A
capital cost of 899.15per acre, so, for the@ acres proposed, the total capital cost is expected to be
$91,713(Table 12). If the cost of the land is included, the total capital + land ca8T&2%7. There was

also an annual operation dmaintenane cost of 85.97 per acre.Given the high amount of predicted

sediment removal, these filter strips are predicted to be the most cost effective ph{ascapposed to

practice)BMP, with a total annualized cost déss than 1 cent per pound of sediment removed per year

(Table 22, Figure T).

Fortracking purposes, the following credian be claimed for fully implementing the B@bt wide (each
side)precision grass filter stripgs shown in Figur2Q:
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Table 14. Sediment reduction creditfor installing 50-foot wide (or 15m) tall grass bufferson each side
of the drainagelinesas shown in Figure 16.

Total Ibs/yr reduction = filtration component + land conversion component
Filtration Component:

Buffer Length (ft) lbs/yr

1,850 42,842
4,334 206,914
4,321 262,689
3,159 200,455
6,850 466,078
6,309 358,612
6,759 540,222
2,602 134,339
4,770 183,363
2,825 127,483

— I OmMmmOooOw>»

Note that ceviations fromthe configurations proposed hereimill requireadditionalmodellingto
calculate appropriate reductions

Land Conversion Component:
Ibs/yr = &res croplands retireth creating filter stripg (cropland loading rate hay/pasture
loading rate)

Where:cropland loading rate ,712 Ibs/(ac*yr)
hay pasture loading rate = 174 Ibs/(ac*yr)

Streambank StabilizatioriStream Restoration
Substantial streambank erosion was common in the Hammer Creek Headwaters Subwatershed)Figure
and i wasconservativelyassumed thastreambanks in these areas loaded sediment attisres the rate

as other areas. Therefor® calculate creditingthe total length of NHD flowline&orrected for

underground streamsj the subwatershedhown in Figure tvasestimatedvia a GIS analysis. Then based
on site observations aneixaminationof satellite imagery, the length of the NHD flowlines with obvious
bank erosion problems was estimaténl be 21,741 feet.

This being the case, theormal erosion rate (X) was then calculated as follows:

(ft of flowlines with normal banks)(X) + (ft of flowlines with degraded banks)(10)(X) = total
streambank erosion

Therebre, for the Hammer Creek Headwaters Subwatershed:
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(72,2787)(X) + (4,741 ft)(10X) =794,750Ibs/yr

Thus the normal streambank sediment loading rate was calculated t@.B&Ibs/(ft*yr), in which casehe
credit given for stabilizing the eroding reaches was calculated to be 12X4dbs/(ft*yr). In reality, site to
site differences in streambank erosion rates are highly variable (see Figures 6 and 7) and actual site
measurements could be used to {ifig higheror lowercredit claims.

Usingthis newmethodology stabilization othe proposed 2,741 feet of streams with suspected degrading
banks would reduce sediment loading 595,703lbs/yr (Table 1). Most of the proposed stabilizatiogites
were olservedfrom a distance during site visitspfurther detailed inspectiorshould bedoneto choose

the most important sites for streambank stabilization.

For the purposesf calculating the costs associated wiiieanbank stabilizationthis larger category was
subdividedinto cheaper bank stabilizatidiocusedprojects(shown in white irHgure 12)versusamore
comprehensive stream restoratiaite (shown in orange in Figure 12he simpler bank stabilization sites
were small streamsgenerally in the notkarst region of thesubwatershed where bank stabilization for the
sake of pollution prevention was needed, but there was less interest in the far more expensive
comprehensive stream restoratioln contrastthe proposedstream resbration site (Figur@l) tended to
have far more severchannel instabilitghat would benefit from a more comprehensimatural channel
design approachFurthermore since it is a larger reach downstream of a major karst area, there is also
interest in improving trout/fish habitat at this sit& he simpler sitewould utilizegeneral permit approved
structuresand only light equipmen{S. McAdams, Trout Unlimited personal communication) and thus are
expected to be far cheapgapproximateh75 per foot. In contrast, the comprehensive stream restoration
site will require greater design warknore timeand heaier equipment, and thus is estimated to cost
$350/ft (S. McAdams, personal communication).

Based on visual estimations s#verityof bank erosiorand suspected presence of legacy sedimgiis
thought thatimprovements at the more comprehensive restoration sii result in far more sediment
removal per foot versus stabilization at the simpler sitdgwever, given the current lack a€tual
measurementsa BMP effectivenesste of27.4 pounds per footemovalwas used at all sitehus,at
about $1.03 per pound of sediment removed per year (TaB)ethe total annualized cost per pound of
sedimentremovedat the comprehensive restoration site very expensivéFigure 17put might begreatly
overestimatedIn contrast, lasic stabilizatioprojects appear to benoderatelycost effectiveat about
$0.22 per pound of sediment removed per year

For tracking purposes, reductions associated vgitteambank stabilization/stream restorationay be
calculated as:

Feet of streambank stabilizeédestimated annual erosion rate per foot
Whereestimated annual erosion rate per fo either:
the modeled value 027.4 Ibs/ft*yr

or, an empirically derived value based on site specific measurements
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Figure2l. Proposedtomprehensive stream restoration site (NHD flowlagh@wn as orange dates) the
Hammer Creek Headwaters Subwatershed.
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Grazing Land Management

A target of300 acreswas set forgrazing land managemeptograms.According to Chesapeake Bay
Program(2018) such programs are predicted reduce sediment loading by 3Q3r acrein cattle pastures
(See Appendix Hf implementedas proposedit is estimated that these programs would redusediment
loading bya very modest 8,6991bs/yr (Table 11)The estimated total annual coef $1.63 per pound of
sediment removed per year suggests that this BMReigexpensive thus it may besensical to choose
more cost effective BMRPsxcept perhaps where this BMP is necessary to addmssrely degraded
pasturelands or a localized water quality problem.

For tracking purposes, reductions associated with grazingriearthgemeninay be calculated as:

Ib/yr reduction = acresvith implemented grazing land management ptahay/pasture landoading rate *
reduction coefficient

where: hay/pasture landoading rate Z74Ibs/(ac*yr)

reduction coefficient = 0.3

Cansiderations of Cost Effectieness in Implementationand Funding
Sources

While the 48 million dollarcapitaland 52 million dollar capital plus land ccasfor the feasible BMP
opportunities identified in TableZlmayseem highit should be considerethat 1) the actual
implementation cossto meet the prescribed reductions may be lowas not all proposed BMPs are
necessaryand 2)these BMPs may prevent other very expensive cast®ciated with downstream
sedimentation in Speedwell Forge Lake.

If fully implemented, thes®MP opportunitiesas shown in Tabl#l, would far exceedhe prescribed
reductions for thissubwatershed 6,945,377 lbs/yr versust,056,504Ibs/yr). Showingmore BMP
opportunities thannecessary isnportant, however, because implementationf mostrequiresthe
voluntary cooperatiorof landownes. Thisalsoallows for the selection of the most cost effective BMPs.
Given the very small costs per us@édimentreductionassociatedvith conservation tillage, erosion and
sediment plans, and precision grass filter stripgse BMPs should be implemented teetmaximum
extent possible (Table2] Figure ). While riparian buffersnay bemoderatelycost effectiveor expensive
depending on whether fencing is necessdiris suggested that they also be implemented as much as
possible because of all their othpositive effects, particularlyegardingwildlife habitat. By comparison,
stream restorations expensiveper poundof sediment removd, yet these projects maglsobe desirable
for aguatic habitaimprovement protection of property

Approximately four and a half miles downstream of study subwvatershedHammer Creek flows into
Speedwell Forge Lake, which is created by a daidammer CreekConsidering that most of the area
between ou subwatershed outletandthe lake is forested, our studsubwatershed appears to be the

major source of sediment to the lake. This is especially concebeicguse the dam on this lakeas
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deemed unsafe in 201dnd subsequently rebuilit a cost o# million dollardM. Lauch, pesonal
communication)Part of the reasonhat the lakewasdeemedunsafewas thataccumulated sediment had

decreased the hydraulic buffering capacity of the I@ide Lauch, personal communicatioi) additionto

the cost of dam repair, another $436,000 svspent to removeé8,000 cubic yards of sedimefnom the

lakebed, though, this was only a small fraction of the estimated ZB® cubic yards of sediment that has
accumulated behind thdam (M. Lauch, personal communicatioMhusit would likely have cost millions

of dollars to removeitall. OO2 NRAY 3 G2 aAf i [ [&dzOKy R DERMRgGyY Ra 27T
GGKS S@Syildzat RSaGNHzOGAZ2Y 2F GKS f11S Attt dGF 1S LX
HammerCré 1 Aa y20 06S0d4dSN YI ypravhiRwater qaaktyliseally ahg/potenRalyA G A 2 v
creating a great trout fisheryhe prevention of millions of dollars of damage to Speedwell Foagge helps

justify the projectedcosts of this project.

