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EXECUTIVE SUMMARY 
 
Quittapahilla Creek is a tributary to Swatara Creek located in Lebanon County, Pennsylvania.  The 
stream travels 16.8 miles from its source in South Lebanon Township to its mouth near Valley Glen.  
Land use in the 77 square mile watershed is predominately agricultural, with increasing levels of 
residential development.  The entire Quittapahilla Creek basin, including its named tributaries (Killinger 
Creek, Gingrich Run, Buckholder Run, Bachman Run, Beck Creek, Snitz Creek, and Brandywine 
Creek) is currently designated as Trout Stocking. 
 
Total Maximum Daily Loads (TMDLs) were developed to address impairments noted in Pennsylvania’s 
1996 and 1998 303(d) lists and the 2000 305(b) report.  The impairments were documented during 
chemical sampling and biological surveys of the aquatic life present in the watershed.  Excessive 
sediment and nutrient loads resulting from agricultural activities have been identified as one of the 
primary causes of impairments in the basin.  The TMDL developed for sediment applies to the entire 
Quittapahilla Creek basin.  Individual total phosphorus TMDLs were developed for the Bachman Run, 
Beck Creek, Killinger Creek, and Snitz Creek basins.  The TMDLs developed for nutrient impairments 
focus on the control of total phosphorus, since it is the limiting nutrient.  Impairments in the Gingrich 
Run basin due to suspended solids were addressed through a combination of the sediment TMDL 
developed for the Quittapahilla Creek watershed and the total phosphorus TMDL developed for the 
Killinger Creek basin. 
 
Pennsylvania does not currently have water quality criteria for sediment and nutrients.  TMDL endpoints 
for sediment and nutrients were identified using a reference watershed approach.  Existing sediment 
loading in the Quittapahilla Creek basin is 36,740,900 pounds per year (lbs./yr.).  Based on a 
comparison to a similar, unimpaired watershed, the maximum sediment loading that would still allow 
water quality objectives to be met in the Quittapahilla Creek watershed is 9,833,734 lbs./yr.  Existing 
total phosphorus loadings in the Bachman Run, Beck Creek, Killinger Creek, and Snitz Run basins 
range from 7,302 lbs./yr. to 15,028 lbs./yr for the Beck Creek and Killinger Creek basins, respectively.  
Based on a comparison to a similar, unimpaired watershed, the maximum total phosphorus loadings that 
would still allow water quality objectives to be met in the four basins range from 2,912 lbs./yr. to 5,055 
lbs./yr. for the Bachman Run and Killinger Creek basins, respectively. 
 
Reducing sediment and phosphorus loads to the TMDLs identified should allow the entire Quittapahilla 
Creek watershed to support its designated aquatic life uses.  Allocations of the TMDLs developed for 
the Quittapahilla Creek watershed and the four tributary basins are summarized below: 
 

Summary of TMDLs for the Quittapahilla Creek Watershed (lbs./yr.) 
WATERSHED POLLUTANT TMDL WLA MOS LA LNR ALA 
Quittapahilla Creek Sediment 9,833,734 - 983,373 8,850,361 3,602,453 5,247,908
Bachman Run Phosphorus 2,912 - 291 2,621 917 1,704
Beck Creek Phosphorus 3,067 - 307 2,761 801 1,960
Killinger Creek Phosphorus 5,055 1,128.5 506 3,421 1,566 1,855
Snitz Creek Phosphorus 4,608 - 461 4,147 2,402 1,745

 
 
The TMDLs developed for the Quittapahilla Creek watershed and its four tributary basins are allocated to 
point sources (Killinger Creek basin, only) and nonpoint sources, with 10% of the TMDL reserved as a 
margin of safety (MOS).  The wasteload allocation (WLA) is that portion of the total load assigned to point 
sources.  The load allocation (LA) is that portion of the total load assigned to nonpoint sources.  Loads not 
reduced (LNR) are the portion of the LA associated with nonpoint sources other than agricultural and is 
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equal to the sum of existing loadings.  The adjusted load allocation (ALA) represents the remaining portion 
of the LA to be distributed among agricultural land uses receiving load reductions.  The sediment TMDL 
developed for the Quittapahilla Creek watershed establishes a 73% reduction in the current loading of 
36,740,900 pounds per year.  Total phosphorus TMDLs developed for the four tributary basins establish 
reductions of 42% (Snitz Creek), 58% (Beck Creek), 62% (Bachman Run), and 66% (Killinger Creek). 
 
A more complete discussion of the sediment and total phosphorus TMDLs developed for the Quittapahilla 
Creek watershed and TMDLs in general are contained in the attached Information Sheet (Appendix A). 
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I. INTRODUCTION 
 
Quittapahilla Creek is located in Lebanon County, Pennsylvania (Figure 1).  U.S. Route 422 parallels 
most of the Quittapahilla Creek mainstem.  The watershed can be accessed by traveling east on Rte. 422 
from Hershey, PA or west on Rte. 422 from Reading, PA.  The stream originates in South Lebanon 
Township and flows for 16.8 miles to its confluence with Swatara Creek near Valley Glenn.  There are 7 
named tributaries in the watershed, including Killinger Creek, Gingrich Run, Buckholder Run, Bachman 
Run, Beck Creek, Snitz Creek, and Brandywine Creek (Figure 2).  Quittapahilla Creek drains 77 square 
miles of the Ridge and Valley and the Piedmont physiographic provinces.  Protected uses of the 
Quittapahilla Creek watershed include aquatic life, water supply, and recreation.  The entire basin is 
currently designated as Trout Stocking in Title 25 Pa. Code Department of Environmental Protection 
Chapter 93, Section 93.9o (Commonwealth of Pennsylvania, 1999). 
 
Land use in the basin is dominated by agriculture (67%).  Development covers nearly 13% of the basin 
with the city of Lebanon and Palmyra Borough being the largest urban areas.  Slightly more than 18% of 
the Quittapahilla Creek basin can be described as “open space” (i.e., forest, wetlands, and/or 
waterbodies). 
 
Surveys conducted in the Quittapahilla Creek watershed by the Department in 1989, 1996, and 1999 
clearly identified aquatic life use impairments due to extensive agricultural activities.  Lack of riparian 
vegetation, pastures and croplands that extended right up to streambanks, and unrestricted livestock 
access to streams have allowed excessive levels of sediment and nutrients to reach surface waters.  
These same conditions were noted in the watershed during a site visit conducted in August 2000 as part 
of the TMDL development.  Excess nutrients were causing increased algae growths (Figure 4) and 
sediment deposited in large quantities on the streambed was degrading the habitat of benthic 
macroinvertebrates (Figure 4). 
 
Total Maximum Daily Loads (TMDLs) were developed for the Quittapahilla Creek watershed to address 
siltation, suspended solids, and nutrient impairments identified in Pennsylvania’s 1996 and 1998 303(d) 
lists and 2000 305(b) report.  The 1996 303(d) list included 23.7 miles of impaired streams in the 
Quittapahilla Creek basin (Table 1).  Designated use impairments attributed to nutrient enrichment from 
agricultural activities were identified in the Bachman Run, Beck Creek, Killinger Creek, and Snitz 
Creek basins.  These listings were the result of chemical and biological sampling conducted by the 
Department’s Central Office in 1989.  The sampling was done as part of a special nonpoint source 
survey.  Chemical sampling consisted of one-time grab samples.  Biological sampling included kick 
screen sampling of benthic macroinvertebrates.  Benthic macroinvertebrates were identified to family in 
the field.  Water samples contained elevated levels of nitrogen and phosphorus.  Benthic 
macroinvertebrate communities consisted of 5 or fewer families. 
 

TABLE 1  -  1996 303(d) LISTINGS IN THE QUITTAPAHILLA CREEK 
WATERSHED 

STREAM MILES SOURCE CAUSE 
Bachman Run 4.7 Agriculture Nutrients 
Beck Creek 7.5 Agriculture Nutrients 
Killinger Creek 5.5 Agriculture Nutrients 
Snitz Creek 6 Agriculture Nutrients 
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The 1998 303(d) list included one additional listing in the Quittapahilla Creek watershed, along with 
GIS based revisions to the miles of impairment listed in 1996 (Table 2).  Nearly 4.1 miles of streams in 
the Gingrich Run basin (a tributary to Killinger Creek) were identified as being impaired by suspended 
solids from agriculture and organic enrichment/low dissolved oxygen from urban runoff/storm sewers.  
This listing resulted, in part, from an October 1996 investigation by the Department’s Southcentral 
Regional Office regarding impacts from a lumber mill located in the headwaters of the basin.   The 
survey documented that Gingrich Run was severely impacted by stormwater runoff from the site, which 
carried wood fibers, sawdust, mulch, and leachate from wood by-products.  Approximately one mile of 
Gingrich Run was degraded by the presence of solids and bacterial and/or fungal growths.  When the 
individual who conducted the investigation looked at the list of sources and causes available at the time, 
there was no better option for the impairments being caused by the lumber mill available than the 
selected urban runoff/storm sewer and organic enrichment/low D.O.  In retrospect, the identified source 
and cause were probably inappropriate.  This impairment caused by the lumber mill, should not have 
been included in the 1998 303(d) list, since it was the result of a compliance/enforcement issue and not 
addressable by the TMDL process.  Under a Consent Order issued in 1997, corrective actions have been 
taken at the site to eliminate the impacts, including placing all wood products under cover and on an 
impervious surface.  The organic enrichment/low D.O. impairments included in the 1998 303(d) list no 
longer exist in the Gingrich Run 
 
 

TABLE 2  -  1998 303(D) LISTINGS IN THE QUITTAPAHILLA CREEK 
WATERSHED 

STREAM GIS KEY MILES SOURCE CAUSE 
Bachman Run 1401 4.7 Agriculture Nutrients 
Beck Creek 1404 7.5 Agriculture Nutrients 

Agriculture Suspended Solids Gingrich Run 7037 4.09 
Urban Runoff/Storm 

Sewers 
Organic 

Enrichment/Low D.O. 
Killinger Creek 1399 5.5 Agriculture Nutrients 

Snitz Creek 1405 6 Agriculture Nutrients 
 
 
The 2000 305(b) report indicates that there are 88.91 miles of streams in the Quittapahilla Creek 
watershed.  Ninety five percent of these stream miles (84.78 miles) are identified as impaired (Table 3).  
GIS based depictions of these impaired segments can be found in Appendix B.  The Quittapahilla Creek 
watershed was surveyed in 1999 as part of the Department’s ongoing unassessed waters program.  Only 
1.82 miles of stream (2%) were found to be supporting designated aquatic life uses.  There are 2.31 
stream miles (3%) in the basin that have not yet been assessed.  The identified sources of impairment 
included agriculture, crop related agriculture, urban runoff/storm sewers, and bank modification.  Causes 
of impairment include nutrients, siltation, suspended solids, organic enrichment/low D.O., flow 
alteration, and other habitat alterations.  Agriculture was identified as the sole source for 40.19 (47%) of 
the impaired miles (Table 4).  Agriculture and urban runoff/storm sewers were listed as the sources of 
impairment for 27.13 miles (32%).  Only 17.46 miles (21%) of impaired stream segments in the 
Quittapahilla Creek watershed do not have agriculture listed as a source. 
 
Table 3 identifies those impaired segments that are addressed by the TMDLs developed for the 
Quittapahilla Creek watershed.  The TMDLs address agriculture related impairments caused by siltation, 
nutrients, and suspended solids.  A sediment TMDL was developed for the entire Quittapahilla Creek 
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watershed to address siltation listings.  Phosphorus TMDLs were developed for the Bachman Run, Beck 
Creek, Killinger Creek, and Snitz Creek basins to address nutrient impairments.  Phosphorus was chosen 
due to its being the limiting nutrient in these basins.  The Gingrich Run segment listed for impairment 
due to suspended solids was addressed through a combination of load reductions under the Quittapahilla 
Creek sediment TMDL and the Killinger Creek phosphorus TMDL.  Total suspended solids (TSS) 
include both an inorganic and an organic component.  The sediment TMDL will reduce the inorganic 
portion of the suspended solids, while the organic fraction of TSS is addressed through the prescribed 
phosphorus reduction.  This TMDL does not address any 303(d) listings for the category of flow 
alterations.  TMDLs are not the appropriate mechanism to address this type of stream impairment.  
TMDLs are designed to address pollutant loadings that cause exceedances of water quality standards.  
There is no pollutant loading to address for this type of impairment. 
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TABLE 3  -  IMPAIRED STREAM SEGMENTS IN THE QUITTAPAHILLA CREEK WATERSHED 
BASED ON 2000 305(b) REPORT 

STREAM NAME 
  (STREAM CODE) GIS KEY MILES SOURCE CAUSE 

YEAR 
LISTED*

ADDRESSED 
BY TMDL 

Bachman Run 
  (09724) 1401 4.87 Agriculture Nutrients 1996 Yes 

Bachman Run, Unt 
  (09725) 990318-1000-MSE 1.15 Crop Related Agric Siltation 2000 Yes 

Bachman Run, Unt 
  (09726) 990318-1000-MSE 0.79 Crop Related Agric Siltation 2000 Yes 

Beck Creek 
  (09728) 1404 7.14 Agriculture Nutrients 1996 Yes 

Brandywine Creek 
  (09734) 990329-1147-MSE 2.12 Urban Runoff/Storm 

Sewers Flow Alterations 2000 No 

Brandywine Creek, Unt 
  (09735) 990329-1147-MSE 0.92 Urban Runoff/Storm 

Sewers Flow Alterations 2000 No 

Brandywine Creek, Unt 
  (09736) 990329-1147-MSE 1.44 Urban Runoff/Storm 

Sewers Flow Alterations 2000 No 

Brandywine Creek, Unt 
  (09737) 990329-1147-MSE 0.79 Urban Runoff/Storm 

Sewers Flow Alterations 2000 No 

Flow Alterations 2000 No Buckholder Run 
  (09711) 990311-0928-MSE 1.69 Agriculture 

