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1. 	BACKGROUND 

The Ohio River Valley Water Sanitation Commission (ORSANCO) initiated a Toxic Substance Control 

Program in 1983 to address the growing concern over the detections of low levels of toxic substances in 

the Ohio River. As part of the Program, ORSANCO is conducting field surveys on segments of the Ohio 

River. This particular report involves the section from Wheeling to Parkersburg, West Virginia (mile point 85 

to 204). A map of the study area with tributaries and mile points can be found in Figure 1. This particular 

segment survey was the first undertaken by ORSANCO as part of the Toxic Substance Control Program. 

The segment investigations involve the following: 

1. Analyze historic data 

2. Recommend field survey 

3. Analyze field survey data 

4. Recommend follow-up work 

5. Analyze follow-up data 

6. Determine needs for additional work and/or recommend control program 

An analysis of historic data and a report recommending a field survey was completed in 1967. The 

historic data identified the following parameters of concern; cadmium, cyanide, lead, mercury, nickel, zinc, 

chloroform, methylene chloride, and tetrachloroethylene. These pollutants are introduced into the river by 

both point and nonpoint sources, with some pollutants contributed by both. The recommended follow-up 

work to further define potential point source toxic sources in the study area included the following: 

1. End-of-pipe effluent analysis for the parameters of concern at 21 process outfalls 

2. Cross-sectional sampling of the Ohio River for the identified parameters of concern at four 

of ORSANCO's manual monitoring stations(Wheeling, Hannibal, Willow Island, and 

Belleville) and at four additional sites (Butter Run, Wells Bottom, Marietta. and Vienna). 

3. Tributary sediment and instream samples at 18 identified streams. 

The recommended river sampling was completed on October 20, 1987. Effluent sampling was conducted 

separately by the appropriate state agencies in November and December of 1987. 
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Parameters of Concern 

In the Commission's report The Presence of Toxic Substances in the Ohio River four categories 

were applied to identify water quality parameters of concern. These categories were stream criteria 

exceedances, detection frequency, increase in occurrence from one monitoring location to the next 

downstream location, and increasing occurrence over the period of record. The stream criteria used were 

the Commission's Pollution Control Standards, 1985 Revision, 

Summarizing by category, the following parameters of concern were identified for the Wheeling to 

Parkersburg segment: 

Criteria Exceeclance 	 Increase from Unstream Location 
Cadmium 	Chloroform 	 None 
Cyanide 	Chlordane 
Lead 	Methylene Chloride 	 Increasing Trend  
Nickel 	 Tetrachloroethylene 
Zinc 

Frequent Detections 
Mercury 
Hexachlorobenzene 

Since the publication of The Presence of Toxic Substances in the Ohio River the Commission has 

evaluated the more recent ambient monitoring data with the current standards. The Commission's 305(b) 

report. Assessment of Water Quality Conditions Ohio River. 1986-1987, evaluates water quality data collected 

from October 1985 through September 1987. 

In the 305(b) report the Ohio River is divided into waterbodies. Four waterbodies make up the 

Wheeling to Parkersburg segment: Pike Island to Hannibal (M.P. 84.2 to 126.4), Hannibal to Willow Island 

(M.P. 126.4 to 161.7). Willow Island to Muskingum (M.P. 161.7 to 172.2), and Muskingum to Belleville (M.P. 

172.2 to 203.9). In each waterbody use attainment is assessed by comparison of monitoring data with 

stream criteria established in ORSANCO's Pollution Control Standards, 1987 Revision and/or U.S. EPA 

Ambient Water Quality Cancer Risk Levels. 

Use attainment was further defined as fully supporting, partially supporting and non-supporting use, 

depending on the percentage of time criteria was exceeded. For this report those parameters where a 

waterbody Is rated as partially supporting or non-supporting are defined as parameters of concern. 

Summarized by category, the parameters of concern for this study segment are listed in Table 1. 
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TABLE 1 

PARAMETERS OF CONCERN 

WHEELING TO PARKERSBURG SEGMENT 
TOXIC SUBSTANCES CONTROL PROGRAM 

PARTIALLY SUPPORTED 

Chloroform Nickel 
	 Lead* 

Arsenic 
	 Copper* 

Mercury 
	

Phenol 

NON-SUPPORTED 

'These parameters have a significant decreasing trend from 1977 to 1987. based on seasonal Kendall Test. 

Inventory of Potential Sources 

The study area contains 91 National Pollutant Discharge Elimination System (NPDES) permitted 

facilities. A summary of the dischargers is included in Table 2. Appendix A lists the permitted discharges 

in the study area. 

TABLE 2 

SUMMARY OF DISCHARGES TO THE OHIO RIVER 

WHEELING TO PARKERSBURG SEGMENT 
TOXIC SUBSTANCES CONTROL PROGRAM 

TYPE OF FACILITY NUMBER 

Municipal Wastewater Treatment Plants 30 

Coal Handling Facilities 13 

Chemical Plants 11 

Manufacturing Plants 13 

Power Plants 5 

Water Treatment Plants 4 

Bulk Terminals 6 

Railroad Yards 2 

Sand and Gravel Operations 2 

Cooling Water Discharges 5 

Total 91 
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Twenty-six Resource Conservation and Recovery Act (ACRA) Treatment, Storage or Disposal 

Facilities (rSDF) are located near the Ohio River within the study area. Appendix A lists all of the RCRA 

facilities near the Ohio River. Fifteen of the facilities are in Ohio, while 11 are located in West Virginia. 

Approximately 6,138 tons of hazardous waste were generated in 1984 at Ohio facilities and 12,140 tons at 

West Virginia facilities. Each of these facilities Could be a potential source of toxics in the study area. 

Seven of the communities in the study area have combined sewer systems (see Table 3). These 

systems overflow during period of heavy rainfall resulting in the release of untreated sewage. The release 

of untreated sewage is another potential source of toxic substances to the Ohio River. 

TABLE 3 

COMMUNITIES WITH COMBINED SEWERS 

WHEELING TO PARKERSBURG SEGMENT 
TOXIC SUBSTANCES CONTROL PROGRAM 

MUNICIPALITY MILE POINT 

Wheeling, WV 90.8 

Benwood, WV 93.0 

Belmont County, OH 94.0 

McMechen, WV 96.2 

Moundsville, WV 102.4 

New Martinsville, WV 128.7 

Parkersburg, WV 184.0 

Another possible source of contamination is the transport of toxics from ground water to the Ohio 

River. Preliminary investigations have identified 55 potential sites for ground water contamination in the 

segment. Twenty-two sites have been associated with severe contamination of ground water in the segment. 

Appendix B lists the sites with the potential for ground water contamination. Contaminants identified include 

mercury and other metals, organics, and inorganics. 
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Two municipalities draw water directly from the segment as do 28 industries. Also, 27 municipalities 

draw their water supply from the aquifer which lies below the river in the segment. Total municipal supply 

to the direct intakes is 8.2 million gallons per day (MOD), and 23.2 MOD from the aquifer supply, totaling 

31.4 MOD. Appendix D lists all of the water intakes In the study segment. 

Appendix E lists the public water supplies along the main stem using ground water. 
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II. 	SURVEY DESIGN 

Obiectives 

The objective of the study was to Investigate the presence of chloroform and heavy metals under 

low flow conditions to emphasize point source effects. In addition to testing for the above compounds, 

conventional water quality parameters were also measured. These Included temperature, pH, conductivity, 

dissolved oxygen, hardness, alkalinity, and total suspended solids. Measuring values for these parameters 

display the vertical or lateral stratification in the stream. 

Samolina Locations 

The sampling locations for this study were chosen to isolate the effects of "clusters" of discharges 

to the Ohio River. The sampling occurred at the effluent of 21 process outfalls and in the main stream above 

and below each cluster. Eighteen tributaries were chosen for sediment and water column sampling to 

characterize inputs of toxic substances. A total of seven discharge clusters were selected to perform a mass 

balance on the river. The clusters are identified In Table 4. 

TABLE 4 

DESCRIPTION OF SAMPLING CLUSTERS 
AND NUMBER OF DISCHARGES SAMPLED 

WHEELING TO PARKERSBURG SEGMENT 
TOXIC SUBSTANCES CONTROL PROGRAM 

CLUSTER (MILE POINT) INDUSTRIAL DISCHARGES MUNICIPAL DISCHARGES 

86.8 TO 107.0 4 1 

107.0 TO 117.4 6 0 

117.4T0 126.4 4 1 

126.4T0 161.7 3 0 

161.710 171.9 1 

171.9 TO 183.1 2 1 

183.1 TO 203.9 3 0 

TOTAL 23 	 - 4 
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Participants 

Individuals from the following agencies participated in the field survey: Ohio EPA, West Virginia DNR 

and U.S. EPA Region III. These agencies provided equipment and personnel to complete the survey and 

ORSANCO's appreciation is extended to them. Table 5 lists where each agency sampled and provided 

laboratory services. 

TABLE 5 

AGENCY PARTICIPANTS 

AGENCY INDUSTRIAL DISCHARGES 	MUNICIPAL DISCHARGES 

West Virginia DNR Wheeling Waterworks to Hannibal (M.P. 86.8 to 126.4) 

Ohio EPA Willow Island to Belleville (M.P. 161.7 to 203.9) 

U.S. EPA Provided transportation 

"Howard Laboratories provided VOC analysis 

Quality AssuranceJQualitv Control Plan  

A Quality Assurance/Quality Control (QA/QC) Plan was developed for the survey and was approved 

by all agencies participating. Ohio EPA and West Virginia DNR performed analyses of samples for metals 

and conventional parameters. Howard Laboratories performed analyses for volatile organic compounds. 

A copy of the QA/QC Plan Is included as Appendix F. 
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Ill. 	SURVEY RESULTS 

Overall  

Ohio River flow conditions at mile point 102.4 during the survey (16,900 cubic feet per second (cfs)) 

were between the average monthly flow (27,200 cfs) and minimum average monthly flow (9.470 cfs). 

Main stem conditions (Maximum, Minimum, Average) for temperature, pM, conductivity, dissolved 

oxygen, hardness, and alkalinity are listed in Table 6. Water quality criteria were not exceeded for these 

parameters during the survey period. 

TABLE 6 

OHIO RIVER CONDITIONS 

WHEELING TO PARKERSBURG SEGMENT 
TOXIC SUBSTANCES CONTROL PROGRAM 

PARAMETER MAX MIN AVG 

Temperature, °C 15.5 11 14.4 

pH, s.u. 8.8 6.5 7.6 

Conductivity, umhos/cm 431 250 316.5 

Dissolved Oxygen, mg/L 12.8 9.5 11.3 

Hardness, mg/L as CaCO3 144 104 118.8 

Alkalinity, mg/L as CaCO3 89 40 45.6 

Parameters not detected in the stream included most volatile organic compounds (VOCs). Of the 

VOCs analyzed for, five were detected and one, chloroform, exceeded the instream criterion for human 

health exposure (0.19 jtg/L). Chloroform exceeded the criterion at Wheeling (M.P. 86.8), Wells Bottom (M.P. 

117.3), Hannibal (M.P. 126.4). Duck Creek (M.P. 170.7, tributary), and Belleville (M.P. 203.9). A listing of the 

VOCs analyzed for is shown in Table 7. 
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TABLE 7 

VOLATILE ORGANIC COMPOUNDS ANALYZED 

WHEELING TO PARKERSBURG SEGMENT 
TOXIC SUBSTANCES CONTROL PROGRAM 

COMPOUND COMPOUND 

Benzene p-Xylene 
Vinyl Chloride o-Xylene 
Carbon Tetrachloride m-Xylene 
1 ,2-Dichloroethylene 1,1 -Dichloroethane 
Trichloroethylene 1 .2-Dichtoropropane 
1,1 -Dichloroethslene 1,1 ,2,2-Tetrachloroethane 
1,1,1 -Trichloroethane Ethylbenzene 

*pDichlorobenzene  1 3-Dichloropropane 
*mDjchlorobenzene Styrene 
*o Dichlorobenzene  Chioromethane 
#Chloroform Bromomethane 
Bromodichioromethane I ,2,3-Trichloropropane 
Chlorodibromomethane 1,1 ,2,2-Tetrachloroethane 
Bromoform Chloroethane 
trans-i 2-Dichioroethylene 1,1 2-Trichloroethane 
cis-i .2-Dichioroethylene 2,2-Dichioropropane 

*Chlorobenzene  o-Chlorotoluene 
Dichioromethane p-Chlorotoluene 
1,1 -Dichloropropane Bromobenzene 
Tetrachloroethylene 1 3-Dichloropropene 
Toluene Ethylene dibromide 
1 ,2,4-Trimethylbenzene 1 ,2-Dibromo-3-chloropropane 
1 ,2,4-Trichlorobenzene I ,3,5-Trirnethylbenzene 
1 ,2,3-Trichlorobenzene p-lsopropyltoluene 
n-Propylbenzene lsopropylbenzene 
n-Butylbenzene Tert-butylbenzene 
Naphthalene Sec-butylbenzene 
Hexachlorobutadiene Fluorotrichiorornethane 

Dichiorodifluoromethane 
Brornochioromethane 

* = Detected Instream 
4 = Exceeded Instream Criteria 

All inorganics analyzed for were detected instream, however they did not exceed the instream 

criterion (criteria are listed in Table 8). All constituents analyzed were for total recoverable concentration. 

10 



TABLE 8 

INSTREAM CRITERIA 

WHEELING TO PARKERSBURG SEGMENT 
TOXIC SUBSTANCES CONTROL PROGRAM 

CHEMICAL CONSTITUENTS 
NOT TO EXCEED THE FOLLOWING CONCENTRATIONS 

CONSTITUENT CONCENTRATION, UNITS PER LITER 

Arsenic 50.0 gg 

Barium 1000.0 

Phenolics 5.0 

Selenium 10.0 

Silver 50.0 

Dlchlorobenzenes 400.0 

Chloroform 0.19 

Nickel 13.4 

CONSTITUENT 
CHRONIC CRITERIA 
CONCENTRATION 

(Mg/L) 

ACUTE CRITERIA 
CONCENTRATION 

(pg/L) 

Cadmium 0(.ms4In Ua.3A9o) e" 	Har&3.818) 

Copper e'" 	Uard.-IAoS) Ilard-IAGl) 

Lead Hard4.705) e°"° Hrd.-lAO) 

Zinc s.n3vn Uard.t.1614) e (th flazd.+3604) 

Chromium (hexavalent) 11 16 

Cyanide (free) 5 22 

Mercury .012 2.4 

Appendix G lists the field sampling results from the segment survey. 
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Assessment by Objective 

The objectives of the study were to characterize the presence of chloroform and heavy metals under 

low flow conditions in the Ohio River, and to identify sources of these chemicals. Table 9 lists each of the 

discharge clusters and the key parameters associated with them. Key parameters include mercury, lead. 

chloroform, and dichlorobenzenes. These substances are characterized in the sections to follow: 

Mercury 

Mercury concentrations exceeded the instream chronic criterion above and below each 

discharge cluster from M.P. 86.8 to 126.4 (Ohio EPA did not analyze for mercury). Table 

10 lists the concentration, and agency sampling and analyzing for each location where 

mercury was detected. 

Figure 2 presents the instream concentration for mercury from M.P. 86.8 to 126.4. All 

instream values in Figure 2 are in exceedance of the chronic criterion (.012 pg/L) for 

mercury. The detection limit for mercury is high (0.1) compared to the criterion (0.012) 

thus, all values below detection may or may not exceed the criterion. Instream concentra-

tions increase from mile point (M.P.) 86.8 to 107.0 on the left and right descending bank, 

suggesting a significant input of mercury to the river. However, the instream concentration 

at mid-channel falls below the detection level. A possible explanation for this is the mixing 

effect Willow Island has on the river. Fifty-five industrial facilities have been identified as a 

potential source of ground water contamination in the segment. Twenty-two of the 55 are 

known to have contaminated ground water in this segment, one being LOP Chemicals (M.P. 

102.1) contributing mercury. 

There is a drop in the instream concentration on the right descending bank from M.P. 107.0 

to 117.3, however the left and mid-stream samples show a significant increase. From M.P. 

117.3 to 126.4 the instream concentrations decrease to approximately the same level. 

Unfortunately discharger sampling did not occur on the same day, therefore no accurate 

quantifications of mercury influences can be concluded. 

Although mercury water column samples frequently exceeded criterion, mercury levels in 

fish tissue do not exceed the FDA action level of 1.0 mg/kg. These findings are presented 
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in ORSANCO's Assessment of Water Quality Conditions for the Ohio River for water years 

1988-1989. 

Lead 

Table 10 lists the lead concentrations detected in the water column of the main stem 

stations. There are two different detection limits between the laboratories that provided 

analyses (West Virginia DNR -10 pg/L, Ohio EPA -2 ug/L). The concentrations from M.P. 

86.8 to 126.4 (West Virginia DNR), a detection is reported as exactly 10 ,ttg/L and a non-

detection as <10 jig/L. All values for lead from M.P. 161.7 to 203.9 (Ohio EPA) are <2 

jig/L except the right bank at M.P. 203.9 (3 pg/L). From this data, not much can be 

concluded about the presence of lead in the Ohio River in this segment. Because of the 

different detection limits between the laboratories, no comparisons of data from upstream 

to downstream can be made. 

Lead is believed to be nonpoint source related, therefore levels would not be expected to 

be high during the dry weather sampling period. Discharge sampling identified several 

point sources of lead to the main stem. Two of the larger sources were Ohio Power - 

Kammer Plant Sanitary Outfall and Marietta Wastewater Treatment Plant. In Captina Creek 

at M.P. 109.5 (Ohio side), no lead was found in the water samples; however, sediment data 

indicated 315 pg/L,. 

Chloroform  

Figure 3 and Table 11 show the instream chloroform concentrations for the Wheeling to 

Parkersburg segment. All concentrations detected in this segment exceeded the human 

health criterion at 10 CRL of 0.19 /.sg/L The detection limit for chloroform is 020 pg/L 

There is a large input to the river upstream of M.P. 86.8 as indicated by the detection at 

mid-stream. There are no detections until 30.5 miles downstream at M.P. 117,3, where a 

detection occurs on the right descending bank. There are significant detections of 

chloroform at M.P. 126.4 and 203.9. However, since discharger sampling did not occur at 

the same time, no conclusions can be drawn about Influences of chloroform concentrations 

in the river and it is not appropriate to attempt to perform a mass balance for chloroform. 
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Dichlorobenzene 

Instream concentrations for total dichlorobenzene are listed in Table 11 and shown in Figure 

4. However, concentrations did not exceed the human health criterion of 400 Lg/L Total 

dichlorobenzene consists of three isomers: ortho, meta, and para. Dichlorobenzene is 

detected only at M.P. 126.4, 171.9 and 183.1 in this segment. PPG Industries (M.P. 119.6) 

is a discharger in the upper part of the segment that contributes dichlorobenzene to the 

river. At outfall 009. PPG releases approximately 38 pounds of dichlorobenzene to the river 

the day of sampling. In 1989 the discharge permit for PPG Industries, Inc. was revised to 

include discharge limits for dichlorobenzenes. 

The two other detections of dichlorobenzene in the water column of the Ohio River can be 

attributed to two RCRA facilities in Ohio. One facility is on Duck Creek and water column 

samples from this tributary indicate the presence of dichlorobenzene. Duck Creek enters 

the Ohio River at M.P 170.7 and dichlorobenzene is detected in water column samples at 

M.P. 171.9. The second RCRA facility is upstream of M.P. 183.1 where dichlorobenzene is 

detected, and is known to have contaminated ground water with dichlorobenzene. 
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IV. 	CONCLUSIONS 

The data collected during the survey of M.P. 86.8 to 203.9 show locations where instream criteria 

were exceeded for mercury and chloroform. Dichlorobenzene was also detected in water column samples, 

but did not exceed instream human health criterion. Analysis of dichlorobenzene was Included because 

suspect dischargers were known. Significant sources of contributing toxic substances to the Ohio River 

include Captina Creek (lead) and the reach from M.P. 86.8 to 126.4 (mercury). 
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V. 	FOLLOW-UP ACTIONS 

Actions Underway 

In 1989, ORSANCO entered into a contract with the Pennsylvania Department of Natural Resources 

to apply a toxic screening model to waterbodies in the upper Ohio River Basin. As part of the arrangement. 

ORSANCO would apply the model to the upper 200 miles of the Ohio River to determine the applicability 

of the method to ORSANCO's programs. Refer to Appendix H for the modeling concepts of the toxic 

screening model. 

Discharge data collected as part of the 85-200 toxic substances segment investigation were used 

to evaluate the effects of these discharges on the Ohio River under design flow conditions (Q710  and 

harmonic mean). The discharges and tributaries listed in Table 12 were identified by the model as 

contributing loads of toxic substances which may cause violations of stream criteria. The table also shows 

those discharges and tributaries which are interacting to cause criteria violations. 

A comparison of the data collected on October 20, 1987 and the results of the toxic modeling show 

a strong correlation. All parameters identified by the model were parameters of concern for this segment 

except cyanide and arsenic. Areas identified in the model as contributing to an instream criterion violation 

are shown to increase instream loading in the respective cluster. Again, discharger sampling did not occur 

on the same day as the water column sampling. 
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TABLE 12 

PA DER TOXIC SCREENING MODEL PARAMETERS AND LOCATIONS 

WHEELING TO PARKERSBURG SEGMENT 
TOXIC SUBSTANCES CONTROL PROGRAM 

FACILITY OHIO RIVER 
MILE POINT 

PARAMETER INTERACTION 

Wheeling 90.9 Mercury With Wheeling POTW 

Wheeling POTW 91.2 Mercury See Wheeling Creek 

LCP Chemical 106.8 Chloroform 
Mercury With Ohio Power-

Kammer, Ohio Power-
Mitchell, PPG-Natrium 

Ohio Power-Kammer 111.1 Cadmium 
Lead With Ohio Power-Mitch-

ell, PPG-Natrium 

Ohio Power-Mitchell 112.6 Lead 
Mercury 

See Ohio Power-
Kammer 
See LCP Chemical 

PPG-Natrium 119.6 Chloroform 
Lead 
Mercury 

See Ohio Power 
See LCP Chemical 

CONALCO 123.7 Cyanide 

Marietta POTW 171.0 Lead With Muskingum River 

Muskingum River 172.2 Arsenic 
Lead 
Mercury 

With the Marietta POTW 

Elkem Metals 176.9 Copper 

Little Kanawha River 184.6 Mercury 

DuPont 190.5 Mercury 
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Remaininci Actions 

Overall analysis of water column and sediment samples do not show any gross contamination from 

toxic substances in the Ohio River in this segment. The following are recommended follow-up actions for 

the study areas: 

1. This study included only chemical analysis. Although some criteria exceedances occurred, 

there is no Indication of toxic effects, if any, on aquatic life. A suitable methodology for 

demonstrating instream toxic effects in large rivers such as the Ohio is needed. 

2. Sediment samples were collected for tributary streams only, and were analyzed for metals. 

Further studies should include sediment analysis at selected main stem sites, all sediment 

samples should Include analysis for pesticides and PCBs. 

3. Detection levels should be consistent among laboratories if more than one laboratory is 

used for analysis. This is an unfortunate shortcoming of this study because conclusions 

cannot be drawn. 

4. Additional nonpoint sources to the study area, particularly sources of copper, lead and 

nickel, should be investigated further. Captina Creek, which had an extremely high 

sediment level of lead, appears to be a candidate for special investigation. 

5. Commission groundwater studies should address potential sources of mercury and 

dlchlorobenzene in the study area. 
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APPENDIX A 

NPDES PERMITTED FACILITIES 
TO THE OHIO RIVER 

BETWEEN MILE POINT 85 AND 200 

RIVER 
MILE STATE FACILITY NAME PLANT 

85.0 OH MARIETTA COAL CO. 

86.4 WV WARWOOD TOOL CO. 

85.8 WV WHEELING CITY OF WHEELING WTP 

87.2 WV WHEELING STAMPING CO. 

878 OH WHEELING-PITTSBURGH STEEL CORP MARTINS FERRY PLANT 

883 WV UNON OIL CO WHEELING BULK PLANT 

890 WV WHEELING-PITTSBURGH STEEL CORP BENW000 PLANT 

90.2 OH BRIDGEPORT. CITY OF BRIDGEPORT WP 

906 WV L. NIEBERGALL ICE AND FREEZER STORAGE 

912 WV WHEELING. CITY OF WHEELING WWTP 

92.7 OH R&F COAL CC BELLEAIRE TERMINAL 

931 WV BENWOOD. CITY OF 

93.8 WV CONSOLIDATION COAL CO. 01-110 VALLEY DIVISION - 
SHOEMAKER MINE 

940 OH BELMONT COUNTY SEWER AUTHORITY YAVTP 

943 WV CONSOLIDATION COAL CO. OHIO VALLEY DIVISIONS 
SHOEMAKER MINE 

955 WV BALTIMORE & OHIO RAILROAD CO. BENW000 YARD 

96.5 WV MCMECHEN. CITY OF MOMECHEN WWTP 

1130 WV LIQUIF1ED COAL DEVELOPMENT CO. 

1145 WV COLUMBIAN CHEMICALS CO. 

115.6 OH QUARTO MINING CO. MINE NO.4 

119.7 WV NATRIUM PLANT PPG INDUSTRIES INC 

121.3 WV MOBAY CHEMICAL CORP. 

123.5 OH ORMET CORP. HANNIBAL PLANT 

1237 OH CONSIDATED ALUMINUM CORP. 

124.7 WV NEW MARTINSV1LLE. CITY OF NEW MARTINSVILLE NORTH WWTP 



APPENDIX A 

NPDES PERMITTED FACILITIES 
TO THE OHIO RIVER 

BETWEEN MILE POINT 85 AND 200 

(Continued) 

RIVER 
MILE STATE FACILITY NAME PLANT 

126.0 OH OHIO & LEE TWP WATER SEWER AUTH. LEE TOWNSHIP V'AjVTP 

127.8 OH OHIO DEPT OF TRANSPORTATION DUFFY OUTPOST BLDG. 

128.4 WV BALTIMORE & OHIO RAILROAD CO. BROOKLYN JCT. 

128.7 WV NEW MARTINS VILLE. CITY OF NEW MARTINSVILLE SOUTH \%WTP 

133.2 WV PADEN CITY. CITY OF PADEN CITY WWTP 

137.1 WV SISTERSVILLE. CITY OF SISTERSVILLE VTP 

142.5 OH FRONTIER BOARD OF EDUCATION FRONTIER HIGH SCHOOL WWTP 

1453 WV UNION CARBIDE CORP. SISTERSVILLE FACILITY 

1469 WV FRIENDLY PUBLIC SERVICE DIST FRIENDLY WWTP 

176.9 OH EUCEM METALS COP. MARIETTA PLANT 

179.2 OH CHEVRON ASPHALT CO. MARIETTA TERMINAL 

180.3 WV MANVILLE BUILDING MATERIALS CORP 

180.9 WV TEXACO INC. 

1814 WV VIENNA. CITY OF VIENNA VvWTP 

191.5 WV DIAMOND GLASS CO 

193.2 WV PARKERSBURG. CITY OF PARKERSBURG WTP 

183.3 WV PENNZOIL CO. 

1849 WV WEST VIRGINIA DEPT OF HIGHWAYS WNIP 

185.5 WV BURDETTE OXYGEN CO. 

185.7 OH BELPRE. CITY OF BELPRE WWTP 

188.7 OH SHELL CHEMICAL CO. MARIETTA PLANT 

189.7 OH OHIO POWER CO. BELPRE COAl. TERMINAL 

1905 WV E.I. duPONT deNEMOURS & CO. WASHINGTON WORKS 

191.5 WV BORG-WARNER CHEMICALS INC. MARBON DIVISION 

192.5 WV OHIO RIVER SAND AND GRAVEL 

192.9 WV E.I. duPONT deNEMOUR5 & CO. WAREHOUSE FACILITY 

193.0 WV AMERICAN METAL CLIMAX INC. AMAX SPECIALTY METALS 
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APPENDIX B 

