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Introduction

1.0 INTRODUCTION

1.1  DESCRIPTION OF F.E. WALTER RESERVOIR

The U.S. Army Corps of Engineers (USACE) manages F.E. Walter Reservoir located
in northeastern Pennsylvania within the Delaware River Basin. F.E. Walter Reservoir is an
integral part of the Lehigh River Flood Control Program. The authorized purpose of this
project is flood control. The reservoir project was authorized for recreation and specifically
white water recreation as part of Public Law 100-676, Section 6, dated November 17,
1988. Located about 9 miles southeast of Wilkes-Barre, PA, the reservoir dams a drainage
area of 288 square miles. The dam can impound up to 35.8 billion gallons of floodwater.
The primary surface water input into the reservoir is the Lehigh River as it flows west
between Luzerne and Carbon Counties. Bear Creek, a secondary surface water input,
enters the reservoir from the north. Tobyhanna Creek drains an area to the southeast and
joins the Lehigh River near the headwaters of the reservoir. The reservoir is approximately
3 miles long and typically approximately 50 feet deep behind the dam when not operating
for flood control or recreation. In an effort to maximize recreational potential in the
reservoir and on the Lehigh River downstream, specifically recreational boating and fishing,
the normal operating pool of 50 feet was raised an additional 65 feet in April of 2007.
The additional storage was used to augment low flows in the Lehigh River downstream
and increase the number of recreational boating releases throughout the summer recreation
season.

1.2 PURPOSE OF THE MONITORING PROGRAM

Foremost, F.E. Walter Reservoir provides flood control to downstream communities
on the Lehigh River. Additionally, the reservoir provides important habitat for fish,
waterfowl, and other wildlife, and recreational opportunities through fishing and boating.
Drinking water intakes exist at various locations on the Lehigh River downstream of the
dam. Due to the broad range of uses and demands F.E. Walter Reservoir serves, the
USACE monitors water quality and other aspects related to reservoir health primarily to
ensure public health safety. Water quality monitoring results are compared to state water
quality standards and used to diagnose other problems that commonly effect reservoir
health such as nutrient enrichment and toxic loadings. This report summarizes the results
of water quality monitoring at F.E. Walter Reservoir and its tributaries from May through
November 2007.
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Introduction

1.3 ELEMENTS OF THE STUDY

The USACE, Philadelphia District, has been monitoring the water quality of F.E.
Walter Reservoir since 1975. Over this time, yearly monitoring program designs have
evolved to address new areas of concern such as health aspects of public drinking water,
sediment contaminants within the reservoir basin, and a 2002 investigation of a hydrogen
sulfide smell near the tail water of the dam. The 2007 monitoring program was similar to
those in recent years with additional sampling to monitor water quality changes occurring
within the reservoir and downstream as a result of modified operations. The major
elements of the monitoring included:

*  Monthly water quality and bacteria monitoring from May through November to
evaluate compliance with the Pennsylvania state water quality standards.
Sampling was postponed in the months of August and September due to
sampling equipment failure and subsequent repair;

e Multiple unscheduled profile samples for temperature, dissolved oxygen,
chlorophyll, pH and conductivity at the deepest station in the reservoir;

®* Automated half-hour temperature recorders at five stations along the Lehigh
River below the reservoir.

1-2
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2.0 METHODS

2.1  PHYSICAL STRATIFICATION MONITORING

Physical stratification monitoring of the water column of F.E. Walter Reservoir was
conducted five times between May and November 2007 at all stations (Table 2-1).
Sampling was postponed in the months of August and September due to sampling
equipment failure and subsequent repair delays. Physical stratification parameters included
temperature, dissolved oxygen (DO), pH, Chlorophyll a, depth, turbidity, and conductivity.
Monitoring was conducted at seven fixed stations located throughout the reservoir
watershed (Fig. 2-1). Surface water quality was monitored at stations downstream (outfall
discharge) of the reservoir (WA-1) and tributary upstream stations on Tobyhanna Creek
(WA-3], the Lehigh River (WA-4), and Bear Creek (WA-b). Stratification monitoring was
conducted within the reservoir at a reservoir tower station (WA-2), Bear Creek arm of the
lake (WA-6), and Lehigh River arm of the lake (WA-7) with water quality measured at the
surface to the bottom at 5-ft intervals. Stratification monitoring at station WA-2 and WA-
1 were conducted a total of 11 times throughout the season from May through November
to monitor the changes in water quality as a result of modified operations in 2007. All of
the water quality monitoring was conducted with a calibrated YSI 6600 water quality
meter.

In this report, water quality data recorded from stratification monitoring were com-
pared to applicable water quality standards mandated by the Pennsylvania Department of
Environmental Protection (PADEP Chapter 93). The standard for DO is a minimum concen-
tration of 5 mg/L, and that for pH is an acceptable range from 6 to 9. All of the water
quality data collected during physical stratification monitoring is summarized in Appendix
A.

2.2 WATER COLUMN CHEMISTRY MONITORING

Water column chemistry monitoring was conducted five times at F.E. Walter
Reservoir between May and November 2007 (Table 2-1). Sampling was postponed in the
months of August and September due to sampling equipment failure and subsequent repair
delays. Water samples were collected at the seven fixed stations throughout the reservoir
drainage area (Fig. 2-1). Surface water samples were collected at stations downstream of
the reservoir (WA-1) and upstream on Tobyhanna Creek (WA-3), the Lehigh River (WA-4),
and Bear Creek (WA-5). Surface, middle, and bottom water samples were collected at the
reservoir-body stations WA-2, WA-6, and WA-7. Surface water samples were collected by
opening the sample containers approximately 1 foot below the water’'s surface. Middle
and bottom samples were collected with a Van Dorn design water bottle sampler. All
samples were placed on ice in a cooler and shipped to a certified laboratory for testing.

2-1



Methods

Water samples collected from surface, middle, and bottom depths were analyzed for
ammonia, nitrite, nitrate, total Kjeldahl nitrogen (TKN), total phosphorus, diss./ortho-
phosphate, soluble phosphorus, total dissolved solids (TDS), total suspended solids (TSS),
biochemical oxygen demand (BOD), alkalinity, total organic carbon (TOC), total inorganic
carbon (TIC), total carbon, and chlorophyll a. Table 2-2 summarizes the water quality
parameters; laboratory method detection limits, state water quality standards, and
allowable and achieved maximum hold times for each.

2-2
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Figure 2-1.  Location map for F.E. Walter Reservoir and Lehigh River temperature probe
monitoring stations in 2007



Methods

Table 2-2. Water quality test methods, detection limits, state regulatory criteria, and
sample holding times for water quality parameters monitored at F.E. Walter

Reservoir in 2007

Maximum
PADEP Surface | Allowable Hold Time
Detection Water Quality Hold Times Achieved
Parameter Method Limit Criteria (Days) {Days)
Alkalinity SM18 5.0 mg/L minimum 14 (X)
23208B 20 mg/L
CaCOs
Biochemical Oxygen SMb5210B 2.0 mg/L None 2
Demand (BOD)
Total Phosphorus MCAWW 0.002 None 28 (X)
365.1 mg/L
Diss./Ortho-Phosphate 300.0 A 0.014 mg/L None 28 (X)
Soluble Phosphorus 4500-PE 0.034 mg/L None 28 (X}
Total Organic Carbon SW846 1.0 mg/L None 14 (X}
9060
Total Inorganic Carbon SW846 1.0 mg/L None 28 (X)
9060
Total Carbon SW846 1.0 mg/L None 28 (X)
9060
* Chlorophyll a None
Total Kjeldahl Nitrogen 351.2 0.25 mg/L None 28 (X)
Ammonia MCAWW 0.004mg/L Temperature 28 (X)
350.1 and pH
Low L dependent
Nitrate MCAWW | 0.018 mg/L Maximum 28 {X)
353.2 10 mg/L
Nitrite MCAWW | 0.016 mg/L (nitrate + 28 (X)
353.2 nitrite)
Total Dissolved Solids SM18 10 mg/L Maximum 7 (X)
2540C 500 mg/L
Total Suspended Solids SM18 1.7 mg/L None 7 (X)
2540D

* Chlorophyll @ samples were recorded using a YSI 6600 with a chlorophyll sensor.
** (X) Hold times acheived
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2.3 TROPHIC STATE DETERMINATION

The trophic state of F.E. Walter Reservoir was determined by methods outlined by
Carlson (1977). In general, this method calculates trophic state indices (TSls)
independently for total phosphorus and chlorophyll a concentrations, and secchi disk
depth. Surface water measures of total phosphorus and chlorophyll a from chemistry
monitoring were used independently in determining monthly TSI values. Secchi disk depth
was measured only in surface waters in the reservoir-body. Trophic state determinations
were made using criteria defined by Carlson (1977) and EPA (1983) and calculated only for
Station WA-2 within the reservoir.

2.4 RESERVOIR BACTERIA MONITORING

Monitoring for coliform bacteria contaminants was conducted five times between
May and November at F.E. Walter Reservoir. Surface water samples were collected in the
same manner as for chemical parameter samples, and analyzed for total and fecal coliform
and e-coli bacteria contamination. Table 2-3 presents the test methods, detection limits,
PADEP standards, and sample holding times for the bacteria parameters monitored at F.E.
Walter Reservoir in 2007. The bacteria analytical method was based on a membrane
filtration technique. All of the samples were analyzed within their maximum allowable hold
times.

Monthly coliform bacteria counts were compared to the PADEP single sample and
swimming beach water quality standard for bacteria. The multiple beach sample standards
is defined as a maximum geometric mean of 200 colonies/100-ml based on five samples
collected on different days within a 30-day period. Application of this standard is not
necessary at F.E. Walter because swimming and other human/water contact recreation is
prohibited in the reservoir. However, it is used in evaluating the bacteria results.

| Table 2-3. Water quality test methods, detection limits, PADEP water quality standards,
and sample holding times for bacteria parameters monitored at F.E. Walter
Reservaoir in 2007

Parameter Total coliform Fecal coliform
Test method SM 92228 SM9222D
Detection limit 10 cins/100-mis 10 ¢lns/100-mi
Geometric mean less than 200 clns/100-ml
PADEP standard (application of this standard is conservative because
swimming is not permitted in the reservoir)
Maximum allowable 30 hours 30 hours
holding time
Achieved holding time < 30 hours < 30 hours

2-6
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2.5 LEHIGH WATER QUALITY MONITORING

Ambient water temperature was recorded every % hour with Onset Computer
Corporation TidbiT'™ probes at five stations along the Lehigh River. The station locations
were LH-2 (just below the F. E. Walter dam outfall), station LH-3 (Tannery Bridge located
several miles downstream of the dam), LH-10 (Lehighton near the Lehighton water intake
facility), LH-15 (Walnutport), and LH-18 near Catasauqua, PA just upstream of the Lehigh
Rivers confluence with Hockendauqua Creek. Station LH-18 was newly established in
2007. A temperature probe located at the Treichlers Bridge over the Lehigh River was also
lost during the early portion of the sampling season. Loss of this probe is assumed to be
the result of vandalism.

2-7



Results and Discussion

3.0 RESULTS AND DISCUSSION

3.1 STRATIFICATION MONITORING

The following sections describe temporal and spatial patterns for the water quality
parameters of temperature, dissolved oxygen (DO) and pH measured throughout the F.E.
Walter Reservoir watershed during 2007. Additionally, patterns related to season and
depths are described for station WA-2 located in the reservoir. Maximum depths for WA-2
vary between approximately 50 to 115 feet due to operations in 2007. All of the
stratification data collected during the 2007 monitoring period is presented in Appendix A.

3.1.1 Temperature

Temperature is the primary influencing factor on water density, affects the solubility
of many chemicals compounds, and can therefore influence the effect of pollutants on
aquatic life. Increased temperatures elevate the metabolic oxygen demand, in conjunction
with reduced oxygen solubility, and can impact many species. Vertical stratification
patterns naturally occurring in lakes affect the distribution of dissolved and suspended
compounds.

Temperature of the tributary surface waters (Stations WA-3, -4, and -5) of the F.E.
Walter Reservoir watershed generally followed a similar pattern throughout the monitoring
period. Temperatures increased throughout the summer and peaked during mid-July
sampling at approximately 20.76 °C (Fig. 3-1). Downstream release (station WA-1)
surface temperatures peaked in early August at approximately 21.49 °C. Temperatures in
surface waters of the reservoir-body (station WA-2, -6, and -7) were generally warmer
than in tributaries and downstream of the dam as a result of warming from the sun. In-
lake reservoir surface temperatures peaked in early August at approximately 26.15 °C.