Siltation 2000 Yes 
Agriculture Suspended Solids 1998 Yes 

Gingrich Run 
  (09710) 7037 4.09 Urban Runoff/Storm 

Sewers 

Organic 
Enrichment/Low 

D.O. 
1998 No 

Flow Alterations 2000 No Gingrich Run, Unt 
  (09712) 990311-0928-MSE 1.45 Agriculture 

Siltation 2000 Yes 
Flow Alterations 2000 No Gingrich Run, Unt 

  (09713) 990311-0928-MSE 0.33 Agriculture 
Siltation 2000 Yes 

1399 5.27 Agriculture Nutrients 1996 Yes 
Flow Alterations 2000 No Killinger Creek 

  (09705) 990311-0928-MSE 1.26 Agriculture 
Siltation 2000 Yes 

Flow Alterations 2000 No Killinger Creek, Unt 
  (09706) 990311-0928-MSE 0.7 Agriculture 

Siltation 2000 Yes 
Flow Alterations 2000 No Killinger Creek, Unt 

  (09707) 990311-0928-MSE 0.91 Agriculture 
Siltation 2000 Yes 

Flow Alterations 2000 No Killinger Creek, Unt 
  (09708) 990311-0928-MSE 0.8 Agriculture 

Siltation 2000 Yes 
Flow Alterations 2000 No Killinger Creek, Unt 

  (09709) 990311-0928-MSE 0.98 Agriculture 
Siltation 2000 Yes 

Flow Alterations 2000 No Killinger Creek, Unt 
  (09714) 990311-0928-MSE 0.37 Agriculture 

Siltation 2000 Yes 
Flow Alterations 2000 No Killinger Creek, Unt 

  (09715) 990311-0928-MSE 0.09 Agriculture 
Siltation 2000 Yes 

Flow Alterations 2000 No Killinger Creek, Unt 
  (09716) 990311-0928-MSE 0.09 Agriculture 

Siltation 2000 Yes 
Flow Alterations 2000 No Killinger Creek, Unt 

  (09717) 990311-0928-MSE 0.73 Agriculture 
Siltation 2000 Yes 
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TABLE 3  -  continued 

STREAM NAME 
  (STREAM CODE) GIS KEY MILES SOURCE CAUSE 

YEAR 
LISTED*

ADDRESSED 
BY TMDL 

Flow Alterations 2000 No Agriculture 
Siltation 2000 Yes 990311-1213-MSE 12.11 

Urban Runoff/Storm 
Sewers Flow Alterations 2000 No 

Bank Modifications Other Habitat 
Alterations 2000 No 

Quittapahilla Creek 
  (09691) 

990329-1336-MSE 4.66 
Urban Runoff/Storm 

Sewers Flow Alterations 2000 No 

Flow Alterations 2000 No Agriculture 
Siltation 2000 Yes Quittapahilla Creek, Unt 

  (064063) 990311-1213-MSE 1.15 
Urban Runoff/Storm 

Sewers Flow Alterations 2000 No 

Flow Alterations 2000 No Agriculture 
Siltation 2000 Yes Quittapahilla Creek, Unt 

  (09692) 990311-1213-MSE 0.6 
Urban Runoff/Storm 

Sewers Flow Alterations 2000 No 

Flow Alterations 2000 No Agriculture 
Siltation 2000 Yes Quittapahilla Creek, Unt 

  (09693) 990311-1213-MSE 0.43 
Urban Runoff/Storm 

Sewers Flow Alterations 2000 No 

Flow Alterations 2000 No Agriculture 
Siltation 2000 Yes Quittapahilla Creek, Unt 

  (09694) 990311-1213-MSE 0.16 
Urban Runoff/Storm 

Sewers Flow Alterations 2000 No 

Flow Alterations 2000 No Agriculture 
Siltation 2000 Yes Quittapahilla Creek, Unt 

  (09696) 990311-1213-MSE 0.48 
Urban Runoff/Storm 

Sewers Flow Alterations 2000 No 

Flow Alterations 2000 No Agriculture 
Siltation 2000 Yes Quittapahilla Creek, Unt 

  (09697) 990311-1213-MSE 2.12 
Urban Runoff/Storm 

Sewers Flow Alterations 2000 No 

Flow Alterations 2000 No Agriculture 
Siltation 2000 Yes Quittapahilla Creek, Unt 

  (09698) 990311-1213-MSE 0.05 
Urban Runoff/Storm 

Sewers Flow Alterations 2000 No 

Flow Alterations 2000 No Agriculture 
Siltation 2000 Yes Quittapahilla Creek, Unt 

  (09699) 990311-1213-MSE 0.26 
Urban Runoff/Storm 

Sewers Flow Alterations 2000 No 

Flow Alterations 2000 No Agriculture 
Siltation 2000 Yes Quittapahilla Creek, Unt 

  (09701) 990311-1213-MSE 0.58 
Urban Runoff/Storm 

Sewers Flow Alterations 2000 No 

Flow Alterations 2000 No Agriculture 
Siltation 2000 Yes Quittapahilla Creek, Unt 

  (09702) 990311-1213-MSE 0.51 
Urban Runoff/Storm 

Sewers Flow Alterations 2000 No 
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TABLE 3  -  continued 

STREAM NAME 
  (STREAM CODE) GIS KEY MILES SOURCE CAUSE 

YEAR 
LISTED*

ADDRESSED 
BY TMDL 

Flow Alterations 2000 No Agriculture 
Siltation 2000 Yes Quittapahilla Creek, Unt 

  (09704) 990311-1213-MSE 0.49 
Urban Runoff/Storm 

Sewers Flow Alterations 2000 No 

Flow Alterations 2000 No Agriculture 
Siltation 2000 Yes Quittapahilla Creek, Unt 

  (09718) 990311-1213-MSE 1.36 
Urban Runoff/Storm 

Sewers Flow Alterations 2000 No 

Flow Alterations 2000 No Agriculture 
Siltation 2000 Yes Quittapahilla Creek, Unt 

  (09719) 990311-1213-MSE 0.18 
Urban Runoff/Storm 

Sewers Flow Alterations 2000 No 

Flow Alterations 2000 No Agriculture 
Siltation 2000 Yes Quittapahilla Creek, Unt 

  (09720) 990311-1213-MSE 0.5 
Urban Runoff/Storm 

Sewers Flow Alterations 2000 No 

Flow Alterations 2000 No Agriculture 
Siltation 2000 Yes Quittapahilla Creek, Unt 

  (09721) 990311-1213-MSE 0.7 
Urban Runoff/Storm 

Sewers Flow Alterations 2000 No 

Flow Alterations 2000 No Agriculture 
Siltation 2000 Yes Quittapahilla Creek, Unt 

  (09722) 990311-1213-MSE 0.54 
Urban Runoff/Storm 

Sewers Flow Alterations 2000 No 

Flow Alterations 2000 No Agriculture 
Siltation 2000 Yes Quittapahilla Creek, Unt 

  (09723) 990311-1213-MSE 0.06 
Urban Runoff/Storm 

Sewers Flow Alterations 2000 No 

Flow Alterations 2000 No Agriculture 
Siltation 2000 Yes Quittapahilla Creek, Unt 

  (09727) 990311-1213-MSE 0.76 
Urban Runoff/Storm 

Sewers Flow Alterations 2000 No 

Bank Modifications Other Habitat 
Alterations 2000 No Quittapahilla Creek, Unt 

  (09744) 990329-1336-MSE 6.36 
Urban Runoff/Storm 

Sewers Flow Alterations 2000 No 

Snitz Creek 
  (09729) 1405 6.59 Agriculture Nutrients 1996 Yes 

Snitz Creek, Unt 
  (09730) 990318-1110-MSE 1.79 Crop Related Agric Siltation 2000 Yes 

Snitz Creek, Unt 
  (09731) 990318-1110-MSE 0.64 Crop Related Agric Siltation 2000 Yes 

Snitz Creek, Unt 
  (09732) 990318-1110-MSE 1.44 Crop Related Agric Siltation 2000 Yes 

Snitz Creek, Unt 
  (09733) 990318-1110-MSE 1.11 Crop Related Agric Siltation 2000 Yes 

 
*YEAR LISTED – When these TMDLs were written (Sept. 2000), the 2000 303(d) list had not been submitted 
to EPA.  Segments identified as listed in 2000 are in the 305(b) report database and will appear on any 2000 
303(d) list submitted to EPA. 
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TABLE 4  -  SOURCES AND CAUSES OF IMPAIRMENTS IN THE 

QUITTAPAHILLA CREEK BASIN BASED ON THE 2000 305(b) REPORT 
SOURCE(S) CAUSE(S) MILES IMPAIRED 
Agriculture Nutrients 23.87 

Crop Related Agriculture Siltation 6.92 
Agriculture Flow Alterations & Siltation 9.40 
Agriculture 

Urban Runoff/Storm Sewers 
Flow Alterations & Siltation 

Flow Alterations 23.04 

Agriculture 
Urban Runoff/Storm Sewers 

Suspended Solids 
Organic Enrichment/Low D.O. 4.09 

Urban Runoff/Storm Sewers Flow Alterations 6.44 
Bank Modifications 

Urban Runoff/Storm Sewers 
Other Habitat Alterations 

Flow Alterations 11.02 
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FIGURE 1  -  QUITTAPAHILLA CREEK WATERSHED 
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FIGURE 2  -  NAMED TRIBUTARIES IN THE QUITTAPAHILLA CREEK WATERSHED 
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FIGURE 3  -  ALGAE GROWTH CAUSED BY EXCESS NUTRIENTS FROM 
UPSTREAM AGRICULTURAL ACTIVITIES (BACHMAN RUN) 

 
 
 

FIGURE 4  -  SEDIMENT DEPOSISTION FROM UPSTREAM AGRICULTURAL 
ACTIVITIES IN THE QUITTAPAHILLA CREEK WATERSHED 
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II. TMDL ENDPOINTS 
 
The TMDLs developed for the Quittapahilla Creek watershed involve loading reductions for sediment 
and phosphorus.  The sediment TMDL covers the entire Quittapahilla Creek watershed and addresses 
impairments caused by siltation.  Phosphorus TMDLs address nutrient impairments in the Bachman 
Run, Beck Creek, Killinger Creek, and Snitz Creek basins.  Phosphorus was used as the nutrient TMDL 
endpoint since it was determined to be the nutrient limiting plant growth in these basins.  Because 
neither Pennsylvania nor EPA has water quality criteria for sediments or phosphorus, a method was 
developed to determine water quality objectives for these parameters that would result in the impaired 
stream segments attaining their designated uses.  The method employed for these TMDLs is termed the 
“Reference Watershed Approach.” 
 
The Reference Watershed Approach compares two watersheds, one attaining its uses and one that is 
impaired based on biological assessment.  Both watersheds must have similar land use/cover 
distributions.  Other features such as base geologic formation should be matched to the extent possible; 
however, most variations can be adjusted in the model.  The objective of the process is to reduce the 
loading rate of sediments and nutrients in the impaired stream segment to a level equivalent to or 
slightly lower than the loading rate in the non-impaired, reference stream segment.  This load reduction 
will allow the biological community to return to the impaired stream segments.  The TMDL endpoints 
established for this analysis were determined using the Conococheague Creek basin and one of its 
tributaries (Falling Branch) as reference watersheds. 
 
Impairments in the Bachman Run, Beck Creek, Killinger Creek, and Snitz Creek basins resulting from 
agricultural activities and caused by nutrients will be addressed by reducing phosphorus loading.  The 
use of phosphorus load reductions to address nutrient impairments in these watersheds is based on an 
understanding of the relationship between nitrogen, phosphorus, and organic enrichment in stream 
systems.  In stream systems, elevated nutrient loads (nitrogen and phosphorus in particular) can lead to 
increased productivity of plants and other organisms (Novotny and Olem, 1994).  Typically in aquatic 
ecosystems the quantities of trace elements are plentiful; however, nitrogen and phosphorus may be in 
short supply.  The nutrient that is in the shortest supply is called the limiting nutrient because its relative 
quantity affects the rate of production (growth) of aquatic biomass.  If the nutrient load to a water body 
can be reduced, the available pool of nutrients that can be utilized by plants and other organisms will be 
reduced and, in general, the total biomass can subsequently be decreased as well (Novotny and Olem, 
1994).  In most efforts to control eutrophication processes in water bodies, emphasis is placed on the 
limiting nutrient.  This is not always the case, however.  For example, if nitrogen is the limiting nutrient, 
it still may be more efficient to control phosphorus loads if the nitrogen originates from difficult to 
control sources such as nitrates in ground water. 
 
In most freshwater systems, phosphorus is the limiting nutrient for aquatic growth.  In some cases, 
however, the determination of which nutrient is the most limiting is difficult.  For this reason, the ratio 
of the amount of N to the amount of P is often used to make this determination (Thomann and Mueller, 
1987).  If the N/P ratio is less than 10, nitrogen is limiting.  If the N/P ratio is greater than 10, 
phosphorus is the limiting nutrient.  N/P ratios in Bachman Run, Beck Creek, Killinger Creek, and Snitz 
Creek range 16 to 20 which points to phosphorus as the limiting nutrient.  Controlling the phosphorus 
loading to surface waters in these basins will limit plant growth, thereby helping to eliminate use 
impairments currently caused by excess nutrients. 
 
