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Executive Summary 
 

άTotal Maximum Daily Loadsέ (TMDLs) for sediment were developed for the Beaver Run Watershed (Figure 

1) to address the siltation impairments noted in the 2018 Final Pennsylvania Integrated Water Quality 

Monitoring and Assessment Report (Integrated Report), including the Clean Water Act Section 303(d) List. 

Agriculture was identified as the cause of these impairments.  Because Pennsylvania does not have numeric 

water quality criteria for sediment, the loading rates from a similar unimpaired watershed were used to 

calculate the TMDLs.  

άTMDLsέ were calculated using both a long-term annual average value (TMDLAvg) which would be protective 

under most conditions, as well as a 99th percentile daily value (TMDLMax) which would be relevant to 

extreme flow events. Current annual average sediment loading in the Beaver Run Watershed was 

estimated to be 6,623,887 pounds per year. To meet water quality objectives, annual average sediment 

loading should be reduced by 68% to 2,121,441 pounds per year. Allocation of annual average sediment 

loading among the TMDL variables is summarized in Table 1. To achieve this reduction while maintaining a 

10% margin of safety and minor allowance for point sources, annual average loading from croplands should 

be reduced by 80% whereas loading from hay/pasture lands and streambanks should be reduced by 50% 

each. 

Table 1.  Summary of Annual Average TMDL (TMDLAvg) Variables for the Beaver Run Watershed 

lbs/yr: 

Pollutant TMDLAvg MOSAvg WLAAvg LAAvg LNRAvg ALAAvg 

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

TMDL=Total Maximum Daily Load; MOS = Margin of Safety; WLA=Wasteload Allocation (point sources); LA = Load Allocation 

(nonpoint sources). The LA is further divided into LNR = Loads Not Reduced and ALA=Adjusted Load Allocation. {ǳōǎŎǊƛǇǘ ά!vgέ 

indicates that these values are expressed as annual averages. 

Current 99thpercentile daily loading in the Beaver Run Watershed was estimated to be 291,593 pounds 

per day. To meet water quality objectives, 99th percentile daily sediment loading should be reduced by 

75% to 72,499 pounds per day. Allocation of 99th percentile daily sediment loading among the TMDL 

variables is summarized in Table 2. 

Table 2.  Summary of 99th Percentile Daily Loading TMDL (TMDLMax) Variables for the Beaver Run 
Watershed 

lbs/d: 

Pollutant TMDLMax MOSMax WLAMax LAMax LNRMax ALAMax 

Sediment 72,499 7,250 727 64,522 698 63,824 

TMDL=Total Maximum Daily Load; MOS = Margin of Safety; WLA=Wasteload Allocation (point sources); LA = Load Allocation 

(nonpoint sources). The LA is further divided into LNR = Loads Not Reduced and ALA=Adjusted Load Allocation. Subscript 

άaaxέ indicates that these values are expressed as 99th percentile for daily loading. 
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Introduction  
 

Beaver Run is a tributary of Chillisquaque Creek, with the confluence approximately one-half mile southeast 

of the Village of Potts Grove (Figure 1). This Total Maximum Daily Load (TMDL) document has been 

prepared to address the siltation from agriculture impairments listed for the entire watershed (Figure 1), 

per the 2018 Final Integrated Report (see Appendix A for a description of assessment methodology). The 

Beaver Run Watershed was approximately 12 square miles and occurred almost entirely within Montour 

County, just north and east of the border with Northumberland County. It contained approximately 25 

stream miles, all of which were designated for warm water fishes (WWF) and Migratory Fishes (MF).  

The removal of natural vegetation and soil disturbance associated with agriculture increases soil erosion 

leading to sediment deposition in streams. Excessive fine sediment deposition may destroy the coarse-

substrate habitats required by many stream organisms. While Pennsylvania does not have numeric water 

quality criteria for sediment, it does have applicable narrative criteria: 

Water may not contain substances attributable to point or nonpoint source discharges in 
concentration or amounts sufficient to be inimical or harmful to the water uses to be protected 
or to human, animal, plant or aquatic life. (25 PA Code Chapter 93.6 (a) 
 
In addition to other substances listed within or addressed by this chapter, specific substances to be 
controlled include, but are not limited to, floating materials, oil, grease, scum and substances 
which produce color, tastes, odors, turbidity or settle to form deposits. (25 PA Code, Chapter 93.6 
(b)). 
 

While agriculture has been identified as the source of the impairments, this TMDL document is applicable 
to all significant sources of solids that may settle to form deposits. 
 
According to an analysis of NLCD 2011 landcover data, as reported by Model My Watershed, land use in the 

study watershed was estimated to be 39% forest/naturally vegetated lands, 51% agriculture, and 10% 

mixed development (Table 5). The agricultural lands were nearly evenly split between croplands and 

hay/pasture lands (Appendix B, Table B1). There were four NPDES permitted point source discharges in the 

watershed with concentration limits relevant to sedimentation, but all were estimated to be very minor 

sediment sources (Table 4). 

