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A ONE-DIMENSIONAL, STEADY-STATE, DISSOLVED-OXYGEN MODEL AND WASTE-LOAD 
ASSIMILATION STUDY FOR THE MISSISSINEWA RIVER, GRANT COUNTY, INDIANA 

By William G. Wilber, Charles G. Crawford, and James G. Peters 

ABSTRACT 

The Indiana State Board of Health is developing a State water-quality 
management plan that includes establishing limits for wastewater effluents 
discharged into Indiana streams. A digital model calibrated to conditions 
in the Mississinewa River was used to develop alternatives for future waste 
loadings that would be compatible with Indiana stream water-quality stand-
ards defined for two critical hydrologic conditions, summer and winter Zow 
flows. 

The hydrology of the Mississinewa River downstream from Gas City is con-
trolled primarily by two factors: low slopes, typical of the Tipton Till 
Plain, and a 10-foot dam at river mile 35.90 in Marion. All point-source 
waste loads affecting the modeled segment of the Mississinewa River are in 
the four incorporated municipalities of Fairmount, Jonesboro, Gas City, and 
Marion, in a primarily agricultural area. 

Model simulations indicate that algal photosynthesis and nitrification 
are the most significant factors affecting the dissolved-oxygen concentra-
tion of the Mississinewa River during summer Zow flows. Natural reaeration, 
without photosynthesis, is not sufficient to maintain an average dissolved-
oxygen concentration of at least 5 milligrams per liter in the stream, the 
State's water-quality standard. 

Projected carbonaceous and nitrogenous biochemical-oxygen demand loads, 
from the Indiana State Board of Health, for Owens-Illinois, Inc., and the 
Gas City and Marion wastewater-treatment facilities will result in viola-
tions of the in-stream dissolved-oxygen standard. Fairmount and Jonesboro, 
because of their distance from the Mississinewa,do not sifnificantly affect 
the water quality of the modeled segment. 

Model simulations also indicate that, during winter Zow flows, ammonia 
toxicity, rather than dissolved oxygen, is the limiting water-quality cri-
terion in the Mississinewa River downstream from the Gas City wastewater-
treatment facility. 

Calculations of the stream's assimilative capacity indicate that future 
waste discharge in the Mississinewa River basin will probably be limited to 
the reach downstream from the Marion dam (river mile 35.90). 
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INTRODUCTION 

To meet the goals of section 208 of the Federal Water Pollution Control 
Act, amendments of 1972, Public Law 92-500, the ISBH (Indiana State Board of 
Health) is developing a State water-quality-management plan. A key element 
of the plan is establishing effluent-discharge limits under the NPDES (Nat-
ional Pollution Discharge Elimination System). These limits for Indiana are 
designed to maintain the following in-stream water-quality standards: 

1. Average DO (dissolved-oxygen) concentrations of at least 
5.0 mg/L (milligrams per liter) per calendar day and not 
less than 4.0 mg/L at any time. 

2. Maximum ammonia-nitrogen concentrations of 2.5 mg/L for 
June-August (based on a 96-hour median lethal concentra-
tion of 0.05 mg/L unionized ammonia nitrogen) and 4.0 
mg/L for November through March. 

3. A maximum concentration for toxic substances of one-
tenth the 96-hour median lethal concentration for im-
portant indigenous aquatic species (Indiana State Board 
of Health, 1977, p. 6). 

In the past, point-source discharge limitations were based on arbitrary 
assumptions and "best engineering estimates." In the current approach, a 
digital model is used to link a stream's water quality and effluent dis-
charges. Once calibrated and verified to the specific stream conditions, 
the model can be used to predict the effect of varying waste load, stream-
flow, and stream temperature. This capability is essential to proper waste-
load allocation. 

The objectives of this study were to (1) calibrate and verify a one-
dimensional, steady-state, dissolved-oxygen model for the Mississinewa River 
in Grant County, Ind., and (2) use the calibrated and verified model for de-
termining alternatives for future waste loadings that would ensure that the 
stream meets Indiana water-quality standards defined for critical summer and 
winter low-flow conditions. The critical-condition rationale is useful for 
water-quality planning and management (Hines and others, 1975, p. B5-B6). 
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BASIN DESCRIPTION 

The Mississinewa River drains most of Grant County in east-central Indi-
ana and flows northwest to the Wabash River near Peru (fig. 1). The water-
shed lies within the Tipton Till Plain and is characterized by nearly flat 
to gently rolling topography marked by several low morainic ridges (Schneid-
er, 1966, p. 49). Variation in elevation is about 40 ft (feet). Burger and 
others (1971) indicated that unconsolidated ground and end-moraine deposits 
overlie limestone, dolomite, and shale of early- and middle-Silurian age. 
The principal soils of the area consist of the well- to moderately well-
drained Morley, the somewhat poorly drained Blount silt loams, and the very 
poorly drained Pewamo silty clay (Ulrich, 1966, p. 89). Annual precipita-
tion for the area is 36-38 inches (Schaal, 1966, p. 157). The average an-
nual runoff is 11-12 inches (Hoggatt, 1962, p. 9). 