Impairments throughout the Quittapahilla Creek basin resulting from agricultural activities and caused 
by siltation will be addressed by reducing the sediment loading.  The impairment to Gingrich Run due to 
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agricultural activities and suspended solids was addressed by load reductions resulting from the 
Quittapahilla Creek sediment TMDL and the Killinger Creek phosphorus TMDL.  Gingrich Run is a 
tributary of Killinger Creek.  Total suspended solids (TSS) include both an inorganic and an organic 
component.  The sediment TMDL will reduce the inorganic portion of the suspended solids, while the 
organic fraction of TSS is addressed through the prescribed phosphorus reductions. 
 
 
 
III. SELECTION OF THE REFERENCE WATERSHED 
 
The reference watershed approach was used to estimate the appropriate reduction of sediment and 
phosphorus loading necessary to restore healthy aquatic communities to the Quittapahilla Creek 
watershed.  This approach is based on selecting a non-impaired watershed (“reference”) and determining 
its current loading rates for the pollutants of interest.  The objective of the process is to reduce loading 
rates of those pollutants identified as causing impairment to a level equivalent to the loading rates in the 
reference watershed.  Achieving the appropriate load reductions should allow the return of a healthy 
biological community to affected stream segments. 
 
In general, three factors should be considered when selecting a suitable reference watershed.  The first 
factor is to use a watershed that has been assessed by the Department using the Unassessed Waters 
Protocol and has been determined to attain water quality standards.  The second factor is to find a 
watershed that closely resembles the impaired watershed in physical properties such as land cover/land 
use, physiographic province, and geology.  Finally, the size of the reference watershed should be within 
20-35% of the impaired watershed area.  The search for a reference watershed that would satisfy the 
above characteristics was done by means of a desktop screening using several GIS coverages including 
the Multi-Resolution Land Characteristics (MRLC), Landsat-derived land cover/use grid, the 
Pennsylvania’s 305(b) assessed streams database, and geologic rock types. 
 
The watersheds used as references for the Quittapahilla Creek sediment TMDL were obtained by screen-
digitizing a subbasin of the Conococheague Creek watershed.  This portion of the Conococheague Creek 
watershed is located near Chambersburg in Franklin County.  The watershed is located in the Ridge and 
Valley Province in State Water Plan (SWP) Basin 13C.  Table 5 compares the Quittapahilla Creek and 
Conococheague Creek watersheds in terms of their size, location, and other physical characteristics.  
Most of Conococheague stream segments have been assessed and were found to be unimpaired.  This 
watershed is also within the size range for reference watersheds.  It has an area of 62.6 square miles, or 
81% of the Quittapahilla Creek watershed area.  The analysis of value counts for each pixel of the 
MRLC grid revealed that land cover/use distributions in both watersheds are similar.  The agricultural 
land use, which is one of the primary sources of impairment in the Quittapahilla Creek watershed, 
accounts for 67% of the total land area as compared to 84% in Conococheague watershed.  Surficial 
geology in the Quittapahilla Creek and Conococheague Creek watersheds were also compared.  The 
geology of Quittapahilla Creek watershed consists primarily of carbonate (72%) and interbedded 
sedimentary rocks (17%) with lesser amounts of metamorphic/igneous (4%), shale (4%), and 
conglomerate (3%).  The Conococheague watershed is made of carbonate (63%) and shale (37%).  
Bedrock geology primarily affects surface runoff and background nutrient loads through its influences 
on soils, landscape, fracture density, and directional permeability.  A look at these attributes in Table 5 
indicates that these watersheds are very similar in terms of average runoff, precipitation, and soil K 
factor. 
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TABLE 5  -  COMPARISON BETWEEN QUITTAPAHILLA & 
CONOCOCHEAGUE CREEK WATERSHEDS 

ATTRIBUTE 
QUITTAPAHILLA 

CREEK 
CONOCOCHEAUGE 

CREEK 
Physiographic Province Ridge and Valley 

Piedmont 
Ridge and Valley 

Area (square miles) 77.0 62.6 
Predominant Land Use Agriculture (67%) Agriculture (84%) 
Predominant Geology Carbonate (72%) Carbonate (63%) 
Soils   
Dominant HSG B(34%), C(57%), D(10%) B(13%), C (87%) 
K Factor 0.30 0.28 
20-Year Average Rainfall (in) 40.5 39.3 
20-Year Average Runoff (in) 4.3 4.3 

 
 
The Falling Branch watershed was used as a reference for the Bachman Run, Beck Creek, Killinger 
Creek, and Snitz Creek phosphorus TMDLs.  Falling Branch is a tributary to Conococheague Creek, 
located in the portion of the basin used as a reference for the Quittapahilla Creek sediment TMDL.  The 
watershed is located in the Ridge and Valley Province in State Water Plan (SWP) Basin 13C.  Table 6 
compares the 5 watersheds in terms of their size, location, and other physical characteristics.  Falling 
Branch has been assessed and was found to be unimpaired.  This watershed is also within the size range 
for reference watersheds.  It has an area of 9.7 square miles.  Analyses of value counts for each pixel of 
the MRLC grid in the 5 watersheds revealed that land cover/use distributions were similar.  Agricultural 
land uses account for 83% of the Falling Branch basin and ranges 57% in the Snitz Creek basin to 82% 
in the Beck Creek basin.  Surficial geology in the watersheds was also compared.  Carbonate rocks make 
up the predominate geology in all the basins, ranging from 66% in the Snitz Creek basin to 83% in the 
Beck Creek basin.  Carbonate rocks accounts for 100% of the Falling Branch basin.  Bedrock geology 
primarily affects surface runoff and background nutrient loads through its influences on soils, landscape, 
fracture density, and directional permeability.  A look at these attributes in Table 6 indicates that these 
watersheds are very similar in terms of average runoff, precipitation, and soil K factor. 
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TABLE 6  -  COMPARISON OF BACHMAN RUN, BECK CREEK, KILLINGER CREEK AND 
SNITZ CREEK WATERSHEDS TO FALLING BRANCH WATERSHED 

ATTRIBUTE BACHMAN RUN BECK CREEK 
KILLINGER 

CREEK SNITZ CREEK 
FALLING 
BRANCH 

Physiographic 
Province 

Ridge&Valley (82%) 
Piedmont (18%) 

Ridge&Valley (83%) 
Piedmont (17%) 

Ridge&Valley (77%) 
Piedmont (23%) 

Ridge&Valley (67%) 
Piedmont (33%) 

Ridge&Valley 
(100%) 

Area (mi2) 7.72 8.12 13.38 12.36 9.66 
Predominant 

Land Use 
Agriculture (80%) Agriculture (82%) Agriculture (75%) Agriculture (57%) Agriculture 

(83%) 
Predominant 

Geology 
Carbonate (79%) Carbonate (83%) Carbonate (73%) Carbonate (66%) Carbonate 

(100%) 
Soils      
  Dominant 

HSG 
B(38%) 
C(57%) 
D(5%) 

B(37%) 
C(59%) 
D(4%) 

B(38%) 
C(56%) 
D(6%) 

B(38%), 
C(53%) 
D(9%) 

B(37%) 
C(61%) 
D(2%) 

  K Factor 0.32 0.32 0.32 0.31 0.32 
20-Year Ave. 

Rainfall (in) 
40.4 40.4 40.4 40.4 39.3 

20-Year Ave. 
Runoff (in) 

3.6 3.7 3.9 3.4 4.4 

 
 
 
IV. HYDROLOGIC/WATER QUALITY MODELING 

 
4.1  DATA COMPILATION AND MODEL OVERVIEW 

 
The TMDLs were developed using the Generalized Watershed Loading Function or GWLF model.  The 
GWLF model provides the ability to simulate runoff, sediment, and nutrient (N and P) loadings from 
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, which 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 a combined distributed/lumped parameter watershed model.  For surface loading, it is 
distributed in the sense that it allows multiple land use/cover scenarios.  Each area is assumed to be 
homogenous in regard to various attributes considered by the model.  Additionally, the model does not 
spatially distribute the source areas, but aggregates the loads from each area into a watershed total.  In 
other words, there is no spatial routing.  For sub-surface 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 sub-
surface zone, where infiltration is computed as the difference between precipitation and snowmelt minus 
surface runoff plus evapotranspiration. 
 
GWLF models surface runoff using the Soil Conservation Service Curve Number (SCS-CN) approach 
with daily weather (temperature and precipitation) inputs.  Erosion and sediment yield are estimated 
using monthly erosion calculations based on the Universal Soil Loss Equation (USLE) algorithm (with 
monthly rainfall-runoff coefficients) and a monthly composite of KLSCP values for each source area 
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(e.g., land cover/soil type combination).  The KLSCP factors are variables used in the calculations to 
depict changes in soil loss erosion (K), the length slope factor  (LS) the vegetation cover factor (C) and 
conservation practices factor (P).  A sediment delivery ratio based on watershed size and transport 
capacities based on average daily runoff are applied to the calculated erosion to determine sediment 
yield for each source area.  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.  Point source discharges can also contribute to dissolved losses to the stream and are specified in 
terms of kilograms per month.  Manured areas, as well as septic systems, can also be considered.  Urban 
nutrient inputs are all assumed to be solid-phase, and the model uses an exponential accumulation and 
washoff function for these loadings.  Sub-surface losses are calculated using dissolved N and P 
coefficients for shallow groundwater contributions to stream nutrient loads, and the sub-surface sub-
model only consider a single, lumped-parameter contributing 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.  All of the equations used by 
the model can be viewed in GWLF Users Manuel, available from the Department’s Bureau of 
Watershed Conservation, Division of Assessment and Standards. 
 
For execution, the model requires three separate input files containing transport-, nutrient-, and weather-
related data.  The transport (TRANSPRT.DAT) file defines the necessary parameters for each source 
area to be considered (e.g., area size, curve number, etc.) as well as global parameters (e.g., initial 
storage, sediment delivery ratio, etc.) that apply to all source areas.  The nutrient (NUTRIENT.DAT) file 
specifies the various loading parameters for the different source areas identified (e.g., number of septic 
systems, urban source area accumulation rates, manure concentrations, etc.).  The weather 
(WEATHER.DAT) file contains daily average temperature and total precipitation values for each year 
simulated. 
 
 

4.2  GIS BASED DERIVATION OF INPUT DATA 
 
The primary sources of data for this analysis were geographic information system (GIS) formatted 
databases.  A specially designed interface was prepared by the Environmental Resources Research 
Institute of the Pennsylvania State University in ArcView (GIS software) to generate the data needed to 
run the GWLF model, which was developed by Cornell University.  The new version of this model has 
been named AVGWLF (ArcView Version of the Generalized Watershed Loading Function) 
 
In using this interface, the user is prompted to identify required GIS files and to provide other information 
related to “non-spatial” model parameters (e.g., beginning and end of the growing season, the months 
during which manure is spread on agricultural land and the names of nearby weather stations).  This 
information is subsequently used to automatically derive values for required model input parameters, which 
are then written to the TRANSPRT.DAT, NUTRIENT.DAT and WEATHER.DAT input files needed to 
execute the GWLF model.  For use in Pennsylvania, AVGWLF has been linked with statewide GIS data 
layers such as land use/cover, soils, topography, and physiography; and includes location-specific default 
information such as background N and P concentrations and cropping practices.  Complete GWLF-
formatted weather files are also included for eighty weather stations around the state.  Table 6 lists the 
statewide GIS data sets and provides explanation of how they were used for development of the input files 
for the GWLF model. 
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TABLE 7  -  GIS DATA SETS 
DATASET DESCRIPTION 
Censustr Coverage of Census data including information on individual homes septic systems. The 

attributeusew_sept includes data on conventional systems, and sew_other provides data on 
short circuiting and other systems. 

County The County boundaries coverage lists data on conservation practices which provides C and P 
values in the Universal Soil Loss Equation (USLE). 

Gwnback A grid of background concentrations of N in groundwater derived from water well sampling. 
Landuse5 Grid of the MRLC that has been reclassified into five categories. This is used primarily as a 

background. 
Majored Coverage of major roads. Used for reconnaissance of a watershed. 
MCD Minor civil divisions (boroughs, townships and cities). 
Npdespts A coverage of permitted point discharges. Provides background information and cross check 

for the point source coverage. 
Padem 100 meter digital elevation model. This used to calculate landslope and slope length. 
Palumrlc A satellite image derived land cover grid which is classified into 15 different landcover 

categories. This dataset provides landcover loading rate for the different categories in the 
model. 

Pasingle The 1:24,000 scale single line stream coverage of Pennsylvania. Provides a complete network 
of streams with coded stream segments. 

Physprov A shapefile of physiographic provinces.  Attributes rain_cool and rain_warm are used to set 
recession coefficient 

Pointsrc Major point source discharges with permitted N and P loads. 
Refwater Shapefile of reference watersheds for which nutrient and sediment loads have been 

calculated. 
Soilphos A grid of soil phosphorous loads which has been generated from soil sample data. Used to 

help set phosphorus and sediment values. 
Smallsheds A coverage of watersheds derived at 1:24,000 scale. This coverage is used with the stream 

network to delineate the desired level watershed. 
Statsgo A shapefile of generalized soil boundaries. The attribute mu_k sets the k factor in the USLE. 

The attribute mu_awc is the unsaturated available capacity., and the muhsg_dom is used with 
landuse cover to derive curve numbers. 

Strm305 A coverage of stream water quality as reported in the Pennsylvania’s 305(b) report.  Current 
status of assessed streams. 