Table 3. Aquatic-Life Impaired Stream Segments in the Beaver Run Watershed per the 2018 Final 
Pennsylvania Integrated Report 

HUC:  020506 ï Lower West Branch Susquehanna 

Source 
EPA 305(b) 

Cause Code 
Miles Designated Use Use Designation 

Agriculture Siltation 10.4 WWF, MF Aquatic Life 

HUC= Hydrologic Unit Code; WWF=Warm Water Fish; MF= Migratory Fishes 
The use designations for the stream segments in this TMDL can be found in PA Title 25 Chapter 93. 
See Appendix C for a listing of each stream segment and Appendix A for more information on the listings and listing 
process. 
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Figure 1. Beaver Run Watershed.  Per the approved 2018 Integrated Report, all  aquatic life use impairments within the watershed were 

attributed  to siltation from agriculture .  
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Table 4. Existing NPDES-Permitted Discharges in the Beaver Run Watershed and their Potential 
Contribution to Sediment Loading. 

  Permit Based Limits DMR Based Loading 

Permit No. Facility Name Load, mean 

lbs/yr 

Load, max  

lbs/d 

Load, mean 

lbs/yr 

Load, max  

lbs/d 

PAG045007 Martin & Vicki Ruk 

SFTF 
8 0.07 NA NA 

PAG045157 Anthony & Jenny 

Beaver Conmy 

Residence 

8 0.07 NA NA 

PA0035599 PA DOT Bur of 

Proj Delivery 
213 1.2 10 0.4 

PA0035602 PA DOT Bur of 

Proj Delivery 
213 1.2 11 0.4 

 

Permits within the watershed were based on DEPôs eMapPA available at http://www.depgis.state.pa.us/emappa/ and 

EPAôs Watershed Resources Registry available at 

https://watershedresourcesregistry.org/map/?config=stateConfigs/pennsylvania.json 

 

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

Martin & Vicki Ruk  
Small flow wastewater treatment facility for a single-family residence. Average daily flows of 262.5 gpd and a daily 
maximum flows of 400 gpd were assumed. The average flow along with an average monthly total suspended solids 
(TSS) concentration of 10 mg/L was used to calculate the annual average loadings. A 20 mg/L TSS concentration along 
with the assumed peak daily flow were used to calculate the daily max load. No eDMR data were available. 
 
Anthony & Jenny Beaver Conmy 
Small flow wastewater treatment facility for a single-family residence. Average daily flows of 262.5 gpd and a daily 
maximum flows of 400 gpd were assumed. The average flow along with an average monthly TSS concentration of 10 
mg/L was used to calculate the annual average loadings. A 20 mg/L TSS concentration along with the assumed peak 
daily flow were used to calculate the daily max load. No eDMR data were available. 
 
PA DOT Bur of Proj Delivery. Wastewater treatment plants serving rest areas along Interstate 80. Both permits had 
concentration limits for total suspended solids of 10 mg/L average monthly 20 mg/L daily max. Permit limits were based 
on effluent flow rates of 0.007 MGD. This flow along with the average monthly concentration limit was used to calculate 
mean lbs/yr; this flow along with the daily maximum concentration limit was used to calculate maximum lbs/d. 
 
For mean annual load based on electronic discharge monitoring report (eDMR) data, both sites had three full years 
(2017-2019) of monthly reported average flow (in MGD) as well as average monthly TSS concentration (in mg/L). Each 
monthôs flow and concentration were used to calculate an average daily load for each month. This was multiplied by the 
number of days in the month, and all months were added in each year to make an annual load. All three annual loads 
were averaged to generate the mean lbs/yr values reported above. To calculate the maximum daily load, daily maximum 
flows and daily maximum total suspended solids concentrations reported monthly from January 2017 to October 2020 
were used to calculate the daily maximum load for each month. The values reported above were the maximum of those 
values for each site. 
 
 

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

Although watersheds must be handled on a case-by-case basis when developing TMDLs, there are basic 

processes that apply to all cases. They include: 

 

1. Collection and summarization of pre-existing data (watershed characterization, inventory 

contaminant sources, determination of pollutant loads, etc.); 

2. Calculation of a TMDL that appropriately accounts for any critical conditions and seasonal 

variations; 

3. Allocation of pollutant loads to various sources;  

4. Submission of draft reports for public review and comments; and 

5. EPA approval of the TMDL. 
 

Because Pennsylvania does not have numeric water quality criteria for sediment, the άwŜŦŜǊŜƴŎŜ 

Watershed !ǇǇǊƻŀŎƘέ was used. This method estimates pollutant loading rates in both the impaired 

watershed as well as a similar watershed that is not listed as impaired for the same use. Then, the loading 

rate in the unimpaired watershed is scaled to the area of the impaired watershed so that necessary load 

reductions may be calculated. It is assumed that reducing loading rates in the impaired watershed to the 

levels found in the attaining watershed will result in the impaired stream segments attaining their 

designated uses. 

Selection of the Reference Watershed 
 

In addition to anthropogenic influences, there are many other natural factors affecting sediment loading 

and accumulation rates in a watershed. Thus, selection of a reference watershed with similar natural 

characteristics to the impaired watershed is crucial. Failure 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 sediment loading in the impaired watershed should be 

increased.  