The projected land use for Grant County in 1985 is 92 percent agricul-
tural, 2 percent residential, 0.3 percent commercial, 0.4 percent industrial 
and 5.3 percent open (Schellie Associates, 1968, p. 25). In Grant County, 
1,017 acres are devoted to industrial uses. Seventy-six percent of this 
land is used in mineral extraction, and an addtional 14.2 percent is used in 
50 salvage-disposal operations scattered throughout the unincorporated areas 
of the county. 

Virtually all point-source waste loads impacting the modeled segment of 
the Mississinewa River are in the four incorporated municipalities of Fair-
mount, Jonesboro, Gas City, and Marion (fig. 1 and table 1). Each of the 
four communities has a sanitary-sewerage system and secondary waste treat-
ment. Sanitary sewage from industrial plants is discharged to the municipal 
wastewater-treatment facility, whereas industrial process and cooling waters 
are discharged directly into streams. Untreated, domestic sewage from a 
small residential area in Marion is discharged into the Mississinewa River 
near Indiana Street. Several unincorporated communities as well as a con-
siderable rural population are served by septic systems. 

The Gas City-Jonesboro sewerage system is to be regionalized in 1980 or 
81. As part of this plan, the Jonesboro facility will be phased out, and 
wastewater presently treated at Jonesboro will then be treated at Gas City. 
Advanced waste treatment is to be added to the Gas City and Marion waste-
water-treatment facilities in 1981. 

Public and semiprivate water supplies in the basin are exclusively from 
ground water. 

-3-
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Table 1.--NPDES restrictions for municipalities and industries in the 
Mississinewa River basin, Grant County, Ind. 

[Source of data, Indiana State Board of Health, 1978] 

Five-
day Suspended Oil and 

Receiving Flow BOD solids grease 
Discharger stream (Mgal/d) (mg/L) (mg/L) (mg/L) pH1 

Active Products 
Corp. Mississinewa 

River 230/30 210/10 6.5/10.5NO NW .M• ONO 

Anaconda Wire 
and Cable do. - 230/30 210/10 6.0/10.5 
Do. do. -__- 230/30 210/10 6.0/10.5 
Do. do. ___- 230/30 210/10 6.0/10.5 
Do. do. - 230/30 210/10 6.0/10.5 
Do. do. 230/30 210/10 6.0/10.5 
Do. do. -___ 230/30 210/10 6.0/10.5 

Culligan Water 
Conditioning do. ---- 220/30 6.0/11.0 

Forest Ridge 
Subdivision do. ---- 330/45 330/45 6.0/9.0 

Gas City waste-
water treatment 
facility do. 0.84 330/45 330/45 6.0/9.0 

Marion wastewater-
treatment 
facility do. 12.0 330/45 330/45 6.0/9.0 

Owens-Illinois, 
Inc. do. ---- 30 150 6.0/9.0 
Do. do. 30 150 6.0/9.0 
Do. do. ---- 30 150 6.0/9.0 

RCA4 do. 220/20 6.5/10.5 
County Line 

Mobile Home 
Park Back Creek ---- 310/15 310.15 6.0/9.0 

Fairmount waste-
water-treat-
ment facility do. .24 330/45 330/45 6.0/9.0 

Jonesboro waste-
water-treat-
ment facility do. .38 330/45 330/45 6.0/9.0 

Madison-Grant 
High School do. ---- 310/15 310/15 6.0/9.0 

Deerwood Court 
Mobile Home 
Park Deer Creek 330/45 330/45 6.0/9.0 

-5-



 

Table 1.--NPDES restrictions for municipalities and industries in the 
Mississinewa River basin, Grant County, Ind.--Continued 

Five-
day Suspended Oil and 

Receiving Flow BOD solids grease 
Discharger stream (Mgal/d) (mg/L) (mg/L) (mg/L) pH1 

Indiana-Michigan 
Electric Co. 
and wastewater-
treatment 
facility Deer Creek 220/30 6.0/9.0NO Oa Om MD 

11•• MI ONODo. do. 220/32 210/15 6.0/9.0 
Ciscel Mobile 

Home Park Little Newly 
ditch 6.0/9.0••• On WO Ma 310/15 310/15 

Shady Brook 
Mobile Home 

604•11.”Park Lugar ditch 330/45 330/45 6.0/9.0 
iMmItilftemFoster Forbes Massey Creek 210/15 210/15 6.0/9.0 

Do. do. 6.0/9.0MWOMMMID 

Do. do. 6.0/9.0 
Eastbrook High 

School Monroe ditch ---- 330/45 3 30/45 6.0/9.0 
Colonial Crest 

.0 MO GmApartments Pipe Creek 330/45 3 30/45 6.0/9.0 
Oak Hill School do. 330/45 3 30/45 6.0/9.0 
Irving Brothers 

Gravel Walnut Creek ---- 230/30 6.0/9.0 

1Daily low/daily high. 
2Daily average/daily maximum. 
3Monthly average/weekly average. 
4The use of brand names in this report is for identification 

purposes only and does not imply endorsement by the U.S. 
Geological Survey. 
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MODEL DESCRIPTION 