Surfgeol A shapefile of the surface geology used to compare watersheds of similar qualities. 
T9sheds Data derived from a DEP study conducted at PSU with N and P loads. 
Zipcode A coverage of animal densities. Attribute aeu_acre helps estimate N & P concentrations in 

runoff in agricultural lands and over manured areas. 
Weather Files Historical weather files for stations around Pennsylvania to simulate flow. 

 
 
 

4.3  WATERSHED ASSESSMENT AND MODELING 
 
The AVGWLF model was used to establish existing sediment loading conditions for the Quittapahilla 
Creek watershed and the Conococheague Creek reference watershed.  The AVGWLF model was also 
used to establish existing nutrient loading conditions in the Bachman Run, Beck Creek, Killinger Creek 
and Snitz Creek basins and the Falling Branch reference watershed.  All modeling outputs have been 
attached to this TMDL as Appendices C, D, E, and F. 
 
Personnel from the Department, the Susquehanna River Basin Commission, and the Pennsylvania State 
University toured the Conococheague Creek watershed on July 28, 2000.  DEP staff visited the 
Quittapahilla Creek watershed on August 3, 2000.  These field visits were conducted to get a better 
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understanding of existing conditions that might influence the AVGWLF model.  General observations of 
the individual watershed characteristics include: 
 
Quittapahilla Creek Watershed (including Bachman Run, Beck Creek, Killinger Creek, and Snitz 
Creek): 

-Less topographic relief. 
-Dominated by carbonate rocks. 
-Cropland primarily continuous corn (no rotation) or only a corn-soybean rotation (Figure 5). 
-Lack of strip cropping. 
-Severely limited riparian buffers, with many exposed and eroding banks (Figures 6). 
-Pastures and cropland extending right up to streams (Figures 7) and roads. 

 
Conococheague Creek Watershed (including Falling Branch) 

-More topographic relief. 
-Dominated by carbonate rocks. 
-More hay/pasture and cover crops. 
-More crop residue left. 
-More use of strip cropping and forest buffers along streams. 
-More evidence of conservation practices and lower animal densities. 

 
 
Adjustments were made to specific parameters used in the AVGWLF model based on observations 
made while touring the watersheds.  These adjustments included: 
 
Quittapahilla Creek Watershed (including Bachman Run, Beck Creek, Killinger Creek, and Snitz 
Creek): 

-Reset C factor to 0.3 for Cropland land use to reflect the presence of large farms with continuous 
corn (no rotation) or only a corn-soybean rotation. 

-Reset P factor to 0.56 to account for: 
��The lack of strip cropping in the watershed. 
��Poor quality riparian vegetation resulting in many exposed banks. 
��Pastures and cropland generally extending right up to streambanks with unrestricted 

livestock access to the streams. 
-Reset point source total P loading in the Killinger Creek basin to 1.3949 kg/month in order to 
more accurately represent existing conditions.  The South Londonderry Township Municipal 
Authority discharges approximately 39.3 lbs. of total phosphorus per year to Killinger Creek.  An 
estimated 36.9 lbs./year (94%) reaches the downstream loading point used in the AVGWLF 
model. 

 
Conococheague Creek Watershed (including Falling Branch) 

-Reset “C” factor to 0.16 for Hay/Pasture and Cropland land uses to account for use of continuous 
cover crop. 

-Reset “P” factor to 0.30 for Cropland land use to account for use of riparian forest and grasses 
along streams, strip cropping, and buffer strips. 

-Since there are no point source discharges of phosphorus located in the Falling Branch watershed, 
the total P loading from point sources was set to zero in the AVGWLF model. 
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FIGURE 5  -  TYPICAL CROPLAND IN THE QUITTAPAHILLA CREEK WATERSHED 
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FIGURE 6  -  EXAMPLE OF STREAMBANK EROSION IN THE QUITTAPAHILLA CREEK 

WATERSHED 
 

 
 
 
 

FIGURE 7  -  EXAMPLE OF PASTURES EXTENDING TO STREAMBANKS  IN THE 
QUITTAPAHILLA CREEK WATERSHED 
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V. CALCULATION OF SEDIMENT LOADING AND UNIT AREA LOADING 
RATES 

 
The AVGWLF model produced information on watershed size, land use, and existing sediment loading 
in the Quittapahilla Creek and Conococheague Creek watersheds (Table 8).  The sediment loads 
represent an annual average over the 20 years simulated by the model (1978 to 1998).  Unit area loading 
rates were calculated by dividing the mean annual sediment load (lbs./yr.) by total area (acres).  Unit 
area loading rates for sediment in the Quittapahilla Creek and Conococheague Creek watersheds were 
estimated to be 750.91 lbs./acre/yr. and 200.98 lbs./acre/yr., respectively. 
 

TABLE 8  -  EXISTING SEDIMENT LOADS AND LOADING RATES FOR 
QUITTAPAHILLA CREEK AND CONOCOCHEAUGE CREEK (REFERENCE) 

QUITTAPAHILLA CREEK WATERSHED CONOCOCHEAGUE CREEK WATERSHED

LAND USE 
CATEGORY1 

Area2 
(acres) 

Sediment 
Load3 

(lbs./yr.) 

Unit Area 
Loading Rate4 
(lbs./acre/yr.) 

Area2 
(acres) 

Sediment 
Load3 

(lbs./yr.) 

Unit Area 
Loading Rate4

(lbs./acre/yr.)
HAY/PAST 11,460.88 1,688,356.39 147.31 12,404 731,691 58.99 
CROPLAND 21,536.91 31,450,090.31 1,460.29 19,511 7,070,707 362.40 
CONIF_FOR 565.32 3,157.49 5.59 324 924 2.86 
MIXED_FOR 693.63 3,969.82 5.72 823 3,157 3.84 
DECID_FOR 7,488.32 224,464.76 29.98 2,711 15,965 5.89 
QUARRY 501.93 2,254,748.90 4,492.16 - - - 
COAL_MINES 155.67 1,089,103.96 6,996.24 - - - 
TRANSITION 8.00 4,096.04 512.00 49 57,782 1,169.21 
LO_INT_DEV 3,614.52 13,203.08 3.65 2,024 12,461 6.16 
HI_INT_DEV 2,903.74 9,709.25 3.34 1,470 8,791 5.98 

TOTAL 48,928.92 36,740,900.00 750.90 39,316 7,901,478 200.98 
 

1Land cover classification obtained from the MRLC database. 
2Area of the specific land cover/land use category found in the watershed, produced by ArcView GIS analysis and rounded to the nearest hundredth. 
3Estimated total sediment loading resulting from the identified land use, produced by AVGWLF model and rounded to the nearest hundredth. 
4Estimated sediment loading rate for the identified land use, calculated as sediment load divided by area and rounded to the nearest hundredth. 

 
 
 
VI. DEVELOPMENT OF SEDIMENT TMDL 
 
A targeted TMDL value for sediment in the Quittapahilla Creek basin was determined by multiplying 
the unit area loading rate of the reference watershed (Conococheague Creek) by the total area of the 
Quittapahilla Creek watershed.  Conococheague Creek is currently designated as a Cold Water Fishery 
(CWF), with many of its tributaries classified as High Quality Cold Water Fishery (HQ-CWF).  Recent 
biological assessments have determined that the portion of the basin used as a reference is attaining its 
designated uses.  Reducing the loading rates of sediment in the Quittapahilla Creek basin to a level equal 
to, or less than, the reference watershed will allow for the reversal of current use impairments. 
 
The targeted sediment TMDL for the entire Quittapahilla Creek watershed is 9,833,734 lbs./yr. 
 

Targeted TMDL = 200.98 lbs./acre/yr. (unit area loading rate of reference 
watershed) x 48,928.92 acres (total area of the Quittapahilla Creek 
watershed) = 9,833,734.34 lbs./yr. 

 
 



 

 21

The targeted sediment TMDL value was then used as the basis for load allocations and reductions in the 
Quittapahilla Creek watershed, using the following two equations: 
 

1.  TMDL = WLA + LA + MOS 
2.  LA = ALA - LNR 

 
where: 
 

TMDL = Total Maximum Daily Load 
WLA = Waste Load Allocation (point sources) 
LA = Load Allocation (nonpoint sources) 
ALA = Adjusted Load Allocation 
LNR = Loads not Reduced 
 

 
 

6.1  WASTELOAD ALLOCATION 
 
The waste load allocation (WLA) portion of the TMDL equation is the total loading of a pollutant that is 
assigned to point sources.  Although there are NPDES permitted discharges present in the Quittapahilla 
Creek basin, they are not considered to be a source of sediment.  There is no WLA in the sediment 
TMDL established for the Quittapahilla Creek watershed. 
 
 

6.2  MARGIN OF SAFETY 
 
The margin of safety (MOS) is that portion of the pollutant loading that is reserved to account for any 
uncertainty in the data and computational methodology used for the analysis. For this analysis, the MOS 
is explicit.  Ten percent of the targeted sediment TMDL was reserved as the MOS.  Using 10% of the 
TMDL load is based on professional judgment and will provide an additional level of protection to the 
designated uses of the Quittapahilla Creek.  The MOS used for the sediment TMDL is 983,373 lbs./yr. 
 

MOS = 9,833,734 lbs./yr. (TMDL) x 0.1 = 983,373 lbs./yr. 
 
 

6.3  LOAD ALLOCATION 
 
The load allocation (LA) is that portion of the TMDL that is assigned to nonpoint sources.  Since there is 
no WLA for sediment, the load allocation was computed by subtracting the MOS value from the TMDL 
value.  The sediment load allocation is 8,850,361 lbs./yr. 
 

LA = 9,833,734 lbs./yr. (TMDL) - 983,373 lbs./yr. (MOS) = 8,850,361 lbs./yr. 
 
 

6.4  ADJUSTED LOAD ALLOCATION 
 
The adjusted load allocation (ALA) is the actual portion of the LA distributed among those nonpoint 
sources receiving reductions.  It is computed by subtracting those non-point source loads that are not 
being considered for reductions (loads not reduced or LNR) from the LA.  Since the Quittapahilla Creek 
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watershed sediment TMDL was developed to address impairments primarily caused by agricultural 
activities, only these land uses (HAY/PASTURE and CROPLAND) were considered for reductions.  
Those land uses/sources loads not reduced (LNR) were carried through at their existing loading value 
(Table 9).  The ALA for the sediment TMDL is 5,247,908 lbs./yr. 
 

TABLE 9  -  SEDIMENT LOAD ALLOCATION, LOADS NOT 
REDUCED, AND ADJUSTED LOAD ALLOCATION 

LOAD ALLOCATION 8,850,361 
LOADS NOT REDUCED 3,602,453 
 CONIF_FOR 3,157 
 MIXED_FOR 3,970 
 DECID_FOR 224,465 
 QUARRY 2,254,749 
 COAL_MINES 1,089,104 
 TRANSITION 4,096 
 LO_INT_DEV 13,203 
 HI_INT_DEV 9,709 
 Groundwater - 
 Septic Systems - 
ADJUSTED LOAD 
ALLOCATION 5,247,908 

 
 

6.5  SEDIMENT TMDL 
 
The final sediment TMDL established for the Quittapahilla Creek watershed consists of a Load 
Allocation (LA) and a Margin of Safety (MOS).  The individual components of the sediment TMDL are 
summarized in Table 10. 
 

TABLE 10  -  COMPONENTS OF THE QUITTAPAHILLA CREEK 
WATERSHED SEDIMENT TMDL 

COMPONENT 
SEDIMENT 

(lbs./yr.) 
TMDL (Total Maximum Daily Load) 9,833,734 
WLA (Wasteload Allocation) 0 
MOS (Margin of Safety) 983,373 
LA (Load Allocation) 8,850,361 
LNR (Loads Not Reduced) 3,602,453 
ALA (Adjusted Load Allocation) 5,247,908 

 
 
 
VII. CALCULATION OF SEDIMENT LOAD REDUCTIONS 
 
The adjusted load allocation established in the previous section represents the sediment load that is 
available for allocation between Hay/Pasture and Cropland land uses in the Quittapahilla Creek 
watershed.  For purposes of sediment reductions, the Quittapahilla Creek watershed was subdivided into 
8 smaller load allocation units (LAUs)(Figure 8).  Load allocation and reduction procedures were 
applied to the entire Quittapahilla Creek watershed and each of the LAUs.  The LAUs were obtained by 
delineating contributing areas to each of the impacted segments listed in the 1996 and 1998 303(d) lists 
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and contained in the 2000 305(b) report (Tables 1, 2, and 3).  Data needed for load reduction analyses, 
including land use distribution in each LAU, were obtained by a GIS analysis. 
 
The Equal Marginal Percent Reduction (EMPR) allocation method was used to distribute the ALA 
between Hay/Pasture and Cropland.  The process is summarized below: 
 

1. Each land use/source load is compared with the total allocable load to determine if any 
contributor would exceed the allocable load by itself.  The evaluation is carried out as if 
each source is the only contributor to the pollutant load to the receiving waterbody.  If 
the contributor exceeds the allocable load, that contributor would be reduced to the 
allocable load.  This is the baseline portion of EMPR. 
 

2. After any necessary reductions have been made in the baseline, the multiple analysis is 
run.  The multiple analysis will sum all of the baseline loads and compare them to the 
total allocable load.  If the allocable load is exceeded, an equal percent reduction will be 
made to all contributors’ baseline values.  After any necessary reductions in the multiple 
analysis, the final reduction percentage for each contributor can be computed. 
 

