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BACKGROUND AND HISTORY:  Loyalsock Creek is a freestone tributary to the West 

Branch Susquehanna River that originates in the very western fringes of Wyoming County 

and flows through Sullivan and Lycoming Counties before emptying into the West Branch 

Susquehanna River at Montoursville (Figure 1).  The basin is characterized by relatively 

steep topography with gentler rolling terrain found surrounding the farthest downstream 

reaches.  The current land use consists of forested land (85.3%), agriculture (14.23%), and 

urban/developed (0.47%).   

 

Continuous instream monitoring (CIM) was initially implemented in 2008 and 2009 at 

Loyalsock Creek sites including: Lopez, Rt. 220 Ringdale, Sandy Bottom, and Montoursville; 

as well as Mill Creek East and Mill Creek West in response to a Stream Redesignation 

Petition to redesignate the lower mainstem of Loyalsock Creek from Trout Stocking, 

Migratory Fishes (TSF, MF) to Exceptional Value, Migratory Fishes (EV, MF) (Table 1, Figure 

1).  The Loyalsockville site was added and maintained beginning in 2010 through 2013 as 

part of the ongoing study to determine the cause of reduced recruitment of smallmouth 

bass in the Susquehanna River basin as well as to characterize instream baseline conditions 

prior to natural gas development activities.   In addition, the data collected at Loyalsockville 

was incorporated as part of a larger assessment methodology development effort.  

Additional CIM was implemented on Wallis Run and on tributaries to Lake Mokoma, a man-

made lake located on Mill Creek.  Wallis Run is a tributary to Loyalsock Creek in Lycoming 

County, and was targeted in 2011 through 2012 to characterize instream baseline 

conditions prior to natural gas development activities.  Tributaries to Lake Mokoma, Sullivan 

County, were targeted in response to a request from the Lake Mokoma Homeowners 

Association to document baseline conditions prior to natural gas development activities.   

 

The CIM data contained in this report includes data collected from 2008 through 2013 and is 

intended to, in part; supplement the Department’s Stream Redesignation Evaluation Report 

developed in response to the Petition to Redesignate.  Additional chemical and biological 

data collected prior to 2010 can be found in the Loyalsock Creek Basin Stream 

Redesignation Evaluation Report subsequent to its inclusion into a Final Rulemaking.  

Chemical and biological data collected at Loyalsockville from 2010 through 2013 is included 

in this CIM report. Additional CIM reports were completed for Wallis Run and tributaries to 

Lake Mokoma.  CIM reports can be found on the Department’s website. 

 

 

 



The primary objectives of the assessment were to:  

 

1. Characterize baseline water temperature, specific conductance, pH, and dissolved 

oxygen (DO) using 24-hour monitoring. 

2. Characterize water chemistry. 

3. Characterize baseline biological communities. 

 

 

Table 1. Loyalsock Creek basin continuous instream monitoring (CIM) site locations 2008 – 

2013. 

SITE CODE  STREAM NAME – SITE NAME & DESCRIPTIONS 

 
66907061-001 

 
Loyalsock Creek (19804) – Lopez, 175 meters upstream of Pigeon Creek, 
Sullivan County. 

DRAINAGE AREA: 27.0 sq. miles 
LATITUDE: 41.45999      LONGITUDE: -75.32500 
PERIOD OF RECORD: June 26, 2008 to June 23, 2009 

 
66907929-001 

 
Loyalsock Creek (19804) – Rt. 220 Ringdale, at Rt. 220, Sullivan County. 
DRAINAGE AREA: 71.0 sq. miles 

LATITUDE: 41.45600      LONGITUDE: -76.44399 
PERIOD OF RECORD: May 22, 2008 to June 23, 2009 
 

66910339-001 Loyalsock Creek (19804) – Sandy Bottom, adjacent to Sandy Bottom 
Access, Sullivan County. 
DRAINAGE AREA: 328.0 sq. miles 
LATITUDE: 41.40527      LONGITUDE: -76.74887 

PERIOD OF RECORD: April 23, 2008 to June 23, 2009 
 

66912395-001 Loyalsock Creek (19804) – Loyalsockville, 1000 meters upstream of Rt. 