A steady-state, one-dimensional, segmented water-quality model developed 
by Bauer and others (1979) was used in this study. The use of a steady-
state, one-dimensional model is consistent with the objective of determining 
the assimilative capacity of the Mississinewa River at the critical low-flow 
condition. The modeling approach assumes that the various flows, loads, and 
other factors used do not vary significantly with time for a given simula-
tion. The model uses a modified Streeter-Phelps equation that also incor-
porates nitrogenous, benthic, photosynthetic, and plant respiratory effects 
on the DO balance. The dissolved-oxygen balance is represented in the model 
by the following equation: 

-1 (QD)Zero= A 3 -K D+K L+K N-P+R+B (1)
dx a d n 

where 

A is stream cross-sectional area, 

D the DO deficit defined as the difference between 
saturated DO concentration (C ) and the observed

s
DO concentration (C), 

Q the streamflow, 

x the downstream distance, 

K the atmospheric reaeration rate,
a 

K the deoxygenation rate for CBOD (carbonaceous
d 

biochemical-oxygen demand), 

L the ultimate CBOD, 

K the deoxygenation rate for NBOD (nitrogenous
n 

biochemical-oxygen demand), 

N the NBOD concentration, 

P the mean daily photosynthetic DO production, 

R the oxygen used by respiration, 

and 

B the oxygen used by the stream-bottom deposits. 
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By integration, the dissolved-oxygen deficit becomes the sum of the fol-
lowing components: 

-K t
D e a the initial DO deficit, (2)
o 

K L
d o -K t -Kt

(e r -e a ) the deficit due to CBOD, (3)K - K 
a r 

K N 
n o -K t -Kt

(e n -e a ) the deficit due to NBOD, (4)
K - K 
a n 

R -K t 
— (1 -e a ) the deficit due to plant respiration, (5)K 
a 

B , -K t
(1 -e a ) the deficit due to bottom deposits, and (6) 

a 

p -K t
(1 -e a ) the deficit due to mean daily photosynthetic7 

a production, (7) 

where 

D is the DO deficit at some initial time, t , 
o o 

t the traveltime down the stream, 

L the ultimate CBOD concentration at some initial 
o 

time, t
o 

K the stream decay rate for CBOD,
r 

N the ultimate NBOD concentration at some initial 
o 

time, t ,
o 

and 

e the base of the natural logarithm, 2.71828. 
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DATA COLLECTION 

The modeled segment of the Mississinewa River drains a 698-mil area and 
extends from RM (river mile) 45.65 at 10th Street, Jonesboro, to RM 31.60, 
downstream from Marion (fig. 2). Twenty sampling stations were selected for 
the initial survey in August 1977, but the number was increased to 25 for 
the June 1978 survey and to 22 for the August 1978 survey. 

Water-quality data were collected every 3 to 4 hours for 24 hours at 
each stream site by the Indiana State Board of Health Water-Quality Surveil-
lance Section. Municipal and industrial effluents were sampled at 2-hour 
intervals during the 24-hour period. Field measurements included dissolved-
oxygen concentration, stream temperature, specific conductance, and pH. 
Time-weighted composite samples were analyzed by the Indiana State Board of 
Health laboratory for 5-day DOD (5-day biochemical-oxygen demand) , total 
Kjeldahl nitrogen, ammonia nitrogen, nitrite nitrogen plus nitrate nitrogen, 
total phosphorus, chloride, fluoride, suspended solids, and fecal coliforms. 
Effluent samples from the August 1978 survey were composited proportionately 
to flow. Several long-term ultimate CBOD determinations from each survey 
were observed periodically throughout the incubation period. All water-
quality data collected by the ISBH are in tables 2 through 4. 

Ultimate CBOD for the August 1977 survey was measured by the Elmore 
method (Ludzack, 1966). In this procedure, the ultimate CBOD concentration 
is estimated initially by assuming it to be 30 percent of the chemical-oxy-
gen demand. On the basis of this calculation, the sample is diluted to an 
estimated ultimate CBOD concentration of not more than 4 mg/L. The diluted 
samples were analyzed by standard methods in American Public Health Associa-
tion and others (1976). Several investigators have reported significant 
variation in ultimate CBOD concentrations where different dilution ratios 
are used (Grant, 1976a, p. 6; Colston, 1975, p. 195). Consequently, for ef-
fluent samples collected in 1978, a single dilution ratio was used. Long-
term CBOD's in 1978 were determined by the reaeration technique described by 
Hines and others (1977, p. 44). The nitrification inhibitor allylthiourea 
was added to the samples every 5 days. 

The annual laboratory performance evaluation by the U.S. Environmental 
Protection Agency in 1978 indicated that water-quality analyses done by the 
Indiana State Board of Health were accurate to within 1 percent (S. R. Kin, 
Indiana State Board of Health, written commun., 1979). 