The water column of F.E. Walter Reservoir was stratified during most of the 2007
sampling season (Fig. 3-2). Due to operational changes in 2007, specifically the raising of
the base pool level and recreational release operations, the temperature stratification within
the reservoir was likely affected by bottom flood gate releases on various occasions during
the season. As a result, lower and typically cooler bottom waters are withdrawn first,
likely causing a disruption in stratification and accelerated depletion of cooler bottom
waters. Overall, 2007 reservoir and release temperatures were lower than seen during
operations in 2005 and 2006. This can be a result of numerous factors to include
operating at a higher pool level, recreational release schedules, and meteorological
conditions throughout the season.



Results and Discussion

3.1.2 Dissolved Oxygen

Dissolved oxygen (DO) is the measure of the amount of DO in water. Typically, DO
concentrations in surface waters are less than 10 mg/L. Dissolved Oxygen concentrations
are subject to diurnal and seasonal fluctuations that can be influenced, in part, by
temperature, river discharge, and photosynthetic activity. Dissolved Oxygen is essential to
the respiratory metabolism of most aquatic organisms. It affects the availability and
solubility of nutrients and subsequently the productivity of aquatic ecosystems. Low levels
of oxygen can facilitate the release of nutrients from bottom sediments.

In 2007, DO in the tributary surface waters (stations WA-3, -4, and -5) of F.E.
Waliter Reservoir remained relatively constant from May through October sampling with an
increasing trend into November. This can be attributed to typically well oxygenated stream
and river systems. Station WA-1 located downstream of F.E. Walter Reservoir also
maintained a similar pattern. This can be attributed to the aeration of reservoir bottom
waters as it passes through the conduit system of the dam.

The water column of F.E. Walter Reservoir was weakly stratified with respect to
DO during most of the sampling season (Fig. 3-4). From May through mid-June and
November the water column was relatively uniform with concentrations remaining fairly
stable and typically above state criteria (5 mg/l) throughout the water column. The rest of
the sampling season has shown a trend of decreasing or varying DO concentrations at
greater depths in the water column. The lowest DO concentrations were recorded during
the 19 July sampling event. Measurements below the state criteria were seen from mid-
July into August.

The health of aquatic ecosystems can be impaired by low DO concentrations in the
water column. Hypoxia, or conditions of DO concentrations less than 2 mg/L, is generally
accepted as the threshold at which the most severe effects on biota occur. In late July of
2007, the bottom waters of F.E. Walter Reservoir experienced hypoxia or near hypoxic
conditions (Fig. 3-4). Release water is re-aerated as it passes through the conduit system
of the reservoir. As a result, water releases from the deeper portions of the reservoir
containing lower DO concentration did not directly impact the Lehigh River downstream.
DO concentrations downstream ranged from 8.21 mg/L to 11.71 mg/L throughout the
sampling season.

3.1.3 pH

PH is the measure of the hydrogen —ion concentration in the water. A pH below 7
is considered acidic and a pH above 7 is basic. The pH scale is 0-14 with the lower
numbers being more acidic and the higher numbers being more basic. High pH values tend
to facilitate solubilization of ammonia, salts, and heavy metals. Low pH levels tend to

3-2



Results and Discussion

increase carbonic acid and carbon dioxide concentrations. Lethal effects of pH on aquatic
life typically occur below pH 4.5 and above pH 9.5.

Measures of pH in tributary surface (WA-3, -4, and -5) waters of F.E. Walter
Reservoir generally followed a similar pattern during 2007 and remained relatively constant
or within a narrow range of values throughout the sampling season. The lowest pH level
of 5.85 recorded during the sampling season occurred at station WA-5 during the
November sampling.

On most monitoring dates in 2007, measures of pH within the lake were higher
near the surface waters (Fig. 3-6). Likely, this is a result of increased algal productivity in
the trophic zone of the lake (influenced by sun light and primary production). Measures of
pH in the deeper portions of the water column of F.E. Walter Reservoir were routinely not
in compliance with PADEP water quality standards. The water quality standard for pH is a
range of acceptable measures between 6 and 9. Portions of the water column at station
WA-2 was below the pH standard of 6.0 for all sampling dates except for October and
November (Appendix A).

3.1.4 Conductivity

Conductivity is the measure of the ability of water to conduct electric current. The
greater the content of ions in the water, then the more current the water can carry. lons
are dissolved metals and other dissolved materials. Specific conductivity can be used to
estimate the total ion concentration of the water and is sometimes used as an alternative
measure of dissolved solids. Natural waters are found to vary between .05 and 1.5
mS/cm.

Of the three tributary surface water stations (WA-3, -4, -5) sampled at F.E. Walter
Reservoir, station WA-3S routinely had the highest conductivity measures (Appendix A).
The maximum conductivity measure of 0.114 mS/cm was recorded at Station WA-3S in
October. Conductivity was routinely lower upstream of the reservoir at station WA-5. In
most months, conductivity measures were generally uniform throughout the water column,
but showed a slight increasing trend deeper in the water column notably in August.
Conductivity patterns in the water column at station WA-2 were at their lowest in
November and July and at their highest levels in May and June.

3.2 WATER COLUMN CHEMISTRY MONITORING

Table 3-2 provides a summary of water column chemistry sampling for all stations
and dates sampled at F.E. Walter Reservoir in 2007. The following sections describe the
temporal, spatial, and depth related patterns for these water quality measures.



‘sanjeA psano|d ayl jo AJewwns e Jo} y Xipuaddy
995 '£00Z Bulnp Joniasay 19 BM "I'4 JO SI91BM 90BWNS (|-YA) 9SB3ja) pue AJeinqul ul painseaw ainjessdwal  CL-€ 2inbBi4

a)eq Huydweg
v VRV GRS G
SUPNMIRORCR U N R
PPHEFT PTPFFHFTFTHT S
SRR SN R L VR
0
D
GVM X 5 3
PYM X || —+ 0l
EYM =
VM- | (53
oD
00 =
o
14
(9,) sainjesadwa |
suoije}s Jajep\ adepung e "3 2002

3-4



"sanjeA panojd ay3 0 Asewwns e 1oy y Xipuaddy 89S /00
Buunp Z-wM uollels 1e J10AIBSaY J83BAA T "4 JO UWN(OD Jalem ay] Ul painseaw ainjesadwel Jo uoneoyneng -z-¢ ainbi4

O, @dmesadwa)
LC 9C ST vZ €Z 22 LZ 0CZ 6L 8L ZLL 9L SL ¥L €L 2L LL OL 6 8 L 9
COﬂ_._aF—OO o E—— ; . |m‘. S——I - — o S QmN—‘
aamjesadweyj I | | o 4 ! | | | | | —+1 6621
moino ¢ —7 0921
—+ G921
200Z/9/L1 —r 0LZL
— G121}
—7 08¢CL
£00Z/)11/0) —o— I -4
—7 0621
1002/8/8 —o— | gezL w
—7 00€1L
L00Z/6L/L — GO0t1L .m.
—toer I
—+ SIEL m
2002/ZLIL —o— “Toeer T
N — G2EL <
1002/62/9 —H— —7 0tEL m.
-1 GeEL O
£002/12/9 — W= —+ ovEL 2
—1 GPEL
— 0S€L
L00ZIvLI9 T geet
— 09€1
200Z/L9 L > _ | — | gogl
B ,f , : (1724 7
L00Z/¥2IS —=- . - - - GlE1L
—- : w : " w o8¢l
2002/p/S —e ¥ . . _ . V * _ 1 151714 2
(1amo] Z-vM) ®130ud
ainjeladwa] |euoseas 200 110AI9S3Y Jd)Jep\ T4

3-5



39S "£00T Buunp JloAlasay JalleM T ‘4 4O SIB1BM (|-WM) 3SES[a] PUB 8DBLINS U) painseaw UsbAXo panjossig g-g 8inbig

‘njeA pano|d syl 4o Asewwns e 10y Y xipuaddy

GVM o
rvm v
&M
YM—4-

ojeq Huidweg
N
N I T L N A R T Y
F & & ¢
I N N\ S\ S M\

| | ! | | °
|.V .o
lm\.’
: -8 3
\ s, 0l
INF(

14

uabAxQ paAjossiq
SI9jep adelng Jajjep '3°4 2002

3-6



sen|eA

pa110|d ay1 Jo AJewwns e 1o} Yy xipuaddy 8ag "7/6w G JO UOIBIIUBOUOD WNWIUIW € S| OQ 404 piepuels Aljenb Jsiem d3gvd
ayl °/00Z BULNp Z-WA\ UOIIBIS 1B JIOAISSaY 81BN "J'4 JO UWN|OD JB1EM dY3 Ul painseaw uabAxo panjossiq ‘f-g @inbig

I/Bw uabAxQO paAjossIQ

L002/9/LY ="

L00Z/LL/0L —o—

1200zZ/¢/8 —o—

1002Z/6}/L

2002/2viL —9—

4002/62/9 —*F—

2002/12/9 ——

4002/v L9

1002/49

L00e/veis —

12002/v/S —o—

(1emo ] Z-wM) 211014 uabAxQ
paAjOSSI( [BUOSEaS 200C J10AI8S3Y J33|BMA

0scl
11748
o9zl
S9Z1
oLzi
SiZl
oscli
1°1:148
0621
S6¢cl
00glL
SoEL
oLEL
SLEL
ocel
scel
0EEl
SEEl
orel
SYeEl
0sel
SSEL
09t}
S9¢tL
0lcl
SLEL

(uonensg) wpdeq

3-7



‘sanjeA pano|d syl

j0 Alewuwns e Joj y xipuaddy 9ag ‘g 01 g wouy abues ajqeidesoe ue si Hd Joj piepuels Alenb Ja1em 43qvd
3yl °£00zZ Buunp sonsesay Joljepp 374 JO SI9IBM B0BLINS (| -YAN) 9SE3[a) pue Aseinqul ul Hd jo sainsespy ‘G-¢ ainbBiy

ajeq budweg

Gvm v
VM <
eVM

L-VM —¢—

Hd
SieJej\ adepung Jsjjep "3'4 2002

3-8



‘anjeA payyojd ayl jo Alewwns e 1o} y xipuaddy aag -g 01 9 wouy abuel a|qerdasoe ue si Hd piepuels Aljenb Jaiem 43gvd
9yl '/00Z Buunp zZ-¥M UOIElS 1B JIOAISSAY JOBAA ‘I'4 JO UWN|OD JIBM 3] Ul painseaw Hd jo uoneosyineng '9-¢ @inbig

0sZl
+ SSCL
+ 0921
+ S921
4+ 0421
+ GL21
+ 08¢CL
+ €821
+ 0621
+ S6¢C1
+ 00€}
+ S0€}
-+ OLEL
+ SLEL
+ 0Z¢lL
+ S2¢l
+ 0€EL
+ GEE€I
-+ OPEL
+ SbElL
-+ 0S€}
+ GSEIL
-+ 09€1}
-+ G9€1
L00Z/vIS —o— F—— —— i + 0LEL
EE—— L Gl€}

(4amo ] Z2-vM)
9]1j0.d _._n_ jeuosesg 2002 JIOAIOSOY I3} M = b |

200Z/9/LL 7 -

L00Z/1L1/0L ——

2002/¢/8 —=—

100Z/64/L

looz/zLiL—o—

1002/62/9 —*—

L00Z/12/9 —=—

(uoneas|g) Ypdea

1002Z/vL/9

1002/49

L002/v2TIS — "