To find a ǊŜŦŜǊŜƴŎŜΣ ǘƘŜ 5ŜǇŀǊǘƳŜƴǘΩǎ LƴǘŜƎǊŀǘŜŘ wŜǇƻǊǘ DL{-based website (available at 

https://www.depgis.state.pa.us/integrated_report_viewer/index.html), or GIS data layers consistent with 

the Integrated Report, was used to search for nearby watersheds that were of similar size as the Beaver 

Run Watershed, but lacked stream segments listed as impaired for sediment. Once potential references 

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

regard to factors such as landscape position, topography, bedrock geology, hydrology, soil drainage types, 

land use etc. Furthermore, benthic macroinvertebrate and physical habitat assessment scores were 

reviewed to confirm that a reference was acceptable. Preliminary modelling was conducted to make sure 

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

Considering that: it was nearby (only about fourteen miles to the northwest), partially within the same 

physiographic province, had similar topography and hydrologic characteristics, and there was good 

https://www.depgis.state.pa.us/integrated_report_viewer/index.html
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evidence that it was attaining its aquatic life use, a subwatershed of the Black Hole Creek in Lycoming 

County was considered for use as a reference (Figures 2 and 3, Table 5). 

 

Table 5. Comparison of the Impaired Beaver Run Watershed and the Black 
Hole Creek Subwatershed. 

 Beaver Run Black Hole Creek 

Phys. Province1 

Susquehanna Lowland 

Section of the Ridge and 

Valley Province 

68% Susquehanna 

Lowland Section of the 

Ridge and Valley Province 

32% Appalachian 

Mountain Section of the 

Ridge and Valley Province 

Land Area2, ac 7,753 7,618 

Land Use2 

 

51% Agriculture 

39% Forest/Natural 

Vegetation 

10% Developed 

23% Agriculture 

63% Forest/Natural 

Vegetation 

14% Developed 

Soil Infiltration3 

 

16% Group A 

24% Group B 

3% Group B/D 

5% Group C 

14% Group C/D 

38% Group D 

30% Group A 

32% Group B 

1% Group B/D 

3% Group C 

19% Group C/D 

15% Group D 

Dominant Bedrock4 

65% Shale 

14% Quartzite 

8% Calcareous Shale 

7% Limestone 

5% Siltstone 

48% Shale 

16% Quartzite 

11% Calcareous Shale 

11% Siltstone 

7% Sandstone 

6% Limestone 

Average 

Precipitation5, in/yr 
41.5 41.5 

Average Surface 

Runoff5, in/yr 
3.1 2.7 
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Average Elevation5 

(ft) 
686 905 

Average Slope5 9% 9% 

Stream Channel 

Slope5 

1st order: 1.86% 

2nd order: 0.44% 

3rd order: 0.05 

1st order: 4.38% 

2nd order: 1.18% 

3rd order: 0.59% 

1Per PA_Physio_Sections GIS layer provided by Pennsylvania Bureau of Topographic and Geological Survey, Dept. of 

Conservation and Natural Resources 
2MMW output based on NLCD 2011 for Beaver Run, but based on NLCD 2016 for Black Hole Creek Subwatershed. 
3!ǎ ǊŜǇƻǊǘŜŘ ōȅ aƻŘŜƭ aȅ ²ŀǘŜǊǎƘŜŘΩǎ ŀƴŀƭȅǎƛǎ ƻŦ ¦{5! Ǝ{{¦wDh нлмс 
4Per Bedrock Geology GIS layer provided by Pennsylvania Bureau of Topographic and Geological Survey, Dept. of 

Conservation and Natural Resources 
5As reported by Model My Watershed 

 

Both watersheds were either primarily or entirely within the Susquehanna Lowlands Section of the Ridge 

and Valley Physiographic Province and had significant agricultural coverage, though the percentage of 

agricultural land area was more than twice as much in the Beaver Run Watershed versus the Black Hole 

Creek Subwatershed (51 versus 23%-Table 5). This being the case, there was substantially more natural 

lands cover in the Black Hole Creek Subwatershed (63% versus 39%). The amount of developed lands were 

nearly the same (10 and 14%) in both watersheds. 

 

Both watersheds were dominated by non-karst sedimentary bedrocks, though both had small amounts of 

limestone (7 and 6%) (Table 5). The average topographic slope in both watersheds was virtually the same 

(9%), though stream channel slopes were higher on average in the Black Hole Creek Subwatershed (Table 

5). Estimated surface runoff rates were similar, though somewhat higher in the Beaver Run Watershed (3.1 

versus 2.7 inches per year). 

 

While stream segments within the Beaver Run Watershed were designated for warm water fishes (WWF), 

stream segments within the Black Hole Creek Subwatershed were designated for trout stocking. Neither 

watershed contained stream segments designated for special protection (high quality or exceptional value). 

Like the Beaver Run Watershed, there were several NPDES permitted point source discharges with 

concentration limits relevant to sediment in the Black Hole Creek Subwatershed, but none were major 

sediment sources (Table 6). 
 

Table 6. Existing NPDES-Permitted Discharges in the Black Hole Creek Subwatershed and 
their Potential Contribution to Sediment Loading. 