973, and just upstream from power line crossing, Lycoming County 
DRAINAGE AREA: 436.5 sq. miles 
LATITUDE: 41.333402     LONGITUDE: -76.916114 
PERIOD OF RECORD: May 17, 2010 to November 21, 2013 

 
66914175-001 

 
Loyalsock Creek (19804) – Montoursville, just upstream of Mill Creek 
East (19806), Lycoming County 
DRAINAGE AREA: 447.0 sq. miles 
LATITUDE: 41.26799       LONGITUDE: -76.92199 
PERIOD OF RECORD: April 22, 2008 to April 24, 2009 

 
66914321-001 Mill Creek West (19836) – Warrensville Road, just upstream of 

Warrensville Road, Lycoming County. 
DRAINAGE AREA: 27.0 sq. miles 
LATITUDE: 41.45999      LONGITUDE: -75.32500 
PERIOD OF RECORD: April 22, 2009 to November 2, 2010 

 

66913863-001 

 

Mill Creek East (19806) – Quaker State Road, just upstream of Quaker 
State Road, Lycoming County 
DRAINAGE AREA: 21.5 sq. miles 
LATITUDE: 41.27834       LONGITUDE: -76.90739 
PERIOD OF RECORD: April 22, 2009 to November 11, 2010 
 

 

 



 
      Figure 1. Map of the Loyalsock Creek continuous instream monitoring (CIM) sites.



EQUIPMENT:  Initial deployments beginning April and May 2008 on Loyalsock Creek at Rt. 

220 Ringdale, Sandy Bottom, and Montoursville utilized multiple OnSet Water Temperature 

v2 Data Loggers targeting temperature only. In June 2008 a Yellow Springs Instruments 

(YSI) 600XL water-quality sonde was deployed on Loyalsock Creek at Lopez and an 

additional YSI 600XL replaced the OnSet Water Temperature v2 Data Logger at 

Montoursville.  In April 2009 additional OnSet Water Temperature v2 Loggers were deployed 

on Mill Creek East and Mill Creek West. 

 

Over the course of four years (May 17, 2010 to November 21, 2013), four different water-

quality sondes were used at the Loyalsock Creek – Loyalsockville site. A YSI 600XLM sonde 

(Serial #000150CB) was deployed from May 17, 2010 to September 9, 2010. Manta2 

sondes from Measurement Specialties were deployed from June 14, 2011 to August 26, 

2011 (Serial #MM12100603) and from May 24, 2012 to August 31, 2012 (Serial 

#MM12100602). Finally, a YSI 600XLM (Serial #00013F64) was utilized from June, 11, 

2013 to November 21, 2013. A YSI 6920v2 was used as a field meter during revisits. 

 

WATER QUALITY PARAMETERS: 

 

Parameter Units 

Water Temperature °C 

Specific Conductance (@25°C) µS/cmc 

pH standard units 

Dissolved Oxygen mg/L 

 

DATA:  

 

Each site was visited multiple times over the course of each deployment for the purpose of 

downloading data, checking calibration and cleaning.  Water chemistry grabs were collected 

at over 22 sites throughout the Loyalsock Creek basin, primarily in response to the Stream 

Redesignation Petition to redesignate Loyalsock Creek.  Water chemistry was collected 

monthly at many sites and at less frequent intervals at other sites, ranging from single 

collections to eleven collections throughout the period April 2008 to April 2009.  Water 

chemistry grabs were collected 19 times at the Loyalsockville site throughout the May 17, 

2010 to November 21, 2013 deployment.  In addition, the Loyalsockville site is co-located 

with the Department’s Water Quality Network (WQN) Station # 408 (WQN0408).  The Water 

Quality Network (WQN) is a statewide, fixed station water quality sampling system operated 

by the Department that is designed to assess both the quality of Pennsylvania’s surface 

waters and the effectiveness of the water quality management program.  One objective of 

the WQN is to monitor temporal trends in select waters.  WQN0408 on Loyalsock Creek has 

been sampled at least six times per year from 2000 to present.  Historical WQN0408 

records are as early as 1962. 