SITES WITH POTENTIAL FOR GROUNDWATER CONTAMAINATION 
RIVER MILE 85.0 TO 200.0 

RIVER 
MILE 

SITE NAME STATE CONTAMINATION TYPE 

85.5 UNKNOWN WV UNKNOWN 

878 WHEELING Pin STEEL MARTINS FERRY OH ORGANICS. METALS 

88.3 UNION OIL WV ORGANICS 

890 WHEELING prrr STEEL BENW000 WV ORGANICS. METALS 

92.6 MARIETTA COAL CO OH METALS 

94.3 CONSOLIDATED COAL CO WI METALS 

95.5 BALTIMORE & OHIO RAILVARD BENW000 WI ORGANICS. FREE PRODUCT 

965 McMECHEN VvWTP WI SANITARY. NUTRIENTS 

99.5 GLENDALE AIRPORT WI ORGANICS 

100.5 TRIANGLE PWC WI ACIDS. SOLVENTS 

1013 ALEXANDER MINE REFUSE PILE WI METALS 

102.5 R.E. BURGER POWER PLANT OH - INORGANICS 

104.9 OLIN CORPORATION WI C6H6. ANALINE. TDI. PHOSGENE 

106.1 LCP CHEMICALS WV MERCURY 

1105 POWHATAN POINT MINE OH METALS 

112.1 MOUNTAINEER CARBON WI - UNKNOWN 

1123 CONSOLIDATION COAL CO W/ METALS. INORGANICS 

112.6 MITCHELL POWER PLANT WI - INORGANICS 

1145 COLUMBIAN CHEMICALS WV UNKNOWN 

1156 QUARTO MINE OH METALS. INORGANICS 

118.5 UNKNOWN WV UNKNOWN 

1197 PPG INDUSTRIES WI MERCURY. ORGANICS 

1213 MOBAY CHEMICAL WV MERCURY. ORGANICS 

123.5 ORMET CORPORATION OH ORGANICS. METALS. CYANIDE 

123.7 CONSOLIDATED ALUMINUM OH METALS, INORGANICS. ORGANICS 

145.3 UNION CARBIDE WV ORGANICS. RCRA 

155.4 MID ATLANTIC FUELS WI ORGANICS 

159.5 UNKNOWN Oil ORGANICS 
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SITES WITH POTENTIAL FOR GROUNDWATER CONTAMAJNATION 
RIVER MILE 85.0 To 200.0 

(CONTINUED) 

RIVER 
MILE 

SITE NAME STATE CONTAMINATION TYPE 

160.5 MONONGAJ-1ELA POWER WV INORGANIGS, METALS 

1616 AMERICAN CYANAMID WI ORGANICS, RCRA 

163.7 CABOT CORPORATION WV ORGANICS 

1750 BYERLYTE COMPANY OH ORGANICS 

1751 GULF OIL OH ORGANICS 

175.3 PAR AMR OIL COMPANY OH ORGANICS 

1760 UNKNOWN WI METALS. CHLORIDES. ORGANICS 

1760 UNION CARBIDE OH CL-BENZENES. OTHER ORGANICS 

176.9 ELKEM METALS OH ORGANICS. METALS 

178.2 VIENNA TIRE DUMP WI METALS 

182.0 VIENNA-UNIVERSAL GLASS LF WV UNKNOWN 

1847 MARRTOWN DUMP WV UNKNOWN 

185.7 SHELL CHEMICAL OH ORGANICS 

190.5 E.I. duPONT WV ORGANICS 

191.5 BORG WARNER CHEMICALS WI ORGANICS 

191.5 AMAX SPECIALITIES WV ORGANICS 
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APPENDIX C 

RCRA FACILITIES LOCATED IN THE COUNTIES ADJACENT TO 
THE OHIO RIVER BETWEEN MILE POINTS 85 AND 200 

OHIO: 
WASTE GENERATED 1984 GENERATOR ANNUAL REPORT HAZARDOUS 

AND SENT OFF-SITE 

1. Eastern Plating, Martins Ferry Spent Cyanide 
Sludge Cyanide 
Waste Acid 

203 tons 
31 tons 

253 tons 
487 tons 

2 Imperial Clevite. Inc. Bridgeport Nickel & Lead Solution 
Waste Irichloroethylene 

129 tons 
14 tons 

143 tons 

3. Picoma Industries. Inc.. 
Martins Ferry 

Spent Acid 
Spent Alkaline Cleaner 

25 tons 
38 tons 
63 tons 

4. Wheeling-Pittsburgh Steel Corp. 
Martins Ferry 

Galvanizing Waste Water/ 
Sludge 4,149 tons 

4.149 tons 

5. Aerolite Co.. Marietta Paint Residuals 
Total Waste 

4.1 tons 
4 1 tons 

6. American Cyanamid Co.. Marietta Clarification Cake 
Hazardous Trash 
By-Product Distillate 

14 tons 
38 tons 
7 tons 

59 tons 

7. S.F. Goodrich Co.. Marietta Waste Solvent Ink 
i.1,1-Trichloroethane 

44 tons 
03 tons 

44.3 tons 

8. Elkem Metals Co.. Marietta ELCR Tank Dig-Out 
ELCA Lead Sludge 

80 tons 
17 tons 

0.1 tons Cyanide Contaminated Waste 
97.1 tons 

9. Gulf Oil Products Co., Marietta Thin Film Evaporator Bottoms 
Badger Column Bottoms 
Rubber Syrup 
Polymerized Styrene 
Contaminated Wood, Paper, Plastic 
Spent Aluminum 
Oil Contaminated Soil 
Styrene Contaminated Soil 

9 tons 
4 tons 

12 tons 
35 tons 
2 tons 

54 tons 
8 tons 

17 tons 
141 tons 

All units in tons generated per year 
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RCRA FACILITIES LOCATED IN THE COUNTIES ADJACENT TO 
THE OHIO RIVER BETWEEN MILE POINTS 85 AND 200 

(Continued) 

OHIO: 
GENERATOR ANNUAL REPORT HAZARDOUS WASTE GENERATED 
SENT OFF-SITE 

1984 
AND 

10. Huntsman Chemical Corp.. Belpre Styrene Manomer Toluene 
Polymer Mix 

Mineral Oil Styrene Mixture 
Mercaptan Water Mix 

58 tons 
1 ton 
3 tons 

62 tons 

it. Kaiser Aluminum & Chemical Corp.. Belpre Waste Solvent Mixture 
Total Waste 

49 tons 
49 tons 

12. Kardex Systems. Inc.. Reno Waste Solvent Paint 
Waste Solids 

60 tons 
2 tons 

62 tons 

13. Shell Chemical Co.. Belpre Spent Descaling Acid 
Cyclohexane mixed with 

Rubber, Oil & Water 
Styrene, Toluene, Oil Absorb 

Pads 
Tetrahydrofuran Rubber 

Solution 
Toluene Oils Mix 
Chloroform Synthetic Rubber 

Mix 

4 1 tons 
4 1 tons 

14. Union Carbide Special Polymers Co. 
Marietta 

Waste Residue Solvents 91 tons 
91 tons 

is. Vanguard Paints & Finishes. Inc., 
Marietta 

Spent Nonhalogenated Solvent 
Caustic Sludge 

3 tons 
0.7 tons 
3.7 tons 
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RCRA FACILITIES LOCATED IN THE COUNTIES ADJACENT TO 
THE OHIO RIVER BETWEEN MILE POINTS 85 AND 200 

(Continued) 

WEST VIRGINIA: 
REPORT FOR 1985* GENERATOR BIENNIAL HAZARDOUS WASTE 

1 American Cyanamid Co.. Willow Island Mercury Waste 
Stored Spent Toluene. Methanol and 

Other Nonhalogenated Solvents 

45 tons 

765 tons 
813 tons 

2 Blue Ribbon Paint Co.. Wheeling Spent Solvent from Paint 
Manufacturing 

32 tons 
32 tons 

3 Corning Glass Works. Paden City Lead and Silicon Sludge 130 tons 
130 tons 

4 Fostoria Glass Co. Lead and Silicon Sludge 2 tons 
2 tons 

5.  Koppers Co.. Inc. Follansbee Soil Contaminated with Phenol. 
Naphthalene. Cresote. and 
Ethylene Benzene 

4.678 tons 
4,678 tons 

6.  Ames Co. Parkersburg Spent Nonhalogenated Solvents 
Spent Chromic Acid 
Spent Alkaline Paint Stripper 
Spent Lead Chromate Pigments 

Total Waste 

5 tons 
21 tons 
18 tons 
1 ton 

45 tons 

7.  L.C.P. Chemicals. Inc.. Moundsville No Data 

8.  Mobay Co.. Natrium Toluene Wastes 
Sludges 
Solvents 
Waste Oil 

Total Waste 
Stored Wastes 

4,829 tons 
10 tons 
34 tons 
52 tons 

4,925 tons 
601.581 tons 

7. LC.P. Chemicals Inc., Moundsville No Data 
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RCRA FACILITIES LOCATED IN THE COUNTIES ADJACENT TO 
THE OHIO RIVER BETWEEN MILE POINTS 85 AND 200 

(Continued) 

WEST VIRGINIA: 
GENERATOR BIENNIAL HAZARDOUS WASTE REPORT FOR 1985* 

3. Mobay Co.. Natrium Toluene Wastes 
Sludges 
Solvents 
Waste Oil 

Total Waste 
Stored Wastes 

4.829 tons 
10 tons 
34 tons 
52 tons 

4,925 tons 
601.581 tons 

9.  Olin Corp.. Moundsville Toluene 
Dichlorobenzene/Carbon 

Tetrachloride 

23 tons 

55 tons 
88 tons 

10.  PPG Industries. Inc.. Natrium Plant 1,1,1.Trichloroethane/Oil 
Lead Wastes 
Organic Contaminated Soils 
Mercury Contaminated Soils 
Chlorobenzene Product Residuals 

Total Waste 
Stored Wastes 

46 tons 
205 tons 

7 tons 
13 tons 

100 tons 
371 tons 
248 tons 

11.  Union Carbide Corp., Sistersvclle Waste Toluene 
Stored Wastes 

1,066 tons 
9.181 tons 
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APPENDIX D 

MUNICIPAL AND INDUSTRIAL RIVER INTAKES 
BETWEEN MILE POINT 85 AND 200 

MILE POINT STATE INTAKE FACILITY 

86.6 WV WARWOOD TOOL COMPANY 

86.8 WV WHEELING, CITY OF 

87.8 OH WHEELING-PITTSBURGH STEEL CORPORATION 

89.0 WV WHEELING-PI1TSBURGI-i STEEL CORPORATION 

90.1 OH BALTIMORE & OHIO RAILROAD COMPANY 

102.5 OH OHIO EDISON COMPANY 

1040 OH NORTH AMERICAL. COAL COMPANY 

105.9 WV ALLIED CHEMICAL AND DYE CORPORATION 

1111 WV OHIO POWER COMPANY 

112.3 WV CONSOLiDATION COAL COMPANY 

112.6 WV OHIO POWER COMPANY 

119.7 WV PPG INDUSTRIES, INCORPORATED 

121.3 WV MOBAY CHEMICAL CORPORATION 

123.6 OH OLIN MATHESON CHEMICAL CORPORATION 

137.1 WV SISTERSVILLE, CITY OF 

145.3 WV UNION CARBIDE COMPANY 

160.6 WV MONONGAHELA POWER COMPANY 

161.9 WV AMERICAN CYANAMID COMPANY 

175.9 OH UNION CARBIDE CORPORATION 

190.5 WV E.I. DUPONT DENEMOURS AND COMPANY 
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APPENDIX E 

PUBLIC WATER SUPPLIES ALONG THE MAIN STEM USING GROUND WATER 

RIVER 
MILE PUBLIC WATER SUPPLY STATE 

AVERAGE PRODUCT 
GPD 

89.0 MARTINS FERRY OH 3000000 

90.5 BRIDGEPORT OH 700000 

92.3 CRABAPPLE - JOE DUDEK OH 3000 

94.0 BELMONT COUNTY SANITARY DIST. 3 OH 16000000 

96.0 MCMECHEN MWD WV 584000 

975 SHADYSIDE OH 404000 

99.4 GLEN DALE MWW WV 200000 

1017 MOUNDSVILL.E WV 1400000 

1095 POWHATEN POINT OH 266000 

1178 CLARINGTON OH 145000 

128.2 NEW MARTINSVILLE WV 1420000 

1310 OHIO AND LEE TOWNSHIP WA OH 140000 

133.5 PADEN CITY WW WV 563000 

142.0 MATAMORAS OH 100000 

1426 FRIENDLY PDS WV 56000 

1515 COLIN ANDERSON WV 67000 

1550 ST. MARYS WATER WORKS WV 342000 

156.2 NEWPORT W&S ASSOCIATION OH 49000 

1652 UNION WILLIAMS PSD WV 527000 

1720 WILLIAMSTOWN WV 164000 

172.0 MARIETTA OH 3656000 

180.0 VIENNA WV 1082000 

184.5 PARKERSBURG WV 6400000 

187.0 BELPRE OH 1043000 

191.0 LUBEC}< PSD WV 67000 

192.0 UTtLE HOCKING WS OH 4500 

TOTAL USE OF GROUND WATER AS POTABLE WATER MGD: 
TOTAL NUMBER OF PUBLIC WATER SUPPLIES: 

24.8 
26 
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TOXIC CONTROL PROGRAM 

FOLLOW-UP PROGRAM FOR M.P. 85-200 

- Quality Assurance Project Plan - 
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1. Project Description 

This sampling project is designed to further identify sources of toxics in 

the Ohio River between Wheeling and Parkersburg, West Virginia (Mile Point 

85-230). 	The data collected from this field study will be combined with 

existing data to confirm the presence and sources of toxic substances in the 

Ohio River. A source-specific control program to reduce toxic substances in 

the Ohio River will be developed based upon the information gathered in this 

field study and previously collected from state files. 

Samoling activities will be completed in t'iree phases: (1) ambient water 

quality analysis at eight main stem and 13 tributary stream locations, (2) 

sediment analysis at the 18 tributary streams, and (3) end-of-pipe effluent 

analysis at twenty-two permitted dischargers. 

The ambient water quality samples will be equal depth arab samples, 

collected at stream quarter points for the eight main stem stations and 

midstream for the 18 tributary stream stations. The sediment samples will be 

collected midstream at each of the identified tributaries. End-of-pipe 

effluent sampling and analysis will be done in conjunction with the next 

scheduled compliance sanioling inspection and consist of grab samples and/or 

24-hour comoosite sample, when possible. 

All ambient water and end-of-pipe effluent samples will be analyzed for 

suspended solids, alkalinity, total hardness, cyanide, volatile organics and 

the following metals: aluminum, arsenic, barium, chromium, cadmium, copper, 

iron, lead, manganese, nickel, mercury, selenium, silver, and zinc. Base/neu-

tral fraction organics will be analyzed at one main stem water sampling 

location downstream of a Superfund waste site. 

The sediment samples will be analyzed for metals: aluminum, arsenic, 

barium, chromium, cadmium, copper, iron, lead, manganese, nickel, mercury, 

selenium, silver, and zinc, 
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2. Project Organization and Responsibility 

The field study is a cooperative effort by the State of West Virginia DNR, 

the State of Ohio EPA, and ORSANCO. ORSANCO is responsible for overall project 

coordination and on-site assistance. 	ORSANCO will provide all sample 

containers, preservatives, shipping materials, and field data sheets for the 

organic analysis. 	U.S. EA-Wheeling field office will provide the sampling 

boat for the State of Ohio personnel. 	Ohio and West Virginia will provide 

sampling personnel as well as sample collection devices, field test equipment, 

and field data sheets for the inorganic parameters. 

The main stem sampling locations (see attached Table 1 and Mao) are 

divided into two sections. West Virginia is responsible for the upper section 

extending from Hannibal Lock and Dam to Wheeling Water Works. Ohio is 

responsible for the lower section extending from Willow Island Lock and Dam to 

Belleville Lock and Dam. Each state will sample their respective tributaries 

(Table 3) and targeted permitted discharges (Table 4) entering the Ohio River 

between M.P. 85-200. 

Analysis for the inorganic parameters on the sediment and water sampes 

will be performed by the respective collecting state's laboratory. All 

volatile organic (VOC) analyses will be performed by Howard Laboratory, Dayton, 

Ohio. Base neutral analysis of one main stem site will also be done by Howard 

Laboratory. 

Valerie Brinker, ORSANCO, is the sampling project coordinator. Don Kain, 

WV DNR, is the coordinator for West Virginia and Jerry Knapp, Ohio EPA, is the 

coordinator for Ohio. 

3. Quality Assurance Objectives 

Data quality requirements are parameter specific and shall conform to 



Toxic Control Program 
Final Revision 
September 1987 
Page 3 of 14 

those stated in EPA approved analytical methods. 	Accuracy and precision 

criteria for each analyte can be found in Method 624 (VOCs) , Method 625 (Base 

Neutras) , and Methods for Chemical Analysis of Water and Wastes. EPA 

600/4-79-020 (inorganics). All sampling and analysis procedures will be 

performed as outlined in tnis QA plan to ensure sample validity and 

representativeness and minimize sample loss and contamination problems. 

4. Sampling Procedures 

A. Main Stern Samoling  

The sampling sites for the Ohio River main stem are described in Table 1. 

At the bog and dam locations (Hannibal, Willow Island, Belleville) the samples 

will be collected immediately upstream of the lock and dam, perpendicular to 

the river bank. At the other five sampling locations, the samples will be 

collected perpendcular to the identified landmark. At each site three samples 

wil be collected, (1) the West Virginia side quarter point, (2) midstream, (3) 

the Ohio side quarter point. Sample numbers for each sample are shown in Table 

2. 

Grab samples will be collected with a pump through teflon tubing at a 

depth of one meter. The collection device will be flushed with river water for 

approximately two minutes prior to filling the sample containers. The samples 

collected for organic parameters will be pumped to a beaker before transfer to 

2 oz. amber glass. 	If required, preservative is then added to the sample 

container. 

Cleaned labeled sample bottles will be provided as follows: 

Volatile Organics 	 - 2 oz. amber glass 

Metals/Total Hardness 	- 32 oz. plastic 
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Cyanide 	 - 16 oz. plastic 

Alkalinity, Suspended Solids - 16 oz. plastic 

Base Neutrals 	 - 64 oz. glass 

Bottle labels will specify analyte, date, time, river mile point, location 

description (WV, MW, OH) including sample number, preservatives, and 

collector's initials. A field sample report will also te prepared for each 

sampling point. Each state will use their own form (Attachments I. and 2 and 

the ORSANCO form for the organic analysis (Attachment 3) . Sampling personnel 

will record date, time, stream name, mile point, location (WV, MID. OH) and any 

landmarks, river and weather conditions, stream temperature, pH, conductivity, 

and dissolved oxygen. 

Each state will provide their own field instruments for the on-site tests. 

The completed sample report will accompany the samples to the laboratory, and 

be returned with the results to ORSANCO. Samples will be iced (4°C) and 

transported to the laboratory within 48 hours. 

B. Tributary Stream Samolinc 

The Ohio River tributary streams to be sampled are listed in Table 3. The 

streams should be sampled at a location representative of tributary flow. 

Where possible this will be at the first free flowing point above the mouth. 

Exact sampling location will be determined by state personnel in the field, and 

documented in the field notes. A copy of the field notes will be forwarded to 

ORSANCO. 

At each tributary stream site grab water samples will be collected in 

midstream at a depth of one meter or at mid-depth when the stream depth is less 

than 2 meters. The sediment grab sample will be collected in the same location 

according to procedures provided by Ohio EPA (Attachment 4). For the State of 
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Ohio tributary streams, two sediment samples will be collected. One sediment 

sample to be sent to the contract lab for mercury analysis, the other to be 

sent to the state lab for metals analysis. 

Cleaned, labeled bottles will be provided for water samples as described 

under main stern sampling procedures (Section 4A) . 	Sediment sample containers 

will be 15 oz. wide mouth plastic and/or glass bottles. 	Field sample reports 

will be prepared by sampling personnel for each tributary sediment and water 

sample collected as descrbed previously. 	Sample numbers to be assigred as 

shown in Table 2. Samples will be iced ( °C) and transported to the laboratory 

within 43 hours. 

C. Discharge Samoling  

Discharges selected for sampling are listed in Table 4. End-of-pipe 

effluent from all outfalis at each facility will be analyzed for metals and 

VOCs using 24 hour composites and/or grab samples. 	Effluent sampling and 

analysis will be done in conjunction with the next regularly scheduled 

compliance monitoring inspection or sooner if necessary. 

5. Sample Custody 

All pertinent information will be documented on field sample reports and 

sample bottle labels at the time of collection. The sample collector attests 

to the validity of the sample by signature on the bottle and log sheet. 	The 

log sheets are submitted with the samples to the laboratory and can be used to 

report the test results to ORSANCO. A chain of custody form will be used for 

the organic parameters and for the state laboratory samples where desired. 

State personnel will be responsible for transporting those samples requiring 

metals/hardness, cyanide, and alkalinity/suspended solids analysis. ORSANCO 

will be responsible for transporting the volatile organics and base neutrals 

water samples to the contract laboratory. 
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6. 	Analytical Procedures 

Analytical Procedures 

Samole Ho l( EPA 

Parameter Sarnole 	Matrix Approved Method Preservative hr 

Volatile 	Organics River 'dater 624-GUMS Cool 	4°C 14 

Base Neutras River Water 625-CC/MS Cool 	'1°C 7 

Metas River Water/ 200 Methods* 	HNO3, Cool '1°C 6 
Sediment (Atomic Absorption) 

Cyanide River Water 335,3* NaOH, 	Cool 4°C L 	C 

Alkalinity River Water * Cool 	4°C 28 

Total 	Hardness River Water * 1*403. 	Cool 4°C 5 	rr 

Suspended Solids River Water * Cool 	4°C 7 c 

Detailed description of these analytical methods are found in: 

*Methods for Chemical Analysis of Water and Wastes, EPA 600/4-79-020 

Method 624 - Purgeables by Purge and Trap CC/MS 

Method 625: Base Neutrals and Acids by CC/MS 

7. 	Calibration Procedures and Frequency 

Field instrumentation to measure pH, temperature, conductivity, and 

dissolved oxygen should be calibrated prior to sampling according to the 

manufacturer's directions. 	A copy of the calibration procedures will be 

submitted to ORSANCO. Calibration of laboratory instruments should conform to 

EPA protocol for the specific method used. 
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10. Data Reduction, Validation and Frequency 

Documentation of test results, review of calculations, and data reoorting 

will be conducted by each laboratory according to standard operating procea- 

ures 	The data will be reviewed for conrnleteness and consistency and enter 

ed into S70RET and ORSANCOs toxics data base which was established to manage 

all data collected on this Ohio River segment. 

Modeling and statistical analysis of this data and existing data will 

allow identification of specific toxic pollutant sources. This identification 

of sources will determine the type of control program necessary to reduce toxic 

load to the Ohio River. 

Li. Corrective Action 

In the field, spare sampling containers will be available in case of 

sample loss or contamination. 	State personnel are responsible for sample 

collection devices and test equipment supplies. 	In the event of unfavorable 

weather conditions or major conflicts with personnel scheduling, an alte-native 

samoling date will be established. 

Corrective action in the laboratory should follow established analytical 

operating procedures and any action taken reported to ORSANCO's project 

coordinator. 

12. Quality Assurance Reports 

A status report will be prepared by ORSANCO staff to review progress and 

discuss any quality assurance problems following the field sampling effort. An 

estimation of analytical precision and accuracy should be included in the test 

results reported by each laboratory. The final project report will include a 

summary of quality control objectives achieved during the project. 
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TABLE 1. 

-- INSTREAM SAMPLE SITES -- 

Mile 	Point Saniolina 	Location 	Descriotion 

State 
Responsible 
for 	Saniolina 

36.8 1. Wheeling Water T'eatment 	Plant 	intake West 	Virginia 

107.0 2. Downstream of Olin 	and LCP 	Chemicals 

perpendicular to daymark located on 

West 	Virginia 

West 	Virginia 	bank 

117.4 3. Wells Bottom downstream of Quarto Mining West 	Virginia 

2eroendicular to dayniark 	located 	on Ohio 

bank 

126.4 4. Hannibal 	Lock & Dam* West 	Virginia 

161.7 5. Willow 	Island Lock 	& Dam Ohio 

171.9 6. Downstream of Buckley 	Island 	and Marietta Ohio 

Wastewater Treatment plant before Muskingum 

perpendicular to Tam green 	light 	located on 

R. 

Ohio bank 

183.1 7. Upstream of Parkersburg Wastewater Treatment Ohio 

Plant and 	immediately below the confluence 

of Congress Run 

203.9 8. Belleville Lock 	& 	Dam Ohio 

*Base/neutral analysis to be completed at this site in conjunction with other 

analyses 



Number 

 

TABLE 2 

SAMPLE IDENTIFICATION NUMBERS 

Main Stem Ohio River Sites 

Location 
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IA 	 Wheeling water plant 85.8 West Virginia quarter point 

	

18 	 Wheeling water plant 86.8 midstream 

	

1C 	 Wheeling water plant 86.8 midstream split 

	

ID 	 Wheelirg water plant 86.8 Ohio quarter point 

	

2A 	 Downstream of Olin/LOP 107 West Virginia quarter point 

	

28 	 Downstream of Olin/LOP 107 midstream 

	

20 	 Downstream of Olin/LOP 107 midstream split 

	

20 	 Downstream of Olin/LCP 107 Ohio quarter point 

	

3A 	 Wells Bottom 117.3 West Virginia quarter point 

	

38 	 Wells Bottom 117.3 midstream 

	

30 	 Wells Bottom 117.3 midstream split 

	

30 	 Wells Bottom 117.3 Ohio quarter point 

	

4A 	 Hannibal 126.4 West Virginia quarter pointt 

	

4B 	 Hannibal 125.4 midstream* 

	

40 	 Hannibal 125.4 midstream split 

	

40 	 Hannibal 126.4 Ohio quarter pointt 

	

SA 	 Willow Island 151.7 West Virginia quarter point 

SB 	 Willow Island 161.7 midstream 

SC 	 Willow Island 161.7 midstream split 

50 	 Willow Island 161.7 Ohio quarter point 

6A 	 Buckley Island 171.9 West Virginia quarter point 

68 	 Buckley Island 171.9 midstream 

60 	 Buckley Island 171.9 midstream split 

60 	 Buckley Island 171.9 Ohio quarter point 

tBase/neutral analysis also 
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TABLE 2 (Continued) 

Main Stem Ohio River Sites 

Number 	 Location 

	

1A 	 Upstream of Parkersburg 133.1 West Virginia quarter point 

	

7B 	 Upstream of Parkersburg 183.1 midstream 

	

7C 	 Upstream of Parkersburg 183.1 midstream solit 

	

70 	 Upstream of Parkersburg 183.1 Ohio quarter point 

	

8A 	 Belleville 203.9 West Virginia quarter point 

	

SB 	 Belleville 203.9 midstream 

	

SC 	 Belleville 203.9 midstream split 

	

SO 	 Belleville 203.9 Ohio quarter point 

Tributary Sites 

	

TI 	 Nixon Run, Ohio 

	

12 	 Wheeling Run, Ohio 

	

13 	 Wheeling Creek, West Virginia 

	

14 	 McMahon Creek, Ohio 

	

15 	 Weegee Creek, Ohio 

	

16 	 Grave Creek, West Virginia 

	

17 	 Captina Creek, Ohio 

	

18 	 Fish Creek, West Virginia 

	

19 	 Sunfish Creek, West Virginia 

	

110 	 Fishing Creek, West Virginia 

	

UI 	 Middle Island Creek, West Virginia 

	

112 	 Little Muskingum River, Ohio 

	

T13 	 Duck Creek, Ohio 

	

114 	 Muskingum River, Ohio 

	

115 	 Pond Run, WV 

	

116 	 Little Kanawha River, OH 

	

117 	 Little Hocking River, OH 

	

118 	 Hocking River, OH 
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TABLE 3 

TRIBUTARY STREAMS SAMPLING SITES 

Tributary Name  

1. Nixon Run, OH 

2. Wheeling Run, OH 

3. Wheeling Creek, WV 

4. McMahon Creek, OH 

5. Weegee Creek, OH 

6. Grave Creek, WV 

7. Captina Creek, OH 

S. Fish Creek, WV 

9. Sunfish Creek, OH 

10. Fishing Creek, WV 

11. Middle Island Creek, WV 

12. Little Muskingum River, OH 

13. Duck Creek, OH 

14. Muskingum River, OH 

15. Pond Run, WV 

16. Little Kanawha River, WV 

17. Little Hocking River, OH 

18. Hocking River, OH 

Mile Point 

86.6 

90.1 

90.7 

94.7 

98.7 

102.4 

109.5 

113.8 

118.0 

128.3 

154.0 

168.3 

170.7 

172.2 

182.4 

184.7 

191.8 

199.3 
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TABLE 4 

Facilty Name 

DISCHARGES TO BE SAMPLED 

Plant 
	

State 

     

OH 

WV 

OH 

WV 

WV 

WV 

WV 

WV 

WV 

OH 

OH 

WV 

WV 

WV 

WV 

WV 

OH 

Oil 

OH 

WV 

OH 

WV 

WV 

Wheeling Pittsburgh Steel 

City of Wheeling 

Ohio Power Company 

Olin Corp. 

LCP Chemicals 

Ohio Power Co. 

Ohio Power Co. 

PPG Industries Inc. 

Mobay Chemical Corp. 

Ormet Corp. 

Consolidated Aluminum Corp. 

AMOCO Corp. 

Quaker State Oil Refinery 

Monongahela Power Co. 

Monongahela Power Co. 

American Cyanamid Co. 

City of Marietta 

Union Carbide Corp. 

El kern Metals Corp. 

City of Parkersburg 

Shell Chemical Corp. 

E.I. DuPont DeNemours & Co. 

Borg-Warner Chemicals Inc. 

