WATER QUALITY MONITORING

AT F.E. WALTER RESERVOIR

DURING 2003

Prepared for

U.S. Army Corps of Engineers
Philadelphia District
Philadelphia, PA 19107

Prepared by

Craig M. Bruce
Kathy Dillow
Versar, Inc.

9200 Rumsey Road
Columbia, MD 21045

Contract No. DACW61-00-D-0009
Delivery Order No. 0042

Prepared Under the Supervision of

William H. Burton
Principal Investigator

January 2004






MNGLZ2II.“

Table of Contents

1.0

2.0

3.0

TABLE OF CONTENTS

Page

INTRODU CTION L.ttt e e e et e et e et e e e e e e e e eneanes 1-1
1.1 PURPOSE OF THE MONITORING PROGRAM.....cccviiiiiiiiciici e 1-1
1.2  DESCRIPTION OF F.E. WALTER RESERVOIR .....cciiiiiiiiiiciiiicea s 1-1
1.3  ELEMENTS OF THE STUDY ..ttt ettt et e e e e e ae e 1-1
Y 0 2-1
2.1 PHYSICAL STRATIFICATION MONITORING.......cviiiiiiiiiiie e 2-1
2.2  WATER COLUMN CHEMISTRY MONITORING.......ccooviiiiiiiii e 2-1
2.3 TROPHIC STATE DETERMINATION ...uiiiii i e e e 2-5
2.4 RESERVOIR BACTERIA MONITORING......ciitiiii i 2-5
2.5 STREAMFLOW AND PRECIPITATION DATA ... 2-6
2.6  SEDIMENT PRIORITY POLLUTANT MONITORING........coviviiiiiiiieiinene 2-6
2.7 TREND ANALYSIS METHODS ...t 2-12
2.7.17 Regression ANalYSis ...uouiiiiiiiiii i 2-12

2.7.2 Mann-Kendall Analysis......ccoviiiiiiiiiiiii i 2-12

2.8 DRINKING WATER MONITORING ..ottt et e eeee e 2-13
2.9 METEOROLOGICAL MONITORING ..ottt eeeae e 2-13
2.10 LEHIGH WATER QUALITY MONITORING .....cciiiiiiiiiiic i 2-13
RESULTS AND DISCUSSION ...ttt e et e e e e e e e eeeens 3-1
3.1 STRATIFICATION MONITORING ..ottt e 3-1
G I O I T T oY= = 61 = 3-1

3.71.2 DisSOIVEd OXYGEN ..uiiiiii i 3-1

B 1.8 PH o 3-5

3.1.4  CoNAUCHIVITY . ittt e e e 3-8

3.2 WATER COLUMN CHEMISTRY MONITORING......coovviiiiiiiiicicieeceee, 3-8
G 72000 B 1N 11 4 o T o 1 - TS P 3-14

3.2.2 Nitrite and Nitrate .....coooviiiiiii e 3-16

3.2.3 Total Inorganic Nitrogen.......ciiuiiiiiiiiii i e 3-19

3.2.4 Total Kjeldahl Nitrogen ........ccoooiiiiiiii e 3-19

3.2.5 Dissolved PhRosphate ......c.ccoviiiiiiiii i 3-23

3.2.6 Dissolved PhoSphorus......cccuviiiiiiii i 3-23

3.2.7 Total PhoSphorus......oiiiiiiii e 3-23

3.2.8 Total Dissolved Solids .....ccoviiiiiiiiiiiii i e 3-27

3.2.9 Total Suspended SolidS......cccviriiiiiiii 3-31
3.2.10 Biochemical Oxygen Demand..........ccccoviiiiiiii i 3-35
3.2.171 ALKAINIY e e 3-39
3.2.12 Total Inorganic and Organic Carbon..............ccooiiiiiiiiiiiiinnns 3-39
3.2.13 Chlorophyll @i e 3-39

3.3 TROPHIC STATE DETERMINATION ....viiiiiiic e e 3-39



MNGLZ2II.“

Table of Contents

4.0

5.0

6.0

TABLE OF CONTENTS (CONTINUED)