Stream discharge was measured by the U.S. Geological Survey, during the 
August 1977 and August 1978 surveys and by the Indiana State Board of Health 
Water-Quality Surveillance Section during the June 1978 survey. Time of 
travel was measured by instantaneously injecting a slug of fluorescent dye 
into the stream at a bridge or other easily identifiable location and timing 
the movement of the resulting dye cloud as it passed one or more locations 
downstream. The time of travel at several different flow conditions is 
plotted against the concurrent discharge at the nearest gaging station in 
figures 3-10 (unpublished U.S. Geological Survey data). 
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1,4-A Marion Dam35.90 cJiighland Avanue, Marion ,501 -2) 6,4

35.76 
Marion wastewater-treatment 4:

35.47 facility (501-A) 
State Route 37 (501-1)35.20 Spring (501-28)A 

YEW34.88 A Marion Park discharge 1501-16) 

A N., York Central Railroad ;500-5)34.30 

Li River Road (500-4)33.60 

32.80 (500-3) 

A Gaging station 

Sampling station 

31.60 
(501-A) ISBN sampling station 

State Route 15 (500-2) 

Figure 2.-- Locations of sampling stations, Mississinewa River and 

Back Creek, Grant County, Ind. 
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Table 2.--Water-quality analyses and discharge measurements fur sampling stations in the 
Mississinewa River basin, Grant County, Ind., August 5, 1977 

(Water-quality data collected by Indiana State board of Health; 
discharge measured by U.S. Geological Survey] 

Location and 
station 
in the 
Mississinewa 
River basin 
(ISBN sta. 

no. in 
parens) 

River 
mile 

Aver-
age 
spec. 

Aver- cond.' 
Dis- age ii (umho/ 
charge Median temp: cm at 
(ft3/s) p11 (°C) 25°C) 

Sus-
pendeJ 
solids 
(mg/l.) 

Aver- Five-
age day 
OW BOO 
(mg/L) (mg/l.) 

Nitrite 
Twenty- plus Total 
day Ammonia nitrate Kjeldahl 
CBOU nitrogen nitrogen nitrogen 
(mg/L) (wg/L) (mg/1.) (mg/L) 

Total 
Chlo- Pluo- phos-
ride ride phorus 
(mg/L) (mg/L) (mg/1.) 

Fecal 
coli-
form 
(colo-
nies/ 
100 mL) 

Oil 
and 
grease 
(mg/L) 

Mississinewa 
River at 
10th Street 
Jonesboro 
(505-2) 45.65 26.9 7.5 24.5 54 9.2 7.6 <0.1 <0.1 56 0.18 40 3.6 

Owens-
Illinois, 
Inc. 
(504-0 44.95 .93 7.8 27 944 28 6.8 11.7 .14 .6 74 27 4.6 

0-4 Gas City 
wastewater-
treatment 
facility 
(504A) 44.85 .85 7.5 24.9 3,125 32 3.5 31.0 12.0 2.9 470 12.0 20 5.5 

Mississinewa 
River at 
State Route 
22 
(504) 44.75 8.0 25.0 908 48 1(1.0 7.3 2 1.4 80 .8 .49 4,000 4.4 

back Creek 
at County 
Road 1050S 

(017-6) 10.10 7.6 24.3 744 48 7.1 3.3 .1 .5 .7 30 .5 .46 5,800 3.3 

Back Creek 
at State 
Route 26 
(017-5) 7.70 .14 7.4 23.7 798 20 4.1 4.8 1.2 1.0 1.8 35 .68 1,2(10 4.4 

Fairmount 
wastewater-
treatment 
facility 
(017-10 7.50 7.6 23.8 1,375 17 2.8 28 13 2.3 14 95 3.5 120,000 3.1 



 

 

Table 2.--Water-quality analyses and discharge measurements for sampling stations in the 
Mississinewa River basin, Grant County, Ind., August 5, 1977--Continued 

Location and 
station Aver-

in the age Fecal 

Mississinewa spec. Nitrite coli-

River basin Aver- cone Sus- Aver- Five- Twenty- plus Total Total form Oil 
(ISBN sta. Dis- age , 1 luakho/ pended age day day Ammonia nitrate Kjelduhl Chlo- Fluo- phos- (colo- and 

no. in River charge Median temp. cm at solids DO' BOD CBOD nitrogen nitrogen nitrogen ride ride phorus nies/ grease 
parens) mile (ft3/s) pH (°C) 25°C) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/1.) (mg/L) (mg/L) (mg/L) 100 ml) (mg/L) 

Back Creek 
at County 
Road 800S 
(017-4) 6.20 7.6 23.8 1,123 9 4.0 6.1 5.4 0.7 6.4 63 1.3 12,000 ---

Back Creek 
at County 
Road 7005 
(017-3) 4.60 .80 7.7 25 976 14 4.7 5.7 3.1 .7 56 1.3 1,100 4.6 

Back Creek 
upstream 
from Jones-
boro 

- wastewater-
treatment 
facility 

(017-2) .40 1.01 7.7 24 838 8 7.7 2.8 .3 1.6 45 .4 .77 3,600 4.2 

Jonesboro 
wastewater-
treatment 
facility 
(017-A) .35 7.4 23.8 2,850 28 5.6 25 5.0 9.6 440 .4 4.6 320,000 5.5 