This project seeks funding under Section 319 of the Clean Watewhich is specifically allocated for
addressing nonpoint source pollutioim addition to use of 319 funds to implement this restoration plan
BMPs may also be paid for as described in thevatig.

Since agricultural erosion and sedimentation plans are the responsibility of the individual agricultural
operator/landowner, they would be responsible for expenses associated with them. In some cases farmers

may be able to write their own plans. Wieea consultant is utilized, funding assistance may be available

from USDANRCS, thResource Enhancement and Protection (RHARINS RA G X | yR 59t Qa | 3N
tfFYyyAya wSAYodzZNESYSYy(d tNRINIY FT2NItSyyaetdlyal Qa

There are many wayto fund the establishment of streamside buffers. In fact, there is an entire document
RSAONAOGAY A Fdzy RAy3d 2LILRNIdzyAitASae {SS a! [FYR24ySN
t Sy y ae (Tétdeny2@0B)dn short, there are varioysrograms that range from loan programs that

provide funding assistance for designing and implementing buffers, all the way to programs that pay
fIryR2YSNE Y2NB (KFy (GKS O2dzyieQa | @SNIF3IAS | ANROdz
the buffers. Specific sources of such funding include the USDA Conservation Reserve Program (CRP), USDA
bw/ {Qa 2Si{iflyRa wSaSNIBS t NPINIY:SZ tSyyaetgdryirlQa /2
{51 9QY@ANRYYSYyGlf vdzr £t Ade idyfedBlyitat hadBives RragA NI Y 69 v L
621 LtuE t! 59tQa [/ KS&alFLISF{S .I& CAYlFYOAIft 1taaraidly
C2dzyRI A2y k5dz01a& | YEAYAGSR 1 IToAdGFG {0SsF NRAKALI t NP
FYR 2 Af Rf A FYSSNBS NBRPANDSCR3a K FINGR 2 Af REAFS t NPINFYZI GKS
t Syyaet dryAl Qa DNRgAY3I DNBSYSNI LINPINFYZ !'{9t! Qi owm
Nutrient Management Plan Implementation Grant Program (NMPIGP). PA DONjfRedsgrants for the

establishment of riparian buffers. Given the complexities of potential funding sources, coordination with

the Lebanon County Conservation District should occur on a case by case basis to help choose the most
appropriate funding optins.

With regard to agriculture specific BMPs suchcasger crops, conservation tillage, grazing land

management, grass filter strips and streambank fentiege may be numerous ways fund such

projects especially through various programs administetiedugh! { 5! Q& bl G dzNF f wS a2 dzNDO
Conservation service. See https://www.nrcs.usda.gov/wps/portal/nrcs/main/pa/programs/finangiails

it is recommended t@ontact the Lebanon County Conservation Disagtvell as théebanon Service

Center NRS8office on a case by case basis to help choose the most appropriate funding aoptions
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installBMPs may be eligible faREAP tax credits.

Stream restoration specifiBMPs may be paid for through various funding sources, suctSag y a & £ @+ y A I Q
Growing Greener programndthe National Fish and Wildlife Foundatidn the past, organizations such as

the Pennsylvania Fish and Boat Commission and the US Fish and Wildlife service has supported stream
restoration projects, for instance by providing restoration design wéisg Trout Unlimitedinvests

volunteer hourswvorking on stream restoration projects.

The above paragraphs only list some of the major funding opportunities for BMP implemergatpart of
this project. Again, consultation with groups such as the Lebanon County Conservation DistrieN RGBA
and DERgrant administrators should be done on a case by case basis for choosing the best way to fund
specific BMPs

Stakeholder Roles

Trienniel Update Report

It is proposed thaDER in coordination Trout Unlimite¢Figure 22)prepare a brief triennial (every 3 year)
report over thenine-year project period that, among other things, reports progress towards prescribed
pollutant reduction goalsimprovements in watequality, and any other updates on key activities
Furthermore a public meeting is planned aftdre first two triennialreportsto review the report, update
the public, and encouragadditional participation(Figure23). It is proposed that the triennial repabe
sharedwithEPRA&d ¢a5[ FyR omp aSOGA2yaod

Education

With the exception of the Triennial Report, whiclwid be a joint effort with DEPThe Doc Fritchey

Chapter ofTrout Unlimitedwould be responsibléor education Sgnificant progress has already been made
towards educating landowne@nd stakeholders. Past activities have includedilings phone callsand
door-to door visits withandowners in thesubwatershed,a meeting in Fetuary 2019 to encourage farmers
in the subwatershed to adopt conservation praces,anda watershed restoration tour during June of

2020 Trout Unlimited will typically continue to covaecessargxpenses associated withe
aforementionedactivities with their own funding.

For the future,it is planned at a minimum to have madis to landowners, a public report, and a public

meeting on a triennial basis to keep the public informed and involved in the prdjeetnearby Middle

Creek Wildlife Sanctuary Visitor Center owned by the Pennsylvania Game Commission has been used as a
very convenient and free location to host meetings.

In addition to these activitiest is proposed to construaigns informing the public of significant restoration
sitesin the watershed as well as more general educational signs. These signs would fuer péth grant
money,with an estimated cost perhaps $6,000total over the life of the projecteducational signs could
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be placed aparklands in Schaefferstowmithin State Game Lan@dongPumping Station Roadnd at
Speedwell Forge Lake.

Implementirg BMPs

The Doc Fritchey Chapter Bfout Unlimited with help from the Donegal Chapter of Trout Unlimited

would ultimately be responsible for implementatiof mostof the BMPs called for in this plafigure22).
Thesechapters have a history of successful stream restoratiork which includegrojects on Fishing

Creek, Lititz Run and Conowingo Creeks in Lancaster County, as well as projects on Clarks Creek and
Manada Creek in Lebanon Counfe comprehensive waterstigestoration project currently underway

on Fishing Creek in Lancaster coumtyy serve as a model for Hammer Credkie Trout Unlimited

chapters wouldbe responsible for day to day stream restoration logist&s;h as applying for funds,
landowner outrech, acquiring sitdesigns, hiring contractors, and assuring that work is done according to
schedule As was done for prior project$rout Unlimitedmay partner withUS Fish and Wildlife Service and
the Pennsylvania Fish and Boat Commisfioithe devebpment of stream restoration designs

While Trout Unlimitedvould advocate for all of the BMPs proposed in Talilgdnerally some agriculture

specific BMPs would be pend their area of expertisdt is therefore expected that they would rely heavily

on organizations such as the County Conservation Distridii KS ! { 5! Q& bl (G4 dz2NJ f wSa&?2 dazl
Service (NRCS) for assistance in encouraging the use of theséBiies23) On the other hand, the BP

and the Lebanon County Conservation District lddae responsibléor ensuring that agricultural

operations were operating in accordanaéth legallyrequired erosion and sedimentation plans

Prescription and rackingof Pollutant Reductions

The present document, largely drafted by thEBestablishes a quantitative sediment reduction goal and
includes a analysis of hypothetical BMPs thate estimated taachieve the prescribed reduction.
Furthermore this documentprovides simple ways to calculate the cremiteived for implementing most
BMPs59t Q& ¢ab5[ alsDdinva@wid ohdl theite of #hg project to aid in additional modelling
and the calculation of BMP reductionsis proposed that thé&epartment, in coordination with other
stakeholders, prepare lbrief triennialupdae report over thenine-yearproject periodthat, among other
things,reports progress towards prescribed pollutant reduction gdglgure23). It will be important
therefore for stakeholders and cooperating organizations to keep accurate recoatlBifiPsand report
them to DERwvhen possibldor tracking in the triennial reportt is understood however thatareful
consideration must be given to landowner confidentialigreements