3-9



[ £ 0 g l [ S G 0 o L 0 Q jo 'oN
00 8L 0000 0200’ 0 +'0 €9°'G 881 L¢°o 000’ LEO’ 00 neQ "pig
00 Ll ¥L0'0 1600° €0 l (VWA - 06°S €00 910’ 8L0° o'z wnwiuipy
1’0 09 ¥10°0 GELO’ 90 Z 0'09 €0l 0§'0 910 oolL’ 0z Wwinuwixe
1’0 q'e ¥10°0 oLLO’ €0 Z Z'vS 9e°/ €L0 910’ teo’ 0¢ ueapy
L10°0 L'l 100 |> | soL0" 90 L 09 09 S0 910" |> | L0 Zi> AON-9
8v0'0 Ll 100 (> | gel0° ST | > 4 GG €0l YE0"  |> | 910" |> | 810" |> Z|> | wo-11
60L°0 9 Y00 (> | 9zio 1 TAN Z 65 L'L YeEO" |> | 910" |> | 810" (> Z > Inr-6L
+60°0 14 Y00 (> | 1600 s | > Z 0§ €L YEO™ |> | 910" |> | 810" |> Z2|>| unp-iz
£¥0°0 14 100 |[> 1L600° sc |> Z V&% GG YEO” |> [ 910" |> | 810" |> 21> | AeN ve WZ-YM
S l 0 g 0 14 S g 0 0 l 0 d Jo 'oN
00 S'L 000°0 GZ00" 00 S0 .9V 6€'C 000 000° LEOD’ 00 AeQ ‘pIs
00 L'l ¥10°0 £2900° €0 L 0'06 09°'G €00 910’ 8LO’ 0z wnuupy
L0 0's v10°0 £Z1L0’ €0 Z 0'€9 oLl €0°0 910 oolL’ 0c wnuwixep
G0'0 v'c ¥10°0 800" €0 L 9'9% 08, €00 9l0° 1400} 0z uespy
LS00 L'l v100 |> | 00 ST | > l €9 Z'9 Ye0” (> (910" (> | L'O Z > AON-9
LY0'0 S Y00 |> | gz1O s > Z 0§ L6 PEO™ |> | 910" |> | 8LO" |> Z|> 1] 100-11
S¥0°0 Ll vi00 | > | v010 §Z > l 86 oLl YeO" |> 1 910" |> | 810" |> z > inr-61
$G0'0 L'l v100 | > | 6900 s¢ | > z 9g G'9 YEQ" |> | 910" |> | 810" |> 21> unp-L2
LEO'0O L'l Y100 | > | £900 ¢ |> l 9% 9°G YEO" |> | 910" |> | 8L0° |> Z > | Ao b2 SZ-YM
g [4 0 g 0 S g S 0 0 [4 0 a 40 "oN
00 S'v 0000 Z00’ 00 50 £€el 1A 00° 000 S0’ 00 a ps
00 Ll 100 0L0’ €0 L o'6¥ 08°'S €0’ 910’ 810’ 0¢ Uy
L0 oclL ¥10°0 L10° €0 z 018 €01 €0’ 9.0 oolL’ 0¢ ‘Xe
L0 9'v ¥10°0 €10 €0 Z 0'6S 96/ €0’ 910’ Leo’ 0'c uespy
Zv0'0 Ll 100 |> oLo’ ST |> L L8 89 €0’ 910" I> | LO Z > AON-g
880°0 zl 100 |> LLO SZ° |> 4 LS g0l veEO” 910" |> | 810 Zi> 1| o1l
L80°0 9 100 | > €10 ST | > Z ¢9| | L's vEQ’ aLO’ [>| Lo Z > Inr-61
LEL'O Ll ¥100 (> 10 ST |> Z 6 | | 89| | PEO" |: | 910" [> [ 8LO° zZ (> | unpiz
$90°0 Ll ¥L00 |> | zL0° sz |> L zs | | ss| [¥e0 [>[910 |5 | 810" [> Z > | ten vz SL-YM
€HN SS1 d $Sid dl NJIL L sal| | ¥V | v0d _ ZON | EON | aos 31va | NOILV1S

£00Z Wl JioAlasay 181Rp 3°4 10} eiep Suuojuow Aygendb segem Woljoq pu2 ‘gjppis ‘adeuns Jo AlBWWING "|-€ SjGel

UOISSNIosI(j pue s}jnsey




S 4 0 S S o'l g S S 0 0 l L Q o "oN
L0 8¢ 0000 LLLO" ! €0 61 L'y zE'8 000 000’ LEO 6'0 A9Q "PIS
0'0 L'l 100 L600° 0z €0 l 0'9F 0s/ €00 910° 8L0 0'¢C wnuiuiy
Z0 o8 100 92S0° 0'S (O 9 065 8/2 €0°0 90’ 0oL’ o'V wnwixepw
L°0 9t ¥10°0 9120 9'E ¥'0 € YA A" A €00 910’ 120X 'z ueapy

St0°0 L'l 100 | > L600° v SZ° | > L 69 §'L ¥€0" |> | 910" |> | 810° Zi> AON-9
9zZ'0 ] Y100 |> | 9260 g (O 9 S WA ¥€0" |> | 910" |> | 810° v 190-1L
9+0°0 8 ¥100 (> | vL10O Z S (> € 1S 6'ClL vEO” |> | 910" |> | 8LO° Z > Inr-6L
1100 Ll Y00 | > | 9710 v S (> € 1S L0l YeO" |> | 910" |> L0 Z > unp-(z
£€€0°0 Ll 100 |> | zZL10 € s¢ (> [4 ot '8 ve0" |> | 910" |> | 8LO° 2> | AR bZ St-¥YM

] [4 0 ] g l ] ] ] 0 0 € l Qg j0 ‘ON
00 6t 000°0 £610° Ll [AY ¥'0 ¥€'8 §56°C L2’0 000 S¥0’ 00 A8Q 'PIS
0°0 Ll ¥10'0 110 0t €0 L 0°'6S 0Z'9 €00 910 8L0° 0 wnwiupy
L0 o€l ¥10'0 9GG0° oL 90 Z 09/ (Al 0s0 910’ oolL’ 0z winwixe
L0 vy 100 L1120 v €0 Z 0°'89 28’8 €L'0 9L0° L90° 0z ueay

090°0 L'l Y100 (> | ggl10° L 9'0 L ZL oL G0 |>|9l0 |> L0 Z > AON-9Q
9v0'0 €l 100 | > 1 9650 S ez (> Z vL GZl veO" [> | 910" |> L0 Z 190-11
£G0'0 L'l 00 (> v1L10O € ST | > Z 65 0ol vEOD" (> | 910" |> | 8LO° Z > Inr-61
€200 Ll Y100 |> | vE10 v sc’ |> Z 9L Z'8 YeEO" (> | 910" |> | 8LO° Z > unp-1Lz
g20°'0 v Y00 | > | gLLO € SC° |> 4 68 9 YEO |> [ 910" |> | L°O Z2|> | AeW bz SE-VM

S S 0 S g l S S S l 0 € 0 Q J0 'ON
L'0 L0l 0000 90€0° 1L €0 L0 8'vl L8l vZ'o 000’ S0’ 00 AeQ 'pI1S
00 0's +10°0 rAN 10} o¢ €0 L 0'St 09'S €00 910’ 8L0° 0z winwiuiy
Z0 ove ¥10°0 8Z60° oS o'l ) 09/ Lol 960 910 oolL’ 0c winwixep
20 0'09 ¥10°0 G20’ 8 ¥'0 Z 9'L9 ¥8'2 ¥1°0 910 L90° 0¢ ueay

SH0°0 9 Y100 |> | zelo S S (> L 9L +'9 PE0" |> | 910" |> L0 Z > AON-9

G220 (074 Y100 [ > | 96£0° € ST (> Z 99 Lot vEO" |> | 910" |> | 8LO° 21> 1| 0oLl

091°0 €l Y100 | > | 6£20° € 8¢ | > Z 424 Z'6 YEO |> | 910" |> L0 Z|> Inr-6L

9€2°0 44 100 |> | 8z¥o € ST (> € YA 6'L $€0° (> | 910" |> | 810° Z > unp-1zZ

LG1°0 ove v10'0 | > | 8z6o S 0’1 4 St 9'G 95°0 910" |> | L0 z|> | Aew vz aZ-YM
€HN SSL d $S10 di 0L AL 21 sal NIV $0d CON EON aos J17vd | NOLLYLS

L00Z Ul 110A1883Y Jaljepp “J°4 40} ejep Buuoliuow Apenb iajem woryoq pue ‘eippiw ‘aJeuns jo AJBWWING ‘peNUNUOD |-§ 8|qe]

uolssnasig pue sj}nsey




S l 0 S g 0 v S 14 l 0 0 0 Q Jo ‘oN
00 e 000°0 S200° $'0 00 G0 8.9 L6°L 12’0 00°0 000’ 00 AeQ 'PIS
00 L'l Y100 400 0'c €0 L 0°'6¢ 00°S €0°0 9L0° 810’ 0¢ wnwiul
L0 oL ¥10°0 rAdNe} oV €0 z 0°SS 0£°6 0s0 9lL0° 810’ oz wnwixe
1’0 8'¢C ¥1L0°0 9010° A > €0 Z 0’8t 9L, €L'0 9L0° 810’ 0e ues|y

8¥0°0 Lt > Y00 (> | v200 4 ez | > L b 6¢ 9'S S0 910" |> | 810" |> Z > AON-9
€¥0'0 L'l > Y100 > | zv10O° € sz | > 4 €9 €6 YEO" (> | 910" [> | 810" |> Z > 190-11
960°0 L'l > Y00 (> | gL10 € sz | > Z GG L'6 vEO0" |> | 910" (> | 810" > Z > Inr-6L
9€L"0 L'l > 100 |> | 9600 € sz | > Z 0% 8'9 YEO" (> | 910" [> | 810" |> 21> 1| unpr-12
8v0'0 L Y100 (> | zoLo € s (> L 134 0'S YEO" |> | 910" (> | 8LO" [> Z > | Aen ve NG-YM

S 0 0 g S L S S G 0 0 0 0 Q Jo ON
00 00 000°0 1200° ¥'0 1’0 S0 £€9'G LET 00°0 000’ 000 00 AeQ "PIS
00 L'l Y100 £900° (X €0 L oLy 0%°G €00 9L0° gsLo’ 0c wnwiuipn
L'0 L'l v10°0 sLLo oY S0 4 0'SS el €00 9.0 8L0’ 0z wnuwixew
00 L'l 100 G800° Z'c €0 1 8°'06G 98t €0°0 9.0’ 810’ 0¢ uea|N

9v0'0 L'l > Y100 | > | 6600 14 S0 L (R7 GG PEO" |> | 910" (> | 8LO" [> Z 1> AON-9
¥$0°0 L'l > Y100 |> | G110 € sz’ | > Z rd} el vEO" (> | 910" |> | 810" > ¢ > 190-11
GE0'0 L'l > Y100 | > | €900 € s (> L 14°] LL YEO™ (> | 910" [> | 810" > Z > Inr-61
0L0°0 Ll > 100 |> 1800’ € 1 TAN DY Z rA4°] 9'9 Y€0" |> | 91O (> [ 8L0" |> Z |> unp-1z
LEOO L) > ¥10°0 |> | 6900 € T | > l gq LS YEQ" |> | 910" (> | 8LO° (> Z|> | Aenn bz S9-VM

g [4 0 S g 0 0 g l 0 0 0 0 @ Jo "'oN
00 £l 0000 zZL00° 50 00 00 6°LL 8L'0 000 000° 000 00 A8Q 'PIS
0'0 Ll 100 £600° 0’z €0 L o'Le 00°S €0°0 910 810° 0c Wi
L'0 oY +10°0 +800° 0¢ €0 L 008 ov's €0'0 9L0° 810 0z winwixepw
00 9'C 100 6900° 9z €0 L rAR L 80°G €0°0 910 8L0’ 0¢ uesj\

LP0°0 14 100 | > | 0900 £ - TANN D L p (> 0'S ve0” (> | 910" > | 810 (> A AON-9
S¥0°'0 L'l > Y100 | > | 1,00 € TN L p 8vy +'G YeEQ" |> [ 910" |[> | 810" |> Z|> 190-11
950°0 Ll > Y100 > | €600 Z s (> L p 08 0'S YE0" |> [ 910" |> | 8LlO0" [> Zi> Inr-61L
2900 L'l > 100 |> | v800 € TN L b 1S 0's YEO" |> [ 910" |> | 810" |> Z|> unp-1z
GE0'0 14 Y100 |> | 9200 Z e TAN 1 p oF 0's YEO" |> | 9LO° > | 8LO" |> Z|> | Aen v SG-VM
€HN SS1 d SSIa dL 201 NILL JIL salL v v0Od ZON E€ON aosd 31va | NOILVYLS