 

Continuous data are graded based on a combination of fouling and calibration error (PA 

DEP, 2013a).  Data collected at all sites throughout 2008 and 2009 were collected prior to 

PA DEP CIM protocol development, did not have the appropriate, accompanying 

maintenance record and were graded ‘Unverified’.  Data collected at Loyalsockville after May 

17, 2010 had the appropriate, accompanying maintenance data and was graded based on a 

combination of fouling and calibration error (PA DEP, 2013a).  No data for the Loyalsockville 

site for this period were graded unusable, so all are included in the final report. 

 

Benthic macroinvertebrates were collected throughout the basin at over 50 stations during 

the 2008 to 2013 period.  Fishes were collected at four stations in 2008.  Benthic 

macroinvertebrates and fishes were collected three times each using the Department’s ICE 



protocol (PA DEP, 2013b) and Wadable Semi-Quantitative Fish Sampling Protocol (PA DEP, 

2013c) at the Loyalsockville site 2008 to 2013.   

 

Discrete Water Quality Transect Characterization:  A transect across the width of the 

stream was established to characterize water quality at the Loyalsockville site (Figure 2).  

Other sites were developed prior to PA DEP CIM protocol development and transects were 

not established and routinely monitored.  The purpose of the transect was to determine if 

data collected by the sonde was representative of the surface water as a whole. Discrete 

water quality measurements were taken at three points across the stream. Transects were 

conducted four times throughout the 2013 sampling period. Temperature and specific 

conductance measurements indicated a relatively homogenous system; however, some 

variation was observed in pH and dissolved oxygen (Figure 3).  
 

Discharge:  Discharge data contained in this report is from USGS station number 

01552000 at Loyalsockville, PA. This USGS station is located approximately ½ mile 

downstream from the Loyalsockville site.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Loyalsock Creek – Loyalsockville Site 



  

 

 
 
Figure 3. 2013 Loyalsockville discrete water quality transect data collected at the right descending bank (RDB), thalweg (sonde) 

and left decending bank (LDB).



 

Water Temperature:  

Lopez Statistics                (6/26 – 9/15/2008) – Average: 18.4°C; Maximum: 25.5°C; Minimum: 12.1°C. 

Rt. 220 Ringdale Statistics (6/26 – 9/15/2008) – Average: 19.6°C; Maximum: 27.6°C; Minimum: 13.3°C. 

Sandy Bottom Statistics     (6/26 – 9/15/2008) – Average: 21.2°C; Maximum: 26.3°C; Minimum: 16.8°C. 

Montoursville Statistics       (6/26 – 9/15/2008) – Average: 21.6°C; Maximum: 26.9°C; Minimum: 17.1°C. 

 
Figure 4.  Lopez, Rt. 220 Ringdale, Sandy Bottom, and Montoursville continuous water temperature, continuous discharge, and 

CH 93 temperature criteria from June 1, 2008 to November 30, 2008.



Mill Creek West Statistics (6/26 – 9/15/2009) – Average: 19.7°C; Maximum: 23.5°C; Minimum: 12.9°C.    

Mill Creek East Statistics (6/26 – 9/15/2009) – Average: 18.1°C; Maximum: 23.4°C; Minimum: 12.9°C. 

Mill Creek West Statistics (6/26 – 9/15/2010) – Average: 21.0°C; Maximum: 27.4°C; Minimum: 12.6°C.    

Mill Creek East Statistics (6/26 – 9/15/2010) – Average: 20.8°C; Maximum: 26.5°C; Minimum: 13.7°C. 

Figure 5.  Mill Creek West and Mill Creek East continuous water temperature, continuous discharge, and CH 93 temperature 

criteria from April 20, 2009 to November 30, 2010.



Mill Creek West Statistics (6/26 – 9/15/2010) – Average: 21.0°C; Maximum: 27.4°C; Minimum: 12.6°C.    

Mill Creek East Statistics (6/26 – 9/15/2010) – Average: 20.8°C; Maximum: 26.5°C; Minimum: 13.7°C. 

Loyalsockville Statistics (6/26 – 9/15/2010) – Average: 23.8°C; Maximum: 31.7°C; Minimum: 15.4°C. 