Assessment

DEHs responsible for assessing and monitofling @ Y Y 2 y ¢ S| £ (i K QEhusgelenibSfdidthed &
inception of this projectDEPhadalready assessed the Hammer Creek Watershed using benthic
macroinvertebrates and physical habitat screening to determine locations of impairAadtThe
Department would cotinue to assess the watershed even if this project did not go forwtdogvever,
given the interest in this projectt is expected that Hammer Creek will be the foctiadditional
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assessmeniy The DepartmeniTheseproposedmeasures will be detailedin K S ¢ 9 F¥FSOG A FSy S
FYR 9@ fdz GA2Y PBuRhermdi® RdIBisydeima Kideti Bagin/Tordmission has

established a remote water quality monitoring statitivat continuouslycollectstemperature, pH,

conductance, dissolved oxygen amdbidity data about two and a half miles downstream of our study
subwatershed.9nce most @ the area between ousubwatershed and their monitoring site is forested, it is
expected thaimprovementsat their monitoring sitecould be directly attributable tgollution reductiors
associated with BMPs proposed in this stuince{ w . dafaé& male readily available on their website
(Seenttps://mdw.srbc.net/remotewaterquality/data_viewer.aspxit could be downloaded and

summarized for theriennial monitoring reportsso long as data collections continue over the life of the
project

Disclaimer

It must be stated up front that the administrative and BMP implementation goals in this document cannot
be firm commitments becausamong other thingsl) Trout Unlimited iprimarilya volunteer organization

2) DER ability tocommt to the projectmay changevith changingpersonnej resources, funding and
management goaland 3) most of the proposed BMPs require the voluntary consent of land ewBiece

the bulk of the grant monies are allocated on a project by project bassunding organizations may

choose to stop funding projects proposed in this document if satisfactory progress is not Iibstutzild

also be noted thaeven ifimplemented BMPsgo not allow for thefull amelioration of all impairments in

the Hammer Creek Helavaters Subwatershedvater qualitywill almost assuredly improve both in this
subwatershed and in downstream ared&it becomes clear that the impairments will not be reversasda
result of this project, then TMBlwill be required.
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USFWS O Primar
y Stakeholders
PA Fish & Boat cco

Contractors (] Cooperating Organizationg

—— Major Tasks
Install Stream BMPs Ag Compliance
Education Compose Triennial Prescribe & Track
TU Report DEP Pollutant Reductions
Encourage Ag BMPs Assessments

CCD
USDA-NRCS SRBC

Figure 22. Proposed organizational structure for theHammer Creek Alternate Restoration PlarmU =
Trout Unlimited, DEP = Pennsylvania Department of Environmental Protection, CCD = the Lebanon
County Conservation District USDANRCS = United States Department of Agriculture Na#l

Resources Conservation Service SRE = Susquehanna River Basin Canission, USFWS = United States
Fish and Wildlife ServiceTrout Unlimited and PA DEP would be the primary stakeholdensut would
require cooperation from landowners and assistance from cooperating organizations for completion of
each of themajor tasks shavn above.

Schedule and Milestones

Figure23details a schedule of thmajor goals and milestones in the implementation projddte basic
organizational unit of the scheduls a 3year period after whiclthere is proposedtobe & ¢ NA Sy y A | §
wS L2 NIi ¢ { K I pliogrésdzyiade tdldatfuSdatel assessment informatigrandmakes needed
adjustments tdfuture goals After preparation of the first two triennial repori corresponding public

meetingis proposedo review the repors as well as solicit more stakeholder involveménpublic mailing

would likely be used in advance of the meeshg alsosolicit public involvemenfThe total active length of

the project is anticipated to be nine yeardus additimal assessment sampbsaround year twelve.

Proposed BMPs to satisfy thegscribedsediment reductions are approximately evediyidedamong the
three triennial periodswith a few exceptions. For one, 9%%tplementationof agricultural erosion and
sedimentation plans arprojected for the first three yearss these are a current legal requirement and
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there is areffort underway toevaluate for compliance as part of the Chesapeake\Batershed
ImplementationPlans. It is expected thasuch compliance evaluationill involve site visits to farms and
will be a jointeffort between DEP and the Lebanon Cou@tnservation DistricFurthermore Trout
Unlimitedis currently in talks with a major landowner in teebwatershed to conduct a coprehensive
stream restoration and fencingroject (Figue 21), sothis project was scheduled for the first three years.
Otherwise, the major BMRS precision grass filter strips, streambank stabilizataomd forested buffers
weredistributed approximatsy evenly across eithéwo or three triennial periodsit is proposed to
evaluate theneed for additionatover crops and conservation tillagéer the push for compliance with
erosionand sedimentation plans, as these BMPs might be adopted as a réthét plans.

It must be clearly statechowever, that there will likelybe substantial deviations from the schedule.
Specific BMPwould beimplemented as opportunit allows and there are other more minor BMPs thaite
not even on the schedule. Alsiopm prior experiencelandowner involvemeninay ramp up over time as
they seeexamples obuccessful projects on neighboring propertiBsit, in any caséhe BMP
implementation goals as well as the schedule presentedihar@annot be firm commitmentsas explained
in the previous sectian
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reductions
Timeline Administrative Goal BMP Target Goal Responsible Party (Ibslyr)
2021 Approval of Restoration Plan PA DEP and US EPA
Macroinvertebrate Sampling PA DEP
7,674 feet stream restoration project Trout Unlimited 210,260
95% Implement Ag. Erosion & Sediment. PlaR#\ DEP and Lebanon CCD 1,480,506
34 acres precision grass filter strips Trout Unlimited and USDA-NRCS 883,345
30 acres forested buffers Trout Unlimited and USDA-NRCS 71,027
X
2024 First Triennial Report and Meeting PA DEP and Trout Unlimited
Macroinvertebrate, Fish and Sediment Sampling PA DEP
5,000 feet sreambank stabilization Trout Unlimited 137,000
34 acres precision grass filter strips Trout Unlimited and USDA-NRCS 883,345
30 acres forested buffers Trout Unlimited and USDA-NRCS 71,027
180 more acres cover crops Trout Unlimited and USDA-NRCS 30,823
541 acres more conservation tillage Trout Unlimited and USDA-NRCS 379,122
X
2027 Second Triennial Report and Meeting PA DEP and Trout Unlimited
_ Macroinvertebrate, Fish and Sediment Sampling PA DEP
5,000 feet streambank stabilization Trout Unlimited 137,000
34 acres precision grass filter strips Trout Unlimited and USDA-NRCS 883,345
30 acres forested buffers Trout Unlimited and USDA-NRCS 71,027
541 acres more conservation tillage Trout Unlimited and USDA-NRCS 379,122
AV 4
2030 Third Triennial Report PA DEP and Trout Unlimited
_ Macroinvertebrate, Fish and Sediment Sampling PA DEP
AV 4
2033 Macroinvertebrate, Fish and Sediment Sampling PA DEP

Sediment

4,000,000
3,000,000
2,000,000
1,000,000

0

4,000,000
3,000,000
2,000,000
1,000,000

0

4,000,0
3,000,000
2,000,000
1,000,000
0

Note-because most of these BMPs require the voluntary cooperation of the landowner; Trout Unlimited is primarily a volunteer organization; DEP priorities, pe
resources may change; and grant funds are allocated on a case by case basis, the above are "target goals" rather than firm commitments. Furthermore, other E
substituted in as opportunities arise. And, because potential reductions overshoot the target, failure to fully implement any of the BMPs listed above may still .

the the pollutant reduction goal to be reached.

Figure 23. Proposedtimeline of major goals The thermometer graphs indicateprogress towards the overall sediment reduction goal
(Ibs/yr) during the three main triennial periods.Note that only a subsetof BMP opportunities were chosen as goals.
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Effectiveness Monitoring and Evaluation of Progress

Evaluation ofprogress will includeindicators of landowner commitment, BMP implementati@nd
assessments ofvater quality, physical habitadnd biotic communitiedt is proposed to summarizaich
progress for each triennial report.

Sediment loadingeductions @sociated witrBMP implementatiortanbe estimated using the

YSGK2R2f 238 RS&AONAOGSR Ay (KS Iftatthe tinheyf thé seconddriendid t 2 & 4 A
report it becomes clear thatere are majoiirreparableproblems such asack ofprogress towards the

sediment reduction goalar failure in stakeholder involvemend the point that it is cleathat there will be

insufficient BMP implementatigrihe restoration plarapproach should be abandoned in favorTéfiDL

development.