£00Z Ui JI0AI9S8Y J9)ep) “T'4 J0) _lep Buuojuow Ajjenb Jajem wol0q pue ‘a[ppiwl ‘80BUNS JO AJBLIWING “panuRuod |-§ djqel

uoISSNJSi pue s)nsay




€€

S 0 0 ] S l € g ] 0 0 0 0 g 40 "ON
00 00 000°0 0Z00" 60 2’0 G0 vL'9 ISV 00'0 000 000 00 AeQ 'PIS
00 Ll ¥10°0 +800° o€ €0 L o8t 0§°S €00 910’ 810 0z wnwiuipy
L0 Ll ¥10°0 LELO" 0'S 80 Z 0'€9 rAVA €00 910’ 8L0’ 0¢ wnwixep
L0 Ll ¥10°0 Z0L0° v'e ¥'0 Z 8CS tv'6 €00 9L0° 8L0’ (o4 uespy
Z£0°0 L'l > Y100 |> | +800° ] s (> l 6t LL vE0" |> | 910" [> | 8LO |> Z > AON-9
LP0°0 Ll > Y00 | > | ¢teLo € ST |> Z st rAV AN v€0" (> | 910" |> | 8L0" (> 2> 100-11
LLLO Ll >{ Y100 |> | 6600 £ s (> l €9 6L v€0" (> | 910" (> | 8LO0" |> Z > Inc-g1
ozZL'0 Ll > Y00 |> | 6600 £ s (> Z A% 6'8 ¥€0" (> | 910" (> | 810" > Z|> | unpaz
1S0°0 Ll > Y100 |> | 9600 > 8°0 Z 0S GG YED' (> | 910" |> | 81O |> ZIl>| Aenw vz WZ-VM
S € 0 S g 0 S S ] 0 0 0 0 Q jo ‘oN
00 Sl 0000 zL00° 6'0 00 S0 €89 99°L 00°0 000’ 000’ 00 A8Q "pPI1S
00 Ll ¥10°0 L800° o€ €0 L 0'St 09'S €00 910’ 8L0’ oz wnwiup
1'0 0'S v1L0°0 LLLo" 0'S €0 rd 0'Z9 ZolL €00 910 8LO 02 wnuixepw
1'0 £'c 100 £600° v'e €0 Z 8'GG A €00 9Lo’ 810 0z uesiy
8v0'0 ] 100 |> | €600 S ST (> l Gy vL ¥€0" (> | 910" (> | 8LO |> Z > AON-Q
Sv0'0 14 100 | > Lo £ Gz > Z LS Zol YEO" |> | 910" |> | 810" {> Zi> 1 001l
6€£0°0 4 100 |> | +800° € 6c (> Z 19 1'8 v€O0" [> | 910" (> | 810" |> Zi> Inr-61L
Z80°0 Ll > 100 | > | 9600 € - TANN D Z $S V'L ve0" (> | 910" |[> | 8LO" |> Z2I|>1 unp-1z2
8€0°0 Ll > 100 | > 1L800° € S¢ | > L Z9 9°G PEO" |> | 9LO" |> | 81O (> Z|> | Aew 3T SL-VM
] [4 0 S g I ] g ] l 0 [4 0 Q 40 'ON
00 0Ly 000'0 0LED 60 [ ¥'0 L9l €9°1L vZ'o 000’ Sv0’ 00 AaQ PIS
00 L] ¥10°0 LL00O’ o¢ €0 } Al 069 €0°0 910 8L0° 0z wnwiuip
1'0 ‘oLl v10°0 LL60O° 0'S l Z 0'8S Zol 8G6°0 910 oolL’ 0z wnuixew
L'0 o€ 100 90" 9'c ¥'0 Z L'st 29, 10 910’ LSO’ 0¢ ues|y
8v0°0 LE vL00 | > | 96t0° S s¢ | > l 44 99 YeO" (> | 910" |> | 8LO" |> Z > AON-9
1S0°0 Ll > 100 |> | 9810 € qc" (> Z LS Z0lL v€0" (> [ 910" (> | 810" [> 21> 11011
990°0 Ll > Y100 |> | se10° € sz > Z ISAL €8 vE0" |> | 9107 > L0 Z > Inr-61
0EL0 L'l > 100 | > LLOO" € sc > Z 6% 59 Y€O" (> | 910" (> | 8LO" |> 21> | unp-iz
1600 oLl V00 [> | 1460 ¥ 80 4 89 59 850 9l0" I> | L0 Z > | Aepw vz 29-VM
€HN SSL d SSIQ dl 201 NDILL olL Sal Ay ¥0d ZON €ON aog 3lvd | NOLLY1S

L00Z Ul 110A1989Y Jeljep "T°4 10} eiep Buuoyuow Anjenb Jajem wol1oq pue ‘sppiw ‘8deNS JO AlRWIUNG *PONUIIU0D |-€ e|qel

uoISsNIs|] pue s}Nsay




vi-€

el S 0 g g £ g G G 0 0 3 0 {40 "oN
L0 vz 0000 £Z60° L €0 L0 59'8 Lyl 00°0 000 LEO’ 00 As(Q 'pIS
00 oLt L0°0 5800 0'€E £0 L 0'Gy ov'L EO0O gLo’ BLO’ 0z winuwiu
Z0 099 100 0EEZ" 0§ 80 £ 0’89 r Al 4 1 £0°0 aL0’ 0oL’ 0z Lnwixepy
0] et 100 89/0" 8't S0 z A 91’6 E00 gLo’ vEQ” (A ueapy

LEO'D 62 ¥vL0'0 |> | sgoo g ST | > L St 'L YEO" |[> | 910" |> | BLO" |> z |> AON-G

950’0 9 vL0'0 (> | oeez” g 80 z +S ZLl YED |> | 910" [> | 810" |> Zl> 1 wo-1t

8alL'0 99 vI00 |> | 6ZBO € L0 r zZ9 0oL YEQ  |> | 910" (> | BLO' [> Z > Inr-61

9z1'0 Ll ¥L00 |> | zeLo £ S0 £ 89 L8 YEOQ" |[> | 910" |> | 8lO' |> 2> | unp-1z

$60°0 €9 Y100 |> | zovo £ 8¢ |> z 8¢ §'8 vYEQ" |> [ 910" [> | L0 Z > | Aen vz 9L-VM
EHN SSL d SSIa dl 201 NXL JLL saL v tOd ZON EON aod 31va | NOILVLS

L00Z Ul llonsesay 1eyeA) "' J0j elep Buponuow Ayjenb Jsiem wolloq pue ‘s|ppilw ‘a%euns jo Ajewwng -panupuod |-g ejqe)

uolISsNasi(] pue sj)nsey




Results and Discussion

3.2.1 Ammonia

Total Ammonia is a measure of the most reduced inorganic form of nitrogen in
water and includes dissolved ammonia and the ammonium ion. Ammonia is a small
component of the nitrogen cycle but is an essential plant nutrient, it contributes to the
trophic status of a water body. Excess ammonia contributes to eutrophication of water
bodies. This can result in excessive algal growths and impacts on recreation and drinking
water supplies. In high concentrations, ammonia is toxic to aquatic life.

Ammonia in the water column of F.E. Walter Reservoir was consistently low
throughout the monitoring period. Measures of ammonia ranged from a high measure of
0.236 mg/L at station WA-2B on 21 June to a low measure of 0.025 mg/L at station WA-
3S on 24 May (Table 3-1). F.E. Walter Reservoir was in compliance with the PADEP water
quality standard for ammonia during 2007. The water quality standard of ammonia is
dependent on temperature and pH (Table 3-2). Throughout the monitoring period, all
measures of ammonia were less than their respective criteria values.

Table 3-2. PADEP ammonia nitrogen criteria (Pennsylvania Code, Title 25 1984).

Specific ammonia criteria dependent on temperature and pH. -
PH 0% 5 °C 10 °C 15 °C 20°C | 25°C 30 °C
650 | 26,5 | 265 | 255 ‘ 174 | 120 | 84 5.9
6.75 | 236 | 236 | 23.6 160 | 111 | 77 | 5.5
700 | 206 | 206 | 206 | 140 | 97 | 68 | 48
726 | 16.7 | 167 | 167 | 114 | 78 | 55 | 3.9
750 | 124 | 124 | 124 | 85 | 59 | 41 | 29
7.75 8.5 86 | 85 | 58 | 40 | 28 | 20
8.00 5.5 66 | 65 | 58 | 40 | 28 | 20
8.25 3.4 34 | 3.4 2.3 16 | 12 | 0.9
8.50 2.0 20 | 20 | 14 | 1.0 ‘ 07 | 0.6
8.75 1.2 1.2 | 12 | 09 | 06 | 05 | 0.4
9.00 0.8 0.8 | 0.8 | 0.6 | 0.4 | 0.3 | 0.3

3.2.2 Nitrite and Nitrate

Nitrite is a measure of a form of nitrogen that occurs as an intermediate in the
nitrogen cycle. It is unstable and can rapidly be oxidized to nitrate or reduced to nitrogen
gas. Nitrite is a source of nutrients for plants and can be toxic to aquatic life in relatively
low concentrations. Concentrations of nitrite at F.E. Walter Reservoir were consistently
low during 2007. Concentrations of nitrite measured at all stations and all depths were
less than the method detection limit of 0.016-mg/L for the entire monitoring period (Table
3-1).
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Nitrate is the measure of the most oxidized and stable form of nitrogen. It is the
principal form of combined nitrogen in natural waters. Nitrate is the primary form of
nitrogen used by plants as a nutrient to stimulate plant growth. Nitrate was also
consistently low at F.E. Walter Reservoir during 2007. For all stations and depths,
concentrations ranged from less than the method detection limit of 0.018 mg/L to 0.10
mg/L.

In 2007, F.E. Walter Reservoir was in compliance with the PADEP water quality
standard for nitrogen. The water quality standard for nitrogen is a summed concentration
of nitrite and nitrate of less than 10-mg/L. Throughout the monitoring period, the summed
concentrations for each station were well below this standard. The maximum summed
concentration for any one sampling station did not exceed 0.116 mg/L

3.2.3 Total Kjeldahl Nitrogen

Total Kjeldahl nitrogen (TKN) is a measure of organic nitrogen that includes
ammonia. Organic nitrogen is not immediately available for biological activity and is
therefore not available for plant growth until decomposition to an inorganic form occurs.
TKN in the water column of F.E. Walter Reservoir was low during 2007 (Table 3-1).
Concentrations measured at all reservoir stations ranged from below the detection limit of
0.25 mg/L (at most stations and depths) to a maximum measure of 1.00 mg/L at stations
WA-4S on 11 October and WA-2B on 24 May.

3.2.4 Total Phosphorus

Total phosphorus is a measure of both organic and inorganic forms of phosphorus.
It is an essential plant nutrient and is often the most limiting nutrient to plant growth in
freshwater systems. Inputs of phosphorus are the prime contributing factors to
eutrophication in most freshwater systems. Phosphorus bound to bottom sediments in
lakes can be released when oxygen levels are depleted in bottom waters. This phosphorus
then becomes available for plant growth.

EPA guidance for nutrient criteria in lakes and reservoirs suggests a maximum
concentration for total phosphorus of 0.01-mg/L (EPA 2000). Lakes and reservoirs
exceeding this concentration are more likely to experience algal bloom problems during the
growing season. Concentrations of total phosphorus were slightly elevated at many of the
reservoir sampling stations throughout the sampling season (Table 3-1). Surface waters of
the reservoir lake body routinely had the lowest concentrations. This may be attributed to
its uptake during algal photosynthesis. The highest concentrations of total phosphorus
were seen in the deeper waters of the reservoir with a maximum concentration of 0.233
mg/L measured in the 11 October bottom water sample at station WA-7. These higher
concentrations may be attributed to phosphorus sediment release. The lowest measured
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concentration of 0.005 mg/L was seen in the 19 July tributary surface water station WA-
5S.

3.2.5 Dissolved Phosphorus

Dissolved or soluble phosphorus in the water column of F.E. Walter Reservoir
remained consistently low during 2007. Concentrations at all stations and depths during
the sampling season were below the detection limit of 0.014 mg/L (Table 3-1). In
freshwater environments, dissolved phosphorus is usually a limiting nutrient and is utilized
by freshwater plants and algae during photosynthesis.

3.2.6 Dissolved Phosphate

Dissolved Phosphate (Orthophosphate) is a measure of the inorganic oxidized form
of soluble phosphorus. This form of phosphorus is the most readily available for uptake
during photosynthesis. In 2007, concentrations of dissolved phosphate were generally
near or below the detection limit of 0.034 mg/L at most stations and depths. The highest
concentration of 0.568 mg/L was recorded on 24 May in the bottom waters of station WA-
6.