3. Now that the load allocation for Hay/Pasture and Cropland in the Quittapahilla Creek 
watershed has been calculated, portions of the whole watershed load can be allocated to 
each LAU.  The TMDL total load for each LAU was computed as the product of the unit 
area load for that land use determined in the watershed analysis and the area covered by the 
land use/source in the LAU.  The load allocation for each land use was determined by 
multiplying the allowable unit area loading rate for that land use (after EMPR) and the area 
of the land use in the impaired LAU.  Results of the load reduction procedure are load 
allocations to agricultural activities and associated percent reductions needed to reach 
water quality standards in the entire Quittapahilla Creek watershed and each of the 
LAUs. 

 
The load allocation and EMPR procedures were performed using MS Excel and results are presented in 
Appendix G.  Table 11 contains the results of the sediment EMPR for HAY/PASTURE and 
CROPLAND in the Quittapahilla Creek watershed and each of the LAUs.  The load allocation for each 
land use is shown along with the percent reduction of current loads necessary to reach the targeted LA.  
Sediment reductions were estimated for each of the 8 load allocation units, based on the identification of 
this pollutant as a cause of use impairment throughout the Quittapahilla Creek basin. 
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TABLE 11  -  AGRICULTURAL LAND USE LOAD ALLOCATIONS & SEDIMENT 
REDUCTIONS IN THE QUITTAPAHILLA CREEK WATERSHED 

LAND USE ACRES 

CURRENT 
LOADING 

RATE 
(lbs./acre/yr.) 

ALLOWABLE 
LOADING 

RATE 
(lbs./acre/yr.) 

CURRENT 
LOAD 

(lbs./yr.) 

LOAD 
ALLOCATION 

(lbs./yr.) 
PERCENT 

REDUCTION
Quittapahilla Creek Watershed 

HAY/PASTURE 11,460.9 147.31  111.46 1,688,356.39 1,277,393.47 24% 
CROPLAND 21,536.9 1,460.29  184.36  31,450,090.31 3,970,514.13 87% 

Load Allocation Unit 1 - Lower Quittapahilla Creek 
HAY/PASTURE 2,455.19 147.31 111.46 361,685.64 273,647.72 24% 
CROPLAND 4,046.61 1,460.29 184.36 5,909,215.85 746,027.27 87% 

Load Allocation Unit 2 – Upper Quittapahilla Creek 
HAY/PASTURE 2,081.13 147.31 111.46 306,581.09 231,956.17 24% 
CROPLAND 3,924.30 1,460.29 184.36 5,730,608.03 723,478.37 87% 

Load Allocation Unit 3 – Killinger Creek 
HAY/PASTURE 1,262.06 147.31 111.46 185,920.02 140,665.22 24% 
CROPLAND 2,862.38 1,460.29 184.36 4,179,899.04 527,704.31 87% 

Load Allocation Unit 4 – Gingrich Run 
HAY/PASTURE 823.73 147.31 111.46 121,347.56 91,810.34 24% 
CROPLAND 1,917.00 1,460.29 184.36 2,799,372.01 353,415.40 87% 

Load Allocation Unit 5 – Bachman Run 
HAY/PASTURE 1,434.42 147.31 111.46 211,311.19 159,875.92 24% 
CROPLAND 2,532.13 1,460.29 184.36 3,697,638.95 466,819.89 87% 

Load Allocation Unit 6– Beck Creek 
HAY/PASTURE 1,461.32 147.31 111.46 215,273.95 162,874.11 24% 
CROPLAND 2,805.67 1,460.29 184.36 4,097,086.11 517,249.34 87% 

Load Allocation Unit 7 – Snitz Creek 
HAY/PASTURE 1,475.34 147.31 111.46 217,339.31 164,436.73 24% 
CROPLAND 3,035.84 1,460.29 184.36 4,433,200.59 559,683.15 87% 

Load Allocation Unit 8 – Brandywine Creek 
HAY/PASTURE 467.69 147.31 111.46 68,897.62 52,127.25 24% 
CROPLAND 412.98 1,460.29 184.36 603,069.72 76,136.41 87% 
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FIGURE 8  -  LOAD ALLOCATION UNITS  (LAUS) FOR THE QUITTAPAHILLA CREEK WATERSHED SEDIMENT 
TMDL 
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VIII. CALCULATION OF TOTAL PHOSPHORUS LOADING AND UNIT AREA 
LOADING RATES 

 
Multiple runs of the AVGWLF model produced information on watershed size, land use, and existing 
total phosphorus loading in the Bachman Run, Beck Creek, Killinger Creek, Snitz Creek, and Falling 
Branch watersheds (Table 12).  Total phosphorus loads represent an annual average for each basin over 
the 20 years simulated by the model (1978 to 1998).  Unit area loading rates were calculated by dividing 
the mean annual total phosphorus load (lbs./yr.) by total area (acres)(Table 13).  Unit area loading rates 
for total phosphorus in the four basins ranged from 1.01 lbs./acre/yr. in the Snitz Creek basin to 1.76 
lbs./acre/yr. in the Killinger Run basin.  The unit area loading rate for total phosphorus in the Falling 
Branch reference watershed was estimated to be 0.59 lbs./acre/yr. 
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TABLE 12  -  EXISTING PHOSPHORUS LOADS FOR BACHMAN RUN, BECK CREEK, KILLINGER CREEK, AND SNITZ 
CREEK WATERSHEDS AND FALLING BRANCH (REFERENCE) WATERSHED 

BACHMAN RUN BECK CREEK KILLINGER CREEK SNITZ CREEK FALLING BRANCH 
LAND USE 
CATEGORY1 

Area2 
(acres) 

Total P3 
(lbs./yr.) 

Area2 
(acres) 

Total P3 
(lbs./yr.) 

Area2 
(acres) 

Total P3 
(lbs./yr.) 

Area2 
(acres) 

Total P3 
(lbs./yr.) 

Area2 
(acres) 

Total P3 
(lbs./yr.) 

HAY/PAST 1,434.42 495.15 1,461.32 467.84 1,974.60 509.03 1,475.34 300.00 1,832.49 336.56 
CROPLAND 2,532.13 6,312.56 2,805.67 6,033.48 4,434.90 12,916.52 3,035.84 5,200.66 3,321.17 2,595.81 
CONIF_FOR 38.70 0.44 37.36 0.44 65.60 1.10 151.67 1.98 44.26 0.44 
MIXED_FOR 45.81 0.66 44.92 0.44 79.61 0.88 177.24 1.76 86.95 0.88 
DECID_FOR 828.40 132.60 751.46 35.02 1,322.33 62.56 2,227.90 110.13 286.88 3.74 
QUARRY - - - - 0.00 - 121.20 644.27 - - 
COAL_MINES - - - - 0.00 - 72.94 617.40 - - 
TRANSITION 6.89 48.90 0.89 - 0.00 - 0.22 0.00 - - 
LO_INT_DEV 19.79 1.98 63.83 5.51 411.87 36.56 389.63 36.12 392.96 34.58 
HI_INT_DEV 18.90 31.72 21.79 25.99 259.97 291.19 140.33 149.78 180.36 225.99 
Groundwater - 674.23 - 716.52 - 1,143.83 - 790.31 - 431.94 
Point Source - 0.00 - 0.00 - 36.78 - 0.00 - 0.00 
Septic Systems - 26.21 - 16.96 - 29.96 - 50.66 - 3.74 
TOTAL 4,925.04 7,724.45 5,187.24 7,302.20 8,548.88 15,028.41 7,792.31 7,903.08 6,145.07 3,633.70 

 

1Land cover classification obtained from the MRLC database. 
2Area of the specific land cover/land use category found in the watershed, produced by ArcView GIS analysis and rounded to the nearest hundredth. 
3Estimated total phosphorus loading resulting from the identified land use, produced by AVGWLF model and rounded to the nearest hundredth. 

 
TABLE 13  -  UNIT AREA LOADING RATES1 FOR PHOSPHORUS IN BACHMAN RUN, BECK CREEK, 

KILLINGER CREEK, AND SNITZ CREEK WATERSHEDS AND FALLING BRANCH (REFERENCE) WATERSHED
LAND USE CATEGORY2 BACHMAN RUN BECK CREEK KILLINGER CREEK SNITZ CREEK FALLING BRANCH 
HAY/PAST 0.35 0.32 0.26 0.20 0.18 
CROPLAND 2.49 2.15 2.91 1.71 0.78 
CONIF_FOR 0.01 0.01 0.02 0.01 0.01 
MIXED_FOR 0.01 0.01 0.01 0.01 0.01 
DECID_FOR 0.16 0.05 0.05 0.05 0.01 
QUARRY - - - 5.32 - 
COAL_MINES - - - 8.46 - 
TRANSITION 7.10 - - 0.00 - 
LO_INT_DEV 0.10 0.09 0.09 0.09 0.09 
HI_INT_DEV 1.68 1.19 1.12 1.07 1.25 
TOTAL 1.57 1.41 1.76 1.01 0.59 

 

1Estimated total phosphorus loading rate for the identified land use, calculated as sediment load divided by area and rounded to the nearest hundredth. 
2Land cover classification obtained from the MRLC database. 
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IX. DEVELOPMENT OF PHOSPHORUS TMDLS 
 
Targeted TMDL values for total phosphorus in the Bachman Run, Beck Creek, Killinger Creek, and 
Snitz Creek basins were determined by multiplying the unit area loading rate of the reference watershed 
(Falling Branch) by the total area in each of the 4 basins (Table 14).  Falling Branch is currently 
designated as a High Quality Cold Water Fishery (HQ-CWF) and recent biological assessments have 
determined that the portion of the basin used as a reference is attaining its designated uses.  Reducing 
the loading rates of total phosphorus in the Bachman Run, Beck Creek, Killinger Creek, and Snitz Creek 
basins to levels equal to, or less than, the reference watershed will allow for the reversal of current use 
impairments.  Targeted total phosphorus TMDLs ranged from 2,912 lbs./yr. in the Bachman Run basin 
to 5,055 lbs./yr. in the Killinger Run basin. 
 

TABLE 14  -  TARGETED TMDL VALUES FOR TOTAL PHOSPHORUS IN 
THE BACHMAN RUN, BECK CREEK, KILLINGER 

CREEK, AND SNITZ CREEK WATERSHEDS 

WATERSHED 
WATERSHED AREA 

(acres) 

UNIT AREA 
LOADING RATE IN 
REF. WATERSHED 

(lbs./acre/yr.) 

TARGET TMDL 
VALUE 
(lbs./yr.) 

Bachman Run 4,925.04 0.5913 2,912 
Beck Creek 5,187.24 0.5913 3,067 
Killinger Creek 8,548.88 0.5913 5,055 
Snitz Creek 7,792.31 0.5913 4,608 

 
 
Targeted TMDL values were then used as the basis for load allocations and reductions in the Bachman 
Run, Beck Creek, Killinger Creek, and Snitz Creek watersheds, using the following two equations: 
 

1.  TMDL = WLA + LA + MOS 
2.  LA = ALA - LNR 

 
where: 
 

TMDL = Total Maximum Daily Load 
WLA = Waste Load Allocation (point sources) 
LA = Load Allocation (nonpoint sources) 
ALA = Adjusted Load Allocation 
LNR = Loads not Reduced 
 

 
 

9.1  WASTELOAD ALLOCATION 
 
The waste load allocation (WLA) portion of the TMDL equation is the total loading of a pollutant that is 
assigned to point sources.  Reviewing the Department’s permitting files identified 2 significant point 
sources discharging phosphorus in the Killinger Run basin (Table 15).  South Londonderry’s discharge 
is located in the upper reaches of the Killinger Creek basin, south of U.S. Route 322.  The Palmyra Boro 
outfall is located in the lower end of the basin at river mile index 0.7.  The discharge flows into a 
segment of Killinger Creek that flows through a poured concrete channel.  Land use immediately 
upstream of the discharge includes row crops and fallow fields.  Land use downstream of the Palmyra 
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Boro discharge is 100% quarry all the way to it confluence with Quittapahilla Creek.  The phosphorus 
TMDL developed for the Killinger Creek basin was intended to address impacts resulting from 
agricultural activities.  There are no agricultural activities located in the Killinger Creek basin 
downstream of the Palmyra Boro discharge and there are no nutrient impairments in Quittapahilla 
Creek.  Therefore, the phosphorus TMDL for the Killinger Creek basin is based on existing loadings 
upstream of RMI 0.7. 
 
A review of 1999 discharge monitoring reports (DMRs) for South Londonderry Township indicates that 
the plant is capable of discharging well within permit limits.  This point source currently accounts for 
less than 1% of the total phosphorus loading to the Killinger Creek basin and will not be included in the 
recommended reductions.  The WLA for phosphorus in the Killinger Creek watershed was set at 1,128.5 
lbs./yr. based on South Londonderry’s current NPDES permit limits. 
 

TABLE 15  -  NPDES POINT SOURCES OF TOTAL PHOSPHORUS IN THE 
KILLINGER CREEK WATERSHED 

FLOW (mgd) TOTAL P (mg/l) 

FACILITY 
NPDES 

PERMIT # 
PERMIT 
LIMIT 

AVE. FROM 
1999 DMR 

PERMIT 
LIMIT 

AVE. FROM 
1999 DMR 

South Londonderry 
Twp. MA 

PA0080551 0.21 0.032 2.0 0.403 

Palmyra Boro STP PA0024287 1.42 0.770 2.0 1.367 
 
 

9.2  MARGIN OF SAFETY 
 
The margin of safety (MOS) is that portion of the pollutant loading that is reserved to account for any 
uncertainty in the data and computational methodology used for the analysis.  For this analysis, the MOS 
is explicit.  Ten percent of the targeted TMDLs for each basin were reserved as the MOS (Table 16).  
Using 10% of the TMDL load is based on professional judgment and will provide an additional level of 
protection to the designated uses of the basins.  MOSs ranged from 291 lbs./yr for Bachman Run to 506 
lbs./yr. for Killinger Creek. 
 