Back Creek 
at con-
fluence 
with 
Missi-
ssinewa 
River 
(017-1) 44.51 1.21 8.0 24.0 1,025 15 6.4 6.2 .2 3.1 93 .3 1.2 1,300 3.0 

Deer Creek 
at con-
fluence 
with 
Missi-
ssinewa 
River 
(013) 42.60 3.93 7.4 23.2 6 6.6 1.3 . 1 .2 45 .06 600 2.8 



 

 

 

  

 

Table 2.--Water-quality analyses and discharge measurements for sampling stations in the 
Mississinewa River basin, Grant County, Ind., August S, 1977--Continued 

Location and 
station Aver-

in the age Fecal 

Mississinewa spec. Nitrite coli-

River basin Aver- coed.' Sus- Aver- Five- Twenty- plus Total Total form Oil 

(ISM sta. Dis- age L2 (untho/ pended age day day Ammonia nitrate Kjeldahl Chlo- Flo, phos- and 

no. in River charge Median temp. cm at solids DO' KA> CBOU nitrogen nitrogen nitrogen ride ride phurns grease 

patens) mile (ft3/s) pll (°C) 25'C) (mg/L) (mg/l.) (m01.) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg)L) (mg/L) 1(:11:m7L) (mg/L) 

Mississihuwa 
River at 
County Road 
200$ 
(503) 41.47 8.1 25.4 48 lo.9 11.0 <.1 1 77 .20 320 3.1 

Mississinewa 
River at 
at Pennsyl-
vania 
Avenue, 
Marion 
(501-4) 39.47 7.5 26.2 46 15.3 10.0 < . 1 <.1 74 .15 250 3.6 

Mississinewa 
River at 
State Route 
18 
(501-3) 37.78 7.8 25.8 28 11.8 /.5 <.1 <.1 60 .7 .11 5,000 4.0 

Massey Creek 
(003-1) 36.14 1.04 7.7 26.8 12 6.6 2.6 <.1 .7 40 .10 4,600 3.3 

Mississinewa 
River at 
Highland 
Avenue, 
Marion 
(501-2) 35.76 29.3 8.0 25.7 22 7.8 6.4 .2 <.1 80 .12 820 2.8 

Marion waste-
water-
treatment 
facility 
(501-A) 38.47 11.39 7.0 23.4 7 4.2 6.2 1.0 9.3 2.2 91 1.2 .97 67,000 1.9 

Mississinewa 
River at 
State Route 
37 
(501-1) 35.20 7.5 25.2 22 8.9 10.8 .5 3.5 2.0. 93 .9 .45 890 3.6 

1 A 
'averages imbed on stream samples collected every A to 4 hours and effluent samples collet:1rd every 2 hours for 24 bouts. 

sempereture ul ,ileam and efflueots. 



 

Table 3.--Water-quality analyses and discharge measurements fur stations in the Mississinewa 
River basin, Grant County, Ind., June 7, 1978 

(Water-quality data collected and discharge measured by 
Indiana State Board of health] 

Location and 
station 
In the Fecal 

Mississinewa Seven- Nitrite coli-

River basin Aver- Sus- Aver- Five- teen plus Total Total form Oil 

(ISBN sta. Dis- age 13 pended age Jay day Ammonia nitrate Kjeldahl Chlo- Fluo- phos- (colo- and 

no. in River charge Median temp. solids DO' 800 CBOT) nitrogen nitrogen nitrogen ride ride phorus nies/ grease 

parens) mile (ft3/s) pit (°C) (mg/L) (mg/L) lag/L) (mg/L) (mg/L) (mg/1.) (mg/L) ling/L) (mg/L) (mg/L) 100 mL) (mg/L) 

) 

Mississinewa 
River at 
10th Street, 
Jonesboro 
(505-2) 45.65 108.3 8.3 22.8 26 8.5 2.7 <0 . I 2.0 0.5 34 0.6 

Owens-
Illinois, 
Inc. 
(504-8) 44.95 .93 14.8 12 7.9 3.8 .2 1.1 .5 25 0.1 3,100 7.3 

Gas City 
wastewater-
treatment 
facility 
(504-A) 44.85 1.5 17.8 76 4.3 24 13 .5 18 340 2.7 390,000 4.5 

Mississinewa 
River at 
State Route 
22 
(504) 44.75 22.6 28 7.6 2.2 .1 2.1 .9 36 .6 

Back Creek 
at County 
Route 
1OSOS 
(017-6) 10.10 7.9 19.6 28 7.0 1.8 .1 1.0 1.0 23 

Back Creek 
at State 
Route 26 
(017-5) 7.70 .86 7.7 18.8 10 3.0 7.7 1.3 .6 2.4 24 

Fairmount 
wastewater-
treatment 
facility 
(017-B) 7.50 .41 --- 14.9 76 1.3 20 15 .1 20 110 4.4 850,000 5.3 



 
 

Table 3.--Mater-quality analyses and discharge measurements for stations in the Nississinewa 

River basin, Grant County, Ind., June 7, 1978--Continued 

Location and 
station 
In the 
Nississinewa 
River basin 
(ISBN sta. 

no. in 
parens) 

River 
wile 

"is-
charge Median 
(i0/s) 

Aver-
age ,.