3.2.7 Total Dissolved Solids

Total dissolved solids (TDS) is a measure of the amount of filterable dissolved
material in the water. Dissolved salts such as sulfate, magnesium, chloride, and sodium
contribute to elevated levels. TDS in the lake and tributary stations of F.E. Walter
Reservoir remained relatively constant and low during 2007. Concentrations at all stations
and depths averaged 54-mg/L over the monitoring period while ranging from 17.3 to 81
mg/L (Table 3-1). The highest mean seasonal concentration of 68 mg/L was seen at the
upstream surface tributary station WA-3S. F.E. Walter Reservoir and its tributaries were in
compliance with the PADEP water quality standard for total dissolved solids during 2007.
The water quality standard is a maximum concentration of 500-mg/L.

3.2.8 Total Suspended Solids

Total suspended solids (TSS) is a measure of the amount of non-filterable
particulate matter that is suspended within the water column. High concentrations
increase the turbidity of the water and can hinder photosynthetic activity, result in damage
to fish gills, and cause impairment to spawning habitat (smothering). TSS measures in the
water column of F.E. Walter Reservoir were consistently low in 2007 with many samples
less then the detection limit of 1.7 mg/L. Overall concentrations at all stations and depths
ranged from less than the detection limit to an isolated 240 mg/L concentration (Table 3-1)
in the bottom waters at Station WA-2. This is likely due to contamination of sediment in
the sampling apparatus during lake bottom water sample collection.
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3.2.9 Biochemical Oxygen Demand

Biochemical oxygen demand (BOD) is a test to measure biodegradable organic
matter concentrations in a water sample. It measures the rate of oxygen uptake by
organisms in the water sample over a period of time. It is an indicator of the quality of a
water body and the degree of polilution by biodegradable organic matter is therefore
inferred. Measurements of b-day Biochemical oxygen demand (BOD) in F.E. Walter
Reservoir and tributary stations were below the detection limit of 2.0 mg/L except for one
sample. A measure of 4.0 mg/L was recorded at the tributary surface water station WA-
4S during the 11 October sampling event.

3.2.10 Alkalinity

Alkalinity is a measure of the acid-neutralizing capacity of water. Waters that have
high alkalinity values are considered undesirable because of excessive hardness and high
concentrations of sodium salts. Water with low alkalinity has little capacity to buffer
acidic inputs and is susceptible to acidification (low pH). The PADEP standard is a
minimum concentration of 20-mg/L CaCOs except where natural conditions are less.

Alkalinity measurements in the waters of F.E. Walter Reservoir were routinely low
during 2007. Concentrations measured at all stations and depths averaged 8.2 mg/L
throughout the monitoring period (Table 3-1). The greatest concentration of 27.8 mg/L
was measured during the 11 October sampling event in the tributary surface waters at
Station WA-4S. Concentrations that measured less than the detection limit of 5.0 mg/L
occurred throughout the sampling season at tributary surface water station WA-5S. The
natural alkalinity of water is largely dependent on the underlying geology and soils within
the surrounding watershed. The low alkalinity measured at F.E. Walter Reservoir probably
results from the regional geology, which is primarily sandstone and shale (Van Diver
1990).

3.2.11 Total Inorganic and Organic Carbon

Total organic carbon (TOC) is a measure of the dissolved and particulate organic
carbon in water. The bulk of organic carbon in water is composed of humic substances
and partly degraded animal and plant materials. High levels of organic carbon coincide
with a lowering of dissolved oxygen concentrations. Total inorganic carbon (TIC) is a
measure of the sum of carbonates, bicarbonates, and carbonic acid. The relative amount
of each of these is dependent on the pH of the water. The inorganic forms of carbon are
part of the carbon cycle. The bicarbonate ions serve as the main buffer in freshwater
systems and provide carbon dioxide for photosynthesis. Carbon is a nutrient required for
biological processes.

Total inorganic carbon (TIC) and total organic carbon (TOC) were measured in the
water column and tributaries of F.E. Walter Reservoir (Table 3-1). Concentrations of TIC at
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all stations and depths ranged from 6.0 mg/L to less than the method detection limit of 1.0
mg/L. Additionally, concentrations of TOC at all stations and depths ranged from 7.0 mg/L
to 2.0 mg/L. Total carbon is the sum of TIC and TOC. Total carbon in the waters of F.E.
Walter Reservoir at all stations and depths ranged from 3.0 mg/L to 11.0 mg/L. The
highest single measured concentration of 11.0 mg/L was in the tributary surface water
station WA-4S on 11 October.

3.2.12 Chlorophyll a

Chlorophyll a is the measure of the plant chlorophyll a primary pigment which helps
plants get energy from light. It is found in most plants, algae, and cyanobacteria.
Chlorophyll a measures increase in relation to algal densities in a water body. For the most
part, chlorophyll 8 was low in the waters of F.E. Walter Reservoir during 2007 (Appendix
A). Concentrations at all stations and depths had a value range of 0.0 ug/L to 10.3 ug/L
throughout the monitoring season. The highest single surface water concentration of 10.3
ug/L was measured at station WA-2 on 11 October. The lowest single measured
concentration of 1.1 ug/L was taken at station WA-2 on 29 June.

3.3 TROPHIC STATE DETERMINATION

Carlson’s (1977) trophic state index (TSl) is a method of expressing the extent of
eutrophication of a lake, quantitatively. The trophic state analysis calculates separate
indices for eutrophication based on measures of total phosphorus, chlorophyll a, and secchi
disc depth. Index values for each parameter range on the same scale from O (least
enriched) to 100 (most enriched). The resulting indices can also be compared to qualita-
tive threshold values that correspond to levels of eutrophication. Classification of F.E.
Walter Reservoir was based on a single sample each month during the sampling season. It
is important to note that variability in measurements not captured between sampling
events and the resulting classification can occur. Figure 3-9 graphically shows this
potential variability between samples.

TSls calculated for measures of Total Phosphorus classified F.E. Walter Reservoir as
oligotrophic in May, June, July, October, and November with TSI values of 32.2, 32.2,
37.4, 39.9, and 37.4 respectively. TSis calculated for measures of secchi disk depth
classified F.E. Walter Reservoir as mesotrophic throughout the sampling season with
values ranging from 40.2 to 48. TSlIs calculated for measures of chlorophyll a classified
F.E. Walter Reservoir as oligotrophic in May (34), eutrophic in October (53), and
mesotrophic in November (43.8).

Carlson (1977) warned against averaging TSI values estimated for different param-
eters, and instead suggested giving priority to chlorophyll a during the summer and to
phosphorus in the spring, fall, and winter. With this in mind, and based on the pattern of
TSI values for secchi disk depth, chlorophyll a and Total Phosphorus, F.E. Walter Reservoir
was mesotrophic during summer and oligotrophic in spring and fall of 2007.
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The EPA (1983) also provides criteria for classifying the trophic conditions of lakes
of the North Temperate Zone based on concentrations of total phosphorus, chlorophyll a,
and secchi disk depth (Table 3-3). Taking into account the general agreement between the
EPA classifications with that of the TSls, the trophic condition of F.E. Walter Reservoir
was mesotrophic during summer and early fall and oligotrophic in spring and late fall of
2007.

Table 3-3. EPA trophic classification criteria and average monthly measures for F.E.
Walter Reservoir in 2007

Oligo- | Meso- 24 | 21 | 19 | 11 | o6
Water Quality Variable | trophic | trophic | Eutrophic | May June July Oct. Nov.
Total phos. (ppb) <10 10-20 >20 ‘ 7 7 10 12 | 7
Chlorophyll a (ppb) | <4 | 4-10 | >10 ‘ 1.70 | Effor I Error -_9,83 ‘ 3 87
Secchi depth (m) | >4 | 2-4 | <2 | | | |

395 | 275 | 345 | 270 | 230

NM = not measured

3.4 RESERVOIR BACTERIA MONITORING

Three forms of coliform bacteria contamination were monitored in the tributary and
lake surface waters at F.E. Walter Reservoir during 2007 including total and fecal coliform
(Table 3-4). Total coliform includes Escherica coli (E. col)) and related bacteria that are
associated with fecal discharges. Fecal coliform bacteria are a subgroup of the total
coliform and are normally associated with waste derived from human and other warm-
blooded animals. Total coliform contamination was high at F.E. Walter Reservoir during
2007. Total coliform measures ranged from 26-clns/100-ml to greater than the detection
limit of 2400 cIns/100-ml. Fecal coliform contamination at F.E. Walter Reservoir during
2007 ranged from less than the detection limit of 1-cins/100-ml to 530-cins/100-ml
throughout the monitoring period. Coliform bacteria levels were low at F.E. Walter
Reservoir with respect to PADEP water quality standards throughout the monitoring period.
For waters with contact recreation, the water quality standard for bacteria contamination
is a geometric mean of less than 200 colonies/100-mi. At no point did the geometric
means approach the PADEP water contact recreation standard. Water contact recreation
is not permitted at F.E. Walter Reservoir.
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Table 3-4. Bacteria counts (colonies/100 ml) at Walter Reservoir during 2007.
STATION DATE Total Coliform Fecal Coliform | Escherichia coli
WA-18 24-May 410 < 2 1
21-Jun 1,200 22 14
19-Jul 690 < 1 < 1
11-Oct > 2,400 160 150
6-Nov 1,000 18 11
WA-2S 24-May 40 2
21-Jun 690 < 1 < 1
19-Jul > 2,400 26 24
11-Oct 770 8 8
6-Nov 870 18 14
WA-3S 24-May > 2,400 2 2
21-Jun > 2,400 34 29
19-Jul
11-Oct > 2,400 500 490
6-Nov 2,000 20 16
WA-4S 24-May > 2,400 12 10
21-Jun > 2,400 51 42
19-Jul > 2,400 67 60
11-Oct > 2,400 530 520
6-Nov 1,300 18 18
WA-5S 24-May 2,400 4 3
21-Jun > 2,400 > 60 20
19-Jul 2,000 43 44
11-Oct > 2,400 290 210
6-Nov 980 10 10
WA-6S 24-May 26 < 2
21-Jun 1,200 < 1 < 1
19-Jul 190 < 1 < 1]
11-Oct 1,300 52 35
6-Nov 920 12 12
WA-78 24-May 27 < 2
21-Jun 920 < 1 < 1
19-Jul 360 < 1 < 1
11-Oct 1,200 46 44
6-Nov 1,100 18 10
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3.5 TEMPERATURE PROBE MONITORING

In-situ TidbiT"™ temperature probes were deployed at five Lehigh River monitoring
stations to continuously record surface water temperatures in ¥% hour increments over the
sampling period from May through October 2007. Station WA1 (LH-2) was located just
downstream of the F. E. Walter dam outfall (Fig. 3-8). Station LH-3 was located at
Tannery Bridge near White Haven, PA (Fig. 3-9). Station LH-10 was located near the
Lehighton water intake structure in Lehighton, PA (Fig. 3-10). Station LH-15 was located
near the Walnutport USGS gauging station in Walnutport, PA (Fig. 3-11). Station LH-18
was established in 2007 on the Lehigh River near Catasauqua, PA just upstream of the
confluence with the Hockendauqua Creek (Fig. 3-12).

The Commonwealth of Pennsylvania provides water temperature standards that are
based on a particular water body’s protected use (Pennsylvania Code, Title 25, Chapter 93
2001). Stations LH-2 and LH-3 are classified as a High Quality-Cold Water Fishes (HQ-
CWF) by PADEP. Pennsylvania Department of Environmental Protection defines Cold Water
Fishes as the “maintenance and/or propagation of fish species including the family
Salmonidae and additional flora and fauna that are indigenous to a coldwater habitat”. The
maximum temperature criterion for this reach of the Lehigh River is 66 degrees Fahrenheit
(18.87 degrees Celsius) from 01 July through 30 August. From early July through August
of 2007, the temperatures recorded in this section (LH-2 and LH-3) of the river routinely
exceeded the HQ-CWF criterion. The maximum temperatures recorded during the
monitoring period were 72.34 °F (22.41 °C) at LH-2 and 79.74 °F (°C 26.52) at LH-3.