3.4 RESERVOIR BACTERIA MONITORING......ccoiiiiiiiiicececece e
3.5  SEDIMENT PRIORITY POLLUTANT MONITORING.......cccoovieiiiiiiiieaeennne.
3.6 TEMPERATURE PROBE MONITORING.......ciitiiiiiiiiiiiiccie e
3.7  DRINKING WATER ..ot e e e e e e aaeeas
3.7.1 Primary and Secondary Contaminants.............ccccviviiiiiiniinnnnnnns
3.7.2 Inorganic Nitrogen and Coliform Bacteria............cccociieiieiinenne.
3.7.3 Historical Drinking Water Quality.........ccooiviiiiiiiiiiiiiiii e

SUMM A RY it
4.1 WATER QUALITY MONITORING ...t e
4.2 MONITORING PROGRAM TRENDS ... e
4.3 TROPHIC STATE CLASSIFICATION ..ot
4.4  COLIFORM BACTERIA MONITORING.....ciiiiiiiiii e
4.5  SEDIMENT PRIORITY POLLUTANT MONITORING......cccoviiiiiiiiieeee,
4.6  DRINKING WATER MONITORING ......cociiiiiiiiiiin e
4.7 ADDITIONAL WATER QUALITY MONITORING ALONG THE LEHIGH

4.8 TEMPERATURE PROBE MONITORING......cccciiiiiiiiiiii e e

REFERENCES ...t

APPENDICES

A

B

E

STRATIFICATION MONITORING ... et

WATER COLUMN CHEMISTRY MONITORING LABORATORY ANALYSIS

L0 = o I N N P

SEDIMENT PRIORITY POLLUTANT AND ARSENIC MONITORING

LABORATORY ANALYSIS CERTIFICATES ...,

DRINKING WATER MONITORING LABORATORY ANALYSIS

CERTIFIC ATES e

SCOPE OF WORK ...ttt a e

I:\DEPT.74\PhilaO3\Reservoirs\Walter\WA_FRONT.doc



MNGLZ2II.“

List of Tables

Table

2-1

2-2

2-3

2-4

2-5

3-1

3-2

3-3

3-4

3-5

3-6

3-7

3-8

LIST OF TABLES

Page
F.E. Walter Reservoir water quality monitoring schedule for 2003 monitoring ..... 2-2
Water quality test methods, detection limits, state regulatory criteria, and
sample holding times for water quality parameters monitored at F.E. Walter
RESErvVoir iN 2003 ... i i e e 2-4
Water quality test methods, detection limits, PADEP water quality standards,
and sample holding times for bacteria parameters monitored at F.E. Walter
RTCT=T=Y VoY1 T o Y7400 1 2-5
Analytical methods, detection limits, and sample hold times for sediment
priority pollutant metals and acid/base neutral extractables monitored at
F.E. Walter Reservoir in 2003 ... ..ot e e 2-10
Analytical methods, method detection limits, and sample hold times for
drinking water monitored at F.E. Walter Reservoir in 2003 .............ccooieiininnn, 2-14
Seasonal trends of dissolved oxygen concentration at individual stations of
F.E. Walter Reservoir calculated with the Mann-Kendall Statistic....................... 3-5
Summary of surface, middle, and bottom water quality monitoring data for
F.E. Walter Reservoir in 2003 . ... i i e e e e e eas 3-12
PADEP ammonia Nitrogen Criteria....cccoiiiiiiii i i et cie e e e aae s 3-14
Seasonal trends of ammonia concentration at individual stations of F.E.
Walter Reservoir calculated with the Mann-Kendall Statistic ........................... 3-16
Seasonal trends of total nitrogen concentration at individual stations of F.E.
Walter Reservoir calculated with the Mann-Kendall Statistic ................c..oooui 3-23
Seasonal trends of total phosphorus concentration at individual stations of
F.E. Walter Reservoir calculated with the Mann-Kendall Statistic..................... 3-27
Seasonal trends of total dissolved solids concentration at individual stations
of F.E. Walter Reservoir calculated with the Mann-Kendall Statistic.................. 3-31
Seasonal trends of total BOD concentration at individual stations of F.E.
Walter Reservoir calculated with the Mann-Kendall Statistic ........................... 3-35