2 
temp. 
(sC) 

Sus-
pended 

solids 
(mg/L) 

Aver-
age 

00, 
(mg/L) 

Five-
day 

BOD 
(mg/L) 

Seven-
teen 
day 

CB00 
(mg/L) 

Ammonia 

nitrogen 
(mg/L) 

Nitrite 
plus 
nitrate 

nitrogen 
(mg/L) 

Total 
Kjeldahl 

nitrogen 
(mg/L) 

Chlo-
ride 
(mg/1.) 

Fluo-

ride 
(mg/L) 

Total 
phos-

phorus 

(mg/1.) 

Fecal 
coli-
forw 
(colo-
nies/ 
100 ml.) 

oil 
and 
grease 
(mg/L) 

Back Creek 
at County 
Road 800S 
(017-4) o.20 3.07 7.7 18.6 3 4.6 5.4 2.5 1.2 3.5 35 

Back Creek 
at County 
Road 7005 
(017-3) 4.60 7.9 20.2 8 8.2 5.0 1.9 1.3 2.6 33 

Back Creek 
upstream 
from Jones-
boro waste-
water-

Ln 

treatment 
facility 
(017-2) .40 4.36 8.1 20.2 17 7.6 6.2 ---- .3 2.4 1.2 32 

Jonesboro 
wastewater-
treatment 
facility 
(017-A) .3S .35 --- 17 20 4.5 24 12 2.0 17 74 3.6 2,400,000 4.8 

Back Creek 
at con-
fluence 
with 
Nississinewa 
River 

(017-1) 44.51 4.86 8.0 19.0 12 7.7 7.6 .5 2.5 1.5 35 

Nississinewa 
River at 
Cemetery 
Road 
(503-2) 44.10 S3 2.8 <.1 2.1) .9 3b 

Deer Creek 
at con-

fluence 
with 
Nississinewa 
River 
(013) 42.6 8.37 8.1 20.4 7 7.S 1.9 <.1 3.0 .5 32 



 
 

   

 

Table 3.--Water-quality analyses and discharge measurements for stations in the Mississinewa 

River basin. Grant County. Ind., June 7, 1978--Continued 

Location and 
station 
In the Fecal 

Mississinewa Seven- Nitrite coli-

River basin Aver- Sus- Aver- hve- lecn plus Total Total form Oil 

(IS811 sta. 

no. in River 
Dis-
charge Median 

age i., 
temp. 

pended 
solids 

age 

DO 1 

Jay 
BOD C800 

Ammonia 
nitrogen 

nitrate 

nitrogen 

Kjeldahl 
nitrogen 

Chlo-
ride 

i;1110-

ride 

phos-

phorus 
(colo-

nies/ 

and 

grease 

parens) wile (ft3/s) p11 ('C) (mg/L) (mg/L) (mg/L) (mg/L) (mg/l) (mg/L) (mg/L) (mg/L) (wg/L) (mg/1.) 100 ml.) (wg/L) 

Walnut Creek 
at Con-

fluence 
with 
Missi-
ssinewa 
River 
(012) 41.70 0 8.0 19.8 3)) 9.8 4.2 <0.1 0.4 1.0 b2 

Mississinewa 
River at 
County Road 
200S 
(503) 41.47 8.3 21.6 64 (.9 3.0 <.1 2.1 .9 

Mississinewa 
River at 

1 
1--, 
Q,

1 

Pennsylvania 
Avenue, 
Marion 
(501-4) 39.47 8.3 22.2 17 8.6 3.1 <.1 2.0 .6 37 750 

Mississinewa 
River at 
State Route 
18 
(501-3) 37 78 8.3 22.0 26 8.8 2.8 <.1 2.1 .6 37 350 

Massey Creek 

(003-1) 36 14 1.04 8.1 23.2 32 7.0 3.6 2 .3 .6 40 1,100 3.4 

Mississinewa 

River at 
Highland 
Avenue, 
Marion 
(501-2) 35.76 180.6 8.3 22.2 29 9.7 5.1 '.1 2.0 1.0 37 2,100 8.2 

Marion 
wastewater-
treatment 
facility 
(501-A) 35.47 14.7 7.8 19.0 13 6.8 25.9 '.1 15 0.88 

Mississinewa 
River at 

State Route 
37 
(501-1) 35.20 8.3 22.0 32 10.2 - 6.6 1 1.9 .9 



.4 

Table 3.--Water-quality analyses and discharge measurements for stations in the Mississinewa 
River basin, Grant County, Ind., June 7, 1978--Continued 

Location and 
station 
in the Fecal 

Mississinewa Seven- Nitrite coli-

River basin Aver- Sus- Aver- Five- teen plus total Total form Oil 

(ISNI sta. Dis- age, , pended age day day Ammonia nitrate Kjeldahl Chlu- Fluo- phos- (colo- and 

no. in River charge Median temp: solids DO' &OD CBOD nitrogen nitrogen nitrogen ride ride phorus nies/ grease 
parens) mile (ft 3/s) pH (°(:) (mg/L) (mg/L) (ug/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/I) (ag/I.) (mg/L) 100 mL) (mg/L) 

Mississtnewa 
River at 
New York 
Central 
Railroad 
(500-5) 34.30 ---- 23 82 9.8 5.9 0.3 2.0 1.8 36 

Mississinewa 
River at 
River Mile 

32.80 
(500-3) 32.80 23 32 9.5 7.5 .4 2.0 1.8 39 

Mississinewa 
River at 
State Route 
15 
(500-2) 31.60 8.3 23.3 18 8.() 6.5 .4 2.0 1.1 -

Averages based on stream samples collected every 3 to 4 hours and effluent samples collected every 2 hours for 24 hours. 

vemperature of stream und effluents. 