Stations LH-10, LH-15, and LH-18 are with a section of the river classified a Trout
Stocking Fishery (TSF). Pennsylvania Department of Environmental Protection defines
Trout Stocking as the “maintenance of stocked trout from February 15 to July 31 and
maintenance and propagation of fish species and additional flora and fauna which are
indigenous to a warm water habitat”. The maximum temperature criterion for this reach
of the Lehigh River varies during the season from 70 °F (21.1 °C) from 01 June through 15
June; 72 °F (22.2 °C) from 16 June through 30 June; 74 °F (23.3 °C) from 01 July
through 31 July; 80 °F (26.6 °C) from 01 August through 15 August; and 87 °F (30.5 °C)
from 16 August through 30 August. Except for the time period between mid and late
August at each station, stations LH-10, LH-15, and LH-18 routinely exceeded the TSF
criterion in 2007. The maximum temperature recorded during the monitoring period at LH-
10, LH-15, and LH-18 was 81.45 °F (27.44 °C), 84.31 °F (29.03 °C) and 86.18 °F (30.10
°C), respectively.
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Figure 3-9.
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2007 F.E. Walter Water Quality Profiles

Station Date Time Depth Temp DO DO SpCond pH Turbidity +| Chloro.
M/D/IY hh:mm:ss ft C % mg/L mS/cm NTU ug/L
5/24/2007 | 14:45:49 0 13.99 104.7 10.79 0.073 6.31 6.2 1.6
6/7/2007 | 9:06:08 0 15.61 99 9.85 0.073 6.71 4.1 1
WA-1 6/14/2007 | 9:00:10 0 16.03 97.7 9.64 0.075 6.26 5.8 1.3
Outfall | 6/21/2007 | 12:10:07 0 17.72 105.1 10.01 0.078 6.2 8 1
6/29/2007 | 10:45:49 0 18.61 98.3 9.19 0.083 6.28 5.9 42.8
7/12/2007 | 12:51:19 0 20.01 95.2 8.65 0.087 6.13 5.5 380.4
7/19/2007 | 12:31:27 0 20.08 94.6 8.58 0.082 6.1 0.1 -1.1
8/3/2007 | 10:27:42 0 21.49 108.9 9.62 0.084 6.53 0 0
10/11/2007| 13:06:17 0 18.89 88.3 8.21 0.088 6.5 16 3.7
11/6/2007 | 11:40:55 0 7.6 98 11.71 0.059 6.27 7.1 2.8
11:05:00 0 13.9 106.8 11.03 0.067 6.4 -0.4 2.2
11:04:17 5 13.81 106.5 11.02 0.067 6.42 -0.4 3.2
11:02:48 10 13.56 105.8 11 0.067 6.37 -0.3 3.1
11:01:25 15 13.33 104.6 10.94 0.067 6.32 -0.4 3.8
11:00:30 20 13.27 103 10.79 0.067 6.15 -0.3 3
10:59:37 25 12.07 101 10.87 0.066 6.13 -0.2 2.8
10:58:52 30 11.83 100.5 10.87 0.066 6.11 -0.2 2.2
WA-2 10:57:44 35 11.71 100.3 10.88 0.066 6.07 -0.2 2.9
10:56:58 40 11.66 99.9 10.86 0.066 6.07 -0.2 2.9
Lake 10:56:16 45 11.6 90.8 10.85 | . 0.066 6.04 0.1 2
Tower 5/4/2007 | 10.55:39 50 11.48 99.3 10.83 0.066 5.99 -0.2 2.1
10:55:11 55 11.45 99.1 10.82 0.066 5.97 0.2 2.7
10:54:14 60 11.34 98.1 10.74 0.067 5.95 -0.2 2.8
10:53:54 65 11.19 98 10.76 0.066 5.96 -0.2 3
10:52:46 70 11.18 97.7 10.73 0.066 5.89 -0.2 2.4
10:51:45 75 11.12 97 10.66 0.067 5.92 -0.2 2.3
10:51:15 80 10.97 97.2 10.72 0.068 5.88 -0.2 2.6
10:49:05 85 11 96.1 10.6 0.065 5.86 -0.1 2.4
10:48:05 90 10.92 95.2 10.52 0.069 5.89 -0.2 2.5
10:47:16 95 10.91 95 10.49 0.067 5.87 0.2 2.4
10:46:06 100 10.9 94.9 10.49 0.068 5.86 -0.2 2.3
10:44:48 105 11.27 94.7 10.38 0.065 5.78 -0.2 2.3
10:41:48 110 10.5 94.7 10.38 0.065 5.78 -0.2 2.3
———— e 103854 115 ] 959 | 719 | 82 | 0068 | 559 | 18 L _1__
12:50:06 0 18.8 99.2 9.24 0.072 6.49 0.4 1.4
12:48:58 5 18.1 97.9 9.25 0.072 6.43 0.3 1.4
12:48:09 10 17.61 96.5 9.21 0.072 6.38 -0.1 2.3
12:47:12 15 17.35 94.7 9.08 0.072 6.3 0.2 1.3
WA-2 12:46:09 20 16.23 90 8.84 0.07 6.25 0.7 1.5
5/24/2007 | 12:45:18 25 16.04 88.6 8.74 0.071 6.24 0.3 1.3
Lake 12:44:22 30 15.63 87.4 8.69 0.072 6.22 0 1.5
Tower 12:43:21 35 15.19 87.4 8.77 0.074 6.19 0 2.1
Secchi 12:42:27 40 15.07 87.7 8.83 0.073 6.18 0.4 1.3
3.95M 12:41:16 45 14.65 86.8 8.81 0.074 6.15 0.2 1.5
12:39:36 50 14.37 87.1 8.9 0.07 6.13 0.4 1.2
12:38:40 55 14.26 87.2 8.93 0.075 6.12 0.5 1.8
12:37:54 60 14.09 87 8.95 0.074 6.08 0.3 1.7




2007 F.E. Walter Water Quality Profiles

Station Date Time Depth Temp DO DO SpCond pH Turbidity +| Chloro.
M/DIY | hh:mm:ss ft c % mg/L | mS/cm NTU ug/L
12:37:08 65 13.83 86.5 8.95 0.074 6.06 0.5 1.8
12:36:10 70 13.72 85.2 8.83 0.074 6.05 0.6 1.6
12:34:26 75 13.53 85.7 8.92 0.07 6 0.9 2.2
12:33:20 80 13.46 85 8.87 0.071 6 0.8 1.3
5/24/2007 | 12:31:59 85 13.42 85 8.87 0.072 5.98 1.2 1.7
Cont. 12:29.57 90 13.38 83.8 8.76 0.073 5.84 1.7 1
12:28:18 95 13.14 81.6 8.58 0.072 5.76 1.5 1.7
12:26:44 100 12.85 73.5 7.77 0.073 5.68 3.6 1.5
12:24:53 105 12.69 70 7.43 0.073 5.62 6.1 1.6
12:23:20 110 12.53 58.9 6.27 0.073 5.59 23.3 1.9
———em 22218 | 115 ] 1244 | 554 | 501 | 0073 | _Se4 | ST L 18 _
10:29:21 0 21.66 92.1 8.11 0.077 6.69 1.4 1.6
10:27.06 5 21.24 91.3 8.1 0.077 6.66 1.6 1.7
10:25:53 10 21.17 90.5 8.04 0.077 6.62 1.5 1.8
10:24:49 15 21.14 89.5 7.96 0.077 6.56 1.4 1.6
10:23:30 20 19.68 80.4 7.36 0.081 6.44 0.9 -0.4
10:21:23 25 19.21 79.4 7.33 0.082 6.41 1.4 1.5
WA-2 10:20:03 30 18.4 83.3 7.82 0.075 6.27 0.7 1.7
10:18:58 35 17.53 83.1 7.95 0.073 6.25 0.4 1.3
Lake 10:17:00 40 16.96 82.1 7.94 0.072 6.22 0.6 1.5
Tower 10:15:49 45 16.69 80.6 7.84 0.073 6.22 0.4 1.4
6/7/2007 | 10:14:20 50 16.37 81.7 8 0.072 6.22 0.4 0.9
10:12:44 55 16.18 80 7.87 0.072 6.17 0.2 1
10:11:21 60 16 77.3 7.62 0.072 6.1 0.4 1.5
10:09:49 65 15.8 72.8 7.22 0.072 6.04 0.7 1.1
10:08:43 70 15.62 72 7.17 0.073 6.05 0.7 1.3
10:06:54 75 15.35 69.1 6.92 0.074 6 1.4 1
10:05:19 80 15.21 65.7 6.6 0.074 5.94 1.9 1.1
10:04:10 85 15.03 62.5 6.29 0.076 5.9 2.5 0.8
10:01:18 90 14.86 61.2 6.19 0.076 5.79 3.1 1.2
10:00:16 95 14.8 60.4 6.11 0.076 5.76 3.8 0.9
9:59:02 100 14.61 56.7 5.76 0.076 5.76 6.7 1.4
9:57:34 105 14.42 50.7 5.18 0.076 5.81 16.2 1.1
e JeSEB 0 TAa2T | 334 [ 342 | 0076 638 | 1752 | 38 |
10:11:22 0 22.96 97 8.33 0.078 6.87 1 1.9
10:10:14 5 22.98 97 8.32 0.078 6.83 1.3 2
10:09:30 10 22.98 96.5 8.28 0.078 6.78 1.3 2.2
WA-2 10:08:19 15 22.72 90.9 7.84 0.078 6.62 1.6 1.3
Lake 10:06:37 20 20.92 81.1 7.24 0.078 6.45 1 1.8
Tower | 6/14/2007 | 10:05:28 25 20.1 77.7 7.05 0.08 6.39 1.2 1.2
10:04:15 30 19.6 76.2 6.98 0.08 6.35 1 1.8
10:03:06 35 18.96 77.2 7.17 0.078 6.33 0.8 1
10:01:33 40 18.51 78.1 7.32 0.078 6.31 0.4 1.6
9:59:59 45 17.95 78.7 7.46 0.077 6.24 0.6 1.3
9:59:11 50 17.6 76.9 7.34 0.075 6.21 0.5 0.9
9:58:10 55 17.22 78.2 7.52 0.074 6.2 0.2 1.5
9:56:59 60 17.03 78.4 7.57 0.073 6.16 0.2 1.4




2007 F.E. Walter Water Quality Profiles

e

Station Date Time Depth Temp DO DO SpCond pH Turbidity +| Chloro.
M/D/Y hh:mm:ss ft C % mg/L mS/cm NTU ug/L
9:55:28 65 16.8 74.8 7.25 0.073 6.08 0.4 1.3
9:54:16 70 16.59 74.6 7.27 0.073 6.08 0.7 1.2
9:52:38 75 16.47 73.1 7.14 0.073 6.06 0.9 1.4
9:51:33 80 16.39 73.6 7.2 0.073 6.08 0.7 -0.2
6/14/2007 | 9:50:04 85 16.27 69.4 6.81 0.073 6.04 1.6 1.8
Cont. 9:48:45 90 16.17 68.4 6.73 0.074 6.01 1.6 0.8
9:47:04 95 16.05 62.3 6.14 0.076 5.83 2.1 0.8
9:44:29 100 15.76 54 5.36 0.077 5.71 6.6 0.7
9:43:16 105 15.68 51.1 5.07 0.077 5.73 6.2 1.1
|| eATAR L0 544 | 419 748 T o077 7578 |_274_| 14
13:36:41 0 . 24.05 110.6 9.3 0.079 6.88 1.1 104.4
13:35:38 5 23.68 109 9.23 0.079 6.75 1.3 37.5
13:34:28 10 23.22 102.1 8.72 0.079 6.54 1.6 -1
13:33:16 15 21.76 85.3 7.49 0.081 6.37 1.5 65
13:31:17 20 21.16 79.7 7.08 0.083 6.31 1 87.9
13:29:49 25 20.82 77.7 6.95 0.082 6.27 1 36.3
13:28:32 30 20.3 75.5 6.82 0.081 6.21 0.8 49.3
13:27:14 35 19.59 76.8 7.04 0.083 6.22 0.6 93.7
13:25:58 40 19.3 76 7 0.082 6.2 0.7 122.2
WA-2 13:24:17 45 18.99 75 6.95 0.082 6.16 0.8 21.6
6/21/2007 | 13:23:28 50 18.64 76 7.1 0.082 6.15 0.7 75.2
Lake 13:22:04 55 18.44 78.3 7.35 0.079 6.11 0.5 42.6
Tower 13:20:45 60 18.23 74.6 7.03 0.081 6.11 0.6 102.1
13:18:46 65 18.03 75.6 7.15 0.079 6.06 0.6 40.3
Secchi 13:17:06 70 17.75 71.1 6.76 0.076 5.95 1 0.6
275M 13:16:03 75 17.66 68.5 6.53 0.077 5.94 2.3 74.1
13:13:09 80 17.55 72.7 6.95 0.077 5.9 2.7 3.6
13:10:59 85 17.47 76.2 7.29 0.078 5.93 1.1 0.8
13:09:37 90 17.34 70.4 6.76 0.078 5.87 2.1 -1.9
13:08:20 95 17.1 68.1 6.57 0.079 5.93 2.3 10.3
13:07:03 100 16.82 58.7 5.69 0.08 5.94 6.4 4.6
13:06:12 105 16.6 51.7 5.04 0.081 5.94 13.7 19.9
———— 304491 110 1656 | 488 | 476 | 0081 | 601 [ 198 | 28 |
9:51:54 0 24.7 108.9 9.04 0.082 7.04 0.9 1.1
9:50:29 5 24.71 108.1 8.98 0.082 6.98 1.3 0
9:49:08 10 24.49 104.3 8.7 0.081 6.81 1.8 0.7
9:48:12 15 22.49 94.1 8.15 0.08 6.54 1.1 0.2
9:46:50 20 21.77 79.9 7.02 0.08 6.28 0.9 -0.1
WA-2 9:45:42 25 21.03 69 6.15 0.082 6.19 0.6 0.3
6/29/2007 | 9:44:31 30 20.59 67.8 6.09 0.083 6.21 0.4 0.3
Lake 9:43:06 35 20.42 67.9 6.12 0.084 6.21 0.8 0.4
Tower 9:42:26 40 20.04 66.9 6.07 0.083 6.23 0.4 0
9:41:07 45 19.77 65.9 6.01 0.084 6.16 0.3 2.3
9:39:12 50 19.54 66 6.06 0.083 6.12 0.8 1.3
9:38:05 55 19.33 65.9 6.07 0.083 6.09 0.4 0.3
9:37:04 60 19.06 65.3 6.05 0.083 6.12 0.2 1.9
9:35:34 65 18.64 63.8 5.54 0.084 6.11 0.7 1.3
3