Martins Ferry Plant 

Wastewater Treatment Plant 

Burger Plant 

Moundsville Plant 

Moundsville Plant 

Kammer Plant 

Mitchell Plant 

Natrium Plant 

New Martinsville Plant 

Hannibal Plant 

Sistersville Plant 

Pleasant Power Station 

Willow Island Station 

Willow Island Facility 

Wastewater Treatment Plant 

Marietta Plant 

Wastewater Treatment Plant 

Marietta Plant 

Washington Works 

Marbon Division 
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a .20 a C : - 

:he mechoc of core samoiing is emolovec. :-te coo 2 :-:es 
srouLd be considered as reoresen:ac:ve. MeLt:cLe effor:s a: ea 
size w:LL be recui,red in order to recrLeve cne cest.red one cm: 
sam ole - 

ocac:on of charac:eris:ic materiaL can be ac:occi.shed b:  use 
a souncLng pole. A graduated, fiberglass, :eiescop:rig cc_a can 
be very useful esneciaLLy when a scrip of whL:e cLoth :s  
(:aped) :0 the Lower 12". 

S::es most charac:er:s:ic anc reoresencac:'je of Ohto R:'er 
:r:cu:ar:es w._ most often not be round a: ce rnoutn. 	_tnCu 
:a:er:aL wiLL be acundan:. it wLLL mearLy r or  the drccoe: 
cc:urrtng Ln the mans tern. Trtcu:arv sarnoies snouid be oc:a ne 
upstream, usually oelow the firs: upstream t:e flow lcca::on. 
case by case assessment wilt be requtred a: eacn s::e. 	the 
-'jen: chat streams may be wadabLe, samoies may be obca:nea 
dtrec:Ly :n contaLner. 	Care shouLd be caen :.j remove onLy the 
reoresen:a:Lve porz:ons (top 2") - 

Handing, transport and iden:Lfica:Lon of coLLected ra:er'aL 
snouLd include day, date, and c:me of coLLec:cn, tocac:on 07 
river mdc, and a site descriocLon. :.e., hLghway number. neare 
bridge and s -Lce stream characcerLstLc. The unoreserved naterta 
shouLd be iced ( °C) and transported for araLjsLs wL:hLn forty-
eight: (1.5) hours. 

(ATTACHMENT IV) 



OHIO EPA WASTEWATER CHEMISTRY LABORATORY 

Sample Submission and Chain of 
Custody Report 

Year 	Monfli 	Day 

Date Received 
I 	 I 	I 
	

Collected by 	  

Date Reported I 	 Date of grab sample 

Laboratory Number(s) 	  Beginning Date of 
Composite Sample 

	  Frequency (No 124 his) I 

Station(s) 	  Station Code(s) 

Sample Type(s) 7 Comoziance E Ambient 	Water Quality Survey 	Cornp'ainl 	Legal Action 

\dditional Information 	  

lumber of Samples 

  

MILITARY TIME 

   

   

veae 	Mono, 	Day 	sour 	4I1u1e 

Ieceived from 	  

leceived by 	  

eceived from 	  

:eceived by 	  

eceived from 	  

eceived by 	  

eceived from 	  

eceived by 	  

Oist.itUDOfl 
White—Originator 
Canary - tabomtory ATTACHMENT V 'A 4705 • 





APPENDIX G 





APPENDIX Gi 

OHIO RIVER MAIN STEM SAMPLING 
OCTOBER 19-20,1987 

(units ug/L) 

ALUMINUM CHROMIUM 

M P OHIO MID WV M.P. OHIO MID WV 

868 240 200 	200 86.8 <10 <10 <10 
107.0 160 280 	200 107.0 <10 <10 <10 
1173 140 160 160 117.3 <10 <10 <10 
126.4 200 160 240 126.4 <10 <10 <10 
161 7 320 210 480 161.7 <30 <30 <30 
171 9 <200 <200 <200 171 9 <30 <30 <30 
183.1 250 250 <200 183.1 <30 <30 <30 
204.9 340 <200 330 204.9 <30 <30 <30 

ARSENIC COPPER 

M.P. OHIO MID WV M P OHIO MID WV 

86.8 13 09 13 86.8 <10 <10 <10 
107.0 1.0 0.5 1.3 107.0 <10 <10 <10 
1173 05 0.5 0.5 117.3 <10 <10 <10 
126.4 <0.5 05 06 126.4 <10 <10 <10 
161 7 <2.0 <2.0 <2.0 161.7 <30 <30 <30 
1719 <20 <2.0 <2.0 171.9 <30 <30 <30 
183.1 <20 <2.0 	<20 183.1 <30 <30 <30 
204.9 <2.0 	I <2.0 	<20 204.9 <30 <30 <30 

L I 
BARIUM CYANIDE 

M P OHIO MID WV M.P. OHIO MID WV 

868 13 0.9 13 86.8 <10 <10 4 
107.0 10 0.5 13 107.0 <10 <10 2 
117.3 05 0.5 0.5 117.3 <10 <10 1 
126.4 <0.5 0.5 0.6 126.4 <10 <10 1 
161.7 <2.0 <2.0 <20 161.7 <30 <30 <5 
171.9 <2.0 <2.0 <2.0 171.9 <30 <30 <5 
183.1 <2.0 <2.0 <2.0 183.1 <30 <30 <5 
204.9 <2.0 <2.0 <2.0 204.9 <30 <30 <5 



APPENDIX GI 

OHIO RIVER MAIN STEM SAMPLING 
OCTOBER 19-20,1987 

(units ug/L) 

(Cont nued) 

CADMIUM HARDNESS 

M.P. OHIO MID WV M.P. OHIO MID WV 

86.8 

C1
 

C
 C
 C
i
 

v
v
v

v
v
v
v

v
 

<1 

C'J
C

'IC
'

C 
0

0
0

0
 

v
 v
 v
 v
 
v
 v
 v
 v 

86.8 106 106 106 
107.0 <1 107.0 114 108 114 
117.3 <1 1173 112 112 114 
126.4 <1 126.4 116 120 104 
161.7 <0.2 161.7 116 119 121 
1719 <0.2 1719 114 116 119 
183.1 <0.2 183.1 141 136 133 
204.9 <02 204.9 130 136 135 

IRON ZINC 

M P. OHIO MID WV M.P. OHIO MID WV 

86.8 440 440 540 86.8 16 16 16 
1070 300 360 420 107.0 16 21 28 
1173 310 350 340 117.3 20 22 22 
126.4 340 320 500 126.4 15 14 16 
161.7 470 500 560 161.7 <10 <10 10 
171.9 340 410 280 1719 <10 <10 <10 
183.1 250 250 230 183.1 <10 <10 <10 
20491 300 300 270 204.9 <10 <10 <10 

LEAD 	 - TEMPERATURE (°C) 

M.P OHIO MID WV M.P. OHIO MID WV 

86.8 10 10 10 86.8 13.6 13.6 13.5 
107.0 <10 <10 <10 107.0 13.9 13.9 14 
1173 10 10 10 117.3 14.3 14.3 14.2 
126.4 <10 <10 10 126.4 14.1 14.1 14.2 
1617 <2 <2 <2 161.7 15 15 15 
171.9 <2 <2 <2 171.9 15 15.5 15 
183.1 <2 <2 <2 183.1 145 15 15 
204.9 3 <2 <2 204.9 15 15 15 



APPENDIX G1 

OHIO RIVER MAIN STEM SAMPLING 
OCTOBER 19-20,1987 

(units ug/L) 

(Continued) 

MERCURY' TOTAL SUSPENDED SOLIDS (mg/L) 

M.P OHIO MID WV - 	M.P. OHIO MID WV 

86.8 0.15 <0.1 <0.1 86.8 

U
) 	

O
  0

  
V  •
)
 -  

N - C
'J
 cc 	

0
 	

N-
 N 

107.0 039 <01 0.1 107.0 1 
1173 02 0.19 0.22 117.3 2 
1264 01 0.1 0.11 126.4 <1 

161.7 10 
171.9 10 
183.1 6 
2049 6 

NICKEL SELENIUM 

M.P OHIO MID WV M.P OHIO MID WV 

868 <10 <10 10 86.8 0.5 0.5 0.5 
1070 10 10 10 107.0 0.6 <0.5 0.5 
1173 10 <10 <10 1173 0.6 0.7 0.7 
126.4 14 <10 10 126.4 1.1 10 0.6 
1617 <40 <40 <40 161.7 <2 <2 <2 
1719 <40 <40 <40 1719 <2 <2 <2 
183.1 <40 <40 <40 183.1 <2 <2 <2 
204.9 <40 <40 <40 204.9 <2 <2 <2 

'NOTE: OEPA lab did not test for mercury 





TABLE C2 

TRIBURARY INORGANICS DATA 
OCTOBER 20-22, 1987 

(Results in ug/L) 

MT NAME AL AS CD CR CU FE PS HG NI ZN 

88.8 NIXON RUN, OH 16900 <20 <0.2 <30 <10 151000 10 <40 20 

901 WHEELING RUN. WV 220 <20 <02 <30 dO 190 5 <40 <10 

907 WHEELING CREEK. VA' 100 <05 <10 10 4 860 16 051 10 8 

947 MoMAHON CREEK. OH 390 <2,0 <0.2 <30 dO 503 <2 <40 <10 

GaO WEEGEE CREEK. OH 340 <20 <02 <30 15 130 <2 <40 <10 

1024 GRAVE GREEK. WV 260 1Q <10 <10 4 620 12 024 <10 12 

109.5 CAPTINA CREEK. OH 320 <2.0 - <02 <30 <10 210 <2 <40 <25 

1138 FISH CREEK. WV 280 <05 <10 <10 2 380 <10 012 <10 6 

IltO SUNFISH CREEK. OH 330 <20 <02 <30 <10 -50 <2 <40 <IC 

128.3 FISHING CREEK. WV 260 14 <1.0 10 <2 420 <10 013 10 3 

1540 MIDDLE ISLAND CREEK. 
WV 

140 09 <1.0 <10 3 280 <10 012 10 2 

163.3 LITTLE MUSKINGUM S. 
OH 

610 <20 <0.2 <30 <10 640 <2 <40 <10 

1707 DUCK CREEK, OH 660 <20 '<0.2 <30 <10 720 <2 <40 <10 

1722 MUSKINGUM RIVER. OH 

182.4 POND RUN. WV 140 20 <10 <10 2 260 <10 010 10 8 

1847 LITTLE KANAWHA AVER. 
WV 

160 <0.5 <10 <10 2 340 <10 0.19 <10 5 

1847 LITTLE KANAWHARVER. 
WV 

150 10 <10 <10 2 360 <10 015 10 3 

1918. LITTLE HOCKING RIVER. 
OH 

520 <20 <02 <30 10 520 <2 <40 <10 

199.3 HOCKING RIVER. OH 270 <20 <02 <30 <10 - 	290 <2 <40 <10 





TABLE G3 

OHIO RIVER WASTEWATER DISCHARGES - WHEELING TO PARKERSBIJRG 
INORGANICS DATA 

(Results in ug/L) 

MP NAME AL AS CD CR CU FE PB HG NI ZN 

87.8 WHEELING 3710 <200 <0.2 <30.00 20 190 5 <40 500 
PITTSBURGH STEEL 

912 WHEELING wwrp 40 10 <10 4000 8 10 <010 <10 26 

102.5 OHIO EDISON 1930 15400 09 30.00 <10 BOO 3 <40 40 
BURGER PLT 003 

104 9 OLIN CHEMICALS 100 110 <10 10.00 6 460 20 <0.10 12 18 
CORP 004 

'069 LCP CHEMICALS 001 500 160 <25 <25.00 <10 1300 <25 177 <25 55 

ill  OHIO POWER CO 
KAMMER PLT 001 3700 7 10 150 68.00 1460 25000 268 2.30 200 '680 
KAMMER PLT 002 240 1 40 2.0 <10.00 8 520 <10 010 <10 20 
KAMMER PLT 003 280 1.90 <I.0 <'0.00 7 1040 10 010 <10 20 

1126 OHIO POWER CO. 
MITCHELL PLT 001 1280 1410 <1.0 1000 152 2200 12 <0.10 '0 52 
MITCHELL PLT 003 60 1410 <1.0 10.00 16 140 24 0.23 <10 40 
MITCHELL PLT. 004 1000 16.90 5.8 1600 50 2600 24 <0.10 50 118 

1197 PPG INDUSTRIES 001 <40 080 <10 <10.00 6 580 16 016 44 6 
<40 030 <1.0 <10.90 4 50 14 <010 <10 10 PPG INDUSTRIES 002 

PPG INDUSTRIES 003 <40 <0.20 <1.0 <10.00 10 40 22 <010 <'0 8 
PPG INDUSTRIES 004 1460 1040 <10 <'0.00 5 1800 18 021 <10 46 

PPG INDUSTRIES 006 2080 220 <10 <10.00 24 4900 18 <010 20 104 

PPG INDUSTRIES 007 2160 240 <10 20.00 14 5000 24 026 36 108 

PPG INDUSTRIES 009 2100 240 <2.5 <25.00 17 5500 30 0.41 50 130 

PPG INDUSTRIES 013 180 700 <Ia <1000 7 180 12 016 <10 46 

PPG INDUSTRIES 014 60 4 10 <10 < 10 00 8 '20 14 0.10 <10 140 

PPG INDUSTRIES 015 <100 150 <2.5 <2503 10 2350 30 <.010 <25 IS 

PPG INDUSTRIES 016 40 050 <IC 10.00 2 ISO .4 0.13 <10 24 

121.3 MORAY CORP 001 500 0.80 <2.5 100.00 45 2200 35 010 275 60 

123.5 ORMET 001 <200 <2.00 <0.2 <30.00 10 120 2 <40 <10 

ORMET 002 660 <2.00 0.4 <30.00 25 170 8 <40 <10 

ORMET 004 1490 600 <1.0 <30.00 3860 6 <40 35 

123.7 CONALCO 001 <200 <2.00 <0.2 <30.00 10 240 4 <40 35 

CONALCO 001 290 <2.00 03 <3000 20 260 <2 <40 25 

124.7 NEW MARTINS VLLE 80 1.20 <'0 <10.00 20 '60 20 <0.10 <IC 35 

145.3 UNION CARBIDE 
SISTERSVILLE 001 150 0.60 <2.5 <25.00 10 100 25 0.10 <25 22 

SISTERSVILLE 002 <1CC 0.50 <2.5 <25.00 S 150 25 0.20 <25 10 

SISTERSVILLE 003 250 0.50 <2.5 <25.00 150 250 25 <0.10 125 290 



TABLE G3 

OHIO RIVER WASTEWATER DISCHARGES - WHEELING TO PARKERSBURG 
INORGANICS DATA 

(Results in ug/L) 

(Continued) 

MR NAME AL AS CD CR CU FE PB HG NI ZN 

155.4 MID ATLANTIC FUELS 120 0.20 <1.0 001 10 520 10 <0.10 <20 66 
INC. 001 

1605 MONONGA)-IELA POWER 
PLEASANTS 001 750 750 caS 25.00 10 1250 30 020 125 120 
PLEASM4TS 002 60 '33 <10 10.00 18 220 24 <0.10 10 88 

1606 MONONGAHELA POWER 
WILLOW ISLAND IOI 1140 5.80 <10 <1000 8 1320 12 <0.10 10 38 
WILLOW ISLAND 401 50 050 <10 1000 50 150 12 <0.10 12 68 
WILLOW ISLAND INTAKE 230 10 1400 8 530 <10 10 14 

161 9 AMERICAN CYANAMID 
WILLOW ISLAND 180 120 . 	<1.0 7 80 26 <0.10 120 280 

1710 MARIETTA WWTP 550 <2.00 05 20.1 7 840 175 <40 475 

175.9 ARMCO CORP 001 240 5.00 <02 <30.00 <10 1830 <2 <40 25 
ARMCO CORP 002 260 <0.2 <3000 10 1850 <2 <40 25 

1769 ELKEMS METALS 001 <200 700 0.4 <30.00 <IC 90 

?
?
 ??

  
v
v

v
v

v 

60 
ELKEMS METALS 002 400 <0.2 60.00 <10 6710 <2 
ELKEMS METALS 003 400 <02 120.00 <10 900 2 
ELKEMS METALS 004 420 <2.00 <0.2 <30.00 <10 1210 <2 
ELKEMS METALS 005 510 <2.00 0.4 <30.00 15 80 <2 

188.7 SHELL CHEMICAL CO. <10 
BELPRE 001 510 aoo <02 <30.00 <10 670 2 <10 
BELPRE 002 260 7500 04 <30(Y) <10 230 3 35 
BELPRE 003 <200 <2CC 02 70.00 <10 100 

1905 DUPONT WASHINGTON 
001 60 <0.50 I 2 10.00 5 200 12 <0.10 <10 104 
002 200 0.80 3.0 16.00 20 620 60 0.25 15 45 
003 80 050 <1.0 <1000 5 200 12 0.10 <10 14 
005 240 100 <1.0 <10.00 6 500 10 0.15 12 14 
006 200 130 <10 <10.00 4 240 10 <0.10 <10 26 
007 60 <050 10 <10.00 55 20) 280 0.10 260 320 
105 60 0.50 <10 <10.00 4 140 <10 0.17 10 42 
INTAKE 220 0.60 1.8 10.00 4 420 10 0.10 10 18 

1915, BORG WARNER 
CHEMICALS 001 <100 0.50 <2.5 <25.00 10 75 55 <0.10 30 15 
BORG WARNER 
CHEMICAIS002 80 0.50 10 1000 9 180 14 0.10 <10 17 



TABLEG4 

TRIBUTARY SEDIMENT SAMPLE RESULTS 

	

OCTOBEft2(142Z 19871 :. 	: 

(Resulta:tn ugI) 	:. 	
. 

MY NAME AL AS CD CR Cu FE PB HG NI ZN 

868 NIXON RUN QI-4 17100 1100 0800 15.0 580 110000.0 55.0 0.24 73.0 244 

90.1 WHEELINGRUN 
OH 

9260 6.90 0.392 9.0 28.0 30100.0 490 018 36.0 126 

90.7 WHEELINGCREEK 
WV 

7970 2080 cO 400 310 330 539000 450 023 20.0 133 

947 McMAHQN CREEK 
OH 

12000 8.76 0.453 14.0 31.0 34100.0 460 011 33.0 130 

980 WEEGEECREEK 
OH 

22700 1750 1400 16.0 39.0 27600.0 65.0 016 93.0 273 

102.4 GRAVECREEKWV 8720 26.20 <0300 26.0 260 290 022 23.0 128 477000 

1095 CAPTINACREEK 
OH 

11800 5.52 0277 17.0 260 24300.0 315.0 011 25.0 93 

113.8 FISH CREEK WV 7500 12.40 <0300 230 20.0 32200.0 20.0 025 16.0 59 

118.0 SUNFISH CREEK 
OH 

5370 645 0.228 14.0 23.0 22000.0 25.0 008 25.0 70 

1283 FISHINGCREEK 
WV 

6210 1090 <0400 140 130 24200.0 14.0 0.33 11.0 46 

1540 MIDDLE ISLAND 
CREEK WV 

12300 840 <0500 25.0 25.0 26000.0 24.0 037 20.0 85 

168,3 L. MuSKINGUM 
RIVEROH 

5710 690 0256 132 200 19000.0 26.0 007 20.0 70 

1707 DUCK CREEKOH 5770 896 0.395 13.5 25.0 20400.0 27.0 012 38.0 113 

1722 MIJSKINGUM 
RIVEROH 

0.575 
0416 

258 
187 

31.7 
32.5 

29400.0 
239000 

33.3 
244 

53.1 
432 

14 
123 

182.4 POND RUN WV 9340 22.40 <0.400 22.0 21 0 294000 35.0 0.30 180 88 

1847 LITTLE KANAWHA 
RIVERWV 

7920 
11480 

580 
8.30 

<0400 
<0400 

17.0 
270 

13.0 
27.0 

13800.0 
26600.0 

15.0 
30.0 

0.25 
0.31 

17.0 
27.0 

58 
105 

1918. LITTLE HOCKING 
RIVEROH 

4680 6.75 0.197 1240 15.0 14600.0 <21. 
0 

012 18.0 58 

1993. HOCKING RIVER 
OH 

6630 839 1 010 150 25.0 24000.0 33.0 012 40.0 127 





TABLE.G5 

FLOW DATA FROM NATIONAL WEATHER SERVIC 
FOR OCTOBER 15-23, 1987 

WHEELING TO PARKERSBURG 

UNITS IN 1000 CUBIC FEET PER 

DATE WHEELING 
MP 86.6 

HANNIBAL 
MP 126.4 

WILLOW ISL. 
MR 161.8 

PARKERSBURG 
MP 183.1 

MUSKINGUM 
RIVER 

10/15 26.4 27.7 27.6 29.6 1.9 

10/16 24.0 24.9 24.7 26.4 1.7 

10/17 21.9 23.3 22.6 24.3 1.6 

10/18 20.2 21.3 20.8 22.5 1.6 

10/19 18.1 16.9 18.6 20.9 1.6 

10/20 16.5 17.0 17.1 19.8 1.6 

10/21 16.9 17.2 18.4 18.8 1.7 

10/22 16.1 16.6 16.6 18.2 1.2 

10/23 15.8 16.2 16.9 18.5 1.6 

CRITICALFLOW: 	FROM MONTGOMERYDAM (M.P. 32.4) TO WILLOW ISLAND (M.P. 161.8)5.800 
C FS 

FROM WILLOWISLAND (MR. 161.8) TO GALLIPOLISDAM (M.P. 279.2)6,800 CFS 





TABLE G6a 

SUMMARY OF ARSENIC DATA 
FROM INTENSIVE FIELD STUDY 

OCTOBER 20-221,1988 

NAME 
DISCHARGERS. M.P. STATE 

HARDNESS 
MGJL 

FLOW 
MG/L 

ARSENIC 

UGh. #/DAY 

WHEELING PITTSBURGH STEEL 878 OH c2 0. 

WHEELING WWTP 912 WV 234 5.69 10 0.474 

OHIO EDISON BURGER 003 1025 OH 154 0.000 

OL;N CHEMICALS CORP 004 1049 W 328 0.526 11 0.005 

LOP CHEMICAL CC  1061 WV 252 12.07 16 0.161 

LCP CHEMICAL 001 1061 WV 1207 0.000 

OH POWERKAMMER PLT 001 1111 WV 604 0.005 71 0000 

OH PCWERKAMMER PLT 003 1111 WV 100 543 14 7557 

OH PQWER.KAMMER PLT 004 111 	1 WV 126 5.76 19 0.091 

OH POWER-MITCHELL PLT 001 112.6 WV ISO 455 141 0545 

OH POWER-MITCHELL PLT 003 112.6 WV 534 00099 141 0001 

OH POWER-MITCHELL PLT 004 112.6 WV 426 8.2 169 1154 

PPG INDUSTRIES INC. CCI 1197 WV 260 0.02 08 0 Coo  

PPG INDUSTRIES INC. 002 1197 WV 234 095 03 0002 

PPG INDUSTRIES INC 003 1197 WV 376 0004 c32 c0000 

PPG INDUSTRIES INC. 004 1197 \W 148 088 104 0076 

PPG INDUSTRIES INC 005 1197 WV 118 755 2.2 1385 

PPG INDUSTRIES INC 007 1197 WV 120 0.029 24 0.001 

PPG INDUSTRIES INC. 009 1197 WV 256 29.9 2.4 0598 

PG INDUSTRIES INC. 013 1197 WV 190 002 7 0.001 

PPG INDUSTRIES INC 014 1197 WV 320 0006 41 0.000 

PPG INDUSTRIES INC. 015 1197 WV 240 0.036 1.6 0000 

PPG INDUSTRIES INC. 016 1197 WV 154 0.0038 05 0.000 

MOBAY CORP 001 121.3 WV 214 49 0.8 0.033 

ORMET 001 123.5 OH 202 <2 0000 

ORMET 002 123.5 OH 198 <2 0.000  

ORMET 004 123.5 OH 180 6 0.000 

CONALCO 001 123.7 OH 123 <2 0.000 

CONALCO 002 	 - 	- 123.7 OH 214 <2 0.000 



TABLE G6a 

SUMMARY OF ARSENIC DATA 
FROM INTENSIVE FIELD STUDY 

OCTOBER 20-22,1988 
(Continued) 

NAME 
DISCHARGERS! M P. STATE 

HARDNESS 
MG/L 

FLOW 
MG/L 

ARSENIC 

UG/L #/DAY 

NEW MARTINS VIU..E 124.7 WV 270 0 462 1.2 0.005 

UNION CARBIDE-SISTERSVILLE 001 145.3 WV 240 4.89 0.6 0.024 

UNION CARBIDE.SISTERSVILLE 002 145.3 WV 240 111 0.5 0.005 

UNION CARBIDE.SISTERSVILLE 003 1453 WV 224 0 002 0.5 0::: 

MID ATLANTIC FUELS. INC. 001 155.4 WV 264 035 0196 0001 

MONONGAHELA POWER CO PLEASANTS 001 150.5 WV 874 126 126 0.078 

MONONGAHELA POWER CO PLEASANTS 002 160.5 WV 406 001 13 0000 

MONONGAHELA POWER CO WILLOW ISL INTAKE 150.6 WV 0.000 

MONONGAHELA POWER CO WILLOW ISLAND 401 1605 WV 163 0.001 05 0000 

MCNONGAHELA POWER CO WILLOW ISLAND 101 1606 WV 170 23 58 0111 

AMERICAN CYANAMID CO WILLOW ISLAND 151.9 WV 392 3763 12 0.038 

MARIE17AVTP 1710 OH 223 <2 0000 

AMOCO CORP 001 175.9 OH 390 0.000 

AMOCO CORP 001 175.9 OH 5 0.000 

ELKEMS METALS OO1 1769 OH 1170 7 0000 

ELKEMS METALS 002 175.9 OH 1060 4 0.000 

ELKEMS METALS 303 1769 OH 138 <2 0000 

ELKEMS METALS 004 1769 OH 139 <2 0.000 

ELKEMS METALS 005 1769 OH 1500 0.003 

PARKERSBURG 	TP 001 183.3 WV 172 8.18 16 0109 

SHELL CHEMICAL CO BELPRE 001 188.7 OH 131 2 0.000 

SHELL CHEMICAL CO BELPRE 002 188.7 OH 151 75 0000 

SHELL CHEMICAL CO BELPRE 003 18.7 OH 131 <2 0.000 

DUPONT WASHINGTON 001 1905, WV 126 0.046 <05 <0.000 

DUPONT WASHINGTON 002 1905. WV 750 8.16 0.8 0.054 

DUPONT WASHINGTON 003 190.5 WV 168 2.916 05 0.012 

DUPONT WASHINGTON 005 190.5 WV 124 14.3 1 0.119 

DUPONT WASHINGTON 006 190.5 WV 96 0.004 13 0.000 

DUPONT WASHINGTON 037 1905. WV 20 0.0007 <0.5 <0.000 

DUPONT WASHINGTON 105 190.5 WV 76 1.7 0.5 0.005 



TABLE G6a 

SUMMARY OF ARSENIC DATA 
FROM INTENSIVE FIELD STUDY 

OCTOBER 20-22,1988 
(Continued) 

NAME HARDNESS FLOW ARSENIC 
DISCHARGERS M.P. STATE MG/L MG/L 

UG/L #/DAY 

DUPONT WASHINGTON INTAKE 190.5 WV 0.6 0.000 

BORG WARNER CHEMICALS INC. 001 191.5 'MI 914 2.08 <0.5 <0.009 

BORG WARNER CHEMICALS INC. 002 191.5 WV 224 13 0.5 0.005 

ARSENC MAIN STEM DATA, UG/L M P. OHIO SIDE MID POINT WV SIDE 

WHEELING 86.8 1 3 09 1.3 

BUTTER RUN 1070 1.0 0.5 i 3 

WELLS BOTTOM 117.3 0.5 05 0.5 

HANNIBAL 1264 <0.5 0,5 0.6 

WILLOW ISLAND 161.7 <2.0 <2.0 <2.0 

BUCKLEY ISLAND Ill 9 <2.0 <2.0 <2.0 

PARKERSBURG 153.1 <2.0 <2.0 <2.0 

BELLEVILLE 203.9 <2.0 <2.0 <2.0 

TRIBUTARY WATER DATA, M.P. STATE HARDNESS 
(MG/L) 

ARSENIC 
(UG/L) 

NIXON RUN 868 OH 646 <2 

WHEELING RUN 90.1 OH 1030 <2 

WHEELING CREEK 90.7 WV 240 <0.5 

MCMAHON CREEK 947 OH 515 <2 

WEEGEE CREEK 98.0 OH 425 <2 

GRAVE CREEK 102.4 WV 196 1 

CTINA CREEK 109.5 OH 291 <2 

FISH CREEK 113.8 WV 116 0.5 

SUNFISH CREEK 118.0 WV 193 <2 

FISHING CREEK 128.3 WV 94 14 

MIDDLE ISLAND CREEK 1540 WV 68 0.9 

LITTLE MUSKINGUM RIVER 168,3 OK 121 <2 

DUCK CREEK 170.7 OH 192 <2 

MUSKINGUM RIVER 172.2 OH 310 109 



TABLE GSa 
(Continued) 

TRIBUTARY WATER DATA: M P STATE HARDNESS 
(MG/U 

ARSENIC 
(US/I.) 