It is proposed to condudajuantitativeassessments atreambed sedimenin accordancevith the

YSGK2R2f 238 RA&A0dzZaA&ASR Ay (GKS &/ 2YLI NRazy 2F CAYyS |
2 | (i SNB& K S R 8uch dat$ dari be Bsgnl confirm that fine ediment deposits are decreasing as a

result of BMP implementation. Pienplementationdatahas already been collected (see Figut2 and 13

and it is proposed to continue collect data aetkame Hammer Creek assessnate (Figure 1Gand 29
approximatelyevery three years during the expected duration of the project, and then again three years

after the projected has endedrurthermore, to explore for localized effects, it is proposed to use this
methodologybefore and afteBMPimplementationat several othegetto be determinedestorationsites

within the subwatershedand/or at sites within the proposed study reaches on the two main headwater
branchesshown inFigure 24 Considering that there may be a lag time for benthic macroinvertebrat

recolonization following restoration, or that other factors could continue to inhibit benthic communities

once fine sediment loading has been reduced to an appropriate level, directly measuring fine sediment
reductions will be important in demonstratinrgstoration progress. One criterion f&MP implementation
4dz00Saa O2dZ R 060S 6KSY 1l YYSNI/NBS{1Qa FTAYyS ASRAYSy
referencesubwatershed (see Figusel2 and 18

The presentquatic life usémpairments listed fothe Hammer CreekeadwatersSubwatershed were

based on macroinvertebrate sampling and descriptive physical habitat screening. Thus, the Hammer Creek
Subwatersheghouldcontinue to be evaluatetbr these attributesnt O02 NRIF yOS A GK 59t Q&
protocols.Due to the interest in the wild trout population, it is also proposed to add fish population

sampling.The most current versions of these protocols, along with criteria for making assessments and
delistingsl NE RSAONAOGSR AyabSilikKzBeQaAIa! aaRBRGNSEHNR | yR { 4N
suggested that macroinvertebrate sampljmdpysical habitat screenirend fish population surveyse
O2yRdzOGSR 2y | I YYSNI/NBS1Qa YIAyauSy o6AGKALg GKS &S
as wellwithin the proposed study reaches on the two main headwater branches shown in Figune 24

additionto these major sitessuch sampling may adsoccur at localized restoration siteSince the most

recent assessment samplegre from 2007, it is suggested thaew samping should be conductedt the

major sitesaround the tirme of project initiation in 2021These major siteshouldcontinue tobe sampled
approximately every three yeadsuring the expected duration of the project, and then again three years

after the project has endetb evaluate forimpairmentdelistings (Figur@3). In the unlikely scenario that

sampling indicates that the aquatiife use critelaimprove to the point thathe entire subwvatershed is no

longer impaired prior tadhe estimated completion date in 2030, a decision can be made to eithend
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the project or 2) continuelte projectto overshootprescribedreductions as a layer of protection arfdr
the benefit of downstream aquatiesources.

The Susquehanna River Basin Commission also has-&tongionitoring siteapproximately two miles
downstreamof the studysubwatershed2 y | I YY S NJ / NBEBhé isitumentafioy iasiabed at
this sitecontinuously monitors severahriables, including turbidityand thuamay be used to look for
improvements resulting from watershed restoratidbepending oriime andresource availability
additional sediment, racroinvertebrate and fish sampling may occur in this area.

It is expected that the earliest improvements will be notigeghysical habitat screening, sediment
sampling and fish populatiors the local sites ofestorationprojects.In contrastthere isexpected to be a

lag time inthe perception ofimprovements in sediment metrics at the downstream sampling reach (Figure
10) as well as §t w . do@réstreammonitoring siteuntil substantialprogress is made throughout the

study subvatershed.Based on prior experience, it is expected that benthic macroinvertebrate communities
will take the longest time to improvéince thesampling design includes bothe two major headwater
branches, as wkas the lower mainster{Figure 24)partial regions of the watershedouldbe delisted as
impairedshould this occur before the entire watershisdielisted.If howeverat least localized
improvementsin physical habitat screening, sediment samplingisin populationsare not apparenat
restoration sitesat the time of the second triennial report, it should be considered whether#dstoration
planneeds to beoverhauledor abandoned in favor of a TMDL.
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Figure 24. Kisting and proposed sampling reaches in the Hammer Creek Headwaters SubwatershBuke proposed regionson the two
main branchesare longer than necessaryultimate site selection will depend on willingness of landowners to grant accessd sitesmay
needto be placed even further upstreamDepending on resources tiis proposed sample sediment, benthic macroinvertebrates and fish
within each of these two study reaches as welithin the downstream existing study reach Additional sampling mayalsooccur at the
SRBC monitoring site, andrhited additional sampling focusing on streambed sediment may also take plaaemajor BMP installation
locations.
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Summary

This document proposess% reduction irsediment loadindor the HammerCreekHeadwaters

Subwvatershed To achieve this goal while maintaining a margin of safety and minor allowance for point
sourcessediment loading from croplandshould be reduced b§2% while loading fronhay/padure lands
andstreambankshould be reduced b4% eachThe present document proposes a nigear restoration

project to be administered jointly between Trout Unlimited and the [PEPalongwith cooperation from

landowners, and agencies suchths Lebaon County Conservation Distrithe United States Department

2F 1 ANRKOdzf G dzZNB Q& b I (i dzNJ the Refhay®airblFish and BaanCansioiglthe G A 2y { S
Susquehanna River Basin Commissiod the US Fish and Wildlife ServiCdtical BMPs mposed herein
includeagricultural erosion and sedimentation plan implementatiose of cover crops, conservation

tillage, forested riparian bufferprecision grass filter stripgnd streambank stabilization

Public Participation

Public notice of draft of theAlternative Restoration Plantaspublished in the=ebruary 28, 2021 issue
of the Pennsylvania Bulletin to foster public comment. Ad2y periodwasprovided for the submittal of
comments. Public commentgith responses are available in Appendix H.
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Integrated Water Quality Monitoring and Assessment Report, List 5,
303(d), Listing Process

Assessment Methods:

Prior to developing TMDLs for specific waterbodies, there must be sufficient data available to assess
which streams are impaired and should be listed in the Integrated Water Quality Monitoring and
Assessment Report. Prior to 2004 the impaired waters waewed on the 303(d) List; from 2004 to

present, the 303(d) List was incorporated into the Integrated Water Quality Monitoring and Assessment
Report and found on List 5. Tal#\é&.summarizes the changes to listing documents and assessment
methods over time.

With guidance from EPA, the states have developed methods for assessing the waters within their
respective jurisdictions. From 192806, the primary method adopted by the Pennsylvania Department
of Environmental Protection for evaluating waters foundtba 303(d) lists (1992002) or in the

Integrated Water Quality Monitoring and Assessment Report (ZIB6) was the Statewide Surface
Waters Assessment Protocol (SSWAP). SSWAP was a modification of the EPA Rapid Bioassessment
Protocol Il (RPB) and pré®d A RSR | Y2NB O2yaAradaSyd I LIWINBFOK G2

The assessment methaxhlled forselecting representative stream segments based on factors such as
surrounding land uses, stream characteristics, surface geology, and point sour@gtsicitations.

The biologistvas toselect as many sites as necessary to establish an accurate assessment for a stream
segment; the length of the stream segment could vary between sites. The biological suerey®
includekick-screen sampling of benthic macroinvertebrates, habitat surveys, and measurements of pH,
temperature, conductivity, dissolved oxygen, and alkalinity. Benthic macroinvertebrates were identified
to the family level in the field.

The listings found irhe Integrated Water Quality Monitoring and Assessment Reports from 2008 to
present were derived based on the Instream Comprehensive Evaluation protocol (ICE). Like the
superseded SSWAP protocol, the ICE protoaléd forselecting representative segmenbased on
factors such as surrounding land uses, stream characteristics, surface geology, and point source
discharge locations. The biologigas to selecas many sites as necessary to establish an accurate
assessment for a stream segment; the lengtthef stream segment could vary between sites. The
biological surveywere toinclude Dframe kicknet sampling of benthic macroinvertebrates, habitat
surveys, and measurements of pH, temperature, conductivity, dissolved oxygen, and allkadiidgted
sampes were returned to the laboratory where the samples werde subsampled for a target benthic
macroinvertebrate sample of 200 + 20% (N =-280).The benthic macroinvertebrates in this
subsample wer¢ypicallyidentified to the generic level. The ICB{ocol is a modification of the EPA
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Rapid Bioassessment Protocol Il (RBEnd provides a more rigorous and consistent approach to
FaaSaaAry3a tSyyaetgdlyialQa AGNBlIYa GKIy GKS {{2!to®

After these surveys (SSWAP, 12886 lists or ICE, 20g8esent listy were completed, the biologist
determined the status of the stream segmenThe decision was based on the performance of the
segment using a series of biological metrics. If the stream segment was classified as impaired, it was
G§KSyYy A aid S Ro3g)yListbip&sedtli thellrBeg@rated Water Quality Monitoring and
Assessment Report with the source and cause documented.