2007 F.E. Walter Water Quality Profiles

Station Date Time Depth Temp DO DO SpCond pH Turbidity +| Chloro.
M/D/Y hh:mm:ss ft C % mj/L mS/cm NTU ug/L
9:33:17 70 18.67 61.1 5.71 0.083 6.06 0.9 0.9
9:31:47 75 18.47 57.3 5.37 0.082 6.02 1.6 1.1
WA-2 9:29:37 80 18.41 59 5.54 0.083 6.06 1.6 0.5
9:28:19 85 18.37 56.9 5.34 0.083 6.03 2.5 -0.4
Lake 6/29/2007 | 9:26.55 90 18.35 56.4 5.3 0.084 6.02 2.3 0.6
Tower Cont. 9:25:37 95 18.32 56.4 5.3 0.084 6.02 2.9 1.8
9:24:19 100 18.17 56.2 5.3 0.084 6 3.8 2.2
9:22:34 105 17.93 45.6 4.32 0.084 5.77 8.5 2.8
S S _s2t2a 10 [ A77 | 337 | 321 | 0086 1 575 1253 [ 12 |
12:07:37 0 25.14 101.6 8.37 0.084 7.17 1.1 -1.4
12:06:04 5 24.84 100.6 8.34 0.084 7.09 1.4 2.9
12:04:31 10 24.7 98.5 8.18 0.084 6.91 1.1 2.5
12:03:25 15 23.13 89.1 7.62 0.082 6.49 1.4 -2.5
12:00:28. 20 21.98 73.1 6.39 0.082 6.22 0.9 6.7
11:59:19 25 21.44 56.8 5.02 0.083 6 0.5 2.6
11:58:25 30 21.17 53.5 4.75 0.083 5.99 1.3 -0.5
11:57:06 35 20.95 52 4.64 0.084 5.96 0.5 -1
WA-2 11:55:35 40 20.74 51.3 4.6 0.083 5.92 -0.2 2.2
Lake 7/12/2007 | 11:53:43 45 20.56 50.9 4.57 0.084 5.92 0.5 -1.4
Tower 11:52:14 50 20.36 49.6 4.48 0.084 5.84 0.2 -3.3
11:51:19 55 20.16 48.4 4.38 0.084 5.81 0.8 -1.3
11:49:41 60 20.04 46.5 4.23 0.083 5.78 0.5 -3.1
11:48:14 65 19.93 454 4.14 0.082 5.75 1.3 -3
11:47:01 70 19.86 42.4 3.86 0.084 5.75 1.6 -2.9
11:45:31 75 19.73 425 3.88 0.084 5.69 1.8 -3.1
11:43:35 80 19.57 44 4.03 0.085 5.61 2.1 -2.3
11:42:30 85 19.4 41.8 3.84 0.087 5.61 4.8 =2.7
11:41:19 90 19.33 39.8 3.67 0.087 5.31 3.5 2.4
11:40:21 95 19.26 38.5 3.55 0.088 5.32 4.4 2.7
11:39:29 100 19.21 34.3 3.17 0.088 5.41 6.3 -3.2
————p 13823 105 | 1895 | 243 | 226 | 0089 [ 564 | 64 | _-31 _
10:49:25 0 24.79 97.6 8.1 0.08 6.96 -6.2 0.1
10:48:22 5 24.77 96.3 7.99 0.08 6.89 7.7 -1.9
10:47:26 10 24.76 94.8 7.87 0.08 6.75 -8 -0.3
10:46:28 15 23.57 86 7.3 0.079 6.43 -4.4 -1.6
WA-2 10:45:35 20 22.33 66.8 5.81 0.078 6.17 -5.9 -0.5
10:44:35 25 21.8 61.3 5.38 0.078 6.12 384.7 -47.8
Lake 10:43:13 30 21.63 55.9 4.93 0.078 6.07 72.1 -83.7
Tower 10:42:05 35 21.4 51.2 4.53 0.079 6 606.2 -99.9
10:40:49 40 21.1 48.2 4.29 0.08 5.94 115.8 -99.9
Secchi | 7/19/2007 | 10:39:54 45 20.85 47 4.2 0.08 5.91 1512.3 -99.9
3.45M 10:39:16 50 20.73 46.5 4.17 0.081 5.93 502 -99.9
10:37:48 55 20.51 43.5 3.91 0.08 5.86 -8.6 -93.1
10:36:40 60 20.37 40.9 3.69 0.08 5.82 -8.9 -12.6
10:35:13 65 20.3 39.2 3.54 0.08 5.82 -2 -33.9
10:34.26 70 20.21 39.7 3.6 0.08 5.81 -9.1 -39.7
10:32:11 75 20.08 35.7 3.24 0.081 5.81 -8.7 -11.7




2007 F.E. Walter Water Quality Profiles

Station Date Time Depth Temp DO DO SpCond pH Turbidity +| Chloro.
M/D/Y hh:mm:ss ft C % nEIL mS/cm NTU ug/L
10:31:06 80 19.96 35 3.19 0.081 5.83 8.8 -2.6
10:29:44 85 19.82 25.5 2.33 0.083 5.78 350.6 17
7/19/2007 | 10:28:37 90 19.78 25.1 2.29 0.083 5.75 25.8 -9.7
Cont. 10:26:53 95 19.75 22.2 2.03 0.084 5.67 23.3 -6.7
10:25:34 100 19.62 19.2 1.76 0.084 5.63 29.9 -5.9
02326 [ 105 | T026 | 721086 | 009 | 588 |_413_| 664
9:49:41 0 26.15 103.6 8.38 0.082 7.13 X X
9:48:26 5 25.71 101.9 8.31 0.083 7.05 X X
9:47:25 10 25.43 100.1 8.2 0.082 6.84 X X
9:46:15 15 23.67 80.6 6.83 0.081 6.38 X X
9:44.:55 20 22.88 64.7 5.56 0.081 6.17 X X
9:43:48 25 22.49 54.8 4.75 0.081 6.12 X X
9:42:49 30 22.27 54.2 4.72 0.082 6.11 X X
WA-2 9:41:39 35 22.02 49.4 4.32 0.082 6.04 X X
9:40:31 40 21.84 46.9 4.11 0.082 5.97 X X
Lake 9:39:25 45 21.72 44.2 3.88 0.08 5.93 X X
Tower 8/3/2007 | 9:38:28 50 21.61 43.9 3.87 0.081 5.89 X X
9:37:26 55 21.52 43.7 3.86 0.082 5.86 X X
9:36:29 60 21.44 42.9 3.79 0.08 5.88 X X
9:35:22 65 21.36 43.1 3.82 0.082 5.83 X X
9:34:28 70 21.28 44.2 3.92 0.083 5.85 X X
9:33:25 75 21.21 43.3 3.84 0.083 5.86 X X
9:32:13 80 21.12 46.6 4.15 0.083 5.9 X X
9:31:07 85 21.1 46.4 4.13 0.085 5.89 X X
9:30:20 90 21.06 45.5 4.05 0.085 5.9 X X
9:29:06 95 20.81 42.3 3.79 0.085 5.89 X X
9:25:25 100 20.75 38.5 3.45 0.086 5.85 X X
mmmfee | 92407 ] 105 T 2086 | 374 ] 282 | 0086 58 T x [ x__
11:23:51 0 20.32 94.6 8.55 0.084 6.84 5.4 10.3
11:23:06 5 20.32 93.9 8.49 0.084 6.83 5.5 9.3
WA-2 11:21:40 10 20.31 93.1 8.41 0.084 6.74 5.5 9.9
11:20:24 15 20.24 87.3 7.9 0.085 6.61 5.8 10.1
Lake 11:19:17 20 19.46 68.4 6.28 0.087 6.45 8.1 3.2
Tower [10/11/2007| 11:18.02 25 19.11 70.2 6.49 0.089 6.44 9.9 2.6
11:16:43 30 19 66.4 6.16 0.088 6.43 10.6 2.5
Secchi 11:15:29 35 18.77 61.3 5.71 0.088 6.41 13.5 2.5
270M 11:14:17 40 18.73 59 5.5 0.088 6.42 16.6 2.9
11:13.01 45 18.66 55 5.14 0.088 6.44 21.6 2.6
11:11:14 50 18.65 51.6 4.82 0.088 6.5 25.2 2.7
|| Toe4e [ 52 BT 408 | 466 | 0088 | 565 |_ 40 [ 39 |
12:56:57 0 7.7 94.8 11.31 0.06 6.29 6.1 4
WA-2 12:56:08 5 7.69 94.7 11.3 0.061 6.26 6.3 3.7
11/6/2007 | 12:54:51 10 7.57 94.2 11.28 0.059 6.26 6.6 3.9
Lake 12:54.03 15 7.54 94.1 11.27 0.059 6.26 6.6 36
Tower 12:52:58 20 7.54 94.1 11.27 0.06 6.27 6.4 3.6
12:52:05 25 7.53 93.9 11.25 0.06 6.28 6.4 3.5