 

Table 4.--Aater -quality analyses and discharge measurements for saepling stations in the 
Mississinewa River basin. Grant County, Ind., August 18. 1978 

(Mater-quality data collected by Indiana State board of Health; 
discharge measured by J.S. Geological Survey] 

i.ocation 
and station 
in the Nitrate 
Mississinewa Aver- Sus- Aver- Five- Twenty- plus Total 
River basin Dis- age , ?ended age day day Ammonia nitrate Kieldahl 
( ISBN sta. no. River charge Median tamp. solids Do , NOD CBOD nitrogen nitrogen nitrogen 
In parens) male (ft 4 /s) pH ('C) ..t/L) (.11/1) (mg/1.) Gag/L) lag/L) ;mg/L) .mg/L) 

Mississinewa 
River at 
10th Street, 
Jonesboro 
(505-2) 45.65 71.8 3.3 26.0 -5 14.0 9.3 <0.1 1.7 1.6 

Owens-
Illinois. 
Inc. 
504-8) 44.95 .9 7.0 23.3 15 6.1 0.7 

Gas City 
wastewater 
:reatoent 
facility 
(504-A) 44.35 7 .6 23.7 32 3.3 50.3 12.3 .3 

Wississinewa 
River at 
State Route 

504) 14.75 3.4 :6.3 33 14.: 

Sack Creek 
It ccrn-
fluents 
with 
mississl-
nova 
Raver 
,017-1) 44.51 1.1 23.5 14 3.3 ).7 2.4 2.1 3.3 

HissIssankrwa 
River at 
Country 
Road 
,501-2) 44.10 3.5 25.7 60 17.1 14.1 .1 2.0 

Deer Creek 
it con-
fluence 
with 
4issi-
ssinewa 
liver 

Z(013) 12.60 3.9 3.0 24.0 13 . 12.0 <.1 1.5 2.3 

.falnut Creek 
at .on-
fluence 
with 
Nissi-
ssinewa 
liver 
.012) 41. 70 1.7 7.7 24.6 26 7.9 .1 < . 1 .3 

Mississinewa 
River at 
County Road 
:00S 
.303) 41.47 4.3 26.0 64 19.1 7.6 .1 1 1.0 

Mississinewa 
River at 
Pennsylvania 
Avenue, 
Marion 

501-4) 39.47 ---- 3.4 25.8 100 17.4 20.7 

Anaconda 
Wire and 
:able 
(501-4A) 58.87 .1 0.0 26.6 7.3 9.7 i <.1 

Mississinewa 
River at 
State Route 
18 
k501-31 37.78 3.4 24.9 52 19.0 10.1 1 2.1 

-18-



Table 4.--Water-quality analyses and discharge measurements for sampling stations in the 
Mississinewa River basin, Grant County, Ind., August 15, 1978--Continued 

Location 
and station 
in the 
Mississinewa Aver-
River basin Dis- age 
(ISBN sta. no. River charge Median temp." 
in parens) mile (ft3/s) pH (°C) 

Sus-
pended 
solids 
(mg/L) 

Aver-
age 
DO' 
(mg/L) 

Five-
day 
DOD 
(mg/L) 

Twenty-
day 
CBOD 
(mg/L) 

Nitrate 
plus 

Ammonia nitrate 
nitrogen nitrogen 
(mg/L) (mg/L) 

Total 
Kjeldahl 
nitrogen 
(mg/L) 

Indiana 
Street 
sewer, 
Marion 
'5.01-3A) 37.51 0.04 7.5 20.1 100 3.8 150 493.0 29.0 <0.1 50.0 

Mississinewa 
River at 
Washington 
Street 
(S01-2.5) 36.91 3.3 24.5 62 16.6 12.3 .2 <.1 1.4 

Massey Creek 
at con-
fluence 
with 
Mississi-
newa River 
(003-1) 36.14 1.1 3.0 26.8 19 6.1 2.1 .1 1 .6 

Mississinewa 
River at 
Marion dam 35.90 8.4 25.0 58 12.3 3.6 .1 .1 1.5 

Mississinewa 
River at 
Highland 
Avenue, 
Marion 
(501-2) 35.76 112.3 8.4 25.0 68 12.1 ----- 14.2 .1 2.2 

Marion 
wastewater-
treatment 
facility 
(501-A) 35.47 20.7 7.6 22.2 18 7.3 3.7 7.9 .5 3.2 

Mississinewa 
River at 
State Route 
37 
(501-1) 35.20 8.3 25.1 38 11.5 14.3 1.7 .2 3.3 

Marion Park 
discharge 
(501-18) 34.88 .1 8.0 23.0 7 7.5 <1.0 <.1 .2 .2 

Mississinewa 
River at 
River Road 
(500-4) 33.60 8.2 25.4 36 9.7 9.7 .5 .3 2.3 

Mississinewa 
River at 
State Route 
IS 
(500-2) 31.60 120.2 8.3 26.1 63 8.9 13.2 .3 .6 2.0 

lAverages based on stream samples collected every 3 to 4 hours and effluent samples collected 

every 2 hours for 24 hours. 