MNGLZ2II.“

List of Tables

Table

3-9

LIST OF TABLES (CONTINUED)

Page
EPA trophic classification criteria and average monthly measures for F.E.
Walter Reservoir iN 200 ..ottt sttt te e e e e sseaaenees 3-45
Bacteria counts at F.E. Walter Reservoir during 2003 .........ccoiiiiiiiiiiiiiicieenns 3-48
Summary statistics of fecal coliform counts among all stations of F.E.
Walter Reservoir during 2003 ... ..t 3-54
Seasonal trends of fecal coliforms/100-ml at individual stations in F.E.
Walter Reservoir calculated with the Mann-Kendall Statistic ............ccovvvvrnnnn... 3-b4
Seasonal trends of total coliforms/100-ml at individual stations in F.E.
Walter Reservoir calculated with the Mann-Kendall Statistic ...........ccovvvvvvnnnnn.. 3-bb
Metal and acid/base neutral extractables concentrations measured in
sediments of F.E. Walter Reservoir in 2003 ......coiiiiiiiiiiiii e eeas 3-56
Concentrations of primary and secondary contaminants in drinking water at
F.E. Walter Reservoir in 200 G .. oottt ettt e eeeeeeteesseeiaanns 3-61

Concentrations of nitrate and nitrite, and results of coliform bacteria monitoring
of drinking water sampled from the woman’s restroom located in the office at
F.E. Walter Reservoir during 2003, ... ittt eaea 3-63

Drinking water parameters exceeding PADEP criteria at F.E. Walter Reservoir
From TO83 10 2003 ... e 3-64

Vi



MNGLZ2II.“

List of Tables

Figure

2-1

2-2

2-3

2-4

2-5

2-6

3-1

3-2

3-3

3-b

3-6

3-7

3-8

LIST OF FIGURES

Location map for F.E. Walter Reservoir and water quality monitoring stations
1 TZZ 0 10 2-3

May streamflow and precipitation in the vicinity of F.E. Walter Reservoir during
2 0 1 T 2-7

June streamflow and precipitation in the vicinity of F.E. Walter Reservoir during

200 3 e 2-7
July streamflow and precipitation in the vicinity of F.E. Walter Reservoir during

2 0 1 1 2-8
August streamflow and precipitation in the vicinity of F.E. Walter Reservoir

(o [0 4T a o 2 0 10 1C PP 2-8
September streamflow and precipitation in the vicinity of F.E. Walter Reservoir

Lo 10 11 T 00720 10 1 T 2-9
Temperature measured in surface waters of F.E. Walter Reservoir during

2 0 1 1 3-2
Stratification of temperature measured in the water column of F.E. Walter

Reservoir at station WA-2 during 2003.... ..ot 3-3
Dissolved oxygen measured in surface waters of F.E. Walter Reservoir during

200 3 e 3-4
Dissolved oxygen measured in surface waters of F.E. Walter Reservoir at

station WA-2 during 2003 ... e e 3-6
Measures of pH in surface waters of F.E. Walter Reservoir during 2003............. 3-7

Stratification of pH measured in the water column of F.E. Walter Reservoir at
station WA-2 during 2003 ... e 3-9

Conductivity measured in surface waters of F.E. Walter Reservoir during
20003 e 3-10

Stratification of conductivity measured in the water column of F.E. Walter
Reservoir at station WA-2 during 2003......ciiiiiiiiii s 3-11

Vii



MNGLZ2II.“

List of Tables

Figure

3-9

3-11

3-12

3-20

3-21

3-22

LIST OF FIGURES (CONTINUED)