Permit No. Facility Name Load, mean 

lbs/yr 

Load,  
max lbs/d 

PAR604816 Robert Twigg B&C Auto Wreckers NA NA 
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PA0010421 Moran Ind. Inc. West Pharm Svc 

Montgomery Plt2 (rescinded) 
274 2.5 

PAR234808 West Pharmaceutical Service NA NA 

PA0228311 Brady Township 207 10 

PAG045256 White Deer Hole Golf Course5 46 0.3 

PA0041327 PA College of Technology WWTP6 24 2.8 

Permits within the watershed were based on DEPôs eMapPA available at http://www.depgis.state.pa.us/emappa/ and 

EPAôs 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. 

In Pennsylvania, routine, dry-weather discharges from concentrated animal feeding operations (CAFOs) are not allowed.  

Wet weather discharges are controlled through best management practices, resulting in infrequent discharges from 

production areas and reduced sediment loadings associated with lands under the control of CAFOs owner or operators, 

such as croplands where manure is applied.  Although not quantified in this table, sediment loading from CAFOs is 

accounted for since the modelling program estimates loadings from croplands and hay/pasturelands.  

 

Robert Twigg B&C Auto Wreckers 

Industrial stormwater permit without sediment loading limits. Note that Model My Watershed accounts for loading from 

developed lands. 

 

Moran Ind. West Pharm Svc Montgomery Plt. 

This discharge has ceased and the permit has been rescinded. However, since the discharge recent and was apparently 

active before and during the watershedôs assessment, its pollutant loading was included in the watershed total. Their 

NPDES permit issued in 2010 indicated that there were two outfalls, but only one had limits relevant to sedimentation. 

Total suspended solids limits were 10 mg/l monthly average and 20 mg/l instantaneous maximum. A bulletin notice and 

Water Quality Management permit indicated that this outfall had an average annual flow listing of 0.009 MGD and a 

design hydraulic capacity of 0.015 MGD. The average annual flow listing and the monthly average concentration limit 

was used to calculate mean lbs/yr. The instantaneous maximum concentration limit along with design hydraulic capacity 

was used to calculated max lbs/d. The other outfall without sediment limits had a design flow of 0.041 MGD.  

 

West Pharmaceutical Service 

Industrial stormwater permit without sediment loading limits. Note that Model My Watershed accounts for loading from 

developed lands. 

 

Brady Township 

Permit for a wastewater treatment plant. Mean lbs/yr was based on two full years of eDMR data where average monthly 

pounds per day of TSS were reported. The monthly value was multiplied by the number of days in the month and then all 

months were summed to give an annual value. The two annual values were then averaged. The daily max sediment load 

was based on the 20 mg/l instantaneous maximum concentration limit for total suspended solids and a 0.06 MGD 

hydraulic design capacity for the wastewater treatment plant per their permit issued July 31, 2017 

 

White Deer Hole Golf Course 

Permit for wastewater treatment plant expired 2013. According to EPAôs Enforcement and Compliance History Online 

website and internal documentation, the facility had a design flow of 0.0015 MGD. A TSS concentration limit of 10 mg/l 

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

maximum was assumed when calculating the maximum daily load.  

 

PA College of Technology WWTP 

Permit for this WWTP has been terminated, but it was recent and active during assessment sampling. Mean lbs/yr was 

based on five full years of eDMR data where average monthly flows and TSS concentrations were reported. These 

http://www.depgis.state.pa.us/emappa/
https://watershedresourcesregistry.org/map/?config=stateConfigs/pennsylvania.json
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values were used to derive an average daily load in lbs/d for each month, and these values were then multiplied by the 

number of days in the month and then all months were summed to calculate lbs/yr. The five years were then averaged to 

calculate mean lbs/yr. From their eDMR data ranging from November 2011 through June 2017 the highest instantaneous 

maximum TSS concentration reported was 56 mg/L This value along with a flow rate of 0.006 MGD per their permit 

issued in 2016 was used to generate the daily maximum load.  

 

After selecting the potential reference, the two watersheds were visited to confirm the suitability of the 

reference as 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. The impaired watershed was 

visited during October 2020, whereas the Black Hole Creek Subwatershed was visited during November 

2020. However, since the Black Hole Creek Subwatershed was used as a reference in prior projects, recent 

observations from September and April 2020 were also used to evaluate this watershed. 

 

Site observations in the Beaver Run Watershed suggested there were some areas of substantial 

impairment, though conditions were highly variable (Figure 4). For instance, steeper tributaries originating 

near the mountainous or hilly margins of the watershed tended to have rocky substrate. In contrast 

mainstem reaches within the valley appeared to have substantial fines deposition and high turbidity in 

some, though not all, cases. 

 

It is hypothesized that these impairments may be attributable to a moderately high amount of agriculture 

in a watershed that may be especially susceptible to sedimentation deposition. At 51% of its total land area, 

the amount of agriculture in this watershed was high, though not as extreme as some of the most 

intensively farmed regions of the state. However, at 0.44% slope on average, its second order channel 

segments were low gradient, and at 0.05% slope its third order segments were exceptionally low gradient 

(Table 5). Such low gradient reaches may promote sediment deposition rather than export, and thus 

portions of this watershed may not be able to tolerate even moderate agricultural land cover without 

exhibiting sedimentation problems, unless perhaps if exceptional best management practices (BMPs) are 

implemented. 