POND RUN 182.4 WV 144 2 

LITTLE KANAWHA RIVER 184.6 WI 60 1 

LITTLE KANAWHA RIVER 184.7 WI 70 cO.5 

LITTLE HOCKING RIVER 191.8 OH 125 <2 

HOCKING RIVER 199.3 OH 239 <2 

ARSENIC SEDIMENT DATA M P STATE ARSENIC UG/G 

NIXON RUN 85.8 OH II 

WHEELING CREEK 90.1 OH 6-9 

WHEELING CREEK 90.7 WI 20.8 

MCMAHON CREEK 947 OH 8.76 

WEEGEE CREEK 98.0 OH 17.5 

GRAVE CREEK 102.4 WV 26.2 

CAPTINA CREEK 109.5 WV 5.52 

FISH CREEK 113.8 WI 12.4 

SUNFISH CREEK 118.0 OH 6.46 

FISHING CREEK 128.3 WI i o.9 

MIDDLE ISLAND CREEK 1540 WV 8.4 

LITTLE MUSKINGUM RIVER 1683 OH 69 

DUCK CREEK 170.7 OH 8.96 

MUSKINGUM RIVER 172.2 OH 

MUSKINGUM RIVER OH 

POND RUN 182.4 WI 22.4 

LITTLE KANAWHA RIVER 184.7 WV 5.8 

LITTLE KANAWHA RIVER WV 8.3 

LITTLE HOCKING RIVER 191.8 OH 6.75 

HOCKING RIVER 199.3 OH 8.39 



TABLE G&b 

SUMMARY OF CADMIUM DATA 
FROM INTENSIVE FIELD STUDY 

OCTOBER 20-22,1988 

NAME 
DISCHARGERS: M.P. STATE 

HARDNESS 
MG/L 

FLOW 
MG/L 

CADMIUM 

UG/L #/DAY 

WHEELING PITTSBURGH STEEL 87.8 OH <0.2 0.000 

WHEELNG \TP 912 WI 234 5.69 <I <0.047 

CRC EDISON BURGER 003 102.5 OH 09 0.000 

OLIN CHEMICALS CORP 004 104.9 WI 328 0.526 ci <0.004 

LCP CHEMICAL DCI 106.1 WI 252 12.07 <25 <0.251 

LCP CHEMICAL 001 106.1 WI 12.07 0.000 

OH POWER4(AMMER PLT 001 1111 WV 604 0 005 15 0.001 

OH PCWER.KAMMER PLT 003 111.1 WV 100 648 2 10.796 

OH POWER.KAMMER PLT 004 1111 WV 126 5.76 ci <0.048 

OH POWER-MITCHELL PLT 001 112.6 WI 160 4.65 ci <0.039 

OH POWER-MITCHELL PLT 003 1126 WI 584 0.0099 <1 <0.000 

OH POWER-MITCHELL PLT 004 112.6 WI 426 8.2 5.8 0.396 

PPG INDUSTRIES INC. CCI 1197 WI 260 0.02 <1 <0.000 

PPG INDUSTRIES INC. 002 1197 WI 234 0.95 <1 <0.008 

PPG INDUSTRIES INC. 003 1197 WV 376 0.004 <1 <0.000 

PPG INDUSTRIES INC. 004 119.7 WI 148 083 ci <0.007 

PPG INDUSTRIES INC 006 1197 WV 118 756 <I <0.630 

PPG INDUSTRIES INC 007 119.7 WI 120 0.029 <1 <0.000 

PPG INDUSTRIES INC. 009 1197 WV 256 29.9 c2..5 <0.623 

PG INDUSTRIES INC. 013 1197 WV 190 002 ci <0.000 

PPG INDUSTRIES INC 014 1197 WI 320 0006 <1 <0000  

PPG INDUSTRIES INC. 015 1197 WV 240 0.036 <2.5 <0001 

PPG INDUSTRIES INC 016 1197 WI 164 00033 <1 <0.000  

MOBAY CORP 001 1213 WV 214 49 <2.5 <0.102 

ORMET 001 123.5 OH 202 <0.2 0.000 

ORMET 002 123.5 OH 198 04 0.000 

ORMET 004 123.5 OH 130 <1 0.000  

CONALCO 001 123.1 OH 123 <0.2 0.000  

CONALCO 002 	 - 123.7 OH 214 0.3 0.000 



TABLE G6b 

SUMMARY OF CADMIUM DATA 
FROM INTENSIVE FIELD STUDY 

OCTOBER 20-22,1988 
(Continued) 

NAME HARDNESS FLOW CADMIUM 
DISCHARGERS: M P STATE MG/L MG/L 

UG/L #/DAY 

NEW MARTINSV1LLE 124.7 WV 270 0.462 <1 <0.004 

UNION CARBIDE-SISTERSVILLE 001 1453 'W 240 489 <2.5 <0.102 

UNION cARBIDE.SISTERSVILLE 002 145.3 WV 240 1.11 <2.5 <0.023 

UNION CARBIDE.SISTERSVILLE 003 145.3 WV 224 OC'DZ <2.5 <0.000 

MID ATLANTIC FUELS. INC 	001 155.4 WV 264 0.35 ci <0.003 

MONONGAHELA POWER CO PLEASANTS 001 160.5 WV 874 1.26 <2.5 <0.026 

MONCNGAHELA POWER CC PLEASANTS 002 1505 WV 406 001 el <0.000 

MONONGAHELA POWER CO WILLOW ISL INTAKE 	1 606 WV 1 0.000 

MONONGAHELA POWER CO WILLOW ISLAND 401 150.6 WV 158 0.001 <1 <0003 

MONONGAHELA POWER CO WILLOW ISLAND 101 160.6 WV 170 2.3 <1 <0.019 

AMERICAN CYANAMID CO WILLOW ISLAND 161.9 WI 392 3.763 ci <0.031 

MARIETTATP 171.0 OH 223 05 0.000 

AMOCO CORP 001 175.9 OH 390 <0-2 0.000 

AMOCO CORP 001 175.9 OH <0.2 0.000 

ELKEMS METALS 001 176.9 OH 1170 04 0000 

ELKEMS METALS 002 1769 OH 1060 <02 0.000 

ELKEMS METALS 003 176.9 OH 138 <02 0000 

ELKEMS METALS 004 176.9 OH 139 <3.2 0000 

ELKEMS METALS 005 176.9 OH 1500 04 0.030  

PARKERS8URG wwrp 001 1833 WV 172 8.18 <0 <0.063 

SHELL CHEMICAL CO BELPRE 001 133.7 OH 131 <0.2 0.003 

SHELL CHEMICAL CO BELPRE 032 188.7 OH 151 0.4 0.000 

SHELL CHEMICAL CO BELPRE (Y3 188.7 OH 131 0.2 0.000 

DUPONT WASHINGTON 001 190.5 WV 126 0.046 1.2 0.000 

DUPONT WASHINGTON 002 1905 WV 750 8.16 3 0204 

DUPONT WASHINGTON 003 1905 WV 158 2.916 <1 <0.024 

DUPONT WASHINGTON 005 190.5 WV 124 14.3 <1 <0.119 

DUPONT WASHINGTON 006 1905. WV 96 0.004 <1 <0.030 

DUPONT WASHINGTON 007 190.5 WV 20 0.0007 1 0.003 

DUPONT WASHINGTON 105 190.5 WV 76 1.7 <1 <0.014 



TABLE G6b 

SUMMARY OF CADMIUM DATA 
FROM INTENSIVE FIELD STUDY 

OCTOBER 20-22,1988 
(Continued) 

NAME HARDNESS FLOW CADMIUM 
DISCHARGERS M.P. STATE MG/L MG/L 

UG/L #/DAY 

DUPONT WASHINGTON INTAKE 190.5 WV is 0.000 

BORG WARNER CHEMICALS INC. o0i 1915. WV 914 2.06 <2.5 <0.043 

BORG WARNER CHEMICALS INC 002 1915 WV 224 1.3 I 0.011 

CADMIUM MAIN STEM DATA UG/L M P OHIO SIDE MID POINT WV SIDE 

WHEELING 	 . 86.8 ci ci <1 

BUTTER RUN 1070 <1 <1 <1 

WELLS BOTTOM 1113 ci ci ci 

HANNIBAL 125.4 <.1 <1 ci 

WILLOW ISLAND 1617 CO 2 <02 c0,2 

BUCKLEY ISLAND 1719 <02 <0.2 c02 

PARKERSBURG 133.1 <0.2 <0.2 <0.2 

BELLEVILLE 2039 <0.2 <0.2 <0.2 

TRIBUTARY WATER DATA, M p STATE HARDNESS 
(MG/L) 

CADMIUM 
I UG/L) 

NIXON RUN 868 OH 646 <02 

WHEELING RUN 901 OH 1030 <0.2 

WHEELING CREEK 90.7 WI 240 ci 

MCMAHON CREEK 947 OH 515 <0.2 

WEEGEE CREEK 980 OH 425 <0.2 

GRAVE CREEK 102.4 WV 196 <1 

CAPTINA CREEK 109.5 OH 291 <0.2 

FISH CREEK 113.8 'M/ 115 <1 

SUNFISH CREEK 118.0 WV 193 <0.2 

FISHING CREEK 128.3 'M/ 94 <1 

MIDDLE ISLAND CREEK 154.0 WV 68 <I 

LITTLE MUSKINGUM RIVER 168,3 OH 121 <0.2 

DUCK CREEK 170.7 OH 192 <02 

MUSKINGUM RIVER 172.2 OH 310 <I 



TABLE G6b 
(Continued) 

TRIBUTARY WATER DATA: M.P. STATE 
- 

HARDNESS 
(MG/U 

CADMIUM 
(UG/L) 

POND RUN 182.4 WI 144 ci 

LITTLE KANAWHA RIVER 1846 W/ 60 <1 

LITTLE KANAWHA RIVER 1847 WV 70 <1 

LITTLE HOCKING RIVER 191 8 OH 125 <0.2 

HOCKING RIVER 1993 OH 239 <0.2 

CADMIUM SEDIMENT DATA M P. STATE CADMIUM UG/G 

NIXON RUN 868 OH 0.8 

WHEELING CREEK 90.1 OH 0.392 

WHEELING CREEK 907 WV <04 

MCMAHON CREEK 947 OH 0453 

WEEGEE CREEK 980 OH 1 4 

GRAVE CREEK 102.4 WV <03 

CAPTINA CREEK 109.5 WV 0.277 

FISH CREEK 1138 WV <0.3 

SUNFISH CREEK 1180 OH 0.228 

FISHING CREEK 128.3 WV <0.4 

MIDDLE ISLAND CREEK 154.0 WV <0.5 

LITTLE MUSKINGUM RIVER 158.3 OH 0.256 

DUCK CREEK 1707 OH 0.395 

MUSKINGUM RIVER 172.2 OH 0575 

MUSKINGUM RIVER OH 0.416 

POND RUN 182.4 WV <0.4 

LITTLE KANAWHA RIVER 184.7 WV <0.4 

LITTLE KANAWHA RIVER WV <0.4 

UTILE HOCKING RIVER 191.8 OH 0.197 

HOCKING RIVER 199.3 OH 1.01 



TABLE G6c 

SUMMARY OF COPPER DATA 
FROM INTENSIVE FIELD STUDY 

OCTOBER 20-22,1988 

NAME 
OISCHARGERS. M P STATE 

HARDNESS 
MG/L 

FLOW 
MG/L 

COPPER 

UG/L #/DAV 

WHEELING PITTSBURGH STEEL 87.8 OH 20 0.000 

WHEELING .TP 91.2 WV 234 5.69 8 0.379 

OHIO EDISON BURGER 003 102.5 OH <O 0.000 

OLIN CHEMICALS CORP 004 1049 WI 328 0526 6 0026 

LCP CHEMICAL 001 106.1 WI 252 1207, <10 ci 005 

LCP CHEMICAL 001 	 1061 WV 1207 0000 

OH POWER-KJAMMER PLT 001 111 WV 604 0005 '460 0.061 

OH POWER-KkMMER PLT 003 1111 WI 100 648 8 43.183 

OH POWER-KAMMER PLT 004 '11 	1 WI 126 5.76 7 0336 

OH POWER-MITCHELL PLT 001 1126 'NV 160 465 152 5.888 

OH POWER-MITCHELL PLT 003 1126 WI 584 00099 16 0.001 

OH POWER-MITCHELL PLT 004 112.6 WI 426 82 50 3.415 

PRO INDUSTRIES INC. 001 1197 WI 260 002 6 0.001 

PPG INDUSTRIES INC. 002 1197 WI 234 0.95 4 0032 

PRO NOUSTRIES INC. 003 1197 WV 376 0004 10 0.000 
4 

PRO INDUSTRIES INC 304 	 1197 WI 148 088 5 0.037 

PPG INDUSTRIES 	NC 006 	 1197 WV 118 756 24 15.114 

PG INDUSTRIES INC 007 1197 WV 120 0029 14 0.003 

PPG INDUSTRIES INC. 009 119.7 WV 256 299 17 4 234 

PPG INDUSTRIES 	NC 013 119.7 WI 190 0.02 7 0.001 

PPG INDUSTRIES INC. 014 1197 WI 320 0.006 8 0.000 

PRO INDUSTRIES INC. 015 1197 WV 240 0.036 10 0.003 

PPG INDUSTRIES INC 016 1197 WI 164 00038 2 0.000 

MOBAY CORP 001 1213 WI 214 4.9 45 1.837 

ORMEI 001 1235 OH 202 10 0.000 

ORMET 002 123.5 OH 198 25 0.000 

ORMET 004 123.5 OH 180 0.000 

CONALCO 001 123.7 OH 123 10 0.000 

CONALCO 002 123.7 OH 214 - 	20 0.000 



TABLE G6c 

SUMMARY OF COPPER DATA 
FROM INTENSIVE FIELD STUDY 

OCTOBER 20-22,1988 
(Continued) 

NAME HARDNESS 
DISCHARGERS, M.P. STATE 

- 

MG/L 
FLOW 
MG/L 

COPPER 

- UG/L iV/DAY 

NEW MARTINSVILLE 1247 W 270 0.462 20 0.077 

UNION CARBIDE.SISTERSVILLE 001 1453 WV 240 489 10 0407 

UNION CARBIOE.SISTERSV1LLE 002 145.3 WV 240 111 5 0.046 

UNION CARBIDE-SISTERSV1LLE 003 145,3 WV 224 0.002 150 0.002 

MID ATLANTIC FUELS. INC. 001 155.4 WV 264 0.35 10 0.029 

MONONGAHELA POWER CO PLEASANTS 001 160.5 WV 874 1.26 10 0105 

MONONGAHELA POWER CO PLEASANTS 002 160.5 WI 406 001 13 0001 

MONONGAHELA POWER CO WILLOW ISL INTAKE 160.6 WV 8 0.000 

MONONGAHELA POWER CO WILLOW ISLAND 401 1606 WV 168 0.001 60 0.000 

MONONGAHELA POWER CO WILLOW ISLAND 101 160.6 WI 170 23 8 0.153 

AMERICAN CYANAMID CO WILLOW ISLAND 161.9 WI 392 3.763 7 0.219 

MARIETTA vwrp 111.0 OH 223 <30 0.000 

AMOCO CORP 001  175.9 OH 390 <10 0000 

AMOCO CORP 001 175.9 OH 10 0000 

ELKEMS METALS 001 176.9 OH 1170 < 10 0.000 

ELKEMS METALS 002 1769 OH 1060 <10 0000 

PARKERSBURG WWTP 001 183.3 WV 172 8.16 15 1022 

SHELL CHEMICAL CO BELPRE 001 1831 OH 131 <10 0000 

SHELL CHEMICAL CO. BELPRE 002 188,7 OH 151 cia 0.000 

SHELL CHEMICAL CO. BELPRE 003 188.7 OH 131 <10 0.003 

DUPONT WASHINGTON 001 1905. WV 126 0.046 6 0.002 

DUPONT WASHINGTON 002 190.5 WI 750 8.16 20 1 359 

DUPONT WASHINGTON 003 190.5 WV 158 2916 5 0.121 

DUPONT WASHINGTON 005 1905 WI 124 143 6 0.715 

DUPONT WASHINGTON 006 190.5 WV 96 0.004 4 0.000 

DUPONT WASHINGTON 037 190.5 WI 20 0.0007 56 0.000 

DUPONT WASHINGTON 105 190:5 WV 76 17 4 0057 

DUPONT WASHINGTON INTAKE 190.5 WI 4 0.000 

BORG WARNER CHEMICALS INC OO1 1915. WI 914 2.06 10 0.172 

BORG WARNER CHEMICALS INC 002 191.5 WI 224 1.3 9 0.097 



TABLE G6c 
(Continued) 

COPPER SEDIMENT DATA M.P. STATE COPPER UG/G 

NIXON RUN 86.8 OH 58 

WHEELING CREEK 90.1 01-f 28 

WHEELING CREEK 90.7 WV 33 

MCMA}-ION CREEK 94.7 OH 31 

WEEGEE CREEK 98.0 OH 39 

GRAVE CREEK 102.4 WV 26 

CAPTINA CREEK 109.5 WV 25 

FISH CREEK 1138 WV 20 

SUNFISH CREEK 1180 OH 23 

RSHING CREEK '283 WV 13 

MDDLE SL.AND CREEK 1540 WV 25 

LITTLE MUSKINGUM RIVER 1683 OH 20 

DUCK CREEK 170.7 OH 25 

MUSKINGUM RIVER 172.2 OH 317 

MUSKINGUM RIVER OH 32.5 

POND RUN 182.4 WV 21 

LITTLE KANAWHA RIVER 1847 WV 13 

LITTLE KANAWHA RIVER WV 27 

LITTLE HOCKING RIVER 1918. OH 15 

HOCKING RIVER 1993 OH 25 



TABLE G6c (cont.) 

COPPER MAIN STEM DATA.,  UG/L M P. OHIO SIDE MID POINT WV SIDE 

WHEELING 86.8 4 

BUTTER RUN '070 4 

WELLS BOTTOM 117.3 3 4 4 

HANNIBAL 126.4 4 3 4 

WILLOW ISLAND 1617 <10 <10 <10 

BUCKLEY ISLAND 1719 <10 <10 <10 

PARKERSBURG 183.1 <10 <10 <10 

BELLEVILLE 2039 <10 <IC <10 

TRIBUTARY WATER DATA 
	

MP 
	

STATE 
	

HARDNESS 
	

COPPER 
MG/L) 
	

;UG/L) 

NIXON RUN 
	

85.8 
	

OH 
	

646 
	

<10 

WHEELNG RUN 901 OH 1030 <10 

WHEELING CREEK 907 WV 240 4 

MCMAHON CREEK 947 OH 515 <10 

WEEGEE CREEK 98.0 OH 425 15 

GRAVE CREEK 102,4 WV 196 4 

CAPTINA CREEK 1095 OH 291 <10 

FISH CREEK 1138 WV 116 2 

SUNFISH CREEK 118.0 WV 193 <10 

FISHING CREEK 128.3 WV 94 <2 

MIDDLE ISLAND CREEK 540 WV 68 3 

LITTLE MUSKINGUM RIVER 168.3 OH 121 <10 

DUCK CREEK 170.7 OH 192 <10 

MUSKINGUM RIVER 172.2 OH 310 7 

POND RUN 1824 WV 144 7 

LITTLE KANAWHA RIVER 184.6 WV 60 2 

LITTLE KANAWHA RIVER 184.7 WV 70 2 

LITTLE HOCKING RIVER 191.8 OH 125 10 

HOCKING RIVER 199.3 OH 239 <10 



TABLE. G6d 

SUMMARY OF CYANIDE DATA 
FROM INTENSIVE FIELD STUDY 

OCTOBER 20-22,1988 

NAME 
DISCHARGERS. M.P. STATE 

HARDNESS 
MG/L 

FLOW 
MG/L 

CYANIDE 

UG/L #/DAY 

WHEELING PITTSBURGH STEEL 87.8 OH 42 0.000 

WHEELING W4'TP 912 W 234 569 29 1.375 

OHIO EDISON BURGER 003 102.5 OH <5 00c0 

OLIN CHEMICALS CORP 004 04.9 Wi 328 0.526 26 0.009 

LOP CHEMICAL 001 106.1 WV 252 1207 -ci <0.101 

LCP CHEMICAL 031 105.1 WV 12.07 0.000 

OH POWER4KAMMER PLT 001 ill 	i Wi 604 0005 6 0.000 

OH POWER-KAMMER PLT 003 iii 	i WV 100 648 	- 5 26.989 

OH POWER-ICAMMER PLT 004 111.1 WV 126 576 0000 

OH POWER-MITCHELL PLT 001 1126 WV 160 455 23 0.891 

OH POWER-MITCHELL PLT 003 112.6 Wi 584 00099 6 0000 

OH POWER-MITCHELL PLT 004 1126 WV 426 8.2 1 0053 

PPG INDUSTRIES INC 001 119.7 Wi 260 002 10.000 

PPG INDUSTRIES INC.002 1197 Wi 234 095 1 0003 

PPG INDUSTRIES INC 003 1197 WV 376 0.004 <1 <0.000 

PPG INDUSTRIES INC. 004 1197 WV 148 088 4 0.029 

PPG INDUSTRIES NC 006 1197  Wi 118 75.6 .1 2.519 

PPG INDUSTRIES INC. 007 1197 Wi 120 0 029 5 0.001 

PPG INDUSTRIES INC. 009 119.7 WV 256 29.9 3 0747 

PPG INDUSTRIES INC. 013 119.7 WV 190 0.02 15 0.003 

PPG INDUSTRIES INC 014 119.1 Wi 320 0006 2 0000 

PPG INDUSTRIES INC. 015 1197 WV 240 0.036 2 0.001 

PPG INDUSTRIES INC. 016 1197 Wi 154 00038 3 0.000 

MOBAY CORP. 001 121.3 Wi 214 49 49 2.000 

ORMET 001 123.5 OH 202 107 0.000 

ORMET 002 1235 OH 198 78 0.000 

ORMET 004 123.5 OH 180 2230 0.000 

CONALCO 001 123.7 OH 123 <5 0.000 

CONALCO 002 123.7 OH 214 11 0.000 - 



I AO Lm %JUU 

SUMMARY OF CYANIDE DATA 
FROM INTENSIVE FIELD STUDY 

OCTOBER 20-22,1988 
(Continued) 

NAME 
DISCHARGERS. M.P STATE 

HARDNESS 
MG/L 

FLOW 
MG/L 

CYANIDE 

UG/L #/DAY 

NEW MARTINSVILLE 124.7 WV 270 0.462 5 0.019 

UNION CARBIDE.SISTERSVILLE 001 145,3 WV 240 489 <0.001 0.000  

UNION CARBIDE-SISTEPSVILLE 002 1453 WV 240 111 0.002 0000 

UNION CAREIDE.SISTERSVILLE 003 1453 WV 224 3.002 <0 001 <0.000  

MID ATLANTIC FUELS. INC 	001 1554 	1 WV 264 035 003 0.000 

MONONGAHELA POWER CO PLEASANTS 001 1605 WV 874 1 26 4 0.042 

MONONGAHELA POWER CO PLEASANTS 002 	1 605 WV 405 001 4 0000 

MONONGAHELA POWER CO WILLOW ISL INTAKE 1506 	WV 0.000 

MONONGAHELA POWER CO WILLOW ISLAND 401 160.6 	I 	WV 158 0001 13 0.000 

MONONGAHELA POWER CO WILLOW ISLAND 101 1606 WV 170 23 3 0057 

AMERICAN CYANAMID CO WILLOW ISLAND 161.9 WV 392 3.763 0.215 0.007 

MARIETTA WWTP 171.0 OH 223 14 0000 

AMOCO CORP 001 175.9 OH 390 <5 01 000 

AMOCO CORP 001 175.9 OH 0.000 

ELKEMS METALS 001 1769 OH 1170 15 0.000 

ELKEMS METALS 002 1769 OH 1050 <5 0.000 

ELKEMS METALS 003 1769 OH 133 <5 0.000 

ELKEMS METALS 004 176.9 OH 139 .z5 0.000 

ELKEMS METALS 005 176.9 OH 1500 <5 0.000 

PARKERSBURG WWTP 001 183.3 'MV 172 8.18 0.003 

SHELL CHEMICAL CO.. BELPRE 001 183.7 OH 131 <5 0.000 

SHELL CHEMICAL CO.. BELPRE 002 183.7 OH 151 <5 0003 

SHELL CHEMICAL CO.. BELPRE 003 188.7 OH 131 <5 0.000 

DUPONT WASHINGTON 001 190.5 WV 128 0.046 2 0.001 

DUPONT WASHINGTON 002 190.5 WV 750 8.16 2 0.136 

DUPONT WASHINGTON 003 190.5 WV 168 2.916 3 0.073 

DUPONT WASHINGTON 005 190.5 WV 124 14.3 9 0.012 

DUPONT WASHINGTON 006 190.5 WV 96 0.004 <I <0.000 

DUPONT WASHINGTON 007 190.5 WV 20 0.0007 <1 <0.000 

DUPONT WASHINGTON 105 190.5 WV 78 1.7 26 0.368 

DUPONT WASHINGTON INTAKE 190.5 WV 2 0.000  



TABLE G6d 

SUMMARY OF CYANIDE DATA 
FROM INTENSIVE FIELD STUDY 

OCTOBER 20-22,1988 
(Continued) 

NAME 	 J 
HARDNESS FLOW CYANIDE 

DISCHARGERS. M.P. STATE MG/L MG/L 
UG/L #/DAY 

BORG WARNER CHEMICALS INC. 001 	 1915 WI 914 206 42 0.721 

BORG WARNER CHEMICALS INC. 002 	 191.5 WI 224 13 3 0032 

CYANIDE MAIN STEM DATA uG/L M P OHIO SIDE 	( 	MID PO;NT WV SIDE 

WHEEL'NG 	 . 	 68 3 	 4 	 4 

8UTTEUN 	 373 2 2 2 

WELS BC—,-,M '''3 2 2 1 

HANN'BAL 1254 c  2 1 

WILLOW ISLAND 1617 cS 15 <5 

BUCKLEY ISLAND 1719 <5 <5 <5 

PARKERSBURG 1531 <5 <5 <5 

BELLEVILLE 2039. <5 <5 

-I 

TRIBUTARY WATER DATA 	 I 	M P STATE HARDNESS 
MG/U 

CYANIDE 
'UG/LI 

NIXON RUN 	 268 OH 546 5 

WHEELING RUN 901 OH 1030 5 

WHEELING CREEK 907 WV 240 <1 

MCMAHON CREEK 94.7 OH 515 <5 

WEEGEE CREEK 980 OH 425 <5 

GRAVE CREEK 1024 WV 196 <1 

CAPTINA CREEK 109.5 OH 291 <5 

FISH CREEK 113.8 WI 115 <i 

SUNFISH CREEK 1180 WV 193 c5 

FISHING CREEK 1283 WV 94 ci 

MIDDLE ISLAND CREEK 1540 WV 58 <1 

LITTLE MUSKINGUM RIVER 168.3 OH 121 <5 

DUCK CREEK 1707 OH 192 <5 

MUSKINGUM RIVER 172.2 OH 310 <1 

POND RUN 182.4 WV 144 1 



TABLE G6d 
(Continued) 

TRIBUTARY WATER DATk M.P. STATE HARDNESS 
(MG/L) 

CYANIDE 
(UG/L) 

UTILE KANAWHA RIVER 1846 WV 50 ci 

LITTLE KANAWHA RIVER 154.7 WI 70 ci 

LITTLE ROCKING RIVER 191S OH 12$ <5 

HOCKING RIVER '99.3 01-4 239 <5 



TABLE G6e 

SUMMARY OF LEAD DATA 
FROM INTENSIVE FIELD STUDY 

OCTOBER 20-22,1988 

NAME 
DISCHARGERS: M.P. STATE 

HARDNESS 
MG/L 

FLOW 
MGIL 

LEAD 

UG/L #/DAY 

WHEELING PITTSBURGH STEEL 87.8 OH S 0.000  

WHEELING WI/TP 912 'IN 234 5.69 10 0474 

OHIO EDISON BURGER 003 102.5 OH 3 0.ODO 

OLIN CHEMICALS CORP 004 1049 WV 328 0.525 20 0.088 

LCF CHEMICAL 001 1061 WI 252 12.07 <25 <2.514 

LOP C"EMICAL 001 1061 WI 12.07 0.000 

OH POWER.CAMMER PLT 001 111 	1 WI 604 0005 268 0011 

OH POWER-KAMMER PLT 003 111 	1 WI 100 648 <10 <53.978 

OH POWER-KAMMER PLT 004 1111 WI 126 5.76 10 0.480 

OH POWER-MITCHELL PLT 001 1126 WI 160 455 12 0.465 

OH POWER-MITCHELL PLT 003 1126 WI 584 0.0099 24 0002 

OH POWER-MiTCHELL PLT 004 112.6 WI 426 8.2 24 1 639 

PPG INDUSTRIES INC. 001 1197 WI 260 002 16 0003 

PPG INDUSTRIES INC. 002 119.7 WI 234 0.95 14 0.111 

PPG INDUSTRES INC. 003 1197 WI 376 0.004 22 0001 

PPG INDUSTRIES INC. 004 1197 W '43 088 18 0.132 

PG INDUSTRIES INC 006 1197 WI 118 756 18 11335 

PPG NDUSTRIES INC 007 1197 WI 120 0029 24 0.006 

PPG INDUSTRIES INC. 009 1197 WI 256 29.9 30 7.472 

PPG INDUSTRIES INC 013 119.7 WI 190 0.02 12 0.002 

PPG INDUSTRIES INC. 014 119.7 WI 320 0005 14 0001 

PPG INDUSTRIES INC 015 119.7 WI 240 0.036 30 0.009 

PPG INDUSTRIES INC. 015 119.7 WI 164 0.0038 14 0..ODO 

MOBAY CORP. 001 121.3 WI 214 49 35 1.429 

ORMET 001 123.5 OH 202 2 0000  

ORMET 002 123.5 OH 198 8 0.000 

ORMET 004 123.5 OH ISO 6 0.000 

CONALCO 001 123.7 OH 123 4 0.000  

CONALCO 002 123.7 OH 214 <2 0.000 



TABLE We 

SUMMARY OF LEAD DATA 
FROM INTENSIVE FIELD STUDY 

OCTOBER 20-22, 1988 
(Continued) 