 
Figure 6.  Mill Creek West, Mill Creek East, and Loyalsockville continuous water temperature, continuous discharge, and CH 93 

temperature criteria from May 1, 2010 to November 1, 2010.



Loyalsockville Statistics   (6/14 – 8/3/2010) – Average: 24.8°C; Maximum: 31.7°C; Minimum: 17.3°C. 

         (6/14 – 8/3/2011) – Average: 23.8°C; Maximum: 32.9°C; Minimum: 15.4°C. 

         (6/14 – 8/3/2012) – Average: 23.9°C; Maximum: 29.9°C; Minimum: 17.8°C. 

         (6/14 – 8/3/2013) – Average: 21.5°C; Maximum: 28.0°C; Minimum: 15.8°C. 

 
Figure 7.  Loyalsockville continuous water temperature yearly report 2010 to 2013.  Data are overlapped for year-to-year 

comparison.



Specific Conductance:  

Lopez Statistics            (6/26/2008 – 06/23/2009) – Average: 23 µS/cm; Maximum: 42 µS/cm; Minimum: 11 µS/cm. 

Montoursville Statistics (6/26/2008 – 06/23/2009) – Average: 63 µS/cm; Maximum: 88 µS/cm; Minimum: 42 µS/cm. 

Figure 8.  Lopez and Montoursville continuous specific conductance and continuous discharge from June 24, 2008 to June 20, 

2009.



Loyalsockville Statistics   (6/14 – 8/3/2010) – Average: 73 µS/cm; Maximum: 80 µS/cm; Minimum: 58 µS/cm. 

         (6/14 – 8/3/2011) – Average: 67 µS/cm; Maximum: 80 µS/cm; Minimum: 53 µS/cm. 

         (6/14 – 8/3/2012) – Average: 77 µS/cm; Maximum: 87 µS/cm; Minimum: 49 µS/cm. 

         (6/14 – 8/3/2013) – Average: 65 µS/cm; Maximum: 80 µS/cm; Minimum: 49 µS/cm. 

 
Figure 9.  Loyalsockville continuous specific conductance yearly report from 2010 to 2013. Data are overlapped for year-to-year 

comparison.  



pH: 

Lopez Statistics            (6/26 – 12/31/2008) – Average: 6.4 units; Maximum: 7.1 units; Minimum: 5.7 units. 

Montoursville Statistics (6/26 – 9/15/2008) – Average: 7.1 units; Maximum: 8.8 units; Minimum: 6.3 units.

 

Figure 10.  Lopez and Montoursville continuous pH and continuous discharge from June 24, 2008 to June 20, 2009.





Dissolved Oxygen:  

Loyalsockville Statistics   (6/14 – 8/3/2010) – Average: 8.4 mg/l; Maximum: 10.3 mg/l; Minimum: 6.6 mg/l. 

         (6/14 – 8/3/2011) – Average: 8.1 mg/l; Maximum: 9.8 mg/l; Minimum: 5.9 mg/l. 

         (6/14 – 8/3/2012) – Average: 8.2 mg/l; Maximum: 9.8 mg/l; Minimum: 6.6 mg/l. 

         (6/14 – 8/3/2013) – Average: 8.7 mg/l; Maximum: 10.1 mg/l; Minimum: 7.2 mg/l. 

 

 
Figure 12. Loyalsockville continuous dissolved oxygen yearly report from 2010 to 2013. Data are overlapped for year-to-year 

comparison.















ASSESSMENT: 

 

Continuous:  Continuous instream monitors (CIMs) record instream parameters that have 

defined water quality standards (WQS) in 25 Pa Code §93.7 (temperature, pH and DO). 

Certain conditions must be met in order to properly assess data from CIMs. Any readings 

that do not comply with the applicable numeric WQS criteria are considered exceedances 

and are reviewed to determine if representative of the stream segment and if representative 

of natural quality as stated in 25 Pa Code §93.7(d). All data reviews are consistent with 

requirements as described in 25 Pa Code §96.3 which includes the 99 percent frequency 

measurement rule. 