 

While site observations indicated there were areas where agricultural practices clearly could have been 

improved, conditions typically did not seem that bad in this watershed. While areas of ploughed fields, 

pastures with cattle access to the stream, and bad bank erosion were all observed (Figure 6), there were 

also areas with riparian buffers, cattle exclusion fencing, and stream restoration projects (Figure 7). It 

should be noted however that many crop fields had not been harvested yet during the site visit so it was 

difficult to evaluate BMPs such as the use of conservation tillage or cover crops. 

 

Part of the reason that the Black Hole Creek Subwatershed was selected as a potential reference was that 

like the Beaver Run Watershed it also had some stream segments with very low gradient, yet it was listed 

as attaining its aquatic life use. In fact, the mainchannel reach through the White Deer Golf Course had 

comparable slope to the 3rd order reach in Beaver Run (0.08 vs 0.05, see Figure 8). It was hypothesized that 

the far lesser agricultural cover in the Black Hole Creek Subwatershed (23% vs 51% of land area) allowed it 

to largely maintain aquatic life health despite these low stream slopes, and thus serve as a model for 

restoration in the Beaver Run Watershed. 
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In general, site observations within the Black Hole Creek Subwatershed indicated healthier stream 

substrate conditions (see Figures 9 through 12). In addition to having lesser overall agricultural landcover, 

expansive forested riparian buffers were somewhat more common in the Black Hole Creek Subwatershed 

(Figures 13 and 14). According to a GIS analysis, approximately 76% of the land area within 100 feet of NHD 

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

agricultural valley area of the Black Hole Creek Subwatershed versus about 61% in the Beaver Run 

²ŀǘŜǊǎƘŜŘ όǎŜŜ ǘƘŜ άIȅŘƻǊƻƭƻƎƛŎ κ ²ŀǘŜǊ vǳŀƭƛǘȅ aƻŘŜƭƭƛƴƎέ ǎŜŎǘƛƻƴύΦ While conditions were generally 

better in the Black Hole Creek Subwatershed, there were instances where agricultural/land use practices 

could have been improved (Figure 15). 

 

One area of the Black Hole creek Subwatershed was observed to have heavy sediment deposition, the 

mainstem reach within and around the White Deer Hole Golf Course (Figure 10). However, it is thought that 

this may be in large part attributable to the very low gradient of the stream in this area, the abundance of 

wetlands and beaver activity (Figures 11). Given this potential natural explanation in addition to the fact 

that stream substrate conditions appeared to be excellent further downstream (Figure 12), the Black Hole 

Creek Subwatersed was not disqualified for use as a reference on this basis. 

 

The far lesser amount and intensity of agricultural land uses within the Black Hole Creek Subwatershed may 

be in large part due to the presence of the restricted Susquehanna Ordnance Depot military site, which 

along with the neighboring White Deer Golf Course and Pennsylvania College of Technology Earth Science 

Center campus, comprised a large fraction of the land area within the subwatershed that would have been 

suitable for agriculture (Figure 16). In fact, the land that is now the Susquehanna Ordnance Depot 

previously contained numerous farms until the Federal Government acquired these lands in the early 1940s 

for the purpose of manufacturing and stockpiling munitions for World War II (Beauge 2019). At present, the 

site is fenced and posted against trespassing. And, according to satellite imagery, GIS land use classification, 

and observations from its perimeter, it appears to be mostly comprised of patches of forest, wetland, and 

areas of hay/mowed grass (Figure 17). Such grasslands and even developed lands associated with golf 

courses would be expected to be a far lesser sources of sediment than crop fields.  

 

It should be noted that the Beaver Run and the Black Hole Creek watersheds had somewhat different 

topographic characteristics (see Table 5 and Figure 8). In particular, valley mainchannel stream reaches 

were generally steeper upstream and flatter downstream in the Beaver Run Watershed whereas the 

opposite was true in the Black Hole Creek Subwatershed. This could at least in part explain the apparently 

healthier conditions in the downstream area of the Black Hole Creek Subwatershed. While the uncertainties 

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

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

ƛƴ ǘƘŜ ά/ŀƭŎǳƭŀǘƛƻƴ ƻŦ ǘƘŜ [ƻŀŘ !ƭƭƻŎŀǘƛƻƴǎέ ǎŜŎǘƛƻƴΣ ǘƘŜ ǇǊŜǎŎǊƛōŜŘ Ǉƻƭƭǳtion reductions include a safety 

factor that helps account for such uncertainty.  
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Figure 2. Beaver Run and Black Hole Creek Watersheds.



 

 

12 

 

Figure 3. Black Hole Creek Subwatershed.
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Figure 4. Example stream substrate and turbidity  conditions within the Beaver Run Watershed. The 

lower mainstem exhibited diverse conditions, including areas that were slow and turbid (A), areas 

with heavy fines deposition (B), areas that were primarily rocky  (C) and areas that were gravelly 

with fines deposition. Tributaries were often primarily rocky as in E and F. 
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Figure 5. Example landscapes within the Beaver Run Watershed. Note the existence of large 

expanses of agricultural fields in the valley. Oftentimes however, these fields were intermixed with 

patches of forest, particularly along the stream segments. 
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Figure 6. Examples of conditions within the Beaver Run Watershed that may exacerbate sediment loading. Note the presence of vast 

expanses of croplands, including sites that were tilled (A) as well as pasture lands where cattle had direct access to the stream (B). 