NAME 
DISCHARGERS: M.P. STATE 

HARDNESS 
MG/L 

FLOW 
MG/L 

LEAD 

UG/L #/DAV 

NEW MARTINSVILLE 124.7 WV 270 0.462 20 0.077 

UNION CARBIDE-SISTERSVILLE 001 145.3 Wv 240 4.89 25 1.018 

UNION CARBIDE-SISTERSV1LLE 002 145.3 WV 240 1.11 25 0.231 

UNION CARBIDE-SISTERSVILLE 003 145.3 WV 224 0 002 25 0.000  

MID ATLANTIC FUELS. NC 	001 1554 WV 264 0.35 18 0.052 

MONONGAHELA POWER CO PLEASANTS 001 160.5 WV 874 126 30 0.315 

MONONGAHELA POWER CO PLEASANTS 002 150.5 WV 406 001 24 0 002 

MONONGAHELA POWER CO WILLOW ISL NTAKE 160.6 WV <10 0.000 

MONONGAHELA POWER CO WILLOW ISLAND 401 160.6 WV 158 0001 12 0.000  

MONONGAHELA POWER CO WILLOW ISLAND 101 1506 WV 170 2.3 12 0.230 

AMERICAN CYANAMID CO WILLOW ISLAND 161.9 WV 392 3.753 26 0.815 

MARIETTA WWTP 171.0 OH 223 840 0 000 

AMOCO CORP. 001 175.9 OH 390 <2 0000 

AMOCO CORP 001 175.9 OH <2 0.000 

ELKEMS METALS COI 176.9 OH 1170 0.000 

PARKERSBURG 'MNTP 001 183.3 WV 172 8 18 16 1.093 

SHELL CHEMICAL CO BELPRE 001 188.7 OH 131 2 0.000 

SHELL CHEMICAL CO BELPRE 002 1887 OH 151 3 0.000 

SHELL CHEMICAL CO BELPRE 003 188.7 OH 131 0.000 

DUPONT WASHINGTON 001 190.5 WV 126 0046 12 0.005 

DUPONT WASHINGTON 002 1905. WV 750 8.16 60 4078 

DUPONT WASHINGTON 003 190.5 WV 153 2.916 12 0.291 

DUPONT WASHINGTON 005 190.5 WV 124 14.3 10 1.191 

DUPONT WASHINGTON 006 190.5 WV 96 0.004 ID 0.000 

DUPONT WASHINGTON 007 190.5 WV 20 0.0007 280 0.002 

DUPONT WASHINGTON 105 190.5 WV 76 1.7 <10 <0.142 

DUPONT WASHINGTON INTAKE 190.5 WV 10 0.000 

BORG WARNER CHEMICALS INC. 001 191.5 WV 914 2.06 55 0.944 

BORG WARNER CHEMICALS INC. 002 191.5 - WV 224 1.3 14 0.152 



TABLE Me 
(Continued) 

LEAD MAIN STEM DATA:- UG/L M.P OHIO SIDE MID POINT WI SIDE 

WHEELING 86.8 10 10 10 

BUTTER RUN 107.0 cia <io <10 

WELLS BOTTOM 117.3 10 10 10 

HANNIBAL 126.4 <10 <10 10 

WILLOW ISLAND 151.7 <2 <2 <2 

BUCKLEY ISLAND 171.9 <2 <2 <2 

PARKERSBURG 183.1 <2 <2 <2 

BELLEVILLE 203.9 3 <2 <2 

TRIBUTARY WATER DATA, M P. STATE HARDNESS 
(MG/L) 

LEAD 
lUG/U 

NIXON PUN 86.8 OR 646 10 

WHEELING RUN 90.1 OH 1330 5 

WHEELING CREEK 90.7 WV 240 IS 

MCMAHON CREEK 947 OH 515 <2 

WEEGEE CREEK 98.0 OH 425 c2 

GRAVE CREEK 102.4 W/ 196 12 

CAPTINA CREEK 109.5 OH 291 <2 

FISH CREEK 113,8 WV 116 <10 

SUNFISH CREEK 118.0 WV 193 <2 

FISHING CREEK 128.3 WV 94 <10 

MIDDLE SLAND CREEK 1540 WV 53 <10 

LITTLE MUSKINGUM RIVER 1533 OH 121 <2 

DUCK CREEK 1107 OR 192 <2 

MUSICNGUM RIVER 172.2 OH 310 20 

PONDRUN 182.4 WV 144 <10 

LITTLE KANAWHA RIVER 184.6 WV 60 <10 

LITTLE KANAWHA RIVER 184.7 WV 70 <10 

LITTLE HOCKING RIVER 191.8 OR 125 <2 

HOCKING RIVER 199.3 OR 239 <2 



TABLE We 
(Continued) 

LEAD SEDIMENT DATA M.P. STATE LEAD UG/G 

NIXON RUN 86.8 OH 55 

WHEELING CREEK 90.1 OH 49 

WHEELING CREEK 90.7 WV 45 

MCMAI-iCN CREEK 94.7 OH 46 

WEEGEE CREEK 98.0 OH 65 

GRAVE CREEK 1C2.4 WV 29 

CAPTINA CREEK 109.5 WV 315 

FISH CREEK 113.8 WV 20 

SUNFISH CREEK 118.0 OH 25 

FISHING CREEK 123.3 WV 14 

MIDDLE ISLAND CREEK 1540 WV 24 

LITTLE MUSKINGUM RIVER 163.3 OH 26 

DUCK CREEK 170.7 OH 27 

MUSKINGUM RIVER 172.2 OH 33.3 

MUSKINGUM RIVER OH 24.4 

POND RUN 182.4 WV 35 

LITTLE KANAWHA RIVER 1847 WV 15 

LITTLE KANAWHA RIVER WV 30 

LITTLE HOCKING RIVER 191.8 OH <21 

F400KING RIVER 1993. OH 33 



TABLE G6t 

SUMMARY OF MERCURY DATA 
FROM INTENSIVE FIELD STUDY 

OCTOBER 20-22,1988 

NAME 
DISCHARGERS: M.P. STATE 

HARDNESS 
MG/L 

FLOW 
MG/L 

MERCURY 

UG/L #/DAY 

WHEELING PITTSBURGH STEEL 87.8 OH 0.000 

WHEELING WWTP 91.2 WV 234 5.69 <01 <0.005 

OHIO EDISON BURGER 003 102.5 OH 0.000 

OLIN CHEMICALS CORP 004 104.9 WV 328 0.526 <01 <0.000 

LOP CHEMICAL 001 1061 WV 252 1207 	I 77 0.178 

LOP CHEMICAL 001 106.1 WV 1207 L55 0.158 

OH POWER-KAMMER PLT 001 1111 WV 604 0005 23 0.000 

OH POWER-KAMMER I'Ll 003 111 	1 WV 100 648 0.1 0.540 

OH POWER.KAMMER PLT 004 111 	1 WV 126 5.76 01 0.005 

OH POWER-MITCHELL PLT 001 112.5 WV 160 465 <0.1 <0.004 

OH POWER-MITCHELL PLT 003 112.6 WV 584 0.0099 - 0.23 0.000 

OH POWER-MITCHELL PLT 004 112.6 WV 426 8,2 <0.1 <0.007 

PPG INDUSTRIES INC. 001 1197 WV 260 002 016 0.000 

PPG INDUSTRIES INC. 002 11.7 WV 234 0.95 <0.1 <0.001 

PPG INDUSTRIES INC. 003 1197 WV 376 3004 <01 <0.000 

PPG INDUSTRIES INC 004 1197 WV 148 3.88 021 0.002 

PG INDUSTRIES INC. 006 1197 WV 118 75.6 <0.1 <0.063 

PPG INDUSTRIES INC. 007 119.7 WV 120 0.029 0.26 0.000 

PPG INDUSTRIES 	NC 009 1197 WV 256 29.9 041 0.102 

PG INDUSTRIES INC. 013 119.7 WV 190 0.02 016 0.000 

PPG INDUSTRIES INC. 014 1197 WV 320 0.006 <01 

PG INDUSTRIES INC. 015 119.7 WV 240 0.036 <0.1 

PPG INDUSTRIES INC. 016 119.7 WV 164 00038 0.13 0.000 

MOBAY CORP. 001 121.3 WV 214 4.9 CO 1 <0.004 

ORMET 001 123.5 OH 292 0.000 

ORMET 002 1235 OH 198 0.000 

ORMET 004 123.5 OH 180 0.000 

CONALCO 001 123.7 OH 123 0.000 

CONALCO 002 123.7 OH 214 0.000 



TABLE G61 

SUMMARY OF MERCURY DATA 
FROM INTENSIVE FIELD STUDY 

OCTOBER 20-22,1988 
(Continued) 

NAME 
DISCHARGERS: M.P. STATE 

HARDNESS 
MG/L 

FLOW 
MG/L 

MERCURY 

UG/L #/DAY 

NEW MARTINSVILLE 124.7 Wi 270 0.462 <0.1 <0.000  

UNION CARBIDE.SISTERSVILLE 001 145.3 Wi 240 489 01 0.004 

UNION CARBIDE-SISTERSVILLE 002 145.3 Wi 240 111 0.2 0.002 

UNION CARBIDE-SISTEPSVILLE 003 145.3 WV 224 0002 <01 <0.000 

MID ATLANTIC FUELS. INC. 001 155.4 WV 264 335 cOl <0.000 

MONONGAHELA POWER CO PLEASANTS 001 160.5 Wi 874 126 02 0002 

MONONGAHELA POWER CO PLEASANTS 002 1505 W/ 406 001 <01 <0.000 

MONONGAHELA POWER CO WILLOW ISL INTAKE 153.5 Wi 0.000 

MONONGAHELA POWER CO WILLOW ISLAND 4OI 160.6 WV 168 0.001 <0.1 <0 000 

MONONGAHELA POWER CO WILLOW ISLAND 101 1635 WV 170 2.3 <0.1 <0.002 

AMERICAN CYANAMD CO WILLOW ISLAND 161.9 Wi 392 3.763 <01 <0.003 

MARIETTA WNTP 1710 OH 223 175 0.000 

AMOCO CORP 001 1759 OH 390 0.000 

AMOCO CORP 001 175.9 OH 0.000 

ELKEMS METALS 001 175.9 OH 1170 0.000 

ELKEMS METALS 002 1769 OH 1060 0000 

ELKEMS METALS 003 176.9 OH 33 0000 

ELKEMS METALS 004 1759 OH 139 0.000 

ELKEMS METALS 005 1769 OH 1500 0000  

PARKERSBURG WWTP 001 183.3 WV 172 818 <0.1 <0007 

SHELL CHEMICAL CO.. SELPRE 001 188.7 OH 131 0.000 

SHELL CHEMICAL CO.. BELPREOO2 183.7 OH 151 0000 

SHELL CHEMICAL CO.. BELPRE 003 188.7 OH 131 0.000 

DUPONT WASHINGTON 001 190.5 WV 126 0046 <0.1 <0.000 

DUPONT WASHINGTON 002 190.5 WV 750 816 025 0017 

DUPONT WASHINGTON 003 190.5 WV 168 2.916 0.1 0.002 

DUPONT WASHINGTON 005 190.5 WV 124 143 0.15 0.018 

DUPONT WASHINGTON 006 190.5 Wi 96 0.004 <0.1 <0.000 

DUPONT WASHINGTON 007 190.5 Wi 20 0.0007 0.1 0.000 

DUPONT WASHINGTON 105 190.5 WV 76 1.7 0.17 0.002 

DUPONT WASHINGTON INTAKE 190.5 Wi 0.1 0.000 



TABLE. G61 

SUMMARY OF MERCURY DATA 
FROM INTENSIVE FIELD STUDY 

OCTOBER 20-22,1988 
(Continued) 

NAME HARDNESS FLOW MERCURY 
DISCHARGERS: M.P. STATE MG/L MG/L 

UGIL #/DAY 

BORG WARNER CHEMICALS INC. 001 191.5 'MI 914 2.06 <0.1 <0.002 

BORG WARNER CHEMICALS INC. 002 191.5 WV 224 1.3 0.1 0.001 

MERCURY MAIN STEM DATA UG/L M P. OHIO SIDE MID POINT WV SIDE 

WHEELING 	 . 868 015 c0.1 <0.1 

BUTTER RUN 1070 039 <0.1 0.1 

WELLS BOTTOM 117.3 02 0.19 0.22 

HANNIBAL 126.4 0.1 0.1 0.11 
'uFF. UL?A Ij ala aol Itsi Icr meIvury 

TRIBUTARY WATER DATA. M.P. STATE HARDNESS 
MG/L) 

MERCURY 
(UG/L) 

NIXON RUN 86.8 OH 646 

WHEELING RUN 90.1 OH 1030 

WHEELING CREEK 907 WV 240 0.51 

MCMAHON CREEK 947 OH 515 

WEEGEE CREEK 98.0 OH 425 

GRAVE CREEK '02.4 WV 196 0.24 

CAPrNA CREEK 109.5 OH 291 

FISH CREEK 113.8 WV 116 0.12 

SUNFISH CREEK 118.0 WV 193 

FISHING CREEK 128.3 WV 94 0.13 

MIDDLE ISLAND CREEK 154.0 WV 68 0.12 

LITTLE MUSKINGUM RIVER 163.3 OH 121 

DUCK CREEK 170.7 OH 192 

MUSKINGUM RIVER 172.2 OH 310 0.2 

POND RUN 182.4 WV 144 0.1 

LITTLE KANAWHA RIVER 184.6 WV 60 0.19 

LITTLE KANAWHA RIVER 184.7 WV 70 0.15 

LITTLE HOCKING RIVER 191.8 OH 125 

HOCKING RIVER 199.3 OH 	- 239 



TABLE GB! (cont.) 

MERCURY SEDIMENT DATA M.P. STATE MERCURY UG/G 

NIXON RUN 86.8 OH 0.237 

WHEELING CREEK 90.1 OH 0.176 

WHEELING CREEK 90.7 WV 0.23 

MCMAHON CREEK 94.7 OH 0.107 

WEEGEE CREEK 98.0 OH 0.162 

GRAVE CREEK 102.4 WV 0.22 

CAPTINA CREEK 109.5 WV 0.114 

FISH CREEK 113.8 WV 025 

SUNFISH CREEK 1180 OH 008 

FISHING CREE( 1283 WV 033 

MIDDLE ISLAND CREEK 1540 WV 037 

LITTLE MUSKINGUM RIVER 158.3 OH 0.066 

DUCK CREEK 170.7 OH 0121 

MUSKINGUM RIVER 172.2 OH 

MUSKINGUM RIVER OH 

POND RUN 182.4 WV 03 

LITTLE KANAWHA RIVER 184.7 WV 025 

LITTLE KANAWHA RIVER WV 031 

LITTLE HOCKING RIVER 191.8 OH 0.12 

HOCKING RIVER 1993. OH 0116 



TABLE G6 

SUMMARY OENICKELDATA 
FROM INTENSIVEFIELWSTUDY 

OCTOBEW20-221  1988 

NAME 
DISCHARGERS: M.P. STATE 

HARDNESS 
MG/L 

FLOW 
MG/L 

NICKEL 

UGIL #/DAY 

WHEELING PITTSBURGH STEEL 87.8 OH <40 0.000 

WHEELING \TP 91.2 WV 234 5.69 <10 <0.474 

OHIO EDISON BURGER 003 102.5 OH <40 0.000 

OLIN CHEMICALS CORP 004 104.9 WV 328 0.526 12 0.053 

LCP CHEMICAL 001 106.1 WV 252 12.07 <25 <2.514 

LCP CHEMICAL 001 106.1 WV 12.07 0.000 

OH POWER-KAMMER PLT 001 III 	1 WV 604 0.005 200 0.008 

OH POWER-KAMMER PLT 003 111.1 WV 100 548 <10 <53.978 

OH POWER-KAMMER PLT 004 111.1 WV 126 5.76 <10 <0.480 

OH POWER-MITCHELL PLT 001 112.6 WV 160 4.65 10 0.387 

OH POWER-MITCHELL PLT 003 112.5 WV 584 0.0099 <10 <0.001 

OH POWER-MITCHELL PLT 004 112.6 WV 426 82 50 3.415 

PPG INDUSTRIES INC. 001 119.7 WV 260 0.02 44 0.007 

PPG INDUSTRIES INC. 002 1197 WV 234 0.95 <10 <0.079 

PPG INDUSTRIES INC. 003 1197 WV 376 0004 <10 <0.000 

PPG INDUSTRIES INC. 004 1197 WV 148 088 <10 <0073 

PPG INDUSTRIES INC. 006 119.7 WV 118 756 20 12.595 

PPG INDUSTRIES INC 007 1197 WV 120 0.029 36 0.009 

PPG INDUSTRIES INC. 009 119.7 WV 256 29.9 50 12.453 

PG INDUSTRIES INC. 013 119.7 WV 190 0.02 <10 <0.002 

PPG INDUSTRIES INC. 014 1197 WV 320 0006 <10 <0.000 

PPG INDUSTRIES INC 015 119.7 WV 240 0.036 <25 <0.007 

PPG INDUSTRIES INC. 016 119.7 WV 164 0.0038 <tO <0.000 

MOBAY CORP. 001 121.3 WV 214 4.9 275 11.225 

ORMET 001 123.5 OH 202 <40 0.000 

ORMET 002 123.5 OH 198 <40 0.0 

ORMET 004 123.5 OH 180 <40 0.000  

CONALCO 001 123.7 OH 123 <40 0.000 

CONALCO 002 123.7 OH 214 <40 0.000 

NEW MARTINSVLLE 124.7 WV 270 0.462 <10 <0.033 

UNION CARBIDE-SISTERSVIUE 001 145.3 WV 240 4.89 <25 <1.018 - 	-. 	- 



TABLE G69 

SUMMARY OF NICKEL DATA 
FROM INTENSIVE FIELD STUDY 

OCTOBER 20-22,1988 
(Continued) 

NAME 
DISCHARGERS. M.P. 

I  

STATE 
HARDNESS 

MG/L 
FLOW 
MG/L 

NICKEL 

UG/L #/DAY 

UNION CARBIDE.SISTERSVILLE 002 145.3 W 240 ¶ 11 <25 <0.231 

UNION CARBIDE-SISTER5VILLE 003 145.3 W 224 0.002 125 0.002 

MID ATLANTIC FUELS. INC. 001 155.4 WV 264 035 <20 <0.058 

MONONGAHELA POWER CO PLEASANTS 001 160.5 WV 874 '26 125 1 312 

MONONGAHELA POWER CO PLEASANTS 002 160.5 WV 406 0.01 10 0.001 

MONONGAHELA POWER CO WILLOW ISL NTAKE 150.6 WV 10 0.000 

MONONGAHELA POWER COWILLCW ISLAND 4O1 1606 'IN 153 0.001 12 0 000 

MONONGAHELA POWER CO WILLOW ISLAND 101 60.6 WV 170 2.3 10 0.192 

AMERICAN CYANAMID CO WILLOW ISLAND 1619 WV 392 3763 120 3761 

MARIETTA WVrrP 1710 OH 223 0.000 

AMOCO CORP 001 175.9 OH 390 <40 0.000 

AMOCO CORP 001 175.9 OH <40 0.900 

ELKEMS METALS 001 1769 OH 1170 <40 0.000 

ELKEMS METALS 002 176.9 OH 1060 <40 0000  

ELKEMS METALS 003 176.9 OH 138 <40 0.900 

ELKEMS METALS 004 175.9 OH 139 <40 O.) 

ELKEMS METALS 005 176.9 OH 1500 <40 0090 

PARKERSBURG WHIP 001 1833 WV 172 8.18 <10 <0.681 

SHELL CHEMICAL CO. BELPRE 001 188.7 OH 131 <40 0000  

SHELL CHEMICAL CO. BELPRE 002 183.7 OH 151 <40 0.000 

SHELL CHEMICAL CO.. BELPRE 003 183.7 OH 131 50 0.000 

DUPONT WASHINGTON 001 190.5 WV 126 0.046 <10 <0.904 

DUPONT WASHINGTON 002 190.5 WV 750 8.16 16 1.083 

DUPONT WASHINGTON 003 190.5 WV 168 2.916 <10 <0.243 

DUPONT WASHINGTON 005 190.5 WV 124 143 12 1.429 

DUPONT WASHINGTON 006 190.5 WV 96 0004 <10 <0.000 

DUPONT WASHINGTON 007 190.5 WV 20 0.0007 260 0.002 

190.5 WV 76 17 10 0.142 DUPONT WASHINGTON 105 

DUPONT WASHINGTON INTAKE 190.5 ¶1W 10 0.090 

BORG WARNER CHEMICALS INC. 001 191.5 WV 914 2.06 30 0.515 

BORG WARNER CHEMICALS INC. 002 191.5 WV 224 1.3 <10 <0.108 



TABLE GGg 

NICKEL MAIN STEM DATA. UG/L  M.P. OHIO SIDE MID POINT WV SIDE 

WHEELING 86.8 <10 <10 10 

BUTTER RUN 107.0 10 10 10 

WELLS BOTTOM 117,3 10 <10 <10 

HANNIBAL 126.4 14 <10 10 

WILLOW ISLAND 161.7 <40 <40 <40 

BUCKLEY ISLAND 1719 <40 <40 <40 

PARKERSBURG 18:3.1 <40 <40 <40 

BELLEVILLE 203.9 <40 <40 <40 

TRIBUTARY WATER DATA. M.P STATE HARDNESS 
(MG/L) 

NICKEL 
(UG/L) 

NIXON RUN 86.8 OH 646 <40 

WHEELING RUN 90.1 OH 1030 <40 

WHEELING CREEK 90.7 WV 240 10 

MCMAHON CREEK 94.7 OH 515 <40 

WEEGEE CREEK 98.0 OH 425 <40 

CRAVE CREEK 102.4 WV 196 <10 

CAPTINA CREEK 109.5 OH 291 <40 

FISH CREEK 113.8 WV 116 <10 

SUNFISH CREEK 118.0 WV 193 <40 

FISHING CREEK 128.3 WV 94 10 

MIDDLE ISLAND CREEK 1540 WV 68 10 

LITTLE MUSKINGUM RIVER 163.3 OH 121 <40 

DUCK CREEK 170.7 OH 192 <40 

MUSKINGUM RIVER 172.2 OH 310 10 

POND RUN 182.4 WV 144 10 

LITTLE KANAWHA RIVER 184.6 WV 60 <10 

LITTLE KANAWHA RIVER 184.7 WV 70 10 

LITTLE HOCKING RIVER 191.8 OH 125 <40 

HOCKING RIVER 199.3 	- - - 	OH 239 <40 



TABLE G6g (cant.) 

NICKEL SEDIMENT DATA M.P. STATE NICKEL UG/G 

NIXON RUN 86.8 OH 73 

WHEELING CREEK 90.1 OH 36 

WHEELING CREEK 90.7 WV 20 

MCMAHON CREEK 947 OH 33 

WEEGEE CREEK 98.0 OH 93 

GRAVE CREEK 102.4 WV 23 

CAPTINA CREEK 109.5 WV 25 

FISH CREEK 113.8 WV 16 

SUNFISH CREEK 118.0 OH 25 

FISHING CREEK 28 ..3 WV 11 

MIDDLE ISLAND CREEK 1540 WV 20 

LITTLE MUSKINGUM RIVER 168.3 OH 20 

DUCK CREEK 170.7 OH 38 

MUSKINGUM RIVER 172.2 OH 53.1 

MUSKINGUM RIVER OH 432 

POND RUN 182.4 WV 18 

LITTLE KPflAWHA RIVER 184.7 WV 17 

LITTLE KANAWHA RIVER WV 27 

LITTLE HOCKING RIVER 191.8 OH 18 

HOCKING RIVER 199.3 OH 40 



TABLE G6h 

SUMMARY OF ZINC DATA 
FROM INTENSIVE FIELD STUDY 

OCTOBER 20-22,1988 

NAME 
DISCHARGERS: M.P. STATE 

HARDNESS 
MG/L 

FLOW 
MG/L 

ZINC 

UG/L #/DAY 

WHEELING PITTSBURGH STEEL 87.8 OH 500 0.000  

WHEELING VMTP 91.2 WV 234 5.69 26 1.232 

OHIO EDISON BURGER 003 102.5 OH 40 0.000 

OLIN CHEMICALS CORP 004 104.9 WV 328 0.528 18 0.079 

LCP CHEMICAL 001 106.1 WI 252 1207. 55 5.530 

LCP CHEMICAL OOI 106.1 WV 1207. 0.000 

OH POWER-KAMMER PLT 001 111.1 WV 604 0 005 1630 0.070 

OH POWER.KAMMER PLT 003 111.1 Wv 100 648 20 107.957 

OH POWER-KAMMER PLT 004 111.1 WV 126 576 20 0.960 

OH POWER-MITCHELL PLT 001 112.6 'W 160 465 52 2.014 

OH POWER-MITCHELL PLT 003 112.6 VN 584 0.0099 40 0.003 

OH PoWER-MITCHELL. PLT 004 112.6 WI 426 82 118 8.060 

PPG INDUSTRIES INC. 001 119.7 WV 260 002 6 0.001 

PPG INDUSTRIES INC. 002 1197 WV 234 0.95 IC 0.079 

PPG INDUSTRIES INC. 003 119.7 WV 376 0.004 5 0. 