 

Defining Criteria Exceedance  

 

The WQS criteria for pH and DO are expressed as either a discrete minimum, discrete 

maximum, or as a daily average (continuous 24-hour period, §93.1) concentration.  The 

individual recordings exceeding the listed criteria are summed and the percent of the year 

(%Y) that those readings represent is calculated using the following equation: 

 

 %Y = 100 * [ n / (525,600 / i ) ] 

 

 Where 

 

 n = number of exceedances 

 i = recording interval in minutes 

The constant (525,600) is the number of minutes in a year (365 days * 24 hrs/day * 

60 min/hr) 

 

If %Y > 1, then the criterion is not achieved 99% of the time as required by §96.3(c), and 

the waterbody is considered in violation of water quality standards. A period of one year is 

applied as a rolling year to avoid arbitrary divides as with a calendar year or water year.  

The 99 percent frequency measurement calculation is based on one continuous 365-day 

period.   

 

Sampling Critical Time Periods  

 

Temperature, pH and DO are all affected by seasonal change and can, therefore, be 

predicted to a certain degree. For example, CIMs may be deployed during the growing 

season when increases in instream production and respiration occur.  The Department’s CIM 

efforts have documented increases in pH values, increases in diel pH fluctuation, 

corresponding decreases in DO values, and increases in diel DO fluctuation beginning in 

early spring and persisting through the fall.  This correlates with increased photoperiod and 

increased air and surface water temperatures.  The effect of increased temperature and 

photoperiod to increased instream production and respiration are well documented (Odum 

1956, Strickland et al. 1970, Neori and Holm-Hansen 1982, Raven and Geider 1988).  Diel 

fluctuation is the difference of minimum and maximum values over a 24-hour period.  This 

is caused by both plant photosynthetic activity and respiration throughout the day and 

community respiration at night (Odum 1956, White et al. 1991, Wurts 2003).  An increased 

photoperiod with adequate nutrition will increase the standing biomass of photosynthetic 

organisms (Valenti et al. 2011).  Phosphorus has been documented to be the limiting factor 

of standing biomass in freshwater systems (Stevenson 2006), however other studies 

indicate increased nitrogen and phosphorus can produce higher biomass than nitrogen or 

phosphorus alone, suggesting co-limitation (Carrick and Price 2011).  During the growing 

season, pH is most likely to exceed maximum criteria (9.0) and DO to fall below the 



minimum criteria or 7-day average as described in §93.7, for each critical use. Sampling 

during critical periods may give sufficient information to make an assessment decision and 

greatly reduce the amount of resources needed to conduct the survey. 

 

The Department must also recognize that critical or limiting conditions may not be 

consistent year-to-year, and a single year of data may not accurately represent conditions 

that water quality standards were developed to protect.  Typically, this is driven by the 

amount and timing of precipitation for a given period or year.  Elevated precipitation will 

result in increased surface water discharge, which moderates limiting conditions 

characterized by temperature, pH and DO.  The Department has documented in past 

surveys that elevated discharge can reduce daily DO, pH, and temperature fluctuations and 

increase daily minimum DO values and decrease maximum pH and temperature values.  It 

is imperative to characterize conditions that drive critical or limiting conditions, and 

reference those conditions as part of the protected use assessment and subsequent 

reassessments. 

 

CIM, Temperature  

 

Temperature criteria in §93.7 are applied to heated waste sources regulated under 25 Pa 

Code Chapters 92a and 96. Temperature limits apply to other sources when they are 

needed to protect designated and existing uses. An appropriate thermal evaluation includes 

a biological assessment based on instream flora and fauna to determine whether the 

biological community is affected by the thermal regime. Typically, fish community 

evaluations have the best resolution in characterizing a waterbody’s thermal regime due to 

the effects to physiology and distribution patterns (Shuter et al. 1980, Ridgeway and Shuter 

1991, Azevedo et al. 1998, Wehrly and Wiley 2003, Lyons et al. 2009).  CIM temperature 

data is not typically used to assess critical uses.  However, High Quality criterion in § 93.4b 

(a)(1)(i), “The water has long-term water quality, based on at least one year of data which 

exceeds levels….at least 99% of the time…” for a list of parameters including temperature 

may be applied to qualify as a High Quality Water.   