TABLE 16  -  MOS FOR TOTAL PHOSPHORUS TMDLS 

WATERSHED 
TARGETED TMDL 

(lbs./yr.) 
MOS 

(lbs./yr.) 
Bachman Run 2,912 291 
Beck Creek 3,067 307 
Killinger Creek 5,055 506 
Snitz Creek 4,608 461 

 
 

9.3  LOAD ALLOCATION 
 
The load allocation (LA) is that portion of the TMDL that is assigned to nonpoint sources.  Load 
allocations were computed by subtracting the WLA (where applicable) and the MOS from the targeted 
TMDL value (Table 17).  Load allocations ranged from 2,621 lbs./yr. for Bachman Run to 4,147 lbs./yr. 
for Snitz Creek. 
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TABLE 17  -  LOAD ALLOCATIONS FOR TOTAL PHOSPHORUS TMDLS 

WATERSHED 
TARGETED TMDL 

(lbs./yr.) 
WLA 

(lbs./yr.) 
MOS 

(lbs./yr.) 
LOAD ALLOCTION 

(lbs./yr.) 
Bachman Run 2,912 NA 291 2,621 
Beck Creek 3,067 NA 307 2,761 
Killinger Creek 5,055 1,128.50 506 3,421 
Snitz Creek 4,608 NA 461 4,147 

 
 

9.4  ADJUSTED LOAD ALLOCATION 
 
The adjusted load allocation (ALA) is the actual portion of the LA distributed among those nonpoint 
sources receiving reductions.  It is computed by subtracting those non-point source loads that are not 
being considered for reductions (loads not reduced or LNR) from the LA.  Since the Quittapahilla Creek 
watershed TMDLs were developed to address impairments primarily caused by agricultural activities, 
only these land uses (HAY/PASTURE and CROPLAND) were considered for reductions.  Those land 
uses/sources loads not reduced (LNR) were carried through at their existing loading value (Table 18).  
ALAs ranged from 1,704-lbs./yr. for Bachman Run to 1,960 lbs./yr. for Beck Creek. 
 

TABLE 18  -  TOTAL PHOSPHORUS LOAD ALLOCATIONS, LOADS NOT 
REDUCED, AND ADJUSTED LOAD ALLOCATIONS 

TOTAL PHOSPHORUS (lbs./yr.) 
 Bachman Run Beck Creek Killinger Creek Snitz Creek 
LOAD ALLOCATION 2,621 2,761 3,421 4,147 
LOADS NOT REDUCED 917 801 1,566 2,402 
 CONIF_FOR 0.44 0.44 1.10 1.98 
 MIXED_FOR 0.66 0.44 0.88 1.76 
 DECID_FOR 132.60 35.02 62.56 110.13 
 QUARRY - - - 644.27 
 COAL_MINES - - - 617.40 
 TRANSITION 48.90 - - - 
 LO_INT_DEV 1.98 5.51 36.56 36.12 
 HI_INT_DEV 31.72 25.99 291.19 149.78 
 Groundwater 674.23 716.52 1,143.83 790.31 
 Septic Systems 26.21 16.96 29.96 50.66 
ADJUSTED LOAD 
ALLOCATION 1,704 1,960 1,855 1,745 

 
 

9.5  TOTAL PHOSPHORUS TMDLs 
 
The total phosphorus TMDL established for the Killinger Creek basin consists of a Waste Load 
Allocation (WLA), Margin of Safety (MOS), and Load Allocation (LA).  The total phosphorus TMDLs 
established for the Bachman Run, Beck Creek, and Snitz Creek basins consist of a Margin of Safety 
(MOS) and a Load Allocation (LA).  No TMDLs were established for nitrogen because these basins are 
phosphorus limited.  The individual components of the total phosphorus TMDLs are summarized in 
Table 19. 
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TABLE 19  -  COMPONENTS OF THE BACHMAN RUN, BECK CREEK, KILLINGER 
CREEK, AND SNITZ CREEK TOTAL PHOSPHORUS TMDLS 

TOTAL PHOSPHORUS (lbs./yr.) 
COMPONENT Bachman Run Beck Creek Killinger Creek Snitz Creek 
TMDL 
(Total Maximum Daily Load) 2,912 3,067 5,055 4,608 

WLA 
(Wasteload Allocation) NA NA 1,128.50 NA 

MOS 
(Margin of Safety) 291 307 506 461 

LA 
(Load Allocation) 2,621 2,761 3,421 4,147 

LNR 
(Loads Not Reduced) 917 801 1,566 2,402 

ALA 
(Adjusted Load Allocation) 1,704 1,960 1,855 1,745 

 
 
 
X. CALCULATION OF PHOSPHORUS LOAD REDUCTIONS 
 
The adjusted load allocations established in the previous section represent the total phosphorous loads 
that are available for allocation between Hay/Pasture and Cropland land uses in the Bachman Run, Beck 
Creek, Killinger Creek, and Snitz Creek basins.  Load allocation and reduction procedures were applied 
individually to all four basins.  In addition, the Killinger Creek basin was subdivided into two smaller 
allocation units (LAU)(Figure 9), based on the need for specific phosphorus reductions in the Gingrich 
Run basin.  Impairments in the Gingrich Run basin caused by suspended solids were addressed by a 
combination of phosphorus and sediment load reductions.  Data needed for load reduction analyses, 
including land use distribution, were obtained by a GIS analysis.  The Equal Marginal Percent 
Reduction (EMPR) allocation method (as described in section VII - Calculation of Sediment Load 
Reductions) was used to distribute the ALA between Hay/Pasture and Cropland land uses. 
 
The load allocation and EMPR procedures were performed using MS Excel and results are presented in 
Appendix H.  Table 20 contains the results of the total phosphorus EMPRs for HAY/PASTURE and 
CROPLAND in the Bachman Run, Beck Creek, Killinger Creek, and Snitz Creek and the two LAUs in 
the Killinger Creek basin.  The load allocation for each land use is shown along with the percent 
reduction of current loads necessary to reach the targeted LAs. 
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TABLE 20  -  AGRICULTURAL LAND USE LOAD ALLOCATIONS & REDUCTIONS FOR 
TOTAL PHOSPHORUS 

LAND USE ACRES 

CURRENT 
LOADING 

RATE 
(lbs./acre/yr.) 

ALLOWABLE 
LOADING 

RATE 
(lbs./acre/yr.) 

CURRENT 
LOAD 

(lbs./yr.) 

LOAD 
ALLOCATION 

(lbs./yr.) 
PERCENT 

REDUCTION
Bachman Run Basin 

HAY/PASTURE 1,434.42 0.35 0.27 495.15 383.68 23% 
CROPLAND 2,532.13 2.49 0.52 6,312.56 1,320.63 79% 

Beck Creek Basin 
HAY/PASTURE 1,461.32 0.32 0.26 467.84 377.68 19% 
CROPLAND 2,805.67 2.15 0.56 6,033.48 1,582.02 74% 

Killinger Creek Basin 
HAY/PASTURE 1,974.60 0.26 0.20 509.03 399.43 22% 
CROPLAND 4,434.90 2.91 0.33 12,916.52 1,455.60 89% 

Killinger Creek – LAU1 
HAY/PASTURE 1,150.87 0.26 0.20 296.68 232.80 22% 
CROPLAND 2,517.90 2.91 0.33 7,333.31 826.41 89% 

Killinger Creek – LAU2 (Gingrich Run) 
HAY/PASTURE 823.73 0.26 0.20 212.35 166.63 22% 
CROPLAND 1,917.00 2.91 0.33 5,583.21 629.19 89% 

Snitz Creek Basin 
HAY/PASTURE 1,475.34 0.20 0.17 300.00 255.98 15% 
CROPLAND 3,035.84 1.71 0.49 5,200.66 1,488.57 71% 
 
 

FIGURE 9  -  LOAD ALLOCATION UNITS (LAUS) FOR THE KILLINGER CREEK 
WATERSHED TOTAL PHOSPHORUS TMDL 
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XI. CONSIDERATION OF CRITICAL CONDITIONS 
 
The AVGWLF model is a continuous simulation model, which 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.  Therefore, all flow conditions are taken into 
account for loading calculations.  Because there is generally a significant lag time between the 
introduction of sediment and nutrients to a waterbody and the resulting impact on beneficial uses, 
establishing these TMDLs using average annual conditions is protective of the waterbody. 
 
 
 
XII. CONSIDERATION OF SEASONAL VARIATIONS 
 
The continuous simulation model used for this analysis considers seasonal variation through a number of 
mechanisms.  Daily time steps are used for weather data and water balance calculations.  The model 
requires specification of the growing season and hours of daylight for each month.  The model also 
considers the months of the year when manure is applied to the land.  The combination of these actions 
by the model accounts for seasonal variability. 
 
 
 
XIII. REASONABLE ASSURANCE OF IMPLEMENTATION 
 
Sediment and phosphorus reductions in the TMDLs are allocated entirely to agricultural activities in the 
watershed.  Implementation of best management practices (BMPs) in the affected areas should achieve 
the loading reduction goals established in the TMDLs.  Substantial reductions in the amount of sediment 
reaching the streams can be made through the planting of riparian buffer zones, contour strips, and cover 
crops.  These BMPs range in efficiency from 20% to 70% for sediment reduction.  Implementation of 
BMPs aimed at sediment reduction will also assist in the reduction of phosphorus. Additional 
phosphorus reductions can be achieved through the installation of more effective animal waste 
management systems and stone ford cattle crossings.  Other possibilities for attaining the desired 
reductions in phosphorus and sediment include stabilization of streambanks and streambank fencing.  
An excellent start has already been made in the implementation of these types of BMPs in the 
Quittapahilla Creek basin.  The local watershed association began installing streambank fencing (Figure 
10), stable livestock crossings (Figure 11), and planting of riparian vegetation (Figure 12) during 1999 
and have continued to do so in 2000.  A number of these sites were visited on August 4, 2000 and 
noticeable reductions in the severity of streambank erosion and sediment deposition have already 
occurred.  Further “ground truthing” will be performed in order to assess both the extent of existing 
BMPs, and to determine the most cost-effective and environmentally protective combination of BMPs 
required for meeting the sediment and nutrient reductions outlined in this report. 
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FIGURE 10  -  STREAMBANK FENCING IN THE QUITTAPAHILLA CREEK WATERSHED 

 
 
 
 

FIGURE 11  -  STABLE LIVESTOCK CROSSING IN THE QUITTAPAHILLA CREEK 
WATERSHED 
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FIGURE 12  -  RIPARIAN ZONE PLANTINGS IN THE QUITTAPAHILLA CREEK 

WATERSHED 

 
 
 
 
 
XIV. PUBLIC PARTICIPATION 
 
A notice of availability for comments on the draft Quittapahilla Creek watershed TMDLs was published 
in the PA Bulletin on December 2, 2000 and in local newspapers shortly thereafter.  A 60-day period 
(ending on January 31, 2002) was provided for submittal of comments.  In addition, a public meeting 
was scheduled for December 21, 2000 at the Lebanon County Court House to address any outstanding 
concerns regarding the draft TMDLs.  Notice of final TMDL approvals will be posted on the 
Department’s website. 
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APPENDIX A  -  INFORMATION SHEET FOR QUITTAPAHILLA CREEK 
WATERSHED TMDLS 

 
 
What is being proposed? 
Total Maximum Daily Load (TMDL) plans have been developed to improve water quality in the Quittapahilla Creek 
watershed. 
 
Who is proposing the plans?  Why? 
The Pennsylvania Department of Environmental Protection (PADEP) is proposing to submit the plan to the U.S. 
Environmental Protection Agency (U.S. EPA) for review and approval as required by federal regulation.  In 1995, U.S. EPA 
was sued for not developing TMDLs when Pennsylvania failed to do so.  PADEP has entered into an agreement with U.S. 
EPA to develop TMDLs for certain specified waters over the next several years.  This TMDL has been developed in 
compliance with the state/US EPA agreement. 
 
What is a TMDL? 
A TMDL sets a ceiling on the pollutant loads that can enter a water body so that the water body will meet water quality 
standards.  The Clean Water Act requires states to list all waters that do not meet their water quality standards even after 
pollution controls required by law are in place.  For these waters, the state must calculate how much of a substance can be put 
in the water without violating the standard, and then distribute that quantity to all the sources of the pollutant on that water 
body.  A TMDL plan includes waste load allocations for point sources, load allocations for nonpoint sources, and a margin of 
safety.  
 
The Clean Water Act requires states to submit their TMDLs to U.S. EPA for approval.  Also, if a state does not develop the 
TMDL, the Clean Water Act states that U.S. EPA must do so. 
 
What is a water quality standard? 
The Clean Water Act sets a national minimum goal that all waters be “fishable” and “swimmable.”  To support this goal, 
states must adopt water quality standards. 
 
Water quality standards are state regulations that have two components.  The first component is a designated use, such as 
“warm water fishes” or “recreation.”  States must assign a use, or several uses to each of their waters.  The second component 
relates to the instream conditions necessary to protect the designated use(s).  These conditions or “criteria” are physical, 
chemical, or biological characteristics such as temperature and minimum levels of dissolved oxygen, and maximum 
concentrations of toxic pollutants. 
 
It is the combination of the “designated use” and the “criteria” to support that use that make up a water quality standard.  If 
any criteria are being exceeded, then the use is not being meet and the water is said to be in violation of water quality 
standards. 
 