PPG INDUSTRIES INC. 004 1197 WV 148 3 83 46 0.337 

PPG INDUSTRIES INC. 006 1197 WI 118 756 104 65.494 

PPG INDUSTRIES INC. 007 1197 WI 120 3329 138 0-026 

PPG INDUSTRIES INC. 009 119.7 WV 256 29.9 !30 32.379 

PPG INDUSTRIES INC. 013 119.7 WV 190 0.02 46 0.003 

PPG INDUSTRIES INC. 014 119.7 WV 320 0.006 140 0.007 

PPG INDUSTRIES INC. 015 1197 WV 240 0.036 18 0005 

PPG INDUSTRIES INC. 016 119.7 WV 164 0.0038 24 0.001 

MOBAY CORP. 031 121.3 WI 214 4.9 60 2.449 

ORMET 001 123.5 OH 202 <10 0.000 

ORMET 002 123.5 OH 193 <10 0.000 

ORMET 004 123.5 OH 180 35 0.000 

CONALCO 001 123.7 OH 123 35 0.000 

CONALCO 002 123.7 OH 214 25 0.000 

NEW MARTINSVILLE 124.7 WI 270 0.462 18 0.069 

UNION CAPBIDE-SISTERSVILLE 001 145.3 WI 240 4.89 22 0.896 



TABLE G61t 

SUMMARY OF ZINC DATA 
FROM INTENSIVE FIELD STUDY 

OCTOBER 20-22, 1988 
(Continued) 

NAME 
DISCHARGERS: M.P. STATE 

HARDNESS 
MG/L 

FLOW 
MG/L 

ZINC 

UG/L */DAY 

UNION CARBIDE-SISTERSVILLE 002 1452 WV 240 1.11 10 0092 

UNION CARBIDE.SISTERSVILLE 003 145.3 WV 224 0.002 290 0.005 

MID ATLANTC FUELS. NC. 001 155.4 WV 254 0.35 66 0.092 

MONONGAHELA POWER CO PLEASANTS 001 160.5 WV 874 1 26 120 1.259 

MONONGAHELA POWER CO PLEASANTS 002 1605 WV 406 001 88 0.007 

MONONGAHELA POWER CO WILLOW ISL INTAKE 1606 WV 14 0.000 

MONONGAHELA POWER CO WILLOW ISLAND 401 150.5 WV 168 0001 68 0 001 

MONONGAHELA POWER CO WILLOW ISLAND 101 150.6 WV 170 23 38 0.728 

AMERICAN CYANAMID CO WILLOW ISLAND 1619 WV 392 3763 280 8.777 

MARIETTA WNTP 1710 OH 223 475 0000  

AMOCO CORP. 001 1759 OH 390 25 

AMOCO CORP 001 1759 OH 25 0.000 

ELKEMS METALS OOI 176.9 OH 1170 10 0000 

ELKEMS METALS 002 176.9 OH 1060 30 0.000 

ELKEMS METALS 003 1769 OH 138 15 0000 

ELKEMS METALS 004 176.9 OH 139 20 0000 

ELKEMS METALS 005 175.9 OH 1500 15 0.000 

PARKERSBURG WWTP 001 1833 VA' 172 818 46 3.134 

SHELL CHEMICAL CO. BELPRE 001 188.7 OH 131 100 0.000 

SHELL CHEMICAL CO. BELPRE 002 1887 OH 151 30 0000 

SHELL CHEMICAL CO.. BELPRE 003 188.7 OH 131 50 0.000 

DUPONT WASHINGTON CCI 190.5 WV 126 0.046 104 0.040 

DUPONT WASHINGTON 002 1905. WV 750 8.16 46 3.127 

DUPONT WASHINGTON 003 1905 WV 168 2.916 14 0.340 

DUPONT WASHINGTON 005 1905 WV 124 143 14 1568 

DUPONT WASHINGTON 006 1905. WV 96 0.004 26 0.001 

DUPONT WASHINGTON 007 190.5 WV 20 0.0007 320 0.002 

DUPONT WASHINGTON 105 190.5 WV 76 17 42 0.595 

DUPONT WASHINGTON 105 190.5 WV 18 0.000 

BORG WARNER CHEMICALS INC. 001 191.5 WV 914 2.06 15 0.257 

BORG WARNER CHEMICALS INC. 002 191.5 WV 224 1.3 17 0.184 



TABLE GO 
(Continued) 

INC MAIN STEM DATA UG/L M.P. OHIO SIDE MID POINT WV SIDE 

WHEELING 86.8 16 16 16 

BUTTER RUN 1070 16 21 28 

WELLS BOTTOM 117.3 20 22 22 

HANNIBAL 125.4 15 14 16 

WILLOW ISLAND 161.7 <10 <10 10 

BUCKLEY ISLAND 171.9 <10 10 <10 

PARKERSBURG 183.1 <10 <10 <10 

BELLEVILLE 203.9 <10 <10 <10 

TRIBUTARY WATER DATA. M.P. STATE HARDNESS 
(MG/L) 

ZINC 
(UG/L) 

NIXON RUN 868 OH 646 20 

WHEELING RUN 90.1 OH 1030 <10 

WHEELING CREEK 90.7 WV 240 8 

MCMAHON CREEK 947 OH 515 <10 

WEEGEE CREEK 98.0 OH 425 <10 

GRAVE CREEK 102.4 WV 196 12 

CAPTINA CREEK 1095 OH 291 <25 

FISH CREEK 113.8 WV 116 5 

SUNFISH CREEK 1180 WV 193 <10 

FISHING CREEK 128.3 WV 94 3 

MIDDLE ISLAND CREEK 1540 WV 53 2 

LITTLE MUSKINGUM RIVER 168.3 OH 121 <10 

DUCK CREEK 1707 OH 192 <10 

MUSKINGUM RIVER 172.2 OH 310 16 

POND RUN 182.4 WI 144 8 

LITTLE KANAWHA RIVER 184.6 WV 60 5 

LITTLE KANAWNA RIVER 184.7 WV 70 3 

LITTLE HOCKING RIVER 1918. OH 125 <10 

HOCKING RIVER 1993 OH 239 <10 



TABLE G6h 
(Continued) 

ZINC SEDIMENT DATA M P. STATE ZINC UQ/Q 

NIXON RUN 86.8 OH 244 

WHEELING CREEK 90.1 OH 126 

WHEELING CREEK 90.7 WV 133 

MCMAHON CREEK 947 OH 130 

WEEGEE CREEK 93.0 OH 273 

GRAVE CREEK 102.4 WV 128 

CAPTINA CREEK 109.5 WV 93 

FISH CREEK 113.8 WV 59 

SUNFISH CREEK 1150 OH 70 

FISHING CREEK '283 WV 46 

MIDDLE ISLAND CREEK 1540 WV 85 

UTILE MUSKINGUM RIVER 168.3 OH 79 

DUCK CREEK 170.7 OH 113 

MUSKINGUM RIVER 172.2 OH 147 

MUSKINGUM RIVER OH 123 

POND RUN 132.4 WV 88 

LITTLE KANAWHA RIVER 1847 WV 58 

LITTLE KANAWHA RIVER WV 105 

LITTLE HOCKING RIVER 1918. OH 58 

HOCKING RIVER 199.3 OH 127 
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Part I - Modeling Concepts 

A. Technical Overview: 

The Water Quality Analysis Template performs TMDL/WLA analysis for point 
source discharges to free flowing streams using a steady state, first order 
decay, mass balance model. 

The Template considers four different water quality criteria: acute fish 
and aquatic life (AFC), chronic fish and aquatic life (CFC), threshold 
human health (THC) and non-threshold human health (carcinogens) (CRL). AFC, 
CFC, and THC criteria are applied at a Q,_jo design stream flow. CRL is 
applied at a Carcinogen design flow. There are different durations 
associated with each criteria. The template uses a computational strategy 
based on treatment plant performance variability to establish a common 
duration base for comparing Water Quality Based Effluent Limitations 
(WQBELs) to determine which criteria governs for a particular discharge, or 
combination of discharges. All criteria must be complied with at design 
stream flow conditions within policy derived maximum instream travel times. 

The model compares the simulated water quality profile with applicable 
water quality criteria to determine if a violation is occurring. All 
discharges upstream of a violation that contribute a significant portion of 
the total pollutant load at the point(s) of maximum violation are 
considered to be interacting. 

Except for CRL based limits, effluent limits are expressed as 30-day 
average values. They can include a factor of safety specified by the user. 

The model can use either a Uniform Treatment (UT) or an Equal Marginal 
Percent Removal (EMPR) WLA strategy. whenever more than technology based 
effluent limitations are needed to meet water quality criteria, a WLA is 
required. When two or more discharges are in sufficiently close proximity 
to one another such that they must share the assimilation capacity of the 
receiving stream, a multiple discharge WLA is required. 

Under the UT strategy, all discharge concentrations that are part of the 
same multiple discharge scenario are reduced by a uniform percentage from 
their baseline values. The baseline for a UT WLA is technology based 
effluent limitations or existing discharge quality. 

EMPR is similar to UT, except for the baseline for the multiple discharge 
analysis. Under EMPR, the baseline for multiple discharge analysis is the 
level that each discharge would have to provide if it was the only 
discharge on the stream. The effect that any upstream discharge(s) 
selected by the analyst may have on stream hydraulic and assimilation 
characteristics may be considered in setting this baseline. If a violation 
exists after the baseline has been established, then all discharges that 
contribute to the violation are reduced by an (additional) equal 
percentage. 

The model uses a single set of discharge flaws, representing expected 
discharge flows at the planning horizon. These flows can be inputed by the 
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analyst, or can be estimated using existing and permitted discharge flows 
in combination with a user defined Reserve Factor (RF). 

The template can analyze up to 10 reaches in a single run. Branched or 
large systems (more than 10 reaches) are analyzed by using a built-in 
discharge transfer routine that calculates equivalent end-of-segment 
discharge loads. These discharge loads are transferred to the next segine 
as an equivalent discharge. 

B. Basic Water Quality Model 

The basic water quality model used in the template for simulating instrea. 
quality is of the form: 

Cit = C0 * et 	where, 

= In-stream pollutant concentration at time t, 
= In-stream pollutant concentration at time t = 0, 

e 	= Base e, 
k 	= Aggregate fate coefficient, and 
t = Travel time 

Advection and aggregate fate are considered as the fate and transport 
mechanisms. The fate and transport considerations deal only with the wat 
column. Dissolved and particulate partitioning, exchange with the 
atmosphere, and sediment bed interaction are not explicitly considered. 
The fate coefficient (k) embodies the aggregate effect of all in-stream 
fate processes without discriminating among them. The coefficient is 
assumed to be constant and is not adjusted for temperature, pH, or other 
factors. If a substance is susceptible to variable fate processes due to 
changes in the chemical or physical conditions (such as temperature, flow, 
etc.). then separate aggregate fate coefficients should be determined if 
the template is applied at different design conditions. 

C. Mixing 

Mixing is evaluated in the model under the assumption that the stream 
channel is rectangular. Unless the information is supplied by the analyst 
mixing is handled through an adaptation of the EPA Ambient Mixing Model:r 

M W2  u 
= 

 

where, 

 

Xm = Distance to Complete Nix 
m = parameter that defines the uniformity required for complete mix 

and location of discharge (set at .315 in the template) 
W = Stream width 
U 	flow velocity for critical design flow 

= lateral dispersion coefficient 

If it is not supplied by the analyst, complete mix time is estimated using 
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the equation: 

0.315 * w'2 

tm 
[.6 * d * ( 32.2 * d * s ).5 * 60 

= w * 

t. = Complete Mix Time in minutes 
= Adjusted reach width in feet 

d = Reach depth in feet 
s = Reach slope in feet/feet 
Qs = Stream Flow in cfs 
Qd = Discharge Flow in cfs 

Qs/(Q+Qa) where, 

The amount of stream flow that mixes with a shore line discharge is a 
function of downstream travel time and complete mix time. The equation for 
estimating the amount of stream flow mixed with the discharge plume is: 

= Q. *  (ts/tm) 	where 

= Amount of strew flow mixed with discharge flow at 
travel time t 

Q. = Total stream flow at the point of discharge 

If t. is greater than ta., then complete mix has occurred and Q'_ is set 
equal to Q.  More information on the derivation of the mixing relationships 
used in the model is presented in Appendix C. 

D. Criteria Compliance Times 

Toxics criteria have different critical durations. Because of this, an 
approach that takes criteria duration into consideration has been developed. 
The approach is based on the general premise that at design conditions, a 
(relatively) small in-stream zone where water quality criteria may be 
violated can be tolerated. Using this basic premise, different criteria 
compliance times have been established for each criteria and criteria 
duration. 

Acute Fish and Aquatic Life Criteria  

The EPA Technical Support Document(-) generally appears to suggest that Alt 
be met at the end-of-pipe. Taken literally, this means that the AFC WQBEL 
would have to be set equal to the AFC itself. This recommendation, however, 
is tempered by the incorporation of a recommended steady state design flow 
(Q,-to) for AFC application, and the suggestion that where mixing is 
rapid, or when high rate diffusers are used, a small in-stream zone where 

the Alt is exceeded may be tolerated. It is tempered further by the fact 
that EPA has approved a number of State Toxic Management Programs that gQ 
not apply the AFC at end-of-pipe. 

If a (relatively) small in-stream zone where acute criteria is violated can 
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be tolerated at design conditions, then it is possible to make use of mixi. 
and dilution to determine an Arc-based WQBEL that is different from the AFC 
itself. This WQBEL would be no more stringent than the AFC, but could, 
depending on site specific mixing and dilution conditions, be several time 
greater than the AFC. 

On the basis of the EPA guidance and the factors discussed above, a policy 
that allows an "Acute Criteria Dispersion Zone" (ACDZ), has been 
incorporated into the template. The limit of the ACDZ is the zone defined 
by up to 15 minutes travel time from the point of discharge under site 
specific design flow conditions. 

Chronic Fish and Aquatic Life Criteria  

An underlying assumption frequently used to conduct chronic toxicity based 
analyses is that of "complete mix." The actual application of complete rni 
however, can often vary greatly from case to case. In many cases, dilutior 
analysis is carried out using less than 100 percent of available stream 
flow, due to the knowledge or professional judgement of the analyst about 
individual site specific mixing characteristics, or because of a desire to 
provide an additional "factor of safety" in the water quality impact 
analysis. Different mixing and dilution assumptions can lead to 
significantly different results and NPDES permit limitations. 

Ambient mixing is a function of several physical variables, including strea 
width, stream depth, the location of the discharge (i.e., shore line or 
center of stream channel), stream velocity, and stream slope.(-) For stream 
in Pennsylvania, it has been determined that mixing is relatively rapid 
(compared to criteria duration) for practically all small streams with Q'-t 
flows of less than 50 cfs, and that complete mix will usually occur within 
12 hours, For streams in the 50 to 250 cfs range, rapid mixing occurs in 
circumstances where slopes are moderate (0.5%) to steep (1.0%). For large 
streams above 250 cfs mixing can seldom, if ever, be considered rapid. 

The conclusions presented above are based on ambient mixing considerations 
only. They do not consider the effects of discharge induced mixing, stream 
flow augmentations due to groundwater or tributary inflows, or channel 
irregularities below the point of discharge. All of these factors tend, in 
general, to increase the rate of mixing, or alternatively, lead to the 
achievement of predicted in-stream complete mixing concentrations in the 
diluted discharge plume at a point upstream of the predicted point of 
complete mix. Field studies conducted by DER staff tend to confirm that, ir 
most cases, mixing will occur more rapidly than predicted using the EPA 
ambient mixing model. 

For purposes of template application, it has been concluded that if completE 
mix occurs within 12 hours at design flow conditions, then 100 percent of 
stream flow may be used for the purposes of setting CFC based effluent 
limitations. If, under design conditions, complete mixing is expected to 
take more than 12 hours, then only that portion of the stream that mixes 
with the discharge plume during the first 12 hours should be used for 
dilution. The 12 hour maximum mixing time for CFC application does not 
normally have a major impact on NPDES effluent limitations for discharges to 
larger streams, since in most such cases acute toxicity will govern the 
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determination of NPDES permit limitations for these discharges. 

Threshold and Non-Threshold Human Health Criteria  

The maximum criteria compliance time used in the template for TI-IC and CRL 
criteria is the same as for CFC criteria, or the estimated travel time to 
the nearest potable water supply intake, whichever is less. This assures 
that THC and CRL criteria will be complied with either at, or upstream of 
any water supply intake. 

E. Setup and Data Input Requirements 

Depending on the analysis mode, up to 27 data inputs are required to operate 
the template. These data inputs are in addition to the Set-up options that 
are selected by the analyst to define the model operating profile. The Set-
up selections include (a) a reserve factor (RF), (b) a factor of safety 
(FOS), (c) a multiple discharge wasteload allocation cutoff factor (WF), and 
(d) a waste load allocation method (WS). 

The reserve factor is designed to take potential future growth into 
consideration. It is normally set at a default value of 0.1 (i.e., a 
projected 10 percent increase in presently permitted loads). The factor of 
safety is designed to account for the uncertainty associated with the model 
inputs. It is normally set at .20. The multiple discharge wasteload 
allocation cutoff factor defines the level at which a discharge is 
considered significant in a multiple discharge situation. It is normally 
set at 0.05. 

Many data inputs are optional. If the user does not supply the information, 
the template estimates the required value, using the equations described in 
the sections that follow. If, however, the user does not supply a data 
value identified in Table 10-1 as required, the template will assign a value 
of zero (0). 

The required data input of Cumulative Drainage Area represents the total 
drainage area at the beginning of each reach being modeled, including the 
drainage area of any tributaries entering the stream segment at the 
beginning of the reach. When the template is run using 'transferred" loads, 
care should be taken to verify that the correct cumulative drainage area has 
been inputed. 

The required data inputs of Potable and Industrial Water Supply withdrawal 
should represent the expected withdrawal rates at Q—xo conditions. Some 
water supply withdrawal permits contain special conditions that require the 
adjustment of withdrawal rates when stream flow approaches Q,...o. Failure 
to input the correct withdrawal rate will result in an erroneous flow 
balance, which will affect model results. 

The optional data input of incremental stream flow should be used to adjust 
Q—.o flows to account for any required minimum releases upstream or in the 
first model segment that is being modeled. Failure to account for minimum 
releases will result in erroneous estimates of both Q,_  and Carcinogen 
Design Flow, when the model default equations are used to estimate 
incremental flows. 
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The optional data inputs of reach width/depth ratio, stream width, and 
stream depth represent values at Q710  design flow conditions. The option 
inputs of reach velocity, reach travel time, and complete mix time are 
assumed to apply at both 	and Carcinogen Design Flow Conditions. If 
the user wishes to supply different values for these data elements for the 
two separate design flow conditions, two separate model runs will be 
required. 

It should be noted that the model calls for inputing  tributary background 
pollutant concentration information. The model calculates an in-stream  
background pollutant concentration by applying mass balance techniques to 
the pollutant concentration and tributary flow values provided (or 
calculated). If the user knows the in-stream background concentration, scm 
preliminary data manipulation, exterior to the model itself may be necessar 
to achieve these values in the model. 

The tributary and in-stream pollutant background concentrations should 
represent concentrations that result from sources that are not subject tQ. 
manipulation or control in the TMDL/WLA process. These sources may include 
natural ambient conditions, non-point sources loads, or point sources that 
are not considered 'controllable" in the TMDL/WLA modeling analysis, such a 
pollutants being discharged through abandoned mine drainage. This means 
that when Water Quality Network or other similar field data are used to 
estimate background conditions, the measured values may have to be adjusted 
to account for controllable point sources. 

Although calibration field studies are recommended whenever possible, it ma3 
be possible to use long term Water Quality Network data, in conjunction witi 
discharge data to estimate aggregate fate coefficients. An example of how 
this may be done is presented in Appendix -' 
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Table 10-1 
TEMPLATE DATA REQUIREMENTS 

Data Element 

Discharge/Tributary Name 
River Mile Index 
Elevation 
Cumulative Drainage Area 
Existing Discharge Flow 
Permitted Discharge Flow 
Potable Water Supply 

Withdrawal 
Groundwater Yield 

Discharge Analysis Flow 
Incremental Stream Flow 
Carcinogen Design Stream 
Reach Length 
Reach Slope 
Width/Depth Ratio 
Stream Width 
Stream Depth 
Reach Velocity 
Reach Travel Time 
Complete Nix Time 
Industrial Water Supply 

Withdrawal 
Flow Augmentation Factor 

Pollutant Information 
- Discharge Concentration 	X 
- Tributary (Incremental 	X 

Flow) Background 
Concentration) 

- Aggregate Fate Coefficient X 
- Acute Fish Criteria 	(a) 
- Chronic Fish Criteria 	(a) 
- Human Health Criteria 	(a) 

0 = 

(a) 

Required 
Optional 
built-in 
Criteria 
modified 

User Input 
User Input. If input is not provided, value is estimated using 
default equations. 
Values are obtained from Criteria Look-up Table, which may be 
by the user 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
X 

X 
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F. Overview of Template Calculations and Notation 

The calculations carried out by the template are divided into three major 
phases -- (1) Preliminary Calculations, (2) Baseline Discharge Analysis, a 
(3) Multiple Discharge Analysis. In the preliminary calculation phase, 
calculations are carried out to determine reach travel times, complete mix 
times, and partial mixing factors for both baseline and multiple discharge 
analysis. In the baseline discharge phase, calculations are carried out t 
determine baseline pollutant concentrations for use in the ENPR wasteload 
allocation strategy. (If the Uniform Treatment WLA strategy has been 
selected under Set-up, this calculation phase is effectively bypassed, 
except for the determination of the maximum" effluent limitation.) In the 
multiple discharge phase, a final set of calculations are carried out to 
determine final effluent limitations. 

Several notations are used in the equations described in Part II. The 
notation (x) is used to describe the design condition. There are four 
different design conditions, -- (1) baseline conditions at Q7—xo design 
flow, (2) baseline conditions at carcinogen design flow Q.,  (3) multiple 
discharge conditions at Q,_o design flow, and (4) multiple discharge 
conditions at carcinogen design flow Q°. 

The notation (y) describes which criteria value (Acute Fish, Chronic Fish, 
Threshold Human Health, or Non-Threshold Human Health) is being evaluated. 

Finally, most variables are either single or double subscripted using the 
letters (i) and/or (j). A single subscript (i or j) normally refers to thE 
current reach and/or discharge being evaluated. A subscript (i-l) refers t 
the reach or discharge immediately upstream of the current reach (i). 

A double subscript of the form (i,j) generally means the effect of the 
current discharge (i) on (or in) some subsequent downstream reach (j). 

(Note: The equations described below are in general detail and are meant to 
provide the reader with a basic understanding of how the model computes the 
effluent limitations. Those interested in the detailed formulas in the 
template including all of the 'what-if' analyses that are performed should 
refer to Part II of Chapter 10. It is recommended that new readers, 
continue with Part I, below, in order to get a basic understanding of the 
template before proceeding to the more detailed Part II.) 

G. Preliminary Calculations 

Preliminary calculations are designed to determine the physical, hydraulic 
and mixing characteristics that are used in the subsequent baseline and 
multiple discharge analyses. Some preliminary calculations are made for thE 
four (4) different design conditions evaluated by the model. The prelimina 
calculation sequence is shown in flow-chart form in Figure 10-1. The 
equation numbers shown on the figure refer to the actual equations, which 
are described below. 
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Preliminary Calculation Sequence  

Equation #• 

1 

2 

3 

4 

S 

6 

7 

a 

9 

10 

11 

12 

13 

14 

For Reach - 1 to HR 

Determine Discharge Analysis Flows 

I 
Determine Reach lengths 

Determine Reach Slopes 

For Design Condition - I to 4 

Determine Incremental Q7-10 (or Carcinogen) 
Design Stream Flows 

Determine Total Net Design Stream Flows 

Determine Design Reach Velocities 

Determine Reach Travel Tines 

Determine Reach Width/Depth Ratios 

Determine Reach Depths 

Determine Reach Widths 

Determine Complete Mix Times 

Determine Travel Time to Nearest 
Downstream Potable Water Supply 

Determine Human Health Criteria 
Compliance Tines 

For Criterias 1 to 4 

Determine Discharge Partial Nix Factors 

Next Criteria 

Next Design Condition 

I 

Next Reach 
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1. Discharqe Analysis  Flow  (NGD) 

The Discharge Analysis Flow is the design flow for each discharge. The s 
Discharge Analysis Flow is used for all design conditions. The Discharge 
Analysis Flow may be inputed by the user, or may be estimated using exist; 
or permitted discharge flow. 

2. Reach Lenqth (Feet) 

Reach Length is used to calculate reach slopes and travel times. Reach 
length is calculated by taking the current river mile index and subtractir 
the downstream river mile index, then multiplying by 5280 to convert to 
feet. The general relationship for this computation is: 

[ RMIs. - RMI<s...x , 3 * 5280 

where, 

RM I 
	

River mile index in the current reach (i) 
RMI (i- 1) 
	 River mile index in the next downstream reach (i+1) 

3. Reach Slope  (FT/PT) 

Reach Slopes are used to calculate velocities and complete mix times. Slop 
is calculated by taking the elevation in the current reach and subtracting 
the elevation in the downstream reach, then dividing by the reach length. 
The general relationship for this computation is: 

EL,. - 

RL 
where, 

EL. 	Elevation in the current reach (i) 
Elevation in the next downstream reach (i+l) 

RL 	 Reach length 

4. Incremental Stream  Flows  (CFS) 

Incremental Stream Flow may represent an actual tributary stream, a value 
representing lateral and ground water inflow, or a combination of the two. 
The incremental flow in the first reach of a problem represents the upstree 
flow. Although it is identified as an optional data input, it is 
recommended that Incremental Stream Flows be inputed by the user whenever 
possible, to improve the accuracy of the analysis. Also, in circumstances 
where the incremental flow represents a controlled release, it must be 
entered by the user. When incremental stream flow is not inputed by the 
user, it is computed by taking the drainage area in the current reach and 
subtracting the drainage area in the upstream reach, then multiplying by tF 
ground water yield factor. The general relationship for this computation is 

DA,. - 	 3 * GWY 

where, 
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- DAs 	= Total Drainage Area in the current reach (i) 
DA ( s- ) 	= Total Drainage Area in the previous reach (i-i) 
GWY 	= Ground Water Yield Factor 

5. Total Net Desiqn Stream Flow (CFS) 

The total net design stream flow in each reach is determined separately for 
each design condition. It is determined by summing incremental stream flows 
through the current reach, and then deducting any potable or industrial 
water withdrawals. If both a discharge and water intake are identified as 
occurring at the beginning of the sante reach, it is assumed that the water 
intake takes place upstream of the discharge. Because of this, it is 
recommended that intakes and discharges be placed in separate reaches 
whenever possible to assure proper hydrologic sequencing. 

Please note that the total net stream flow may be zero under circumstances 
where total withdrawals exceed gross stream flow. This condition is most 
likely to occur at Q,—to multiple discharge design conditions where there 
are substantial industrial water withdrawals. 

6. Stream Velocity (MPD and FPS) 

Stream velocities in each reach are determined in both miles per day and 
feet per second. Stream velocities are computed using the DER velocity 
equation if not entered by the user. In addition, the total stream flow used 
in the velocity equation may be adjusted to take into consideration 
discharge flow augmentation. This occurs if the user inputs a discharge flow 
augmentation factor in the option reach data input area. The general 
relationship for this computation is: 

If drainage area (DA) is less than or equal to 500 mi2  

2.62 * 	* 	* 

If drainage area (DA) is greater than 500 mi2  

1.54 * Q.ZS * SL -155 * 

where, 

Total base stream flow 
SL 	Slope 
DA 	Drainage Area 

7. Reach Travel Times (Days) 

Reach travel times are used in the determination of pollutant fate in both 
the baseline and multiple discharge scenarios. Reach travel time is computed 
by taking the reach length and dividing by the velocity. Reach travel time 
can also be entered by the user in the optional reach data input area. 
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8. Reach Width/Depth Ratios  

Reach width/depth ratio is determined for Q,-io design conditions only. It 
is assumed that reach width is the same for carcinogen design conditions as 
estimated or inputed for Q,.-.to conditions. It should be noted that the 
default equation for estimating the width/depth ratio is only considered to 
be applicable for design flows of less then 250 cfs. Where Q,o  flows are 
greater than 250 cfs, it is recommended that the user input the reach width 
directly under the optional data inputs. Reach width/depth is computed usin 
the Memon-Vu equation if not inputed by the user. The general relationship 
for this formulation is: 

-.073 +.141 * Qs. 07 ' +.06 * DA- 45  +.0001 * 

where, 

= Total base stream flow 
SL = Slope 
DA = Drainage Area 

8L3"°'Th 
3-1.429 

9. Reach Depths (Feet) 

Reach depth is used to estimate complete mix time. Reach depths are 
different for Q,c, and Q conditions because of the assumption that the 
reach width remains constant for both design conditions. Reach depth is 
computed by taking the total stream flow and dividing by the velocity 
multiplied by the width. Reach depth may also be inputed by the user in the 
optional reach data input area. The general formulation for computing depth 
is: 

Qs. 

For Q,_io: 
{V *WD } 

For Q0 : 

{ V * 	} 

where, 

= Total base stream flow 
V 	= Stream velocity 
WD 	= Width/Depth Ratio 

= Width computed/inputed at the Q7-lo design condition 

10. Reach Widths (Feet) 

Reach width is used in the determination of complete mix times. Reach width 
is determined for Q,-io design conditions only. Because of the assumption 
that the channel is rectangular, it is assumed that reach width is the same 
at Carcinogen Design Flow Conditions as it is at Q'ii.o conditions, Reach 
width is computed by taking the reach depth multiplied by the width/depth. 
Reach width may also be inputed by the user in the optional reach data input 
area. The general formulation for computing width is: 

10-11 



November 29, 1989 

D * WD 

where, 

0 	= Computed/inputed depth 
WD 	= Computed/inputed width/depth ratio 

11. complete  Mix Times (Minutes) 

Complete mix time is used to determine the degree that each discharge plume 
mixes with upstream flows at the various criteria compliance times. If the 
user indicates that a discharge is equipped with high rate diffusers, then 
it is assumed that complete mix takes place within 15 minutes travel time 
from the point of discharge. The general form of the equation for complete 
mix is described above in Section C. The user can also enter the complete 
mix time in the optional reach data input area. If the user designates a 
discharge as having high-rate diffusers, however, the inputed complete mix 
time will be ignored. 

12. Travel Time to Nearest Downstream Potable Water Supply  (Days) 

The travel time to the nearest downstream water supply is determined by a 
search routine that locates each potable water supply withdrawal entered by 
the user, and then suits the reach travel times from the current discharge to 
the withdrawal location. Note that since reach travel times may vary by 
design condition, the travel time to the nearest downstream potable water 
supply may also vary. 

13. Human Health criteria compliance Time (Minutes) 

Human health criteria compliance time is computed as either 12 hours or the 
travel time to the nearest downstream potable water supply, whichever is the 
lesser of the two. 

14. Partial Mix Factors  

Partial Mix Factors are usea to determine the degree of mixing that takes 
place between the current discharge dispersion plume and the stream. 
Partial mix factors may vary by design condition, but may never be greater 
then 1. A partial mix factor of 1 indicates that complete mix has been 
achieved. When the discharge represents an equivalent end-of-segment 
transfer from a tributary stream, it is assumed that complete mix has been 
achieved in the tributary stream. Partial mix factors are computed using 
the general relationship: 

(tiItm) 5  or 1 

where, 

ti. = Criteria compliance time 
tat 	complete Mix travel time 
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H. Baseline Analysis 

Once the preliminary calculations described above are completed, the 
template initiates Baseline Analysis. Baseline analysis does two things --
(1) it determines the baseline effluent limitation(s) that will be used in 
the multiple discharge analysis, assuming that the EMPR wasteload allocation 
strategy is selected, and (2) it determines the "maximum effluent 
limitation that could theoretically be applied to any given discharge and 
parameter. This maximum effluent limitation value is useful in helping to 
determine if additional data about the discharge would be desirable. The 
baseline calculation sequence is described in flow-chart form in Figure 10-
2. The equation numbers shown on the figure refer to the actual equations, 
which are described below. Note that the calculation sequence described in 
Figure 10-2 is repeated for each parameter being evaluated. 