Photographs C and D show sites with excessive bank erosion. In the case of D, this was likely in part due to intentional riparian vegetation 

removal and the presence of lawn and agricultural fields along the banks.  
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Figure 7.  Example conditions and agricultural practices in the Beaver Run Watershed that may help prevent sediment loading. Photograph 

A shows an expansive forested riparian buffer. Photograph B shows cattle exclusion fencing and an herbaceous buffer. Photograph C shows 

stream/drainageway protection among agricultural fields and photograph D shows a streambank stabilization project.  
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Figure 8. Map of channel slopes in the Beaver Run (left) and Black Hole Creek (right) watersheds. Slopes were reported as drop:length per 

USGS FACET output (see Hopkins et al. 2020) 
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Figure 9. Example substrate conditions of stream segments originating in the mountainous/hilly areas of the Black Hole Creek 

Subwatershed. These streams were primarily rocky, though some fines deposition could be observed in photograph D. This photograph 

was taken where the tributary entered an agriculturally dominated valley. Note that due to dry conditions during the Summer of 2020, 

many first order tributaries were dry during site visits. 
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Figure 10. Example substrate conditions within the White Deer Golf Course region of the Black Hole Creek Subwatershed. While some 

reaches were substantially rocky, as in A and B, other reaches exhibited heavy fines deposition (C and D). While this could indicate 

sedimentation pollution, it is expected that natural factors including exceptionally low stream gradient, natural wetland conditions and 

beaver activity could also explain the observed deposition in this approximately half-mile reach.  
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Figure 11. Examples of beaver activity in the Black Hole Creek Subwatershed. Signs of beaver activity (right)  were obvious in the golf 

course area. The upper left photo shows a beaver dam. While the area below the dam was somewhat rocky (upper left), heavy fine 

sediment deposition occurred above the dam (lower left). 
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Figure 12. Examples of stream substrate conditions within the lower mainstem of the Black Hole Creek. Sites occurring below the golf 

course reach tended to have rocky substrates and clear conditions, even in pools. 
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Figure 13. Example landscapes within in the Black Hole Creek Subwatershed. Some stream 

segments originated in a forested mountainous area, while others flowed through a low relief valley 

dominated by agricultural lands, a golf course, and a restricted military site. 
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Figure 14. Examples of conditions within the Black Hole Creek Subwatershed that may help prevent sediment pollution. Photograph A 

shows a forested mountainous area within the northern part of the watershed. Photographs B through D show forested and wetland 

buffers along the lower mainstem. 
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Figure 15. Examples of conditions within the Black Hole Creek Subwatershed that may exacerbate sediment loading. Photograph A shows 

a large expanse of croplands, and photographs B through D show riparian buffers that were either nearly absent or likely too narrow to be 

highly protective of the stream. Note that in Photograph C the stream ran right along the road shoulder on the right side of the photo. 

Overall, however, riparian buffering tended to be good in this watershed. 
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Figure 16. Approximate area of the Susquehanna Ordnance Depot within the Black Hole Creek 

Subwatershed. 4ÈÅ ÌÏÃÁÔÉÏÎ ÏÆ ÔÈÅ $ÅÐÏÔȭÓ ÌÁÎÄÓ ÁÓ ÓÈÏ×Î ÉÎ ÔÈÉÓ ÆÉÇÕÒÅ ÉÓ ÁÐÐÒÏØÉÍÁÔÅ ÁÎÄ ÂÁÓÅÄ 

on visual inspection of the Lycoming County Parcel Viewer. Also, be aware that only Depot lands 

within the watershed are shown; their lands actually extend well beyond the watershed boundary.
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Figure 17. Photograph looking into the Susquehanna Ordnance Depot from the fenced periphery along Maple Hill Drive. Note the presence 

of mowed grass fields/hay and forested area down in the valley. 
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Hydrologic / Water Quality Modeling  
 

This section deals primarily with the TMDLAvg calculation, as use of annual average values was 

determined to be the most relevant way to express the άTMDLέ variables. For information about the 

TMDLMax calculationsΣ ǎŜŜ ǘƘŜ ƭŀǘŜǊ ά/ŀƭŎǳƭŀǘƛƻƴ ƻŦ ŀ 5ŀƛƭȅ aŀȄƛƳǳƳ Ψ¢a5[MaxΩέ ǎŜŎǘƛƻƴΦ 

Estimates of sediment loading for the impaired and reference watersheds were calculated using the 

άaƻŘŜƭ aȅ ²ŀǘŜǊǎƘŜŘέ ŀǇǇƭƛŎŀǘƛƻƴ όaa²ύΣ ǿƘƛŎƘ ƛǎ ǇŀǊǘ ƻŦ ǘƘŜ ²ƛƪƛ²ŀǘŜǊǎƘŜŘ ǿŜō ǘƻƻƭƪƛǘ ŘŜǾŜƭƻǇŜŘ 

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 

άDŜƴŜǊŀƭƛȊŜŘ ²ŀǘŜǊǎƘŜŘ [ƻŀŘƛƴƎ CǳƴŎǘƛƻƴ 9ƴƘŀƴŎŜŘέ όD²[C-E) model. However, MapShed was built 

using a MapWindow GIS package that is no longer supported, whereas MMW operates with GeoTrellis, 

an open-source geographic data processing engine and framework. The MMW application is freely 

available for use at https://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. 