Once a stream segment is listed as impaired, a Tiyiiitallymust be developed for it. A TMDL

addresses only one pollutant.dfstream segment is impaired by multiple pollutants, each pollutant
receives a separate and specific TMDL within that stream segment. Adjoining stream segments with the
same source and cause listings are addressed collectively on a watershed basis.

Table AL. Impairment Documentation and Assessment Chronology
Listing Date: Listing Document: Assessment Method:
1998 303(d) List SSWAP
2002 303(d) List SSWAP
2004 Integrated List SSWAP
2006 Integrated List SSWAP
2008-Present Integrated List ICE

Integrated List= Integrated Water Quality Monitoring and Assessment Report
SSWAP= Statewide Surface Waters Assessment Protocol
ICE= Instream Comprehensive Evaluation Protocol

Justification of Mapping Changes to 303(d) Lists 1998 to Present

Thefollowing are excerpts from the Pennsylvania DEP Section 303(d) narratives that justify changes in
listings between the 1998002 303(d) Lists and the 2004 to present Integrated Water Quality
Monitoring and Assessment Reports. The Section 303(d) listowggs has undergone an evolution in
Pennsylvania since the development of the 1996 list.
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In the 1996 Section 303(d) narrative, strategies were outlined for changes to the listing process.
Suggestions included, but were not limited to, a migration toab@llInformation System (GIS),
improved monitoring and assessment, and greater public input.

The migration to a GIS was implemented prior to the development of the 1998 Section 303(d) list.
Because of additional sampling and the migration to the GI8esuf the information appearing on the
1996 list differed from the 1998 list. Most common changes included:

mileage differences due to recalculation of segment length by the GIS;
slight changes in source(s)/cause(s) due to new EPA codes;
changedo source(s)/cause(s), and/or miles due to revised assessments;

corrections of misnamed streams or streams placed in inappropriate SWP subbasins; and

a r w bdp e

unnamed tributaries no longer identified as such and placed under the named watershed
listing.

Prior to 1998, segment lengths were computed using a map wheel and calculator. The segment lengths
listed on the 1998 Section 303(d) list were calculated automatically by the GIS (Arcinfo) using a constant
projection and map units (meters) for each watersh8dgment lengths originally calculated by using a

map wheel and those calculated by the GIS did not always match closely. This was the case even when
physical identifiers (e.g., tributary confluence and road crossings) matching the original segment
descriptons were used to define segments on digital quad maps. This occurred to some extent with all
segments, but was most noticeable in segments with the greatest potential for human errors using a
map wheel for calculating the original segment lengths (eogg ktream segments or entire basins).

Migration to National Hydrography Data (NHD)

New to the 2006 report is use of the 1/24,000 National Hydrography Data (NHD) streams GIS layer. Up
until 2006 the Department relied upon its own internally developed stream layer. Subsequently, the
United States Geologic Survey (USGS) developed 1/24HDGtMeams layer for the Commonwealth

based upon national geodatabase standards. In 2005, DEP contracted with USGS to add missing streams
and correct any errors in the NHD. A GIS contractor transferred the old DEP stream assessment
information to the impraved NHD and the old DEP streams layer was archived. Overall, this marked an
improvement in the quality of the streams layer and made the stream assessment data compatible with
national standards but it necessitated a change in the Integrated Listing fofthatNHD is not

attributed with the old DEP fivdigit stream codes so segments can no longer be listed by stream code
but rather only by stream name or a fixed combination of NHD fields known as reachcode and ComID.
The NHD is aggregated by Hydrologidt Gode (HUC) watersheds so HUCs rather than the old State
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Water Plan (SWP) watersheds are now used to group streams together. A more basic change was the
AKATOG Ay RFEGEF YIFYylF3ISYSyYy(ld LIKAf2a2LKe FNRY 2yS 2F
dynanic segmentation records were proving too difficult to manage from an historical tracking

perspective. The fixed segment methods will remedy that problem. The stream assessment data
management has gone through many changes over the years as system requsemne software
OKIFy3aSRed LG Aa K2LISR (GKI{ 6AGK GKS aKAFG G2 G4KS b
staff to manage and maintain SLIMS the systems and formats will now remain stable over many

Integrated Listing cycles.
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Appendix B: Model My Watershed Generated Data Tables
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Land Cover Type Area (Ha)

Hay/Pasture 501.€
Cropland 1458.7
Wooded Areas 852.¢
Wetlands 5.1
Open Land 2.6
Barrren Areas 0
Low-Density Mixed 130.2
Medium Density Mixed 38.3
High Density Mixed 12.5

Low Density Open Space 238.4

sum 3240.3

Table BL8 O- 1 ARIOOEW AD A Oldpltdifor thé Hadkrder CreekHeadwaters
Subwatershedbased on Correction for NLCD 2016

Land Cover Type Area (Ha)
Hay/Pasture 431.2
Cropland 1260.5
Wooded Areas 1178.2
Wetlands 19.8
Open Land 0.3
Barren Areas 0.5
Low-Density Mixed 90.9
Medium-Density Mixed 20.7
High-Density Mixed 2.8
Low-Density Open Space 253.7
Sum  3258.7
Table B; 8 O-1T AAI -U

7 A Onhudsdt tRefOdtelaudet @reeltefe@ntd

subwatershed based on Correction for NLCD 2016
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Stream Flow  Surface
Month (cm) Runoff (cm)
Jan 4.83 0.86
Feb 5.58 0.81
Mar 6.68 0.57
Apr 6.05 0.09
May 4.94 0.19
Jun 3.74 0.62
Jul 2.14 0.34
Aug 11 0.22
Sep 0.85 0.44
Oct 0.73 0.27
Nov 1.26 0.41
Dec 3.24 0.61
Total 41.14 5.43
Table Bo 8 O- 1 AAI
Subwatershed.
Stream Flow  Surface
Month (cm) Runoff (cm)
Jan 5.17 0.74
Feb 5.87 0.97
Mar 6.69 0.41
Apr 6.39 0.41
May 5.07 0.16
Jun 3.53 0.27
Jul 1.86 0.24
Aug 0.89 0.17
Sep 1 0.47
Oct 1.34 0.23
Nov 2.75 0.38
Dec 4.84 0.53
Total 45.4 4.98
Table Br 8 O-1TAAT -U
subwatershed

Subsurface
Flow (cm)
3.97
4.77
6.11
5.96
4.75
3.12
1.8
0.88
0.41
0.46
0.86
2.63
35.72

Subsurface
Flow (cm)
4.4
4.87
6.25
5.95
4.88
3.23
1.59
0.69
0.51
1.08
2.35
4,28
40.08

Point Src
Flow (cm)

O OO OO0 0O0Ooooo

o

Point Src
Flow (cm)
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.36

ET (cm)
0.4
0.6
1.85
4.49
8.76

12.69
11.78
9.2
5.79
3.67
1.83
0.8
61.86

ET (cm)
0.26
0.39
1.46
3.17
7.24
10.86
11.54
9.5
6.02
3.36
1.54
0.56
55.9

Precip (cm)
7.46
7.42
8.53
8.42
10.28
9.4
9.94
8.52
8.81
7.37
8.63
8.53

103.31

- U 7 AOA OOE hdHamreuGkeekHeadviaters /| OOD OO O

Precip (cm)
6.69
6.47
7.4
8.25
9.96
9.81
10.08
9.66
9.19
7.27
8.82
7.62

101.22

7 AOA OOE A AGntelaudek Oriedkdfe@ece /| OODP OO0
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Sources Sediment (kg)

Hay/Pasture 97,975.5(
Cropland 2,795,727.8
Wooded Areas 2,831.4(
Wetlands 15.8
Open Land 0
Barren Areas 0
Low-Density Mixed 1,663.2(
Medium-Density Mixed 2,696.5(
High-Density Mixed 880.1
Low-Density Open Space 3,045.3(
Farm Animals 0
Stream Bank Erosion 360,432.0(
Subsurface Flow 0
Point Sources 0
Septic Systems 0

Table B. Model My Watershedutputs forSedimentin the HammerCreekHeadwatersSubwvatershed
Note that where relevant, sediment contributions from postdurces were added after the modelling
run.