15. In-stream Backqround Pollutant Concentrations  (j.igll) 

The instream background pollutant concentration is used to determine the 
amount of stream assimilation capacity that must be set aside for non-
controllable pollutant sources. The instream background pollutant 
concentration is estimated on the basis of complete mix between the stream 
and (any) tributary inflow. There can be different instream background 
pollutant concentrations for different design conditions. The in-stream 
background pollutant concentration will also be decayed, if in-stream fate 
is inputed by the user. The user must input the background and in-stream 
fate for each parameter in order for it to be used by the model. The general 
relationship for computing background is: 

_k*t 
OS *CB*e 	+QI*CT 

CB - 
( QS + 01 ) 

where, 

OS 	= Total stream flow upstream of the current reach 
01 	= Tributary Flow 
CB 	= Background pollutant concentrations 
k 	= User supplied aggregate fate coefficient for the previous reach 
t 	= Travel time for the previous reach 
CT 	= User supplied tributary flow pollutant concentration 

16. Allowable Discharqe Loads (mass units) 

The allowable discharge load for any discharge under baseline conditions is 
the sum of (1) the minimum allowable load for the discharge, (2) the net 
assimilation capacity provided by the stream, and (3) the surplus 
assimilation capacity provided by any upstream discharge(s) that are 
considered to be augmenting the stream. The general relationship for this 
computation is: 

MADL + PM? * {NAC+TSDAC} } 
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Equation # 

Figure 10-2 

Baseline Calculation Sequence 

For Design Condition - I. 	to 2 

15 Determine Background Water Quality 

For Applicable Criteria 

For Reach(i) 	- 1 to HR 

16(a)  Determine Minimum Allowable Discharge load 

16(b)  Determine Net Assimilation Capacity 
Provided by Stream 

16(c)  Determine Total 	Surplus Assimilation 
Capacity From Upstream Discharges 

Determine Total Available 
16(d)  Assimilatilon Capacity 

17 Determine Baseline Discharge Load 
For Current Criteria 

For Reach(j) - Current Reach to HR 

I 
18 Determine Surplus Assimilation 

Capacity for Current Discharge 

3 	
Next Reach(J) j 	 

L Next Reach(i) 	 

Next Criteria 

4— 

19 & 20 Determine Overall Baseline 
Discharge Load and Concentration 

21 	I 	Determine 'Maximum" Effluent Limitation 

Next Design Condition 
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where, 

MADL = Minimum Allowable Discharge Load 
PMF = Partial Nix Factor for the current reach 
NAC = Net Assimilative Capacity Provided by the Stream 
TSDAC = Net Surplus Assimilative Capacity Provided by any upstream 

discharges 

17. Individual DischarQe Loads for Current Criteria (mass units) 

Except when the Uniform Treatment (UT) wasteload allocation strategy is 
being used, the individual discharge load is the lesser of the original 
discharge load and the allowable discharge load (computed from Equation 16, 
above). When the Uniform Treatment wasteload allocation strategy is 
employed, the individual discharge load is set equal to the original 
discharge load. 

is. surplus Assimilation Capacity for Current Discharqe and Criteria (mass 
units) 

In the current reach, a discharge may "create" assimilation capacity if the 
discharge load is iCss then the minimum allowable discharge load. In 
downstream reaches, thi: assimilation capacity may increase due to aggregat 
fate. The template compute: the surplus assimilative capacity by taking th 
individual discharge load for eacH ..ischarge and comparing this value with 
the minimum allowable load. As you move downstream the individual discharge 
load is decayed using in-stream fate. If the individual discharge load is 
less than the minimum allowable load in any reach, then the discharge 
provides surplus assimilative capacity. This surplus assimilative capacity 
is made available to all of the downstream discharges in the baseline 
analysis. The general formula for computing discharge assimilative capacity 
is: 

* tsj-. 
FAP * MADL - IDL * e 
	

I 

where 

FAF = Discharge Flow Augmentation Factor 
MADL = Minimum Allowable Discharge Load 
IDL = Individual Discharge Load 

and, 

e 	 =e 

19. Baseline Discharqe Load (mass units) 

For the Q'jo design flow conditions, the baseline discharge load is the 
minimum of the individual discharge loads for the three separate criteria 
applied at the design condition. For the Q0  design flow condition, the 
baseline discharge load is just the individual discharge load. The template 
does the baseline analysis four times looking at each of the criteria 
separately and then makes the comparisons here. The template computes 
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separate allowable loads, individual discharge loads and surplus 
assimilative capacities for each of the criteria being evaluated. 

20. Baseline Discharqe Concentration (ig/1) 

The baseline discharge concentration for each discharge is equal to the 
baseline discharge load divided by the design analysis flow. 

21. "Maximum" Effluent Limitation (ugh) 

The "maximum" (water quality based) effluent limitation is a reference  
value. It plays no direct role in the determination of baseline or final 
effluent limitations. It is useful, however, in judging the sensitivity of 
model results to the inputed discharge concentration. Normally, if the 
inputed discharge concentration is more than fifty percent of the "maximum" 
effluent limitation, a more careful examination, including the collection of 
additional discharge data, will be made of the discharge concentration. The 
template computes the "maximum" effluent limitation by comparing the 
allowable loads for each of the three criteria under the Q,.,,,o  design flow 
condition as selecting the most stringent value. For the Q design flow 
condition, the template uses the allowable load directly and computes the 
"maximum" effluent concentration. Both values are displayed separately in 
the output. 

I. Multiple Discharge Analysis 

When the baseline analysis for a parameter has been completed, the template 
performs multiple discharge analysis to determine if any (further) 
reductions in effluent limitations are needed because of cumulative 
discharge impacts. The baseline discharge loads and baseline effluent 
limitations are used as the starting effluent values in the multiple 
discharge analysis. 

Multiple discharge analysis involves four (4) basic steps. The first step 
is to determine the cumulative, unallocated discharge load at the beginning 
of the current and each downstream reach. Next the available, unallocated 
assimilation capacity for the current and each downstream reach is 
determined. The unallocated discharge load and the unallocated assimilation 
capacity are then compared. If the discharge load is greater than the 
assimilation capacity in a given reach, a percent reduction for that reach 
is computed. The maximum percent reduction, considering the current and all 
subsequent downstream reaches is then applied to the discharge in the 
current reach to determine the allowable discharge load for the current 
discharge. The process is then repeated for the next downstream reach, 
after adjusting the cumulative unallocated discharge load and the available, 
unallocated assimilation capacity for the amounts allocated in the previous 
iteration, until all reaches and discharges have been evaluated. This 
process is repeated for each water quality criteria and parameter. 

Multiple discharge analysis is conducted on the basis of net discharge loads 
and assimilative capacities. The template, therefore, computes a minimum 
allowable load for each discharge. This minimum allowable load will be a 
concentration equivalent to the water quality criteria, or the in-stream 
background water quality (i.e., unaffected by controllable loads) whichever 
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is the greater value. The results from analysis of the net discharge loads 
are added to the minimum allowable load to determine the final effluent 
limit. 

An assumption made in multiple discharge analysis is that all discharges ar 
along the sante shore line. This means that where two discharges to a very 
large stream (i.e., greater than approximately 500 cfs) are located in cbs 
proximity to one another, but on opposite banks of the stream, it is 
possible that they should not be considered in the same evaluation, because 
the discharge plumes of these discharges do not interact with one another 
within the maximum criteria compliance time(s). For these types of 
situations, preliminary disr?a 	pl'ime analysis, outside the template, may 
be required to determine the proper discharge configuration that should be 
modeled. 

A second assumption is that (any) upstream discharge(s) has completely mixec 
with the receiving stream prior to the next downstream discharge, regardles 
of the estimated complete mix time and the travel time between the 
discharges. 

The multiple discharge calculation sequence is described in flow-chart form 
in Figure 10-3. The equation numbers shown on the figure refer to the 
actual equations, which are described below. Note that the calculation 
sequence described in Figure 10-3 is repeated for each parameter being 
evaluated. 

22. In-stream Background Pollutant Concentration  (jig/1) 

In-stream background pollutant concentrations are determined using equation 
15. Note, however, that multiple discharge travel times are used. 

23. Minimum Allowable Discharqe Load (mass units) 

The minimum allowable discharge load is computed by taking the discharge 
analysis flow and multiplying by the minimum of the criteria or the in-
stream background concentration. The general formulation for this 
computation is; 

1.547 * QD * 	Coy * CV ] 	or 	1.547 * QD * CE 

whichever is the maximum value, and, where, 

QD = Discharge Analysis Flow 
Coy = Coefficient of Variability Multiplication Factor 
CV = Critieria Value 
CS = In-Stream Background Concentration 

24. Net Unallocated Discharqe Load (mass units) 

The unallocated discharge load for any discharge at the point of discharge 
is computed by taking the total baseline discharge load and subtracting the 
minimum allowable discharge load. This equation checks to see if there is a 
need to further allocate the discharge load because the baseline discharge 
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Multiple Discharge Calculation Sequence 

Equation #  

For Design Condition 	3 to 4 

22 	 Determine Background Water Quality 

[ 	
For Applicable Criteria 

For Reach(i) 	1 to HR 

23(a) 

24(a) 

25(b) 

23(b) 

24(b) 

25(c) 

24(c) 

25(a) 

25(d) 

26 

27 

28 

29 

Determine Minimum Allowable Discharge load 
for Current Discharge 

Determine Net (unallocated) Discharge 
Load for Current Discharge (1) 

Determine Assimilation Capacity 
Provided by Current Discharge () 

For Reach(j) 	Current Reach to HR 

I  
Determine Minimum Allowal?  Discharge  Icad 
for Current Discharge (1) In Reach (i) 

Determine Unallocated Discharge Lo4d 
for Current Discharge (I) In Reach ci) 

Determine Assimilation Capacity Proyied 
by Current Discharge (I) In Reach U) 

Next Reach(j) 

For Reach(j) - Current Reach to HR 

Determine Total Unallocated Dicarge 
Load for Current Reach(j) 

Determine Net Stream Assimilatien 
Capacity for Current Reach(j) 

Determine Total Available Assimilation 
Capacity for Current Reach(j) 

Determine Percent Reductign 
Required for Current Reach(j) 

I 

Determine Allocated Assimilation 
Capacity for Discharge(i) in Reach J) 

Next Reach(j) 

Determine Final Disch4rge 
Load for Discharge U) 

Determine Final Discharge 
Concentration for Discharge (i) 

Next Reach(i) 

Next Criteria 

Next Design Condition 
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load exceeds the minimum allowable load. If this occurs for the discharge, 
then a further reduction may be required. The general formula for this 
computation is: 	

* tsj-j. 
PMF * [BDL - MADL*e 	 J 

where, 

PMF 	= Partial Nix Factor in the current reach 
BDL 	= Baseline Discharge Load 
MADL = Minimum Allowable Discharge Load 

and, 

e 	 ne 	*9 	 *. . . 

25. Net Available Assimilation Capacities (mass units) 

The net assimilation capacity is computed in three separate equations. 
First, the net assimilative capacity provided by the receiving stream is 
computed. Second, assimilation capacity may also be provided by the current 
or any upstream discharge. This is also computed. There may also be the 
potential for assimilation capacity from the current discharge in the 
downstream reaches. This is computed. Finally, at each reach the total 
available assimilative capacity is computed by summing the total stream and 
discharge assimilative capacities from the unallocated loads, and 
subtracting out the assimilative capacities already allocated upstream. 
The general concept of this computation is: 

[ SAC + DAC - ADL ] 

where, 

SAC = Stream Assimilative Capacity 
DAC = Potential Discharge Assimilative Capacity Downstream 
ADL = Allocated Assimilative Capacity to the Current Discharge 

26. Required Percent Reduction of Current Load 

Once the net discharge load and the net available assimilation capacities 
have been determined for the current and all subsequent downstream reaches, 
these two values are compared to determine if a reduction of the current 
load is required. Included in the comparison is a determination of whether 
or not the current load represents a significant part of the net discharge 
load, based on the wasteload allocation factor. If there is a reduction 
required, the template computes the percent reduction required. 

27. Allocation of Assimilation Capacity to the Current Discharge (mass 
units) 

The assimilative capacity that is allocated to the current discharge in the 
current and subsequent downstream reaches is then computed by taking the net 
unallocated load for the current discharge and multiplying by one minus the 
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maximum percent reduction. The maximum percent reduction is computed by 
beginning with the current reach and finding the maximum violation 
downstream of the current discharge. This reduction is applied to the net 
unallocated discharge load. The general formula for this computation is: 

NDL * { 3. - PR } 

where, 

NDL = Net Discharge Load for the current discharge 
PR 	= Percent Reduction (calculated by Equation 26) 

28. Final Discharqe Load (mass units) 

The final discharge load for each discharge is computed by comparing, 1) the 
minimum allowable discharge load, adding in the allocated load (computed in 
Equation 27, above, and, 2) the baseline discharge load determined in 
baseline analysis. Whichever of these values is the more stringent will be 
final discharge load. The baseline discharge load is further compared with 
the criteria and the background to protect against WQBEL5 being computed 
below the criteria or background value. 

29. Final Discharqe Concentration (ugh) 

The final discharge concentration is then computed by taking the final 
discharge load and dividing by the discharge analysis flow. Separate final 
discharge concentrations are computed for the Q_.cj and Q0 design stream 
flow conditions. 
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Part II - Detailed Formula Descriptions 

Preface. In this section, we provide you with a detailed description of e 
of the formulas used in WQAT2_04. Since the execution module is written i 
Lotus 1-2-3, which is a spreadsheet software, the syntax for 1-2-3 formul 
must be explained. Formulas can be simple addition (+), subtraction (-), 
multiplication (*) and division (I), and can include exponents and/or val' 
raised to a power. Formulas can also be logical. Logical formulas are ma 
up of three parts. These are: 1) the logic statement you are testing for 
2) the true answer and, 3) the false answer. Logic statements can also b 
nested, meaning you are testing a series of true/false combinations and 
returning a different answer for each possible combination. (Note: In 1-2' 
the components of the logic statements are separated by commas. In this 
documentation, we are using semicolons.) The syntax for logic statements 
this documentation is as follows: 

r 
ir[Eogic statement" True Value" 

	 FALSE 

"False vaiue'i I 
11 

TRUE 

When the logical "if" statement being tested is true, the first value to t 
right of the "if" statement is returned. When the logical "if" statement 
being tested is false, the second value to the right of the "if" statement 
is returned. You can also have the following situations: 

IF ( "Lqgic Statement A" ; IF ( "Logic Statement B" 	"True Value B" 
"False Value B" 	; "False Value A" 

or, 

IF [ "Logic Statement A" ; "True Value A" 	IF [ "Logic Statement B" ; "Pr 
Value B" ; "False Value B" ) 

In the first equation, if "Logic Statement A" is true, then "Logic Stateme 
B" is tested. When "Logic Statement B" is true, "True Value B" is 
displayed. When "Logic Statement B" is false, "False Value B" is displayed 
Finally, when "Logic Statement A" is false, "False Value A" is displayed. 

In the second equation, the logical order is reversed. This time, if "Logi 
Statement A" is true, then "True Value A" is displayed. Otherwise, if "Log 
Statement A" is false, then "Logic Statement B" is tested. 

The common operators used in logical "if" statements are greater than (>), 
less than (<), greater than or equal to (>), and less than or equal to 
(<=). All of the formulas in the template use logic statements. 

There is also another type of logical formula available in 1-2-3 by using 
the @MAX and ØMIN functions. The @MAX means maximum and the @MIN means 
minimum. The syntax used in this section is: @MAX ("Value A","Value B") 
or @MIN ("Value A","Value B"). 
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The @MAX function tests 
values in the brackets. 
The @MIN function tests 
values in the brackets. 
separated by a comma. 

two or more values and returns the maximum of the 
Each value in the brackets is separated by a comma. 
two or more values and returns the minimum of the 
As with @NAX, each value in the brackets is 

As you can see, by using the logic 'if" statement and the @MAX and @MIN 
functions, some fairly sophisticated tests can be performed. In the 
following documentation, each equation will be displayed including the 
logical tests that are performed. The syntax described above will be used i 
the equations below. Also, each variable in the equations will be defined. 
Finally, an explanation of what the possible outcomes are for each equation 
will be provided just below that equation. 

Preliminary Calculations  

1. Discharqe Analysis Flow (MGD): QDj. 

IF [ DG_QD > 0 ; DG_QD. ; (l+RF) * @MAX{ EXQDs, PM_QDi. ). 

where, 

DG_QDi = User supplied discharge design flow for discharge i 
RP 	= User supplied reserve factor 
EX_QDs. = User supplied existing discharge flow for discharge i 
PM_QDs. = User supplied permitted discharge flow for discharge i 

Explanation. In this equation, if you input a value for the design discharge 
flow (DQQDs) under the required reach data, the template uses this value 
directly in the model. If you do not input a design discharge flow, but 
instead input either an existing or permitted discharge flow, the template 
takes the maximum of the two inputed flows and multiples this value by one 
plus the reserve factor. The latter occurs only if you do not input a 
design discharge flow. 

2. Reach Lenqth (Feet): RLs 

IF ( RLI. > 0 ; RL_I4. 

where, 

P.LI± = User supplied reach length for reach i 
RNI 	= User supplied river mile index at reach i 

Explanation. In this equation, if you input a value for the length of each 
reach (RL_I) in the optional reach input data area, the template uses this 
value in the model. If you do not input a value for reach length, the 
template takes the difference between the current and downstream river mile 
indices and multiplies this by 5280. Multiplying by 5280 converts the reach 
length from miles to feet. 

RMIs - RNIs...t ) * 5280 ] 
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3. Reach Slope (FT/):  SLa. 

IF ( $LIi > 0 ; SL_Is ; $L. = ( ELi - ELses ) I RL 

where, 

SL I, = User supplied slope for reach i 
EL. 	= User supplied elevation at the beginning of reach i 

Explanation.  In this equation, if you input a value for the reach slope 
(SL 11.) in the optional reach input data area, the template uses this va 
in the model. If you do not input a value for slope, the template takes 
difference between the current and downstream elevations and divides thi: 
the reach length (RL5) from Equation 2 to compute the slope. 

4. Incremental Stream  Flows (CFS):  QI(x) 

(a) When x = 

IF [ (QSI5) > 0 ; QSIj. 	(DAJ. - DA5-3.) * GWY5 

where, 

QS 1± 	= User supplied incremental Q7-10 flow for reach i 
DA; 	= User supplied cumulative drainage area for reach i 
GWYJ. 	= User supplied minimum ground water yield for reach i 

Explanation.  In this equation, if you input a value for the incremental 
stream flow (QS IL) in the optional reach input data area, the template u 
this value in the model. If you do not input a value for incremental stre 
flow, the template computes the incremental flow by taking the difference 
between the current and upstream drainage area and multiplying by the gro 
water yield. 

(b) When x = 
£ 	 i-i 

IF [ QC_15 > 0 ; QC_Is ; 7.43 * (Z Q7-10s0974  - E Q7-10s08' 
- 	1 	 1 

where, 

QC_It 	= User supplied incremental carcinogen design flow for reach 
Q7-10s = Incremental Q7-10 stream flow, either inputed by the user 

computed from Equation 4(a). 

Explanation.  If you input a value for incremental design flow for 
carcinogens (QC_Is), the template uses this value directly in the model. 
you do not input an incremental carcinogen stream flow, the template 
computes the incremental carcinogen design flow by calculating the total ç 
in the current and upstream reaches and then taking the difference of thes 
values. To compute the incremental Q flow, the template must do a summati 
of the incremental Q7-10 stream flows up to the current and previous reach 
and raise these summed flows to the power of .874. The template then takes 
the difference of the summed values and multiplies this by 7.43. In the 
equation above, i is the current reach, and i-i is the previous reach. 5. 
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Total Net Desiqn Stream Flow jCFS): 	QS(x)s. , where x = Q,-to or Q. 

i-i 
@MAX { E (QI(X)s_j) + QI(X)s + 1.547*(FL*IWSs_._PWSs_IWSs) , 0 ) 

1 
where, 

PWS 	= User supplied water supply intake at reach i 
IWS- 	= User supplied industrial water supply intake at reach i 
FL 	= Baseline/multiple discharge analysis "flag." For baseline 

analysis, FL = 1. For multiple discharge analysis, FL = 0. 

Explanation. In this equation, the template computes the total net stream 
flow in each reach. This is obtained by taking the sum of the total net 
stream flow up to the previous reach, adding in incremental stream flow for 
the current reach, and then subtracting out both the Potable Water Supply 
and Industrial Water Supply Withdrawals that are occurring in the present 
reach. The equation is surround by @MAX to prevent the total net stream flow 
from becoming a negative value. If the total computed net stream flow is a 
negative value, this equation displays a value of zero. Otherwise, the total 
computed net stream flow is displayed. 

6. Stream Velocity (MPD): 	VMPD(x). , where x = Q7-10 or Q 

IF [ VFpSI > 0 ; V_FPSI * 16.36 ; a * Qs.ae * (SIs * 5280)b * DA±° 

and, 
i-i 

Qs. 	- QS(X)s + ( E  ( fat * QDs ) + QDs ) * 1.547 
1 

where, 

V FPS I± = User supplied velocity in reach i in feet per second 
fa± = User supplied flow augmentation factor for discharge i 
Qs. = Total adjusted design stream flow (cfs) 

Extlanation. In this equation, if you input a value for reach velocity 
(VFPS_I) in the optional reach input data area, the template uses this 
value directly in the model. The template first, however, converts the 
velocity you enter to miles per day by multiplying by the constant 16.36 If 
you do not input a value for velocity, the template computes the velocity 
using the DER velocity equation. The velocity equation has been modified to 
take total adjusted stream flow (Qi) into account. Total adjusted stream 
flow (Qs) is the sum of: 1) total net stream flow (QS(x)s) up to the current 
reach, 2) a summation of all discharges providing flow augmentation up to 
the current reach ( E ( fat * QDs )) and, 3) the current discharge flow 
(QOs). (Qs) is referenced many times in the preliminary calculations 
including the computation of velocity, width, width/depth ratio and depth. 

The user supplied discharge flow augmentation factor is a user input and can 
be a value from 0 to 1. In baseline calculations the flow augmentation 
factor (fat) for each upstream discharge is set equal to the user specified 
value, which must be between zero (0) and one (1). In multiple discharge 
calculations, (fas) is equal to one (1). 
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The constants a,b,c can be one of the following values depending on the 
total drainage area in the current reach. 

a 	b 	C 

When DA <= 500m12  2.62 0.083 -0.22 
When DA > 500mi2  1.64 0.055 -0.15 

These constants are used in the DER velocity equation. 

7. Reach Travel Times (Days) TT(x)t , where x = Q,_.o or 00 

IF 	TT-14. > 0 ; TT_Is ; RLs/( 5280 * VMPD(x)s ) 3 

where, 

TT_Ii. = User supplied travel time for reach i 

Explanation. In this equation, if you input a value for travel time (TT-1 
the templates uses this value directly in the model. If you do not input 
value for travel time in the optional reach data area, the template compu 
the travel time by taking the reach length (RLt) and dividing by the 
velocity in miles per day (VD(x)s). This is either the velocity compute 
at the Q,-io or Q design condition. The constant 5280 in the denominator 
used to convert feet to miles. 

8. Stream Velocity (FPS): VFPS(x)s $ where x = Q-io or Q 

IF (TT_I >0; RLs / (TTs. * 86400); VMPDs. / 16.36] 

Explanation. In this equation, if you input a value for the travel time, 
the template takes the reach length (RLs) and divides by the travel time 
(TTs) after applying the conversion factor of 86400 to obtain feet per 
second. This is because the travel time (TT..) is in days. If you do not 
input the travel time, then the template computes the velocity by taking I 
computed velocity in miles per day (VNPDc) and dividing by 16.36 to convei 
to feet per second. 

9. Reach Width/Depth Ratios: WD(x) $ where x = Q,-.o or Q 

IF 	W_Dj, 	0 	w_O_f. 	£ -.073 .141 	Q,07 '.06 * DAC '" •.0001 . (5280 * Sld'-°'' 

where, 

wDI = User supplied width/depth ratio for reach i 

Explanation. If you input the width/depth ratio (W_Djs) in the optional 
reach data area, then the template uses this value directly in the model. 
you do not input a width/depth ratio, then the template computes the W/D 
ratio using the Memon-Vu equation. 
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10. Reach Depths (Feet): D(x)5  

(a) When x = 

IF' WIDTH I. > 0 	(Q,/(VFPS, 	WIDTH!,) 	IF [ DEPTH!, 	0 
	

DEPTH I, 	£ Q,/(VFPS(x). • WD(x)s) ) 

where, 

WIDTH _IS = User supplied depth for reach i 
DEPTH 	= User supplied depth for reach i 

Explanation. In the first condition, if you input the width 
calculates the depth by taking the total stream flow (Qi) up 
reach and dividing by the velocity multiplied by the width; 
(VFPS * WIDTH I5). This means the depth is derived based on 
width. This is simply Q/(A*V), where A is equal to the width 
the depth (A=W*D) and you are solving for depth. 

If you do not input the width, but instead choose to input the depth, the 
template uses the inputed depth directly in the model. Finally, if you 
choose to input neither the width nor the depth, the template computes the 
reach depth by taking the total computed stream flow (Qs) and dividing it 
by a computed velocity multiplied by the computed width/depth ratio raised 
to the power of one-half or the square root (Qs/VFPS(x)s * W_D(x)s)3. 
This is also derived from the relationship: Q = (AV) 

(b) When x = 

Qs/(VFPS(x)s * W(x)s) 

where, 

W(x). = Stream width determined for Q,-io design conditions (from 
equation 11 below) 

Explanation. When the design flow is at the Qc condition, the template 
simply takes the width computed or inputed at the Q7-xo design condition 
and uses this width to compute the depth at Q. The width (W(x)s) is 
determined in the next equation. 

11. Reach Widths (Feet): W(x)s , where x = 07-to and Q0 

IF [ WIDTH Is > 0 ; WIDTH_Is ; D(x)s * WD(x)5 3 

where, 

WIDTH_li. = User supplied width for reach i 
D(x). 	= Depth determined for Q7-xo design conditions (from 

equation 10 above) 

Explanation.  In this equation, if you input the width in the optional reach 
data area, the template uses this width directly in the model and in 
Equation 10, above. If you do not input the width, the template computes 

the template 
to the current 

the inputed 
multiplied by 
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the width by taking the depth (computed in Equation 10) and multiplying 
this depth by the width/depth equation. When you input the width in the 
optional reach data area, the template uses this width for both the Q7-i. 
andQ0 design stream flow conditions. The depth (D(X)s) is adjusted 
accordingly. 

12. complete Mix Times (Minutes): TM(x) , where x = Q7-10 or Q 

0.315 
JF[CHTL,.0;C?lT. 	IF[TRNME,_tdt;15; 	  I; 

0.6 * 0(x). * C 32.2 * 0(x). SL ) 	* 601 

and, 
Qg. - 1.547 * QDs 

where, 

CMT—I, 	User supplied complete mix time for discharge at the beginni 
of reach i 

TR_NAMEA. = User supplied indicator of discharge having high rate 
diffusers (*d*) 

= Adjusted width in reach i (see Appendix C) 

Explanation. In this equation if you input the complete mix time (CHT_Ii. 
for each reach, the template uses your inputed mix time directly in the 
model. Secondly, if you wish to turn on high-rate diffusers for the 
discharge in the current reach, the template overides any user inputed 
complete mix time and sets the complete mix time to 15 minutes. This mea 
that all the criteria will be evaluated at the complete mix condition. If 
you do neither of the two options mentioned here, the template computes t 
complete mix time using the Ambient Mixing Equation in the model. 

This Ambient Mixing Equation has been slightly modified here to take into 
consideration mixing that occurs when you have a stream that is "dischargE 
dominated'. Equation 12(a) modifies the width (W(x)s) by multiplying it b] 
a ratio of total adjusted stream flow minus the discharge flow divided by 
the total adjusted stream flow. This adjusted width (W'(x)i) is then usec 
in the mixing equation. By using an adjusted width, mixing occurs more 
rapidly in "discharge dominated" stream conditions. 

13. Travel Time to Nearest Downstream PWS (Days): T_PWS(x) 

where x = Q,-,.o or Q, 

The travel time to the nearest downstream water supply (T_PWS(x)) is 
determined by a search routine that locates each potable water supply 
withdrawal entered by the user, and then sums the reach travel times from 
the current discharge to the withdrawal location. (Nate: Since reach 
travel times may vary by design condition, the travel time to the nearest 
downstream potable water supply may also vary.) 
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14. Human Health Criteria Compliance Time (minutes): T HHC(X)s 

where x = 	or Q., 

nr 
IF [ S PWS(x)s 	0 ; 720 
	

@MIN{ 720, T_PWS(X)L , 1440 } 
i 

Explanation. In this equation, the template checks each reach from the 
current reach to the end of the segment and does a summation of potable 
water supply withdrawals. If there are no potable water supply withdrawals 
meaning: S PWS(x)s = 0 , then the template sets the human health criteria 
compliance time (T_HHC(x)s) equal to 720 minutes (12 hrs.). If the template 
finds potable water supply withdrawals, it determines the human health 
criteria compliance time by taking the minimum of 720 minutes or the travel 
time to the nearest downstream water supply (T_PWS(X)s). The value of 1440 
is used to convert the travel time to minutes. 