Page
Ammonia measured in surface, middle, and bottom water of F.E. Walter
Reservoir during 2003 ... .o e e 3-15
Nitrite measured in surface, middle, and bottom water of F.E. Walter
Reservoir during 2003 ... .o e 3-17
Nitrate measured in surface, middle, and bottom water of F.E. Walter
Reservoir during 2008 ... .o e e 3-18
Seasonal trend analysis for total nitrogen measured during spring months at
e VAV = T (= gl = 1= T V7o Y | 3-20
Seasonal trend analysis for total nitrogen measured during summer months
At F.E. Walter RESEIVOIT ...t et e ranaeeeens 3-21
Total Kjeldahl nitrogen measured in surface, middle, and bottom water of
F.E. Walter Reservoir during 2003........oiiiiiiiiii e 3-22
Total phosphate measured in surface, middle, and bottom water of F.E.
Walter Reservoir during 2003 .. ... 3-24
Total dissolved phosphorus measured in surface, middle, and bottom water
of F.E. Walter Reservoir during 2003 .......coiiiiiiiiii i i eea s 3-25
Total phosphorus measured in surface, middle, and bottom water of F.E.
Walter Reservoir during 2003 ......iiiiiiii i i 3-26
Seasonal trend analysis for total phosphorus measured during spring months
At FLE. Walter RESEIVOIN .o it eieeaaeans 3-28
Seasonal trend analysis for total phosphorus measured during summer
months at F.E. Walter RESErVOIr.....ouvi i e e e erieee e ns 3-29
Total dissolved solids measured in surface, middle, and bottom water of F.E.
Walter Reservoir during 2003 ... . it 3-31
Seasonal trend analysis for total dissolved solids measured during spring
months at F.E. Walter ReServoir.......coooiiiiiiii e 3-32
Seasonal trend analysis for total dissolved solids measured during summer
months at F.E. Walter REeSEervoir......cocoiiiiiii e 3-33



MNGLZ2II.“

List of Tables

Figure

3-23

3-24

3-25

3-26

3-27

3-28

3-29

3-30

3-31

3-32

3-33

3-34

3-35

LIST OF FIGURES (CONTINUED)

Page
Total suspended solids measured in surface, middle, and bottom water of
F.E. Walter Reservoir during 2003, ... i e eaea 3-34
Biochemical oxygen demand measured in surface, middle, and bottom water
of F.E. Walter Reservoir during 2003 ........oiiiiiiiiiii i e eea s 3-36
Seasonal trend analysis for biochemical oxygen demand measured during
spring months at F.E. Walter REServoir .......ccoovviiiiii i 3-37
Seasonal trend analysis for biochemical oxygen demand measured during
summer months at F.E. Walter ReServoir........cocvviiiiiiiii e e e 3-38
Alkalinity measured in surface, middle, and bottom water of F.E. Walter
Reservoir during 2003 ... i 3-40
Total inorganic carbon measured in surface, middle, and bottom water of F.E.
Walter Reservoir during 2003 ... . it 3-41
Total organic carbon measured in surface, middle, and bottom water of F.E.
Walter Reservoir during 2003 ... . it 3-42
Total carbon measured in surface, middle, and bottom water of F.E. Walter
Reservoir during 2003 ... .o e e 3-43
Chlorophyll a measured in surface, middle, and bottom water of F.E. Walter
Reservoir during 2008 ... .o e e 3-44
Trophic state indices calculated from secchi disk depth and concentrations of
chlorophyll @a measured in surface water of F.E. Walter Reservoir during
2 0 1 1 P 3-46
Counts of total coliform bacteria in surface water in F.E. Walter Reservoir in
2 0 1 1 PP 3-49
Counts of fecal coliform bacteria in surface waters of F.E. Walter Reservoir
Lo [T o Vo 220 10 1 3-50
Maximum average, and geometric mean of fecal coliform counts for all
stations monitored at F.E. Walter Reservoir in 2003 .........c.ccoviiiiiiiiiiiiiiieiens 3-51



MNGLZ2II.“

List of Tables

3-36 Seasonal trend analysis for counts of fecal coliform bacteria during spring
months at F.E. Walter REeSErvoir......ooiiiiiiii i e 3-52

LIST OF FIGURES (CONTINUED)

Figure Page

3-37 Seasonal trend analysis for counts of fecal coliform bacteria during summer
months at F.E. Walter ReServoir.... ..o 3-53

3-38 In-situ temperature measured in surface waters of Lehigh River during 2003 .... 3-58

3-39 In-situ temperature measured in surface waters of Lehigh River during 2003.... 3-60