Sources Sediment (kg)
Hay/Pasture 129,657.8(
Cropland 1,364,258.7
Wooded Areas 1,831.6(
Wetlands 47.3
Open Land 14.6
Barren Areas 0
Low-Density Mixed 1,219.1(
Medium-Density Mixed 1,629.6(
High-Density Mixed 220.4
Low-Density Open Space 3,402.4(
Farm Animals 0
Stream Bank Erosion 207,139.0(
Subsurface Flow 0
Point Sources 0
Septic Systems 0

Table B. Model My Watershed outputs for Sediment in tBatelaunee Creeteferencesubwatershed.
Note thatwhere relevantsediment contributions from point sources were addster the modelling
run.
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Appendix C. Stream Segments in thélammer Creek
HeadwatersSubwatershedwith Siltation Impairments per
the 2018 Integrated Report
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Stream Name:

Hammer Creek Aquatic Life
Hammer Creek Aquatic Life
Hammer Creek Aquatic Life

Unnamed Tributary to Hammer Creekquatic Life
Unnamed Tributary to Hammer Creekquatic Life
Unnamed Tributary to Hammer Creekquatic Life
Unnamed Tributary to Hammer Creekquatic Life
Unnamed Tributary to Hammer Creekquatic Life
Hammer Creek Aquatic Life
Unnamed Tributary to Hammer Creekquatic Life
Unnamed Tributary to Hammer Creekquatic Life
Unnamed Tributary to Hammer Creekquatic Life
Unnamed Tributary to Hammer Creekquatic Life
Hammer Creek Aquatic Life
Unnamed Tributary to Hammer Creekquatic Life
Unnamed Tributary to Hammer Creekquatic Life
Unnamed Tributary to Hammer Creekquatic Life

Unnamed Tributary to Hammer Creekquatic Life
Hammer Creek Aquatic Life
Hammer Creek Aquatic Life

Unnamed Tributary to Hammer Creekquatic Life
Unnamed Tributary to Hammer Creekquatic Life
Unnamed Tributary to Hammer Creekquatic Life
Hammer Creek Aquatic Life
Unnamed Tributary to Hammer Creekquatic Life
Unnamed Tributary to Hammer Creekquatic Life
Unnamed Tributary to Hammer Creekquatic Life

Impairment
Assessed UseSource:

Agriculture
Agriculture
Agriculture
Agriculture
Agriculture
Agriculture
Agriculture
Agriculture
Agriculture
Agriculture
Agriculture
Agriculture
Agriculture
Agriculture
Agriculture
Agriculture
Agriculture
Agriculture
Agriculture
Agriculture
Agriculture
Agriculture
Agriculture
Agriculture
Agriculture
Agriculture
Agriculture

Impairment

Cause:

Siltation
Siltation
Siltation
Siltation
Siltation
Siltation
Siltation
Siltation
Siltation
Siltation
Siltation
Siltation
Siltation
Siltation
Siltation
Siltation
Siltation
Siltation
Siltation
Siltation
Siltation
Siltation
Siltation
Siltation
Siltation
Siltation
Siltation

COMID:

57461245
57461347
57461331
57461233
57461197
57461291
57461299
57461199
57461395
57461311
57461351
57461305
57461287
57461267
57461303
57461229
57461235
57461219
57461327
57461293
57461363
57461283
57461309
57461243
57461295
57461301
57461231

Miles:

0.36
0.38
0.04
0.03
1.54
0.12
0.48
1.38
0.43
0.24
0.57
0.04
0.73
0.80
0.05
0.21
0.19
0.46
0.83
1.08
1.18
1.83
1.05
0.03
0.11
0.04
1.57

TableC1. Stream segments with siltation impairments per the 2018 Integrated Reportonvert from
the COMID to the Attains ID, simply put-B&Rin front of each COMID. Allream segments were in

hydrologic unit codeUG 020503060903
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Appendix D: Equal Marginal Percent Reduction Method
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Equal Marginal Percent Reduction (EMPR) (An Allocation Strategy)

The Equal Marginal Percent Reduction (EMPR) allocation method was used to distrebdtgusted

Load Allocation (ALA) between the appropriate contributing nonpoint sources. The load allocation and
EMPR procedures were performed using a MS Excel spreztd3ie 5 major steps identified in the
spreadsheet are summarized below:

Step  Calculation of the TMDL based on impaired watershed size and unit area loading rate of
reference watershed.

Step 2 Calculation of Adjusted Load Allocatiasbd on TMDL, MS, WLANd existing loads not

reduced.

Step 3 Actual EMPR Process:

a. Each land use/source load is compared with the total ALA to determine if

b.

any contributor would exceed the ALA by itself. The evaluation is carried
out as if each source is the only cdhutor to the pollutant load of the
receiving waterbody. If the contributor exceeds the ALA, that contributor
would be reduced to the ALA. If a contributor is less than the ALA, it is set
at the existing load. This is the baseline portion of EMPR.

After any necessary reductions have been made in the baseline, the
multiple analyses are run. The multiple analyses will alithe baseline

loads and compare them to the ALA. If the Ad &xceeded, an equal
LISNOSyYy G NBRdAzOGA2Yy oAttt 06S YIRS (2
any necessary reductions in the multiple analyses, the final reduction
percentage for each contributor can be computed.

Step 4 Calculation of total loadingte of all sources receiving reductions.

Step 5 Summary of existing loads, final load allocations, @ardentreduction for each pollutant

source
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Current Load, Ibs/yr

Cropland 6,164,580
Hay/Pasture 216,036
Streambank 794,750
sum 7,175,366

Table DL. Equal Marginal Percent Reduction calculations fehe Hammer CreekHeadwatersSubwateshed

Any >
ASL?
yes
no

no

If > ASL,
reduce to ASL
3,118,862
216,036
794,750
4,129,648

How much
does sum
exceed ASL?

1,010,786

Proportions of
total after initial

adjust

0.76
0.05
0.19
1.00

Assign reductions still
needed per proportions afte
intial adjust
763,383
52,878
194,526
1,010,786

ALA: subtract reductions
still needed from initial
adjust
2,355,479
163,158
600,225
3,118,862

proportion

Reduction
0.62
0.24
0.24
0.57
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Appendix E Legal Basis for the TMDL and Water Quality
Regulations for Agricultural Operations
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Clean Water Act Requirements

Section 303(d) of the 1972 Clean Water Act requires sttgestories, and authorized tribes to establish

water quality standards. The water quality standards identify the uses for each waterbody and the

scientific criteria needed to support that use. Uses can include designations for drinking water supply,

contact recreation (swimming), and aquatic life support. Minimum goals set by the Clean Water Act
NBljdzZANS GKFdG Ftt 6FGSNR 0SS aFAaKlFIofSeé yR GasAiAvYYl

A - 7 - A

l RRAGAZ2Y I ffex GKS FTSRSNYft /fSty 2FGSNI!OG yR GKS
(EPA) imgmenting regulations (40 CFR 130) require:

0 States to develop lists of impaired waters for which current pollution controls are not stringent
enough to meet water quality standards (the list is used to determine which streams need
TMDLSs);

0 States to estaligh priority rankings for waters on the lists based on severity of pollution and the
designated use of the waterbody; states must also identify those waters for which TMDLs will be
developed and a schedule for development;

0 States to submit the list of wate to EPA every two years (April 1 of the even numbered years);

0 States to develop TMDLSs, specifying a pollutant budget that meets state water quality standards
and allocate pollutant loads among pollution sources in a watershed, e.g., point and nonpoint
sources; and

o EPA to approve or disapprove state lists and TMDLs within 30 days of final submission.

Despite these requirements, states, territories, authorized tribes, and EPA have not developed many
TMDLs since 1972. Beginning in 1986, organizationstiy states filed lawsuits against EPA for failing

to meet the TMDL requirements contained in the federal Clean Water Act and its implementing
regulations. While EPA has entered into consent agreements with the plaintiffs in several states, many
lawsuits stil are pending across the country.