15. Partial Mix Factors: PNF(x,y)s , where x = Q7-lo or Q 

IF [ TR_NANEi. = "st" ; 1 ; @MIN{ (tc(y)ITM(x)s) 	, 1 } 

where, 

tc(y) 	= Maximum allowable criteria compliance time (minutes) 

AFC 	CFC THH & CRL 

tc(y) 	15 720 TiHC(x) 

Explanations. In this equation, if the current stream reach has been 
designated as a transfer reach, the partial mix factor is set equal to 1. 
This means complete mix will be assumed for all transferred equivalent 
discharge loads. If the current reach is not a transfer reach, the template 
calculates the partial mix factor by taking the minimum of: 1) the criteria 
compliance time (tc(y)) divided by the complete mix time (TM(x)s) raised to 
one-half ( .5) power, or, 2) the value of 1. This means that if the 
discharge plume is not completely mixed at the compliance time (tc(y)), the 
discharge plume will only be partially mixed with the stream. In this case 
the partial mix factor will be some value between 0 and 1. If complete mix 
occurs before the discharge plume reaches the compliance time (tc(y)), the 
discharge will be completely mixed. The partial mix factor will be set 
equal to 1. During each modeling analysis, separate partial mix factors are 
computed for each criteria evaluated. 
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Baseline Analysis:  

16. In-stream Backqround pollutant Concentrations hiq/l': CB(x), 

where x = 07-10 or Q, 

@MAX{ QS(X)s_t * CB(X)&—i * e 	 ,O } + QI(X)i. * CTi. 
CB(X)s. a 

where, 

= User supplied aggregate fate coefficient for reach i 
= travel time for reach .1. 

CTs 	= User supplied tributary flow pollutant concentration 

Explanation. In this equation, the template computes the in-stream 
background concentration for the current reach (i), by performing the 
following mass balance: 1) the background load upstream of the current 
reach is computed, applying any decay (in-stream fate), 2) the tributa 
flow pollutant load in the current reach is added, and, 3) the total be 
is then divided by either the total net stream flow or the tributary flc 
depending upon which flow is the largest. 

The @MAX functions are used to protect against negative background 
concentrations. If all of the upstream flow has been withdrawn (either d 
to potable water supplies or an industrial water withdrawal in the curre 
reach), the template uses only the tributary load in the current reach t 
compute the background concentration. If there is no tributary pollutant 
background concentration and the upstream background has been removed (b 
withdrawals), then the in-stream pollutant concentration in the current 
reach will be zero. It will remain zero until a new tributary pollutant 
concentration is added into the stream. 

@MAL{ QS(X)s , QI(X)s } 

10-27 



November 22, 1989 

17. Allowable Discharqe Load at the current reach (ii: AL(x,y)s  

(a) Minimum Allowable Discharge Load: MADL(x,y)s 

QDs * 1.547 * @MAX{ COV(y)*CV(y) , CB(x)s. 3. 
(b) Net Assimilation Capacity Provided by the Stream: NAC(x,y) 

QS(x)s * PMF(x,y)s * [ @MAX{ COV(y)*CV(y) , CB(X)s 3. - CE(x)s 3 
(c) Assimilation Capacity from Upstream Discharges: TSDAC(x,y).1. 

i-i. 
PNF(x,y)s * E (SIDAC(X,y)s) 

1 

(d) Total Allowable Discharge Load: AL(x,y)s. 

MADL(x,y)s + NAC(x,y)s + TSDAC(x,y)s 

where, x = 07-tO or Q 
y = criteria being evaluated, and, 

COV(y) 	= Effluent Variability Factor associated with criteria y. 
Present factors used in the template are: 

Alt 	CFC THH & CR1 

COV(y) 	0.39 	0.72 	1.00 

CV(y) 	Criteria Value for criteria y 

SIDAC(x,y)s = Discharge Assimilation Capacity Provided by upstream 
Discharges at the current reach (i). 
(See equation 19 below.) 

Explanation. In these equations, the template computes the total allowable 
discharge load for the current reach. To compute this, three separate 
computations are made. These are: 1) the minimum allowable discharge load 
(MADL(x,y)s), 2) the net assimilative capacity provided by the stream 
(NAC(x,y)s), and 3) the total assimilative capacity from any upstream 
discharges (TSDAC(x,y)s). Once these three values are known, they are added 
together to obtain the total allowable discharge load (AL(x,y)s4. 

Equation 17(a). The minimum allowable discharge load (MADL(x,y)s) is 
computed by taking the discharge flow and multiplying by the maximum of the 
criteria or the in-stream background concentration (CB(x)s). The criteria 
is further multiplied by the appropriate effluent variability factor 
(COV(y)*CV(y)) before comparison with the in-stream background is made. 
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Equation 17(b). The net assimilative capacity provided by the stream 
(NAC(x,y)s) is computed by taking: 

1) the total net stream flow at the current reach (QS(x)s) and multiplying 
by the partial mix factor (?MF(x,y)s), then, 

2) multiplying by the relationship: 

@MAX{ COV(y)*CV(y) , CB(X)i ) - CE(x)s ]. 

In this part of the equation, if the in-stream background (CB(x)s) is 
greater than the criteria multiplied by the conversion factor 
(COV(y)* CV(y)), then (NAC(x,y)s) will be equal to zero since the (CB(x)s) 
terms will cancel out. 

Equation 17(c). The total assimilative capacity provided by the upstream 
discharges (TSDAC(x,y)s) is computed and added in at the current reach. 
(Refer to Equation 19, below for an explanation of how the discharge 
assimilative capacity (TSDAC(x,y)s) is computed.) Before the (TSDAC(x,y)s) 
can be computed for the current reach, however, the individual discharge 
load (1DL(x,y)s) must be computed. Once the (IDL(x,y)s) is known for the 
current reach, it is used to calculate any assimilative capacity for that 
reach and this assimilative capacity, if any, is added to the total 
allowable load for all subsequent downstream discharges. 

Equation 17(d). Finally, the total allowable load (AL(x,y)s) is computed 
by summing: 1) the minimum allowable load (MADL(x,y)s.), 2) net assimilativ 
capacity provided by the stream (NAC(x,y)s), and, 3) the assimilative 
capacity(ies) from upstream discharges (TSDAC(x,y)s), at the current reach 
(i) 

18. Individual Discharqe Load at the current reach (U: IDL(x,y)s 

IF ( WS = 'UT" ; 1.547 * CDs * QDs 7  @MIN{ 1.547 * QDs * CDL, AL(x,y)s } 

WS = User specified wasteload allocation method 

Explanation. In this equation, if you specified the "uniform treatment" 
method in your setup file, the template overides all of the baseline 
calculations, and, instead, computes the individual discharge load using 
the discharge analysis flow multiplied by the inputed discharge 
concentration (1.547 * CDs * QDs). If the wasteload allocation method is 
"equal marginal percent removal", the template determines the individual 
discharge load (IDL(x,y)s) by taking the minimum of: 1) the allowable 
discharge load (Ma(x,y)s.), or, 2) the discharge analysis flow multiplied & 
the discharge concentration (1.547 * QDs * CDs). If the allowable load 
(AL(x,y)) is greater than (1.547 * QDs * CDt), then there is no violation 
of the criteria in the baseline analysis. 
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19. Surplus Assimilation Capacity for Current Discharae: SIDAC(x,y) 

In the current reach (i): 

fa4. * @MAX{ MADL(x,y)s - IDL(x,y)s , 0 } 

In subsequent downstream reaches, the equation is: 

fa * @MAX{ MADL(x,y)s - IDL(x,y)s * B 	 , 0 3. 
where, x = Q,-,.c, or Q. and y = criteria being evaluated, and, 

Explanation. In this equation, we compute the net discharge assimilative 
capacity, beginning with Discharge No. 1. This is done using the following 
procedure and illustrated in Figure 10-4, below: 

1 

 

2 

 

3 

   

NR 

     

         

1) For the current reach, the net surplus discharge capacity (S1DAC(x,y)s 
is computed and decayed through subsequent downstream reaches. The 
(SIDAC(x,y)s) is made available for all downstream discharges. 

2) The next downstream reach now becomes the current reach. A new 
((AL(x,y)s) is computed, adding in any surplus assimilative capacity 
(SIDAC(x,y)s) from the upstream discharge(s) multiplied by the partial 
mix factor (PMF(x,y)s) in the current reach. 

3) A new (IDL(x,y)i) is computed for the current reach. 
4) Steps 1) thru 3) are repeated again. This iterative process continues 

up to the last discharge (NB) begin evaluated. 

In Equation 17(c), above, the term (E (SIDAC(x,y)s)) is the summation of 
all upstream discharge assimilative capacities up to the previous reach. 
This is added to the total allowable discharge load (AL(x,y)s) for each 
discharge as you move downstream. Another words, the upstream (SIDAC(x,y)s) 
is made available to all of the downstream discharges. 
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20. Baseline Discharqe Load: BDL(x)i. 

When x = 

@MIN{ IDL(AFC)s, IDL(CFC)s, IDL(THE)s. } 

When x = Qc 

IDL(CRL)s 

where, 

IDL(AFC)& = Individual 
IDL(CFC)s. = 
IDL(THH) = 
IDL(CRL)s. = 

Discharge Load computed for AFC criteria 
0 	CFC criteria 

THE criteria 
CRL criteria 

Explanation. In this equation, if the design stream flow condition is 
Q7-i0 1  the template takes the minimum of three, separately computed, 
individual discharge loads (IDL(x,y)s) (from Equation 18, above) and this 
value becomes the baseline discharge load for the multiple discharge 
analysis. If the design stream flow condition is Q, the template uses the 
individual discharge load computed for the Q° flow as the baseline. 

21. Baseline Discharqe Concentration aq/l'j: BDC(X)s. , where x = Q,-a.o or Q° 

BDC(X)i. 	BDL(X)s./(QDs*l.547) 

Explanation. In this equation, the baseline discharge 
displayed as a concentration. This computation is for 
only. 

22. "Maximum" Effluent Limitation (uc/l': WQN(x)s 

When x = 

@MIN( AL(AFC)s, AL(CFC)&, AL(THH)s 3. 
QDs * 1.547 

When x = 

AL(CRL)sI(QD& * 1.547) 

where, 

load (BDL(x)s) is 
information purposes 

AL(AFC)i = Total Allowable 
AL(CFC)1. = 	

1. 

?1L(THH) = 
AL (CRL) = 

Explanation. In this equation, the template 
limitation. For the Q,°  design condition, 
the allowable loads (AL(x,y)s) computed for 

criteria analysis 

computes the maximum effluent 
this value is the minimum of 
each of the three criteria 

1. 

Load 
11 

for the 

H 	H 

AFC 
CFC 
TEN 
CRL 
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divided by the discharge analysis flow (QDt * 1.547). For the Q stream 
flow condition, the template merely takes the allowable load for the Q0 

criteria and divides this value by the discharge analysis flow. This 
computation is also for information purposes only. 

Multiple Discharae Analysis:  

23. In-stream Backqround Pollutant Concentration  (Rail'):  CB(x)s 

where x = Q,-ia or Q. 

In-stream background pollutant concentrations arecomputed the same as in 
the Baseline Analysis. Refer to Equation 16, above. However, if you have 
fate (in-stream decay), the background concentrations here will be 
different due to the use of multiple discharge travel times, instead of 
baseline travel times. 

24. Minimum Allowable Discharqe Load (mass units'): MAL(x,y)s 

For the current reach (i): 

(a) 1.547 * QDs * @NAX{ COV(y)*CV(y) , CB(X)s } 

For discharge (i) and subsequent downstream reaches 

(b) 1.547 * QDs * maximum{ COV(y)*CV(y) , CB(X)j ) 

where, x = Q7-,o or Q0 

y = criteria being evaluated, and, 

Explanation. In this equation, the template computes the minimum allowable 
discharge load (MADL(x,y)s) for each discharge beginning with the Discharge 
No. 1. To compute the minimum allowable discharge load, the template takes 
the discharge analysis flow (QDs) and multiplies this by the either the 
criteria multiplied by the conversion factor (COV(y)*CV(y)) or the in-
stream background (CB(x)j), whichever is the larger value. In subsequent 
downstream reaches, the minimum allowable load is a function of the 
background water quality in that stream reach. 

(j) 
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25. unallocated Discharoe Loads (mass units): TDL(x,y)j 

where, x = Q,-o or Q 
y = criteria being evaluated, and, 

(a) Net Discharge Load for current reach (i): 

@MAX( BDL(x,y)s - MADL(x,y)s , 0 ) 

(b) Net Discharge Load for current discharge 
in downstream reach (j): NDL(x,y)s.j 

PMP(y)j * @MAX(BDL(X,y)s * a 

where, 

e 	 =e 

(c) Total Net Discharge Load for Discharge (i) in any reach (j): TDL(x,y 

nr 
E (NDL(x,y)s,j) 

j =i 

where, 

i = The current discharge being evaluated, and, 
j = The total number of reaches beginning with reach (i) 
nr = The total number of reaches 

Explanation. In these equations, the template computes the total net 
unallocated discharge load for which allocation of available assimilation 
capacity may be necessary. This is done in three steps. These are: 1) 
determine the net discharge load for each discharge, 2) simulate that 
discharge load from the current reach (i) to the total number of reaches 
being evaluated (j), computing a new net discharge load at each point, an 
3) take the summation from the current reach to the end of the segment of 
all net discharge loads. 

Equation 25(a). The Net Discharge Load for the Current Reach (i) 
(NDL(x,y)s) is computed by taking the baseline discharge load (BDL(x,y)s) 
and subtracting the minimum allowable discharge load (MADL(x,y)s). The 
purpose for the @MAX function is to see if the result is a value greater 
than zero. If the (NDL(z,y)s) is greater than zero this means there is 
additional net load which the discharge is contributing to the system, an 
this load must be simulated through all reaches, beginning with the next 
downstream reach, incorporating any fate (in-stream decay) that may be 
occurring. 

Equation 25(b). In this equation, the net discharge load (NDL(x,y)s,j) i 
computed downstream of discharge (i) by applying in-stream decay to the 
baseline discharge load (BDL(x,y)s) and subtracting the minimum allowable 

NDL(X,y)s 

(i) 

- MADL(x,y)s,j 	0 

* 
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discharge load (MADL(x,y)s,j) in reach (j). In addition, the partial mix 
factor (PMF(y)j) at reach (j) is also multiplied to the result to take into 
consideration mixing with the next downstream discharge plume. 

This is an iterative procedure similar to the method used in Equation 19, 
above. The template computes the net loads for each discharge, beginning 
with the first discharge and moving downstream to the last discharge. 

Equation 23(c'. After all of the net discharge loads (NDL(x,y)s.j) have 
been computed individually, the template takes a summation of all of the 
discharge loads beginning at the first reach and ending at the total number 
of reaches. This is represented by the formula: TDL(x,y),. The total net 
discharge load in each reach is represent by: E (NDL(x,y),) where j  is 
equal to the current discharge (i) and the summation proceed from j  to the 
total number of reaches being evaluated (nr). 

26. Assimilation Capacities (mass units : TAC(x,y)j 

where, x = Q7-10 or Q 

y = criteria being evaluated, and, 

(a) Stream Assimilation Capacity: SAC(x,y)s 

PMF(x,y)s * QS(x)s * ( @MAX{ COV(y)*CV(y) , CB(x)j } - CB(x)s 

(b) Discharge Assimilation Capacity: DAC(x,y)s 

- @MIN( BDL(x,y)s - MADL(X,y)s , 0 } 

(c) Potential Discharge Assimilation Capacity Downstream: DAC(x,y)s, 

- PMF(x,y)j * @MIN{ BDL(y)s * e 	 - MADLs,j , 0 } 

where, 

_ki _1*ts _,. 	_ks*t. 	_ks...m*ts_s 
a 	 e 	e * 	 *e 

(d) Total Assimilation Capacity at reach (j): TAC(x,y) 

j 	 i-i. 
SAC(x,y)j + S DAC(x,y)s..j - S ADL(X,y)s. 

i=1 	 i=0 

where, 

ADL(y)s., 	= Previously allocated assimilation capacity for discharge i 
at the beginning of reach j for criteria y. The 
expression for determining ADL(y)s,j is described in 
equation 28 below. 
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Explanation. To compute the total assimilation capacity in the stream, th( 
template goes through another series of calculations, each designed to 
determine a different type of assimilation capacity. At each reach, the 
template computes: 1) the net stream assimilation capacity (SAC(x,y)s) 
available at the beginning of each reach (i.), 2) the discharge assimilatic 
capacity (DAC(x,y)s) that may be added by the current discharge in reach 
(i), and, 3) the potential that each discharge may contribute some 
assimilation capacity downstream (DAC(x,y)s.j) at reach (j). 

Equation 26(a). Stream assimilation capacity is determined by taking the 
total net stream flow (QS(x)s) up to the current reach (i) and multiplyinç 
by the partial mix factor (PMF(x,y)s). This is then multiplied to the 
relationship: [ @MAX{ COV(y)*CV(y) , CB(x).. } -CB(X)s ]. If the 
background concentration (CB(x)s) exceeds the criteria multiplied by the 
conversion factor (COV(y)*CV(y)) then the assimilation capacity provided 1 
the stream will be equal to zero. 

Eauation 26(b). The template computes the discharge assimilation capacity 
(DAC(x,y)s) in the current reach (i) by taking the baseline discharge loac 
(EDL(X,y)s) and subtracting the minimum allowable discharge load 
(MADL(x,y)s). If the baseline discharge load is less than the minimum 
allowable load, then addition assimilation capacity is provided by the 
discharge. The -@MIN in this equation ensures that the (DAC(x,y)s) is 
always a positive number or zero. 

Equation 26(c). The equation for potential discharge assimilation capacit 
downstream (DAC(x,y)s,) is similar to (DAC(x,y)s) except here we look at 
each discharge (i) in the downstream reaches (j). The corresponding partia 
mix factor: (-PMF(x,y)j) is applied in each downstream reach. In addition 
fate (in-stream decay) is considered for the baseline discharge load 
(BDL(y)s). The negative sign in front of the partial mix factor ensures 
that the result will be a positive number or zero. Again the procedure USE 
to compute the loads is similar to that used in Equation 16, above. 

Equation 26(d). Finally, the total assimilation capacity (TAC(x,y)) at an 
reach (j) is computed by taking a summation of: 1) the total stream 
assimilation capacity (SAC(x,y)), 2) the existing and/or potential 
discharge surplus assimilation capacity (DAC(x,y)s), and, 3) subtracting 
previously allocated assimilation capacity (ADL(y)s.j) from upstream 
discharges. See Equation 28 for an explanation of how the (ADL(y)t,) is 
derived. 

27. Required Percent Reduction of Current Load:  

IF ( TD1(x,y) c IAC(x.y), SORt NO1(x.y),. c WF * TDL(x.y)j 	0 	(TDL(x,y), . TAC(x,y) 4  ) I TDL(y). 

where, x = Q7-lo or Q0 
y = criteria being evaluated, and, 

Explanation. In this equation, the template computes the percent reduction 
(PRs,) required for the current discharge load. This is done by doing two 
comparisons. First, if the total net discharge load (TDL(x,y)) in reach 
(j) is less than the total net assimilation capacity (TAC(x,y)j in reach 
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(j) then the percent removal computed by the template will be zero. If the 
net discharge load (NDL(x,y)j) for the current discharge is less than the 
wasteload allocation factor multiplied by the total net discharge load 
(WF * TDL(x,y) j ), then the percent reduction is also equal to zero. If this 
is true, then the current discharge is contributing less than a significant 
portion of the total load at the critical reach. Because the default  
wasteload allocation factor (WY) is equal to 5%, a discharge would have to  
be contributing more that 5% of the total load at the critical reach before 
it would be considered as part of the multiple discharge WLA. Finally, if 
neither of the conditions tested here is true, then the template computes a 
percent reduction by taking the total net discharge load and subtracting 
the total net assimilation capacity, then dividing by the total net 
discharge load [ (TDL(x,y) j  -TAC(x,y) ) / TDL(y) ]. 

28. Allocation of Assimilation Capacity to the Current Discharge:  ADL(x,y)s,j 

NDL(x,y)s, * (1 — @MAX( PRs,s. .PRs.nr } 

where, x = Q,— io or Q 

y = criteria being evaluated, and, 

Explanation. In this equation, the template computes the allowable 
discharge load (ADL(x,y)s.) by taking the net discharge load and 
multiplying by 1 times the maximum percent reduction. The maximum percent 
reduction is obtain by looking downstream beginning from the current reach 
(i) and finding the maximum value up to the number of reaches (nr) being 
evaluated. 

29. Final Discharqe Load (mass units): FDL(x,y)s 

@MIN( tDL(x.y), • 

(1 + FOS) 
BUL(x ,y), 

EF[ BDC(x.y). c . @W{COV(y)CV(y)'(1+FOS).CS(x),} 	 *@MAX 	} 	 ] } 
(1405) 

where, x = Q7—lo or Q 
y = criteria being evaluated, and, 

FOS = Factor of Safety 

Explanation. In this equation, we finally determine the discharge load that 
can be safely discharged into the stream. To compute final discharge load 
(FDL(x,y)s), there are a number of comparisons that are done. To obtain the 
final value, we take the minimum of the results from the baseline discharge 
analysis and the multiple discharge analysis. 

The final multiple discharge allowable load is computed by taking the 
minimum allowable discharge load (MADL(x,y)s) and adding in any additional 
allocation of assimilation capacity to the discharge (ADL(x,y)s.$). This 
additional allocated load is divided by (1+FOS). 
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The final baseline discharge allowable load is computed by determining ii 
the baseline discharge concentration (BDC(x,y)s) is less than maximum of 
either the criteria multiplied by the conversion factor and the factor oI 
safety (COV(y)*CV(y)*(1+FOS)) or the in-stream background (CB(X)s). If t} 
is true, then template computes the final baseline discharge allowable lc 
as: 1.547*QDs*@MAX{COV(y)*CV(y),CB(x)s}. Otherwise, the template simply 
brings down the baseline discharge load (BDL(x,y)s) (computed in Equatior 
20) and divides this by (1+FOS). 

Once the final baseline and multiple discharge allowable loads are known, 
the template takes the minimum of these two values to obtain the final 
discharge load (FDL(x,y)&). 

30. Final Discharqe Concentration fuq/l': FDC(x) 

where x = Q7-10 

@MIN{ FDL(AFC)s,i, FDL(CFC)s.s, FDL(THC)s.s ) 

QDs * 1.547 

where x = 

@NIN{ BDL(x)s, FDL(CRL)s.s} 

QDs * 1.547 

and, 

FDL(AFC), = Final discharge load from the AFC criteria evaluation 
FDL(CFC), = 	 CFC 
FDL(THH)i.= 	 THE 
FDL(CRL)j.s. = 	 CRL 

Explanation. In these equations, the template determines the final 
discharge concentrations for both design stream flow conditions. 
For the Q7_to design stream flow condition, the template compares the fin, 
allowable discharge loads from the AFC, CFC, an THE criteria and selects 
the minimum (most stringent of the three values). For the Q. design streaj 
flow condition, the template compares the baseline and final discharge 
loads and, again, selects the minimum or most stringent of the values. Th 
results for Q71° and Q are displayed separately in the output reports s 
that you can determine which value to place in the permit. 
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Appendix A 

Explanation of TMDLJWLA Screening Symbols 

it C H XXX 

This symbol means that the discharge does not cause a violation of any of the four criteria 
evaluated. The XXX is the governing criteria which produce the most stringent WQ-Based Effluent 
Limit, if one was needed. 

TEC}hXXX> 50% 

This symbol means that the discharge does not cause a violation of any of the four criteria 
evaluated. The )CC'( is the governing criteria which would produce the most stringent WQ-Based 
Effluent Limit, if one was needed. 
The >50% means that the initial discharge concentration supplied by the user is within 50% or 
less of MAX WO-Based Effluent Limit. You would generally consider this a parameter of concern, 
and double the discharge concentration, then re-run the template to see if this parameter 
becomes part of a multiple discharge WLA. 

N/A 

Not applicable. Either no discharge concentration was inputed for the discharge being evaluated 
or no criteria exists. 

< XXXO > 

This means a violation of the criteria occurred for the discharge. The .10 means, there is no 
interaction with other discharges downstream. The XJOC is the governing criteria which produced 
the most stringent WQ-Based Effluent Limit. In this case, a WQ-Based Effluent Limit is needed 
for the discharge. 

C XXXft4 > 

This means a violation of the criteria occurred for the discharge. It also means that there is 
a multiple discharge interaction taking place. The :N is the critical reach number where the 
violation is at a maximum for the discharges being evaluated. The XXX is the governing 
criteria which produced the most stringent WO-Based  Effluent Limit. In this case, a WQ-Based 
Effluent Limit is needed for the discharge based on a multiple discharge WLA. 
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Appendix B - 

File ManE 	Size 

List of WQAT2_04 Program Files 

Date 	Time 	Description 

cRITDAT Wi 10287 5-15-89 1: 53p Statewide Criteria Data File 
cRITFIL 	WI 18393 5-15-89 1:55p Criteria Table Report 
cflTrBL 	WI 21770 5-15-89 1:48p Criteria Conversion Programs 
EXEQ4ACI Wi 52093 8-07-89 9:39a TMDL-WLA Macro Library 
EXEQIENI lix! 14034 7-17-89 10:54a TMDL-WLA Menu Macro Library 
EXEDO2 IIX1 95005 8-17-89 10:07a Execution Module 
EXECScRP Wi 7982 8-15-89 8:01a Script Macro Library 
EXECIRFI WX1 7149 5-28-89 4:30p Transfer Macro Library 
EXEC-2A Wi 77982 8-16-89 Y:Olp Execution Macro Library 
FIELD _U 	Wi 21359 6-19-89 9:55p Print Input Data Fields 
FIELD 	Wi 21073 7-30-89 4:41a Print Data Fields (vl.0) 
FIELD? 	WI 21533 8-16-89 9:27p Print Data Fields (v2.0) 
INDEXTBL Wi 13912 8-22-88 3;21p Index Table Library 
KEYBAIC 	Wi 15744 1-23-89 3:00p Backup Macro Library 
KEYINI 	Wi 102734 8-15-89 8:55a Keyboard Module 
KEYMEN 	Wi 19875 8-15-89 8:56a Keyboard Menu Macro Library 
KEYREPID 	WIG 7949 3-29-89 8:57p Keyboard Read Data Macro Library 
KEYSAV 	WIG 12598 3-29-89 8:58p Keyboard Save Data Macro Library 
MAO(EYIN Wi 40408 8-15-89 8:56a Keyboard Macro Library 
PAGE _I 	WK 10439 5-29-89 11:06a Report Page 1 
PAGE-2 	Wi 10508 2-13-89 12:22p Report Page 2 
PAGE 2A 	111(1 10439 5-29-89 12:18p Report Page 2a 
PAGE 2B 	Wi 10389 5-29-89 12:51p Report Page 2b 
PARAL_l 	WI 14919 3-03-89 9:09a Parameter Names List 
PMARANE Wi 29970 10-21-88 8:08p Parameter Manes Data 
PARATBL 	Wi 11570 3-03-89 8:50a Parameter Table 
PRINTMOO Wi 92553 7-18-89 10:33a Print Module 
TUTORIAL WI 24104 8-09-89 10:32a Tutorial Program 
WQATEXEi Wi 123240 8-07-89 9:33a TMDL-WLA Module 
WQATKEY Wi 5323 4-06-89 7:40p Keyboard Database Macro Library (KEY) 
WQATMAIN Wi 23080 8-15-89 10:54p 40AT204 Main Menu Module 
WQATNDX Wi 8927 4-06-89 7:14p Keyboard Database Macro Library (MDX) 
WQAT 	TUT 12 8-16-89 9:29p Tutorial Manager 
DEFAULT 	SET 897 1-05-89 8:28p Default Setup File 
OlITUAT 	PRG 10152 5-15-89 1:49p Criteria Data Program File (ASCII) 
PRINTQ 	PRG 102 8-09-89 12:02p Print Queue File 
)iAMBI 	MDX 102 8-15-89 9:01a Program Master Index 
WQAT 	DEE 574 8-16-89 9:07p WQAT2_04 Manager 
PARANMIE DAT 5922 3-03-89 8:50a Parameter Marie Data File 
INSTALL 	BAT 229 8-15-89 10:41p Installation Program 
UPDATE 	BAT 462 8-15-89 1042p Update Program 
WQATINST BAT 3432 8-15-89 10:40p Installation Batch File 
WQATIJP 	BAT 3319 8-15-89 10:44p Update Batch File 
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