2007 F.E. Walter Water Quality Profiles

Station Date Time Depth Temp DO DO SpCond pH Turbidity +] Chloro.
M/D/Y hh:mm:ss ft C % mg/L mS/cm NTU ug/L
Secchi 12:50:59 30 7.5 93.7 11.23 0.06 6.21 6.6 3.8
230M 12:50:00 35 717 93.1 11.26 0.061 6.22 24.5 3.8
11/6/2007 | 12:49:07 40 7.11 93.2 11.28 0.061 6.21 8.7 3.8
Cont. 12:48:24 45 71 93.2 11.28 0.061 6.18 8.5 3.7
12:47:44 50 7.07 93.3 11.3 0.062 6.13 100.7 7.8
WA-3 5/24/2007 | 11:14:16 0 16.41 105.3 10.31 0.093 6.72 1 2
Tobyhanna| 6/21/2007 | 11:39:33 0 20.36 105.9 9.56 0.098 6.66 3.2 0.7
Creek | 7/19/2007 | 12:58:17 0 19.27 92.2 8.51 0.096 6.62 10.8 -1.8
Upstream | 10/11/2007| 14:08:49 0 16.45 89.7 8.77 0.114 6.86 19.1 5.8
11/6/2007 | 11:17:21 0 8.04 97 11.48 0.079 6.34 6.4 4.4
5/24/2007 | 11:01:58 0 16.09 114.8 11.31 0.07 6.5 1.4 1.6
WA-4 6/21/2007 | 11:18:09 0 19.17 113.3 10.47 0.083 6.7 1.9 -0.5
Lehigh [ 7/19/2007 | 13:12:04 0 20.76 101.5 9.09 0.079 7.03 155.4 -0.6
River |10/11/2007{ 13:53:26 0 15.03 86.5 8.71 0.074 6.54 21.3 6.5
Upstream | 11/6/2007 | 11:02:25 0 7.65 99.1 11.84 0.06 6.2 59 3.1
WA-5 5/24/2007 | 10:38:55 0 15.13 104.5 10.51 0.065 7.08 1.2 1.3
Bear Creek| 6/21/2007 | 10:47:59 0 19.03 105 9.73 0.086 6.92 2 -5.6
Upstream | 7/19/2007 | 9:43:32 0 19.69 94.3 8.63 0.099 6.69 -7.4 =26
10/11/2007] 13:28:30 0 15.79 92.8 9.2 0.082 6.81 5.8 1.9
11/6/2007 | 10:43:50 0 7.2 96.8 11.69 0.05 5.85 6.5 2
13:51:50 0 20.84 102.6 9.18 0.073 6.55 0.3 1.7
13:50:21 5 18.37 98.5 9.25 0.072 6.45 0.3 1.9
13:49:12 10 17.7 96.3 9.17 0.072 6.38 0.5 2
13:48:13 15 17.02 83.3 9.01 0.672 6.3 -0.4 1.5
13:47:26 20 16.62 91.2 8.89 0.071 6.23 0.3 1.9
WA-6 13:46:50 25 16.06 90.1 8.88 0.07 6.18 0.8 2
Bear Creek 13:45:39 30 15.51 87.5 8.73 0.071 6.04 0.7 1.4
Lake Arm | 5/24/2007 | 13:44:56 35 15.08 87 8.75 0.07 5.99 0.5 1.5
13:44:12 40 14.85 86.7 8.77 0.068 5.97 0.5 1
13:43:29 45 14.6 86.5 8.8 0.067 5.92 1.3 1.3
13:43:07 50 14.52 86.6 8.82 0.067 5.98 0.5 1.7
13:42:33 55 14.36 86.2 8.82 0.07 6.01 0.7 1.2
13:41:48 60 14.05 85.2 8.77 0.067 6.06 1.3 0.9
13:40:50 65 13.72 84.5 8.76 0.074 6.15 1.7 1.7
13:40:06 70 13.59 85 8.84 0.073 6.24 1.6 1.4
13:39:24 75 13.45 84.5 8.82 0.076 6.27 1.4 1.2
13:38:46 80 13.3 83.2 8.7 0.075 6.31 1.5 1.1
13:37:47 85 13.1 81.1 8.62 0.075 6.37 2.9 1.1




2007 F.E. Walter Water Quality Profiles

Station Date Time Depth Temp DO DO SpCond pH Turbidity +| Chloro.
M/D/Y hh:mm:ss ft C % mgIL mS/cm NTU ug/L
14:39:29 0 25.38 112.3 9.22 0.08 6.89 1.2 -8.1
14:38:34 5 23.76 108.3 9.16 0.079 6.74 14 7.6
14:37:54 10 23.35 104.3 8.88 0.079 6.62 1.8 7.4
14:36:14 15 22.29 90.6 7.88 0.078 6.23 0.9 -8
14:35:14 20 21.21 76.9 6.82 0.08 6.15 1.2 -7.3
WA-6 14:34:31 25 20.58 74.5 6.69 0.079 6.13 1.7 7.2
Bear Creek 14:33:52 30 20.22 73.9 6.69 0.08 6.09 1.1 7.2
Lake Arm | 6/21/2007 | 14:31:54 35 19.84 75.2 6.85 0.084 6.1 0.8 -7.3
14:31:10 40 19.34 73.2 6.74 0.079 6.02 1 -7.2
14:30:29 45 19.02 74 1 6.87 0.085 6.05 1.3 -6.9
14:29:26 50 18.7 747 6.97 0.085 6 1.3 -6.7
Missed | Missed | Missed | Missed | Missed | Missed | Missed | Missed | Missed
14.28:33 60 18.36 75.4 7.09 0.081 6.01 1.1 -6.2
14:27:49 65 18.11 76.8 7.26 0.079 6.07 0.5 -6.6
14:26:28 70 17.84 775 7.36 0.078 6.1 0.8 4.2
14:25:14 75 17.64 72.5 6.92 0.078 6.15 14 -7
] T42¢08 [ 80 T Tt | ®67_ 1 686 | 0078 | 623 128 [ T1
11:14:53 0 24.93 98.4 8.14 0.08 6.95 -2.3 -0.2
11:13:49 5 24.9 97 8.03 0.08 6.8 -2.8 0
11:12:55 10 24.6 93.6 7.79 0.08 6.64 36.2 -10.4
11:11:56 15 23.67 76.5 6.48 0.081 6.31 -7 17.4
11:11:04 20 22.48 63.1 5.47 0.079 6.11 -6.8 -23.8
WA.B 11:10:25 25 21.97 59.4 5.2 0.078 6.05 -7 -28.4
Bear Creek| 7/19/2007 | 11:09:31 30 21.59 51.7 4.56 0.079 5.97 -9.1 -42.9
Lake Arm 11:08:33 35 21.28 474 4.2 0.079 5.91 7.9 -99.9
11:07:33 40 21.07 43 3.83 0.079 5.87 -7.3 -11.4
11:06:15 45 20.9 41.8 3.74 0.079 5.81 10.1 -8.8
11:05:31 50 20.69 43.6 3.91 0.08 5.87 -6.1 -7.9
11:04:27 55 20.47 37.7 3.39 0.08 5.78 0.9 -4.8
11:03:36 60 20.32 424 3.83 0.081 5.86 4.5 «1.7
11:02:35 65 20.24 40.3 3.65 0.081 5.86 -8 =16.1
11:01:27 70 20.12 36.5 3.31 0.082 5.86 7.1 -56.8
b t00Te [ 75 L 7008 | w27 | 267 | 0GRz [ 59 T 7 [ 24
12:03:07 0 20.17 89 8.07 0.086 6.7 6.2 7.7
WA-6 12:02:17 5 20.21 87.7 7.94 0.086 6.68 6.2 8
Bear Creak| 10/11/2007| 12:00:56 10 19.92 79.4 7.23 0.088 6.58 6.5 3.3
Lake Arm 11:59:11 15 19.58 73.7 6.76 0.085 6.53 7.1 2.9
11:57:37 20 19.32 80.3 7.4 0.089 6.63 14.1 3.3
— e 2 [ 7921 | 784 | 724 | 0089 T 66T | B15_T 36 _
WA-6 13:43:11 0 7.75 94 .8 11.29 0.056 6.23 6.3 2.9
Bear Creek 13:42:09 5 7.77 94 .8 11.29 0.056 6.26 6.3 3.1
Lake Arm | 11/6/2007 | 13:41:02 10 71.77 94.7 11.28 0.056 6.3 6.4 3.1
13:39:25 15 7.77 94.7 11.28 0.056 6.36 6.4 34
13:38:11 20 7.7 94 .4 11.27 0.057 6.45 6.9 3.5
13:36:59 25 7.58 94.9 11.35 0.064 6.47 8 3.9




2007 F.E. Walter Water Quality Profiles

Station Date Time Depth Temp DO SpCond pH Turbidity +| Chloro.
M/D/Y hh:mm:ss ft C % mS/cm NTU ug/L
13:27:46 0 19.93 100.9 0.073 6.48 0.2 1.8
13:26:57 5 18.38 99.1 0.074 6.45 0.6 1.8
13:26:14 10 17.63 96.1 0.073 6.41 0.4 2.1
13:25:37 15 17.16 94.2 0.072 6.39 0.2 1.7
13:24:26 20 16.58 91.2 0.071 6.31 0.6 2.4
13:23:51 25 16.17 89.2 0.071 6.3 -0.2 2
WA-7 13:22:48 30 15.38 87 0.075 6.28 0.3 1.8
Lehigh | 5/24/2007 | 13:22:06 35 14.98 86.4 0.075 6.3 0.7 1.4
Lake Arm 13:20:18 40 14.78 87.4 0.075 6.25 0.6 1.3
13:19:30 45 14.66 88 0.077 6.26 0.6 1.7
13:18:56 50 14.5 87.7 0.076 6.29 0.5 1.8
13:18:07 55 14.28 88 0.077 6.32 0.4 1.6
13:17:27 60 14.08 87.9 0.077 6.38 0.8 24
13:16:44 65 13.92 87.6 0.076 6.41 0.8 2.2
13:16:05 70 13.69 87.2 0.078 6.45 1.4 2
13:15:29 75 13.55 85.3 0.079 6.47 3.9 1.5
T2 80 _TH3a5 | 818 | 0078 ]85 J_de8_[ 722
14:06:33 0 24.31 110.5 0.079 6.89 1.4 -7.9
14:05:33 5 24.18 109.1 0.079 6.77 1 -7.8
14:04:45 10 23.5 103.6 0.08 6.62 2.3 7.3
14:02:23 15 21.84 85.4 0.083 6.37 2.1 -4.3
14:01:43 20 21.18 79.3 0.082 6.33 1.6 -6.3
WA-7 14:00:46 25 20.61 77.3 0.083 6.34 1.3 -6.3
Lehigh | 6/21/2007 | 13:59:18 30 20.25 76.7 0.085 6.3 1.1 6.7
Lake Arm 13:58:26 35 19.93 76.2 0.085 6.26 1.3 -6.7
13:57:40 40 19.54 76.1 0.086 6.23 1.8 -4
13:56:51 45 19.1 75.4 0.087 6.18 21 6.3
13:56:05 50 18.89 73.1 0.087 6.17 2.9 -4.3
13:54:32 55 18.58 72.6 0.087 6.11 4 -6
13:53:34 60 18.15 71.5 0.087 6.1 3.7 -3.1
13:52:31 65 17.99 70.6 0.087 6.13 3.7 -5.2
13:51:22 70 17.67 70.6 0.085 8.17 2.7 -3.7
——— 34934 TS 1739 | 677 | 0083 | 621 | 38 _ [ _166 _



2007 F.E. Walter Water Quality Profiles

Station Date Time Depth Temp DO DO SpCond pH Turbidity +| Chloro.
M/D/Y hh:mm:ss ft C % mg/ﬁL mS/cm NTU ug/L
11:44:54 0 24.98 98.2 8.12 0.082 6.9 403.3 -76.3
11:44:03 5 24.89 96.8 8.02 0.082 6.82 332.4 -29.4
11:43.06 10 24 .41 94.3 7.88 0.08 6.66 -0.4 5.2
11:42:08 15 23.7 89.1 7.54 0.079 6.5 -3.9 0
11:40:36 20 22.64 62.5 5.4 0.08 6.16 -5.1 -1.8
WA-7 11:39:23 25 21.93 61.4 5.37 0.079 6.12 208.2 0.1
Lehigh 11:37:54 30 21.61 48.4 4.26 0.081 6.03 -2.2 0.2
Lake Arm | 7/19/2007 | 11:36:52 35 21.3 45.7 4.05 0.083 6 20.3 -2.5
11.35:50 40 21.06 47.2 4.2 0.081 5.93 33.2 0.5
11:34:44 45 20.87 39.6 3.54 0.085 5.95 1011.6 -2
11:33:38 50 20.7 37.9 3.4 0.085 5.91 167.2 2.3
11:32:48 55 20.53 36.7 3.31 0.085 5.9 -8.8 -20.4
11:31:58 60 20.37 32.9 2.97 0.085 5.92 2.4 -26.6
11:30:32 65 20.26 29.7 2.68 0.085 5.91 85 -16.6
11:29:47 70 20.08 26.9 2.44 0.084 5.94 58.9 -34.7
e E2ER T 196 | T25 17115 | 0125 1616 |_158_| 334 |
WA-7 11:42:19 0 20.25 92.6 8.38 0.086 6.96 5.9 6.3
Lehigh 11:41:34 5 20.24 92.5 8.36 0.086 6.97 5.8 6.2
Lake Arm | 10/11/2007| 11:39:51 10 19.93 90 8.19 0.089 6.92 7 4.4
11:38:41 15 19.12 89.6 8.29 0.09 6.83 6.8 4.5
11:37:40 20 17.27 87.8 8.43 0.093 6.83 20.4 4.3
———— e 13638 22 ) 721 | 877 | 844 | 0093 | 688 [ 465 | 133
13:19:49 0 7.63 94.3 11.27 0.066 6.49 6.9 3.9
WA-7 13:18:33 5 7.61 94.2 11.26 0.066 6.52 6.8 6.1
Lehigh | 11/6/2007 | 13:17:36 10 7.59 94.2 11.26 0.066 6.51 6.6 6.2
Lake Arm 13:16:44 15 7.56 94 11.26 0.066 6.51 6.6 6.1
13:15:41 21 7.54 93.7 11.22 0.066 6.5 60.7 7.1