In the cases that have been settled to date, the consent agreements require EPA to backstop TMDL
development, track TMDL development, review state monitoring programs, and fund studies on issues
of concern (e.g., Abanded Mine Drainage (AMD), implementation of nonpoint source BMPs, etc.).
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Pennsylvania Clean Streams Law Requirements, Agricultural
Operations

Pennsylvania farmers are required by law to operate within regulatory compliance by implementing the
applicable requirements outlined in the Pennsylvania Clean Streams Law, Title 25 Environmental
Protection, Part | Department of Environmental Protectiam@rt C Protection of Natural Resources,
Article Il Water Resources, Chapters: § 91.36 Pollution control and prevention at agricultural
operations, 8§ 92a.29 CAFO and 8§ 102.4 Erosion and sediment control requirements. Water quality
regulations can be foud at following website:http://www.pacode.com/secure/data/025/025toc.html

Agricultural regulations are designed to reduce the amount of sediment and nutrients reaching the
streams and grownd water in a watershed.
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Appendix F: Information on Use of the Chesapeake Bay
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For many of the Best Management Practices (BMPs) proposed in this study, the calculated sediment
NBRdAzOUA2yad 6SNB olaSR 2y (KS t23A0 dzaSR o0& (KS /K
Scenario Tool (CAST). See:

Chesapeake Bay Program. 2018. Chesapeake Bay Program Quick Reference Guide for Best Management
Practices (BMPs): Nonpoint Source BMPs to Reduce Nitrogen, Phosphorus and Sediment Loads to the
Chesapeake Bay and its Local Waters. CBP DOGwWDIoaded at:
https://www.chesapeakebay.net/documents/BMBuide_Full.pdf

The following explains how this study ussmme ofi KS / KS&al LISF 1S . & t NPINFYQa
note thatsome BMPcrédii Ay 3 Ay (GKAAa &d0GdzRé RAR y20 F2tf2g (KS
RSAONROSR Ay (KS aly 1'yrteaara 2F t2aaro0td . ataé a

Agricultural Erosion and Sedimentation Plans
Chesapeake Bay Program:

G{2Aft [/ 2yaSNBDI GA2Yy k4)RondidersirSanNy typeaizbf tiduliirdlland$. Ally & ¢ 6 !
croplands received a sediment reduction efficiency of 25%. Pasture lands received an 14% reduction
efficiency and hay lands typically received an 8% efficiency.

This Study:

The 25% sediment reduction effigieOe ¢ & dziSR FT2NJ ONRLJ | yRa® . SOl dza S
distinguish between hay and pasture lands, the 8% efficiency was used to be conservative.

Cover Crops
Chesapeake Bay Program:

IV {¢ &/ 2-@BNR A iR B huineroud different a@r crop types and breaks them into low
and high till land uses. When used in combination with low till, ther® additional sediment
reduction.Sedimentreductions range from-20% on high till lands.

IV { ¢ &/ 2-08 XY 2 RB:lulengrawn as aemmodity, there are no sediment reductions.

This Study:

For simplicitythis studysettled on a 10% reduction in all cases to account for the fact that sometimes it
will be 0 and sometimes it will be 20%, depending on the cover crop type. It was al#eedpbat the
reductionsare onlyto be applied to noscommodity cover crops useon high till lands.

81


https://www.chesapeakebay.net/documents/BMP-Guide_Full.pdf

Conservation Tillage

Chesapeake Bay Program:

G/ 2y aSNDI GB2Y NOARAIOIRREY &l I NB  6-29% &déd rediglanmédtgly NS & A
FFASNI LI I yiAy3Io opORy aGNNEA IMRHYA RidkS & | ANEa oK NBAAR
categories. For sediment, low residue tillage gets an 18% reduction, conservation tillage gets a 41%
reduction and high residue tillagets a 79% reduction.

This Study
C2NJ AAYLX AOAGREET (GKS YARRES aO02yaSNBIGAzy GAffIl IS¢

Riparian buffers
Chesapeake Bay Program:

GC2NBad . dzFFSNE | y RBulfevdandl Srass Bzfar SSUNESEe Exelusiovh FEn2ingS &
Al3:Riparian buffers are credited two ways: the land conversion effect and the upland filtration effect.
For the uplandedimentfiltration effect, it is assumed that the loading from two acres of upland is
reduced by an efficiency ltee of 4660% depending on hydrogeomorphic region. Note that for buffers
less than 35 feet wide average width, only the land conversion, and not the upslope filtration effect is
credited. Buffers less than 10 feet wide get no credit.

This Study:

For simplicity, rather than using a different upland efficiency by region, the average efficiency value for

the geomorphic regions that occur in Pennsylvania, 47%, was used. Also, it was assumed that loading

from two acres otroplandare filtered per acref buffer created. Note that CAST assumes two acres of

uplands not necessarily croplands, are filtered per acre of buffer created. However, there was an

abundance of croplands in the Hammer Creek Headwaters Subwatershed, and logic would suggest that

if there is something else upslope that loads at a lower rate, the buffer may be capable of filtering more

of it. The land conversion factor from croplands and hay/pasture lands to forests was also taken into
FOO02dzyil®@ ¢KS LINBaSyd anibdferavidiR B Biffess &ré very hdBawih&rsthey Y A y A
will be of low acreage and thus will not get much filtration credit.

Grazing Land Management
Chesapeake Bay Program:

Gt a0dz2NB FyR DNI T Ay 3 foadedinedt 1&fSiyaiz0% rddudiaifciéndya ¢ | y Y
except in the case of horse pasture management where there is a 40% efficiency.
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This Study:

Given that horse pastures are far less common and the difference is not that great, the 30% efficiency
was assumed for all cases.
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Appendix G Information on VFSMOD inputs
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Drainage center
Side A Side B

Length of
buffered =
drainageway, x

Side A Sidf B L

e
/Bm buffer 15m buffer

.
meters

15m

! [

x meters X meters
Figure F1. Conceptualization showing how site geometry was simplified for input into VFSMGIhmplex buffersheds were first assumed
to be a uniform rectangle with a central buffered drainageway. The length of the rectangh€) (was assumed to be the length of the
buffered drainageway. However, since VFSMOD only accepts inputs in one directionpfriie source area to the buffer, the rectangle was
split down the middle along the central drainageline and the two sides of the rectangle were laid end to end. Thus Y was solved by
assuming that 2X * Y = total watershed area. The source area length altimg slope was calculated as-¥5m. The upland area was
calculated as the total watershed area minus the area of the buffer.
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Drainageshed ADrainageshed EDrainageshed Mrainageshed [Drainageshed Brainageshed Mrainageshed Drainageshed -Drainageshed Drainageshed

Source Area Inputs
rainfall (mm) for the one year storm

66.9 66.9 66.9 66.9 66.9 66.9 66.9 66.9 66.9 66.9

rainfall (mm) for the five year storm 99.4 99.4 99.4 99.4 99.4 99.4 99.4 99.4 99.4 99.4
storm duration (hrs) 24 24 24 24 24 24 24 24 24 24
curve nd 77 75 74 75 74 75 72 72 70 75
storm type® I I 1l Il I Il 1] Il I I
length along slope (rfl) 530 194.9 266.4 318.5 459 413 866.1 279.2 264.2 197.6
watershed slope fractioh 0.067 0.017 0.022 0.03 0.033 0.029 0.027 0.023 0.06 0.036
upland area (hd) 59.8 51.5 70.2 61.4 192 158.8 357 44.3 76.8 34
soil erodibility (metric ton*hectare*hour)/(hectare*megajoule*millimetet) 0.0380 0.0440 0.0434 0.0432 0.0437 0.0429 0.0426 0.0439 0.0430 0.0445
soil typé Silt Loam Silt Loam Silt Loam Silt Loam Silt Loam Silt Loam Silt Loam Silt Loam Silt Loam Silt Loam
percent oM 22 2.6 2.7 2.7 2.7 2.8 29 2.7 23 25
dp particle class diafn default default default default default default default default default default
crop factof 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
practice factof 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85
rainfall factof Williams Williams Williams Williams Williams Williams Williams Williams Williams Williams
Overland Flow Inputs

buffer length from input to output (m) 15 15 15 15 15 15 15 15 15 15
Manning's n roughness for dense grass 0.24 0.24 0.24 0.24 0.24 0.24 0.24 0.24 0.24 0.24
buffer slope, proportioh 0.04 0.036 0.023 0.04 0.05 0.4 0.02 0.035 0.075 0.0555
double filter strip width in longest direction (fh) 1128 2642 2634 1926 4176 3846 4120 1586 2908 1722
kinematic wave parameters default default default default default default default default default default
Filter Strip Infiltration Inputs