 
What is the purpose of the plans? 
The Quittapahilla Creek watershed is impaired due to excess sediment and nutrient contributions to the water body.   The 
plans include a calculation of loadings for sediment and nutrients that will meet water quality objectives. 
 
Why was the Quittapahilla Creek watershed selected for TMDL development? 
In 1996, Pa. DEP listed stream segments in the Quittapahilla Creek watershed under Section 303(d) of the federal Clean 
Water Act as impaired due to excess sediment and nutrient loading from agricultural activities.  Portions of the watershed 
were assessed in 1997 and 1999.  The 1998 303(d) list and the 2000 305(b) report reflect the results of those reassessments.  
A total of 67 stream miles in the Quittapahilla Creek watershed are listed as impaired due siltation, suspended solids, 
nutrients, and flow alterations caused by agricultural activities. 
 
What pollutants do these TMDLs address? 
The proposed plans provide calculations of the stream’s total capacity to accept sediments and phosphorus.  Based on 
evaluation of the concentrations of nutrients in the impaired stream segments, phosphorus is the cause of nutrient impairment 
in four tributary basins.  Sediment loading is being used to address siltation and phosphorus loading is being used to address 
nutrients.  A combination of sediment and phosphorus loadings are being used to address impairments due to suspended 
solids. 
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Where do the pollutants come from? 
All of the sediment related impairments in the Quittapahilla Creek watershed come from nonpoint sources (NPS) of 
pollution, primarily from overland runoff.  Phosphorus in the basin comes from both point and nonpoint sources, with 
nonpoint sources responsible for more than 75%. 
 
How was the TMDL developed? 
PADEP used a reference watershed approach to estimate the necessary loading reduction of sediment and phosphorus that 
would be needed to restore a healthy aquatic community.  The reference watershed approach is based on selecting a non-
impaired watershed that has similar land use characteristics and determining the current loading rates for the pollutants of 
interest.  This is done by modeling the loads that enter the stream, using precipitation and land use characteristic data.  For 
this analysis, PADEP used the AVGWLF model (the Environmental Resources Research Institute of the Pennsylvania State 
University’s Arcview based version of the Generalized Watershed Loading Function model developed by Cornell 
University).  This modeling process uses loading rates in the non-impaired watershed as a target for loading reductions in the 
impaired watershed.  The impaired watershed is modeled to determine the current loading rates and determine what 
reductions are necessary to meet the loading rates of the non-impaired watershed.   
 
The reference stream approach was used to set allowable loading rates in the affected watersheds because neither 
Pennsylvanian nor U.S. EPA has water quality criteria for sediment or phosphorus.   
 
 
How much pollution is too much? 
The allowable amount of pollution in a water body varies depending on several conditions.  TMDLs are set to meet water 
quality standards at the critical flow condition.  For a free flowing stream impacted by nonpoint source pollution loading 
from sediment and nutrients, the TMDL is expressed as an annual loading.  This accounts for pollution contributions over all 
stream flow conditions. 
 
PADEP established the water quality objectives for sediment and phosphorus by using the reference watershed approach.  
This approach assumes that the impairment is eliminated when the impaired watershed achieves loadings similar to the 
reference watershed.  Reducing the current loading rates for sediment and phosphorus in the impaired watershed to the 
current loading rates in the reference watershed will result in meeting the water quality objectives. 
 
How will the loading limits be met? 
Best Management Practices (BMPs) will be installed throughout the watershed to achieve the necessary loading reductions. 
 
How can I get more information on the TMDL? 
To request a copy of the full report, contact Joseph P. Hepp at 717-705-4788 during the business hours of 8:00 a.m. to 3:00 
p.m., Monday through Friday.  One may also contact Mr. Hepp by mail at the Water Management Program, SCRO PADEP, 
909 Elmerton Avenue Harrisburg, PA 17110 or by email at hepp.joseph@dep.state.pa.us. 
 
How can I comment on the proposal? 
You may provide e-mail or written comments postmarked no later than January 31, 2001, 2000 to the above addresses. 
 



 

 

 
 
 
 
 
 

APPENDIX B  -  MAPS DEPICTING IMPAIRED STREAM SEGMENTS IN THE 
QUITTAPAHILLA CREEK WATERSHED BASED ON 2000 305(B) REPORT 
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AGRICULTURE/CROP RELATED AGRICULTURE & SILTATION IMPAIRMENTS 
QUITTAPAHILLA CREEK WATERSHED 
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AGRICULTURE & NUTRIENTS IMPAIRMENTS 
QUITTAPAHILLA CREEK WATERSHED 
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AGRICULTURE & SUSPENDED SOLIDS IMPAIRMENTS 
QUITTAPAHILLA CREEK WATERSHED 
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URBAN RUNOFF/STORM SEWERS & ORGANIC ENRICHMENT/LOW D.O. IMPAIRMENTS 
QUITTAPAHILLA CREEK WATERSHED 
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URBAN RUNOFF/STORM SEWERS & FLOW ALTERATION IMPAIRMENTS 
QUITTAPAHILLA CREEK WATERSHED 
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APPENDIX C  -  AVGWLF MODEL OUTPUTS FOR QUITTAPAHILLA CREEK WATERSHED 
 

 

 



 

C2 

 

 



 

C3 

 
 



 

D1 

APPENDIX D  -  AVGWLF MODEL OUTPUTS FOR CONOCOCHEAGUE CREEK WATERSHED 
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APPENDIX E  -  AVGWLF MODEL OUTPUTS FOR BACHMAN RUN, BECK CREEK, 
KILLINGER CREEK, AND SNITZ CREEK WATERSHEDS 
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APPENDIX F  -  AVGWLF MODEL OUTPUTS FOR FALLING BRANCH WATERSHED 
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APPENDIX G  -  EMPR WORKBOOKS FOR SEDIMENT LOAD ALLOCATIONS 
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APPENDIX H  -  EMPR WORKBOOKS FOR TOTAL PHOSPHORUS LOAD ALLOCATIONS 
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Comment and Response Document 
 

General: 
 
Comment:  How was the sediment load calculated for the Quittapahilla Creek?  (1) 
Response:  Average annual sediment loads were estimated using the AVGWLF model.  Please refer to 

Attachment E – GWLF User Manual for a complete review of algorithms used in these 
computations. 

 
Comment:  What source or sources have been identified as contributing to the sediment problem?  Is 

there a list of contributing point sources of sediment currently available?  (1,2) 
Response:  The Department’s 305(b) database identifies agriculture, including crop related agriculture, 

as the source of siltation and suspended solids currently causing impairments in the 
Quittapahilla Creek watershed.  The Department does not have data on any point sources of 
sediment that are contributing to impairments in the watershed. 

 
Comment:  Does the sediment criteria extend to the entire watershed, i.e. tributaries?  (1) 
Response:  As depicted in Appendix C, siltation impairments are primarily restricted to the mainstem of 

Quittapahilla Creek, and the Killinger Creek, Bachman Run, and Snitz Creek sub-basins.  
Since siltation impairments extend to the mouth of the Quittapahilla Creek watershed, 
sediment loading from the entire watershed, including all tributaries, is addressed under the 
TMDL 

 
Comment:  What TMDL can be applied to protect the thermal level of the stream to protect the TSF or 

raise it to cold water fishery?  Does the TMDL have to monitor sediment only, or can 
temperature and water additions be monitored too?  (1,2) 

Response:  Under current regulations, TMDLs are only developed for those sources and causes of 
impairment found on the 303(d) list.  The 1996 and 1998 303(d) list did not identify any 
temperature related impairments in the Quittapahilla Creek watershed.  The Department will 
review any submitted information regarding thermal impacts to the stream.  If appropriate, 
the information would be used in developing future 303(d) lists.  If the commentor has data 
to indicate that the watershed’s current Trout Stocking designation is incorrect, the 
Environmental Quality Board may be petitioned for a stream redesignation. 

 
Comment:  Has any thought been given to setting a TMDL for the withdrawal and or the addition of 

water to the Quittapahilla Creek beyond the normal flows or runoff patterns?  Proposed 
changes in the Quittapahilla headwater area will further the channelization of the stream and 
further threaten downstream property owners.  Does anybody monitor the water from storm 
sewers directly adding water from manmade impervious surfaces like parking lots that may 
result in additional oil and road salts to our streams, raised temperatures from the hot 
macadam, and more frequent and intense flooding?  (1,2) 

Response:  As mentioned in the above response, the Department develops TMDLs for those sources 
and causes of impairment found on the 303(d) list.  No portion of the Quittapahilla Creek 
watershed is currently on the 303(d) list for water quantity related impairments.  Flow 
alteration or other impairments would be addressed in the future if they are later listed under 
section 303(d). 

 
Comment:  Many of the charts in appendix H are unreadable, both online and printed out on paper.  (3) 



 

 

Response:  Changes have been made to the final TMDL report in an effort to make all the tables 
readable. 

 
 

Listing Issues: 
 
Comment:  The draft TMDLs fail to specify whether water quality is impaired all year, or whether 

water quality is only impaired during particular time periods.  Aquatic biological surveys 
were conducted to determine whether Quittapahilla Creek watershed is impaired, they do 
not indicate whether this assessment method accounts for seasonal variations in water 
quality.  (3) 

Response:  Portions of the Quittapahilla Creek watershed were placed on the 1996 and 1998 303(d) lists 
based on survey work which included both chemical sampling of instream water quality and 
biological assessments of the benthic macroinvertebrate community.  The entire basin was 
surveyed during 1999 using the Unassessed Waters Program protocol.  Information 
collected during 1999 confirmed the impairments included on the 303(d) list.  The 1999 
survey work utilized the benthic macroinvertebrate community as a long-term indicator of 
water quality and use attainment.  Those portions of the Quittapahilla Creek watershed 
covered by this report are considered to be impaired throughout the year. 

 
 
Reference Watersheds: 
 
Comment:  The TMDLs need to more fully discuss whether the differences that exist (such as the 

differences in topographic relief, geology, and 20-year average runoff) are compensated for 
in the model used by the TMDLs that result from the watershed comparisons.  (3) 

Response:  The AVGWLF model does take into account differences in topographic relief, geology, and 
20-year average runoff.  Topography and stream density are used in derivation of Universal 
Soil Loss Equation (USLE) parameters assigned to model soil erosion.  Geologic similarity 
is used as one of the criteria for choosing a reference watershed and model parameters such 
as the groundwater recession coefficient are adjusted based on the underlying geology in 
each watershed.  Loading rates discussed in the TMDL are delivered loading rates, not edge-
of-stream loading rates.  AVGWLF models surface runoff using the SCS-CN approach with 
daily weather (temperature and precipitation) inputs. 

 
Comment:  The draft document fails to discuss whether the differences in agricultural practices and 

condition of riparian buffers and streambanks reasonably account for Conococheague Creek 
(and its Falling Branch tributary) meeting water quality standards while Quittapahilla Creek 
watershed (and the four sub-watersheds) do not.  (3) 

Response:  The 1996 and 1998 303(d) lists specifically identify agriculture as the source of use 
impairment in the Quittapahilla Creek watershed.  Nutrients and siltation are identified as 
the causes of impairments.  The portion of the Conococheague Creek watershed used in this 
report has been assessed using the Department’s Unassessed Waters Program protocol and 
was determined to be supporting its designated uses.  These two watersheds are a fairly 
close match in terms of land cover/land use, physiographic province, geology, and size.  The 
extent of agricultural land uses in each watershed is similar.  The primary difference 
between the two watersheds at the time of the section 303(d) listing of Quittapahilla Creek 
was the presence of agricultural Best Management Practices (BMPs) in the Conococheague 
Creek watershed.  The differences in BMP implementation identified by the commentor 



 

 

appear to be the reason for nonsupport of designated uses in the Quittapahilla Creek 
watershed at the time of the original listing survey.   Since that time, extensive work has 
been done in the Quittapahilla Creek watershed particularly with respect to restoration of the 
riparian zone and the fencing of streams.  This work was not represented in the modeling of 
initial conditions presented in the TMDL, rather, it represents progress toward the nutrient 
and sediment reductions required by the TMDL.   

 
Comment:  The TMDLs fail to discuss whether the water quality standards, and the biological 

assessments made to determine compliance with those standards, differ between the target 
and reference watersheds.  (3) 

Response:  The water quality standard for both watersheds is the combination of designated uses and 
the criteria developed to protect those uses.  Portions of the Quittapahilla Creek watershed 
were placed on the 1996 303(d) list due to documented water quality criteria violations from 
instream water samplings and non-support of designated uses based on qualitative sampling 
of the benthic macroinvertebrate community.  The 1998 303(d) list includes additional 
impairments that were documented with qualitative sampling of the benthic 
macroinvertebrate community.  These use impairments were affirmed in 1999 by surveys 
using the Department’s Unassessed Waters (UW) protocol.  Documented use impairments 
from this survey work are summarized in the report.  As mentioned in the report, the 
Conococheague Creek watershed has been assessed under the UW protocol and was 
determined to be supporting all its designated uses. 

 
Comment:  The draft TMDLs indicate that the reference watershed is not impaired for nutrients or 

sediment, but does not specify what testing was done to reach this conclusion and whether 
this testing accounted for seasonal variations.  To be an appropriate reference watershed, 
Conococheague Creek must meet water quality standards throughout the year.  (3) 

Response:  The reference watersheds were assessed using the Department’s Unassessed Waters 
protocol and were documented to be meeting water quality standards.  The UW protocol 
includes an evaluation of the benthic macroinvertebrate community, which is a long-term 
indicator of water quality that accounts for seasonal variation. 