 

CIM temperature data was compared to temperature criteria found in Table 3 of §93.7.  CIM 

data collected 2008 through 2013 do not meet Cold Water Fishes (CWF) temperature 

criteria in §93.7 99% of the time.  TSF criteria is met 99% of the time at Lopez 2008 

through 2009 and at Montoursville 2008 through 2009, however the Montoursville 

evaluation is based on less than one continuous year of data (Table 8).  Generally, 

temperatures are more elevated in downstream reaches.  In 2011 the Loyalsockville site 

had maximum temperature of 32.9°C, but the maximum average of 24.8°C was 

documented from Loyalsockville in 2010 (Figure 7).    

 







capacity.  Lower pH with less daily fluctuation and with significant seasonal depressions 

beginning as early as late November and persisting through early spring is also an indication 

of limited buffering.  Most pH depressions for the Lopez site are accompanied by high-water 

storm and snowmelt events characteristic of acid deposition impacts.  pH criteria violations 

did occur on at least two separate occasions December - January, 2009 and again on 

multiple occasions March – April, 2009 (Figure 10).  At the lower mainstem sites pH levels 

are comparatively higher with greater daily fluctuations during summer months, and minor 

seasonal depressions through the colder months (Figures 10 & 11). 

 

Specific conductance measurements at Loyalsockville were relatively consistent and low 

over the four years (2010-2013) with yearly averages ranging 65-77 µS/cm (Table 10). CIM 

measurements of pH were more variable year-to-year. Daily swings of pH measurements in 

2012 were much reduced compared to other years (Figure 11). Fluctuations were higher in 

July and August of 2010 and July 2011 with swings of over two units. The maximum pH of 

9.42 units (July 2011) exceeds the water quality criterion (Table 3 of §93.7(a)), however, 

does not violate the 99% requirement (§96.3(c)).  There were no violations of DO criteria 

(5.0 mg/l), but daily fluctuations were different across 2010 – 2013 data.  Daily DO 

fluctuations were lowest in 2013 and highest in 2010.  Daily DO fluctuations correlate with 

average discharge with 2013 having the highest (691 CFS) and 2010 the lowest (94 CFS) 

(Table 10 & Figure 13).  Yearly and seasonal characteristics, like discharge, must be 

considered when evaluating CIM data. 

 

Biological samples indicate that the lower mainstem of Loyalsock Creek is attaining the 

aquatic life use of TSF, MF as well as the existing use of EV, MF.  The Department conducted 

an evaluation of Loyalsock Creek in response to a petition to redesignate Loyalsock Creek.  

Based on surveys conducted in 2008 the Department determined that the existing use of 

Loyalsock Creek to be EV, MF.  The existing use of Loyalsock Creek mainstem was signed on 

July 2, 2008.  An additional evaluation was completed subsequent to the 2008 evaluation, 

and an additional existing use determination was made for the remainder of the Loyalsock 

Creek basin.  Existing use documentation can be found on the Department’s website 

subsequent to final stream redesignation rulemaking.  

 

Table 10. Loyalsockville comparison of year-to-year CIM data from June 14 to August 3.  

  2010 2011 2012 2013 

Water 

Temperature 

Min 17.3 15.4 17.8 15.8 

Avg 24.8 23.8 23.9 21.5 

Max 31.7 32.9 29.9 28.0 

Specific 

Conductance 

Min 58 53 50 49 

Avg 73 67 77 65 

Max 80 80 87 80 

pH 

Min 7.1 6.8 7.3 6.6 

Avg 7.9 7.4 7.8 7.4 

Max 9.0 9.4 8.7 8.6 

Dissolved 

Oxygen 

Min 6.6 5.9 6.6 7.2 

Avg 8.4 8.1 8.2 8.7 

Max 10.3 9.8 9.8 10.1 

Daily DO 

Fluctuation 

Avg 2.2 1.6 1.7 1.3 

Max 7-

day Avg 
2.6 2.8 2.2 1.8 

Max 2.8 3.1 2.3 2.1 

Discharge Avg 94 178 182 691 



 

 
Figure 13. Loyalsockville comparison of average daily dissolved oxygen range (boxplots) 

from June 14 to August 3 each year. Average discharge for the period (red triangles) is 

included to demonstrate the effect of flow on production-based fluctuations in dissolved 

oxygen. 
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