Lƴ ǘƘŜ ǇǊŜǎŜƴǘ ǎǘǳŘȅΣ ǿŀǘŜǊǎƘŜŘ ŀǊŜŀǎ ǿŜǊŜ ŘŜŦƛƴŜŘ ǳǎƛƴƎ aa²Ωǎ ²ŀǘŜǊǎƘŜŘ 5ŜƭƛƴŜŀǘƛƻƴ ǘƻƻƭ όǎŜŜ 

https://wikiwatershed.org/documentation/mmw-tech/#delineate-watershed). Then, the mathematical 

model used in MMW, GWLF-E, was used to simulate 30-years of daily water, nitrogen, phosphorus and 

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

ŀǊŜ ǉǳƻǘŜŘ ŦǊƻƳ aƻŘŜƭ aȅ ²ŀǘŜǊǎƘŜŘΩǎ ǘŜŎƘƴƛŎŀƭ ŘƻŎǳƳŜƴǘŀǘƛƻƴΦ  

The GWLF model provides the ability to simulate runoff, sediment, and nutrient (nitrogen and 

phosphorus) loads from a watershed given variable-size 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 continuous simulation model that 

uses daily time steps for weather data and water balance calculations. Monthly calculations are 

made for sediment and nutrient loads based on the daily water balance accumulated to 

monthly values. 

GWLF is considered to be a combined distributed/lumped parameter watershed model. For 

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

ōǳǘ ŜŀŎƘ ŀǊŜŀ ƛǎ ŀǎǎǳƳŜŘ ǘƻ ōŜ ƘƻƳƻƎŜƴƻǳǎ ƛƴ ǊŜƎŀǊŘ ǘƻ ǾŀǊƛƻǳǎ άƭŀƴŘǎŎŀǇŜέ ŀǘǘǊƛōǳǘŜǎ 

considered by the model. Additionally, the model does not spatially distribute the source areas, 

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

there is no spatial routing. For subsurface loading, the model acts as a lumped parameter model 

using a water balance approach. No distinctly separate areas are considered for sub-surface 

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 snowmelt minus surface runoff plus evapotranspiration.  

With respect to major processes, GWLF simulates surface runoff using the SCS-CN approach 

with daily weather (temperature and precipitation) inputs from the EPA Center for Exposure 

Assessment Modeling (CEAM) meteorological data distribution. Erosion and sediment yield are 

https://wikiwatershed.org/model/
https://wikiwatershed.org/documentation/mmw-tech/#delineate-watershed
https://www.epa.gov/exposure-assessment-models/meteorological-data
https://www.epa.gov/exposure-assessment-models/meteorological-data
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estimated using monthly erosion calculations based on the USLE algorithm (with monthly 

rainfall-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 the calculated erosion to 

determine sediment yield for each source sector. Surface 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. 

Evapotranspiration 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 zone storage, and 

evapotranspiration values. 

Streambank erosion is calculated as a function of factors such as the length of streams, the monthly 

stream flow, the percent developed land in the watershed, animal density in the watershed, the 

watersheds curve number and soil k factor, and mean topographic slope  

For a detailed discussion of this modelling program, including a description of the data input sources, 

see Evans and Corradini (2016) and Stroud Research Center (2019).  

Model My Watershed allows the user to adjust model parameters, such as the area of land coverage 

types, the use of conservation practices and the efficiencies of those conservation practices, the 

ǿŀǘŜǊǎƘŜŘΩǎ ǎŜŘƛƳŜƴǘ ŘŜƭƛǾŜǊȅ ǊŀǘƛƻΣ ŜǘŎΦ 5ŜŦŀǳƭǘ ǾŀƭǳŜǎ ǿŜǊŜ ǳǎŜŘ ŦƻǊ ǘƘŜ ƳƻŘŜƭƭƛƴƎ ǊǳƴΣ ǿƛǘƘ ǘƘŜ 

exception that landcover within the Black Hole Creek Subwatershed was adjusted to reflect newer NLCD 

2016 landcover data, and average annual wastewater (but not stormwater) flows associated with the 

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

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

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

seem unlikely, but newer NLCD 2016 data indicated that there were no croplands in this area. 