shallow water tablé No No No No No No No No No No
number soil layers 1 1 1 1 1 1 1 1 1 1
saturated conductivity, surface layer (m?s) 9.1630E-06 9.1700E-06 9.6501E-06 9.1841E-06 1.0324E-05 9.2124E-06 9.1700E-06 9.1700E-06 9.5512E-06 9.1700E-06
bottom depth (cm) default 15 default 15 default 15 default 15 default 15 default 15 default 15 default 15 default 15 default 15
average suction at the wetting front, Sav, fm) 0.1668 0.1668 0.1668 0.1668 0.1668 0.1668 0.1668 0.1668 0.1668 0.1668
surf. layer initial water content (assume field capacity, or proportion at 1/3 Barr) 0.28619 0.266178218 0.280828 0.269437 0.258779874 0.280093 0.293277419 0.263502 0.275083 0.261911765
saturated water content, proportio?l 0.48 0.48 0.48 0.48 0.48 0.48 0.48 0.48 0.48 0.48
surface storag® 0 0 0 0 0 0 0 0 0 0
fraction ponding checked 0 0 0 0 0 0 0 0 0 0
Buffer Vegetation Properties
spacing for grass stems (¢hn) 2.15 2.15 2.15 2.15 2.15 2.15 2.15 2.15 2.15 2.15
roughness, Manning's’n 0.012 0.012 0.012 0.012 0.012 0.012 0.012 0.012 0.012 0.012
height of gras§ 18 18 18 18 18 18 18 18 18 18
roughness, bare surface Manning's n (default) 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04
feedback 0 0 0 0 0 0 0 0 0 0
Outputs
one year storm sediment delivery ratio 0.359 0.005 0.008 0.019 0.05 0.037 0.11 0.006 0.013 0.009
five year storm sediment delivery ratio 0.71 0.025 0.049 0.159 0.34 0.273 0.501 0.048 0.24 0.092

'PENNDOT 2010

2estimated from Model My Watershed or Mapshed

Sper suggestions in VFSMOD help or Manual

“calculated assuming the subwatershed was a rectangle draining unidirectionally and uniformly to a rectangular buffer strip
SUSDA WSS english units value multiplied by 0.1317 to convert to the metric value per VFSMOD manual and Foster et al. 1981

SUSDA WSS

Testimated from USGS QL2 Lidar Data and TAUDEM tools in ArcGISPro

8longest direction length of the filter strip estimated using measuring tool (geodesic) in ArcGISPro; multiplied by two because two sides to the centerline of the buffer
%assumed for simplicity and likely to have minor effections on modelling results and/or be conservative

Table Gl. VFSMOD inputs.
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Appendix H: Commentand Response

Comment
Received via an email dated Monday MarchZ21 from Russell Collinsigsthepres@dftu.org

Mr. Morris:

| and my Trout Unlimited Chapter (Doc Fritchey) feel that the proposed ARP be acc®pted.
efforts to assesand restore this valuable assgtartedover 2 years ago and we are anxi¢os
partner with PA DEP in the continuing effastrestore the watershed We have established a
good relationship with many property owners who are also anxious to support the effort.

We believeone of the majorsources of runoff appears to come from the Borough of
Schaffertown in the upper reaches of the watershddhere appears to be littleonsideration
for stormwater runoff management in housing developments in this atadahe advent of
heavy rains, thertbutaries appear to carry significant runoff and siltation.

| also feel that a good deal of siltation also comes from the direction of the Rexmont area.

Thank you,

Russ Collins, Immediate Past President-Doc Fritchey Chapter of Trout Unlimited

S. Central Regional V.P--PA Council of Trout Unlimited

7
TROUT ”/SNLIMITED

(717) 580‘3958 DOC FRITCHEY CHAPTER

DEP First Response to runoff from the Schaefferstown Area.

Addressing development directly was not considered a priority for this ARP. Per Table 2, the
impairments were attributed to aggulture. While this does not prevent us from addressing
development as well, our model results indicate that the direct sediment contribution from developed
lands was only about 20,000 Ibs/yr versus about 6,400,000 Ibs/yr from agricultural sources/{Table
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addition to this however, development also increases sediment loadings indirectly via enhanced
streambank erosion. This ARP does address this by proposing streambank stabilization for the tributaries
draining the Schaefferstown Area (See Figure 16y subsequent conversation, Mr. Collins expressed
concern that a proposed housing development may further exacerbate stormwater runoff problems.
Cursory model runs in Model My Watershed were used to explore the effect of a modest (100 aere) low
density residential development. These results suggest thhatilt on hay/pasture lands, sediment

loading would likely increase, but only by a very small amount of the watershed total (<1%). However, if
this development replaced croplands, sediment loading Mdikely decrease. In shodgddressing low
density residential development directly via enhanced stormwater infrastructure would likely result in
modest but expensive sediment reductions and therefore such projects will not be included as part of
this ARP.

DEP First Response sediment contributions from the Rexmont Area

Per a subsequent conversation with Mr. Collins, the concern in the Rexmont area is two abandoned
NEBaAaSNB2ANR 2y {GF0GS DFYS [IIYR& O0CAIWNBvSIa0 @ yIRK Si Kd3
downstream reservoir, which is connected via a channel, is just to the north. The reservoirs appear to
have been on the order of eight acres each. According to various sources on the internet, the reservoirs
were a water supply forthe Ci# ¥ [ Sol y2y ® ¢KS& gSNB 2NAIAyLfte& o
NEOodzZAf G FNRdzyR mMpHp® ¢KS RIYd 6SNBE (GKSYy RNIAYSR
be a safety hazard and would have been expensive to repair.

SS
A
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Figure H1. USGS Tagpaphic Map excerpt showing the former Rexmont Reservoirs (Richland
Quadrangle PA N40MY7615/7.5 from 1955, photo revised 1969).

In consideration of this comment, a site visit was made on Apri2021. While former reservoirs can be
apersistent source of excessive sediment loads if not remediated, observations suggest that the former
Rexmont Reservoirs should not be a restoration priority in this ARP. Our reasoning is as follows.

Firstly, aerial photographs dating back to 1940 indi¢h#, like today, the watershed feeding these
reservoirs has been primarily forested for a long time. With the exception of minor bank erosion near

the inlet of the former reservoiistream conditions upstream of the first reservoir appear to be healthy
(Figure H2). Thus, rather than accumulating huge quantities of agricultdezilyed sediments, as

occurred in the downstream Speedwell Forge Lake, it is expected that the Rexmont Reservoirs had been
accumulating much more modest loads typical of a forédamdscape. If so, the former dams may have
historically functioned to remove much of the natural sediment load from this tributary. Now that these
dams have been breached, this natural load is being reexported to the stream, albeit perhaps at a
temporariy higher rate.
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Figure H2. Stream segments upstream of the upper Rexmont Reservoir. Note the healthy appearing
stream conditions within a forested landscape. However, some modest bank erosion occurred along a
short reach just above the inlet to the formeeservoir (right).

Figure H3 shows conditions within the upper former reservoir. The bed was dominated by very dense
growth of Phragmites The outlet channel was rocky and clear while the channel(s) within the former
reservoir were rocky in some areas but exhibited fines deposition in others, as may be expected for
wetland conditions. Either way, severe channel downcutting, highly eroamkstor other symptoms of
major sediment export were not observed. In fact, it appeared thatRheagmiesstand may be

regularly flooded, in which case they could actually serve to filter out sediment.
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Figure H3. Photographs within the upper former Rert Reservoir. The reservoir bed was dominated

by thick growth ofPhragmitesThe outlet channel (upper right) was rocky and clear. Within the basin,
channel reaches could be rocky and sandy, or exhibit fine sediment deposition, as may be expected for a
wetland. Either way, severe downcutting and steep erosive banks were not observed.

Observations were also made of the short (approximately %2 mile) channel that connected the upper and
lower reservoirs (Figure H4). Some sections of this channel were wlcitg ,other lower gradient areas
exhibited substantial fines deposition. While this fines deposition was likely at least in part due to export
from the upper reservoir, it should also be noted that the hydrology of this reach has been highly
modified via bannelization.
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Figure H4. Photographs of the channel connecting the upper and lower reservoirs.

Like the upper reservoir, the lower reservoir was dominated by dé&sagmitegrowth. Much of the
channel through it was rocky, though fines depositsuoel in other areas. Either way, severe bank
erosion or downcutting were not observed. And, like the upper reservoir, the wetland conditions in this
former reservoir might serve to remove sediment.

Figure H5. Photographs of the channels within the loveservoir.

Finally, observations of the stream reach leaving the second reservoir indicate that it was primarily
rocky, clear, and apparently healthy.
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