 
Comment:  The TMDLs need to discuss the differences in aquatic life use designations and why they 

do or do not affect the appropriateness of choosing Conococheague Creek/Falling Branch as 
the reference watershed.  If Conococheague Creek is a significantly lower temperature than 
Quittapahilla Creek watershed, the nutrient loads in Conococheague Creek may not produce 
as many negative effects, such as algae blooms, as the same nutrient loads would in the 
warmer waters of Quittapahilla Creek watershed.  (3) 

Response:  The reference watersheds used for developing these TMDLs include waters with designated 
aquatic life uses that include Cold Water Fishes (CWF), Trout Stocking (TSF), and Warm 
Water Fishes (WWF).  The most downstream portion of both the Conococheague Creek and 
Falling Branch reference watersheds (i.e., the point at which annual loadings were 
calculated) are designated as WWF and TSF, respectively.  The entire Quittapahilla Creek 
watershed is currently designated as TSF.  The reference watershed used in the development 
of these nutrient TMDLs had the exact same aquatic life use designation (i.e., TSF) as the 
impaired subbasins in the Quittapahilla Creek watershed.  No nutrient TMDL was 
developed for the mainstem of Quittapahilla Creek, because the 303(d) list does not include 
that impairment.  During any time of the year, instream temperature at the mouth of 
Quittapahilla Creek (TSF) are protected at the same or lower levels compared to the 
downstream portion of the Conococheague Creek (WWF). 



 

 

 
Comment:  Falling Branch is not an appropriate reference watershed for Killinger Creek, because the 

two watersheds are not well matched in the type of pollution sources.  Pollution loads in a 
watershed with point sources (such as Killinger Creek) would be distributed much more 
evenly through the year than the pollution loads in a watershed with only non-point sources 
(such as Falling Branch).  Differences in pollution sources could be expected to result in 
differences in water quality impacts.  The commentor suggests that a watershed with similar 
point source contribution would be a more appropriate reference.  (3) 

Response:  The relative loading of total phosphorus from the one point source included in the Killinger 
Run TMDL is minor compared to all other sources.  The amount of total phosphorus coming 
from the South Londonderry Township STP accounts for less than 1% of the existing load 
used in the development of the Killinger Creek TMDL.  The lack of such a minor point 
source contribution in the Falling Branch watershed is not significant enough to eliminate its 
use as a reference watershed. 

 
 

Modeling Issues: 
 
Comment:  Is it possible to break out the actual data used verses the model projections?  (2) 
Response:  Developing these TMDLs did not involve additional data collection from the Quittapahilla 

Creek watershed.  Transport, nutrient, and weather related data used in the AVGWLF 
simulations were derived from statewide GIS layers.  These GIS layers include actual data 
for land use, land cover, elevation, physiographic provinces, generalized soil boundaries, 
surficial geology, animal densities, sewage disposal methods, conservation practice, N 
concentrations in ground water, NPDES discharges, point source nitrogen and phosphorus 
loads, soil phosphorus loads, and weather. 

 
Comment:  The proposed TMDLs fail to establish total maximum daily loads.  DEP has not explained 

why setting a yearly limit, which presumably allows for daily, weekly, or monthly 
fluctuations in loads as long as the yearly totals are not exceeded, adequately protect water 
quality on a daily basis.  (3) 

Response:  The Clean Water Act requirement for total maximum daily loads allows for the expression 
of a TMDL in units of mass per time, toxicity, or other appropriate measures.  DEP in 
consultation with EPA has determined that annual loadings are more appropriate for 
expression of nonpoint source TMDLs for nutrients and sediment. 

 
Comment:  Setting only an annual load is inadequate for performance monitoring and regulatory 

enforcement.  Daily loadings and stream flows should be calculated for one or several 
critical or frequently encountered seasonal weather conditions.  They would be more readily 
useful measures for monitoring of loads and enforcement of the TMDLs.  (3) 

Response:  See previous response. 
 
Comment:  The TMDLs fail to meet the Clean Water Act requirement for establishing a maximum 

daily load for impaired waters that reflect seasonal variations. 
Response:  The continuous simulation model used for this analysis considers seasonal variations 

through a number of mechanisms.  Daily time steps are used for weather data and water 
balance calculations.  The model requires specification of the growing season and hours of 
daylight for each month.  The model also considers the months of the year when manure is 



 

 

applied to the land.  The combination of these actions by the model accounts for seasonal 
variability. 

 
Comment:  The TMDLs fail to establish nitrogen limits without sufficient justification for not doing so.  

If the N:P ratio is calculated from total yearly loads including groundwater as a source, the 
ratios are above the 10:1 threshold on which DEP bases its limiting nutrient determination.  
If the N:P ratio is calculated from nutrient loads from surface sources alone, the ratios 
become significantly lower.  Nitrogen may be the rate-limiting nutrient rather than 
phosphorus when surface runoff becomes the major source of stream flow and nutrient 
loadings.  Because of the uncertainty over which nutrient is limiting at any given time 
during the year, the commentor strongly urges DEP to establish nitrogen TMDLs in addition 
to the phosphorus TMDLs.  (3) 

Response:  Although ground water contributions of N will be highest relative to overland runoff 
contributions during the summer months (May through September), total nitrogen loads will 
normally be lowest in these months due to low flows and increased plant uptake.  
Phosphorus does enter the stream through overland flow (runoff); however, periods of high 
P exports correspond to periods of high soil loss.  During the wet winter months, there is 
normally enough ground cover to dissipate the erosive energy of precipitation.  Total P 
loads, on a unit area basis, are typically highest in the fall (after harvest when more bare soil 
is exposed) and in the spring (more intense rainfall events on fields being prepared for 
planting).  However, TN loads are also higher in the fall and spring such that the N:P ratio 
remains greater than 10. 

 
Comment:  The largest point source in the Killinger Creek watershed, the Palmyra Boro STP, should 

have been included in the Killinger Creek TMDL.  (1,3) 
Response:  As described in the report, the phosphorus TMDL developed for the Killinger Creek basin 

was intended to address impacts resulting from agricultural activities.  Pollutants emanating 
from agricultural sources are not the cause of use impairments to Killinger Creek 
downstream of the Palmyra Boro STP.  The Palmyra Boro STP is not a source of use 
impairment to Killinger Creek or Quittapahilla Creek.  Although use impairments exist 
downstream of the STP, they are the result of the stream being placed into a poured concrete 
channel and subterranean flow.  There is no level of nutrient load reductions from 
agricultural or point sources that will allow the lower 0.7 miles of Killinger Creek to support 
its designated uses.  Including Palmyra Boro STP in the WLA, as suggested, would not 
result in any advancement toward the objective of designated use attainment in Killinger 
Creek. 

 
Comment:  In calculating the TMDLs, DEP is inadequately accounting for the differences between the 

reference watershed and Quittapahilla Creek watershed.  There may be differences besides 
watershed size, e.g., topographic relief, stream density (stream miles/mi2), geology, annual 
water yield, animal densities, crops, and cropping practices, that influence the pollutant 
loads that can be accommodated by the streams.  (3) 

Response:  The TMDLs developed for the Quittapahilla Creek watershed did account for differences in 
many of the factors listed.  Topography and stream density are used in the derivation of the 
Universal Soil Loss Equation (USLE) parameters used to model soil erosion.  Differences in 
these factors are reflected in the LS factor in the USLE for each watershed.  Differences in 
animal density are accounted for in the model using a GIS coverage of animal populations 
by zip code as obtained from the U.S. Census of Agriculture.  This data layer is used in 
determining the amount, and nutrient content, of manure applied to cropland in each 



 

 

watershed.  Differences in crops and cropping practices are also accounted for both through 
GIS generation and manual manipulation of the C and P factors in the USLE.  Using GIS 
coverages with typical county-based cropping and BMP implementation practices, C and P 
factors are generated for each watershed.  These factors were further adjusted for 
Quittapahilla Creek and reference watersheds based on specific information obtained during 
site visits and discussions with district conservationists working in these watersheds.  The 
adjustments made to the GIS generated C and P values are documented in the Watershed 
Assessment and Modeling section of this report.  Geologic similarity is used as one of the 
criteria for choosing a reference watershed.  Model parameters such as the groundwater 
recession coefficient are adjusted based on the underlying geology in the watershed.  
Therefore, differences in groundwater contributions due to dissimilar geology are accounted 
for in the analysis. 

 
Comment:  The calculation of point source loads for the maximum daily WLAs need to be done from 

the maximum permit limits, not average permit limits. 
Response:  The WLA for Killinger Creek, although expressed as an annual load, was calculated from 

maximum permit limits. 
 
Comment:  DEP has made a reasonable allocation of the loads among non-point sources in the 

watershed.  The commentor commends DEP for making this allocation in the TMDLs, as 
the TMDLs established by other states often fail to do so. 

Response:  Thank you. 
 
Comment:  DEP fails to provide a rationale for selecting 10% as the margin of safety.  The margin of 

safety should be based on the inherent uncertainty of the models used rather than the 
undefined “best professional judgment.”  (3) 

Response:  The margin of safety used in these TMDLs does take into consideration the inherent 
uncertainty of the AVGWLF model.  The “best professional judgment” referred to in the 
report includes information from those individuals who developed, calibrated, and currently 
maintain the AVGWLF model.  Inclusion of the 10% margin of safety provides an 
additional level of protection to designated uses. 

 
 

Recommendations, BMPs: 
 
Comment:  The TMDLs do not provide reasonable assurance that the required reductions in phosphorus 

and sediment loadings will be met.  The document does not specify if BMP implementation 
is planned for the whole watershed or just for impaired areas and the document fails to 
consider the expected BMP compliance rate of landowners.  (3) 

Response:  TMDLs developed under section 303(d) of the CWA are not intended to be a step-by-step 
description of how to restore an impaired watershed.  Federal law requires establishment of 
a pollutant load that will ensure attainment of water quality standards and an allocation of 
that load among point and nonpoint sources.  These TMDLs have established pollutant 
loads, along with allocations of those loads, which will ensure attainment of water quality 
standards.  Implementation plans, including assurances of specified load reductions, are not 
currently required as part of the TMDL under section 303(d).  Information on potential 
remediation activities, including BMPs, was provided as an indication that the identified 
load reductions were achievable.  The information should prove helpful to those developing 
plans to meet the specified reductions.  While the Department insures compliance with all 



 

 

applicable laws and regulations, the most effective and achievable means of meeting the 
goals set forth in these TMDLs will come from the local level.  The Department will also 
provide organizational, technical and financial assistance to watershed groups who 
undertake implementation.  Please contact the Department if you want further information. 

 
Comment:  The commentor urges DEP to make appropriate use of the AVGWLF model in developing 

site-specific implementation plans.  (3) 
Response:  The Department will provide information and documentation on the AVGWLF model upon 

request. 
 
Comment:  A significant problem with the Killinger Creek watershed implementation plan is the failure 

to require any reductions in loadings from the South Londonderry Township point source.  
The commentor is not convinced that the BMPs discussed in the implementation plans can 
achieve a 90% reduction from cropland.  (3) 

Response:  The South Londonderry Township STP is not identified as a source of impairment on the 
303(d) list and is currently contributing less than 1% of the total phosphorus loading to 
Killinger Creek.  The WLA for the TMDL is based on the maximum flow (0.21 mgd) and 
phosphorus concentrations (2.0 mg/l) allowable under its NPDES permit.  Average flows 
and phosphorus concentrations at the STP (based on 1999 DMR data) are 0.032 mgd and 
0.403 mg/l respectively.  The 89% reduction in phosphorus loading from cropland in the 
Killinger Creek basin is only slightly higher than those recommended for the other 
subbasins (71% to 79%).  If the reductions called for under the Killinger Creek TMDL 
cannot be met, additional considerations will be used to update the TMDL. 

 
 

Follow-up Monitoring: 
 
Comment:  What physical measurements will be used to identify whether the sediment problem has 

been resolved?  How will we know if or when the sediment problem is solved?  (1,2) 
Response:  Sediment impairments in the Quittapahilla Creek watershed were documented using the 

Department’s Unassessed Waters Program protocol, including evaluations of the benthic 
macroinvertebrate community and physical habitat.  Rather than attempt to measure/monitor 
sediment loads in the basin, a determination on the elimination of siltation impairments will 
be based on future assessments conducted under the UW protocols.  The siltation problems 
in the Quittapahilla Creek watershed will be “resolved”, when the benthic macroinvertebrate 
community and physical habitat no longer indicate use impairment. 

 
Comment:  Will State monitoring gauge the impact of local stream bank fencing and riparian buffer 

projects?  (2) 
Response:  Yes.  As the Quittapahilla Creek watershed continues to be assessed using the Unassessed 

Waters Program protocol, changes in the benthic macroinvertebrate community and 
physical habitat resulting from local stream bank fencing and riparian buffer projects will be 
documented. 

 
Comment:  What type of controls and monitoring are anticipated for the reduction of phosphorus in the 

four creeks?  What type of monitoring projects will track phosphorus?  Is phosphorus the 
only nutrient that will be tracked?  Will other nutrients be monitored?  (1,2) 

Response:  The Department is not proposing any additional regulatory controls to obtain load 
reductions specified in the TMDLs.  BMPs such as streambank fencing, restoration of 



 

 

riparian vegetation and planting of cover crops will reduce both phosphorus and sediment 
loading to the water bodies.  Follow-up monitoring will be addressed through the 
Department’s current assessment and regulatory activities. 

 
Comment:  The commentor recommends that a monitoring program be part of any implementation 

plans to determine if the BMPs are having their intended effect on water quality or if other 
remedial measures are required.  (3) 

Response:  The Department agrees with this comment.  The Department will continue to assess water 
quality and designated use attainment in the Quittapahilla Creek watershed through its 
ongoing assessment and regulatory activities. 
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