Furthermore, the amount of croplands reported by b[/5 нлмс ǿŜǊŜ ƳƻǊŜ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ¦{5!Ωǎ 

Cropland Data LŀȅŜǊΩǎ нлмф ŎƭŀǎǎƛŦƛŎŀǘƛƻƴǎΦ To make the landcover corrections, a raster dataset of NLCD 

2016 landcover was opened in ArcGISPro and clipped to the shapefile of the Black Hole Creek 

Subwatershed to determine the proportion of non-open water pixels accounted for by each landcover 

ŎƭŀǎǎΦ ¢ƘŜǎŜ ǇǊƻǇƻǊǘƛƻƴǎ ǿŜǊŜ ǘƘŜƴ ƳǳƭǘƛǇƭƛŜŘ ōȅ ǘƘŜ ǘƻǘŀƭ ŀǊŜŀ ǊŜǇƻǊǘŜŘ ƛƴ aƻŘŜƭ aȅ ²ŀǘŜǊǎƘŜŘΩǎ 

landcover adjustment feature to readjust the inputs. Presumably due to rounding, the total hectares 

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

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

required by the program. Landcover corrections were deemed unnecessary for the Beaver Run 

Watershed because the older NLCD 2011 classifications of croplands and hay pasture lands appeared to 

ƳƻǊŜ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ǘƘŜ ¦{5!Ωǎ /ǊƻǇƭŀƴŘ 5ŀǘŀ [ŀȅŜǊΩǎ 2019 classifications. 

Based on an analysis of eDMR Data and permit limits, it was estimated that the point sources in the 

Beaver Run Watershed discharged a total of approximately 10.3 cubic meters per day on average, 

whereas the facilities in the Black Hole Creek Subwatershed contributed approximately 284.8 cubic 

meters per day.  
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A correction for the presence of existing riparian buffers was made in the BMP Spreadsheet Tool 

provided by Model My Watershed following the model runs. The following paragraphs describe the 

riparian buffer correction methodology. 

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

landcover dataset (University of Vermont Spatial Analysis Laboratory 2016) was examined within 100 

feet of NHD flowlines. To deǘŜǊƳƛƴŜ ǊƛǇŀǊƛŀƴ ōǳŦŦŜǊƛƴƎ ǿƛǘƘƛƴ ǘƘŜ άŀƎǊƛŎǳƭǘǳǊŀƭ ŀǊŜŀΣέ ŀ ǇƻƭȅƎƻƴ ǘƻƻƭ ǿŀǎ 

used to clip riparian areas that, based on cursory visible inspection, appeared to be in an agricultural-

dominated valley or have significant, obvious agricultural land on at least one side. The selection 

polygons are shown in Figures 18 and 19. Then the sum of raster pixels that were classified as either 

ά9ƳŜǊƎŜƴǘ ²ŜǘƭŀƴŘǎέΣ ά¢ǊŜŜ /ŀƴƻǇȅέ ƻǊ ά{ƘǊǳōκ{ŎǊǳōέ ǿŀǎ ŘƛǾƛŘŜŘ ōȅ ǘƘŜ ǘƻǘŀƭ ƴǳƳōŜǊ ƻŦ ƴƻƴ-water 

pixels to determine percent riparian buffer. Using this methodology, percent riparian buffer was 

determined to be 61% in the agricultural area of the impaired watershed versus 76% in the reference 

watershed. 

An additional reduction credit was given to the reference watershed to account for the fact it had more 

riparian buffers than the impaired watershed. Applying a reduction credit 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/model-help/mmw-tech/ ) with varying amounts of existing riparian 

buffers. If a reduction were taken from all sites to account for existing buffers, the datapoints would 

likely have a poorer fit to the calibration curve versus simply providing an additional credit to a 

reference site.  

When accounting for the buffering of croplands using the BMP Spreadsheet Tool, the user enters the 

length of buffer on both sides of the stream. To estimate the extra length of buffers in the agricultural 

area of the reference watershed over the amount found in the impaired watershed, the length of NHD 

flowlines within the reference watershed was multiplied by the proportion of riparian pixels that were 

within the agricultural area selection polygon (see Figure 19) and then by the difference in the 

proportion of buffering between the agricultural area of the reference watershed versus that of the 

impaired watershed, and then by two since both sides of the stream are considered. The BMP 

spreadsheet tool then calculates sediment reduction using a similar methodology 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 acre of buffer. Thus, twice the acreage of buffer is multiplied by the sediment loading 

rate calculated for croplands and then by a reduction coefficient of 0.54. The BMP spreadsheet tool is 

designed to account for the area of lost cropland and gained forest when riparian buffers are created. 

However, this part of the reduction equation was deleted for the present study since historic rather than 

proposed buffers were being accounted for.  

 

 

 

 

https://wikiwatershed.org/help/model-help/mmw-tech/
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Figure 18. Riparian buffer analysis in the Beaver Run Watershed. A raster dataset of high-resolution 

land cover (University of Vermont Spatial Analysis Laboratory 2016) is shown within 100 feet 
(geodesic) of either side of NHD flowlines. The rate of riparian buffering within the agricultural 

selection polygons was estimated to be about 61%. 
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Figure 19. Riparian buffer analysis in the Black Hole Creek Subwatershed. A raster dataset of high-

resolution land cover (University of Vermont Spatial Analysis Laboratory 2016) is shown within 
100 feet (geodesic) of either side of NHD flowlines. The rate of riparian buffering within the 

agricultural selection polygons was estimated to be about 76%.


























