`Temperature of stream and effluents. 
-19-



300 T T -1 1 1 1-

250 

200 

150 -

100 
ca
3g 90
0 
C.) 
Lai 80 
00 

0C 70 
W a. 
1-- 60U' 
41 
li. 

(3 50 
00 \ .40 \OM 

W 
C0 
CC 0 \lub• 3 

31 
3 25 

20 \ 

15 

\ , 
t 1 1 I 1 1 i L 1 1 _I_ I I t10 

1.5 2 2.5 3 4 5 6 7 8 9 10 15 20 25. 30 

TRAVELT1ME. 18 MOURS 
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Figure 4.-- Relation of discharge to traveltime of the peak dye concentration for the $ississinewa 
River, river miles 44.75 to 41.47. 
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Figure 5.-- Relation of discharge to traveltime of the peak dye concentration 
for the Mississinews River, river miles 41.47 to 39,47. 
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Figure 6.-- Relation of discharge to traveltime for the peak dye concentration 
for the Mississinewa River, river miles 39.47 to 37.78. 
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for the Mississinews River, river miles 37.78 to 36.90. 
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MODEL CALIBRATION 

Model calibration is the process of determining the various model para-
meters used to describe the system of interest. Some of these parameters 
may be determined from field measurements, whereas others may have to be es-
timated initially, until the calibration process indicates appropriate 
refinements. 

Parameter Estimation 

For modeling, the stream segment used in the study must be divided into 
reaches. The number of reaches and the boundaries are determined by the 
program user. Bauer and others (1979, p. 15-16) suggested the following 
criteria for dividing the stream segment: 

1. Each point-source waste flow and tributary should start a 
reach. Discharges should enter the upstream end of the 
reach. 

2. Linear runoff should define reach boundaries. 

3. Major changes in hydraulic characteristics, stream tem-
perature, or reaction coefficients should define a reach. 

4. Future inputs or increases or decreases in input should 
be used to determine a reach. 

The physical characteristics of the modeled stream reaches are presented 
in table 5. 

The hydrology of the Mississinewa River downstream from Gas City is con-
trolled primarily by two factors: low slopes, characteristic of the Tipton 
Till Plain, and a 10-ft dam at RM 35.9, just upstream from the U.S. Geologi-
cal Survey gage at Marion at RM 35.76. This conclusion is supported by the 
long travel times for the August 1977 and 1978 surveys, which were 9.8 and 
3.1 days, respectively, for the 14-mi reach. 

Flow during the June 1978 survey ranged from 162 to 377 ft3/s at the 
U.S. Geological Survey gage during a 5-hour period, the result of a small 
storm. Because these conditions did not meet the steady-state assumption of 
the model, the June 1978 data were not used in the model calibration. 

The two sets of model-input parameters used in the calibration of the 
dissolved-oxygen model for the Mississinewa River include water-quality and 
hydrologic data representing initial upstream conditions, waste and tribu-
tary inputs, and main-stem sites (tables 6 and 7). 
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Table 5.--Physical characteristics for modeled stream reaches, 
Mississinewa River basin, Grant County, Ind. 

Length Average Averages 
Starting Ending of reach slope width 

Reach river mile river mile (mi) (ft/mi) (ft) 

1 45.65 44.95 0.70 5.0 32 

2 44.95 44.85 .10 5.0 

3 44.85 44.75 .10 5.0 ---

4 44.75 44.51 .24 2.1 189 

5 44.51 44.10 .41 1.6 

6 44.10 42.60 1.50 2.1 

7 42.60 42.05 .55 2.0 

8 42.05 41.70 .35 2.3 

9 41.70 41.47 .23 3.0 

10 41.47 39.47 2.00 2.2 

11 39.47 38.87 .60 1.1 

12 38.87 37.78 1.09 1.1 

13 37.78 37.51 .27 1.1 203 

14 37.51 36.91 .60 1.1 

15 36.91 36.14 .77 1.1 

16 36.14 35.90 .12 1.1 

17 35.90 35.76 .14 60.0 

18 35.76 35.47 .29 8.62 

19 35.47 35.20 .27 8.52 

20 35.20 34.88 .32 2.19 

21 34.88 33.60 1.28 2.83 

22 33.60 31.60 2.00 2.80 194 

1 Values correspond to a discharge of 280 ft3/s at the U.S. 
Geological Survey gage at Marion. 
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Table input for the Hississinewa River. Grant County, Ind., August 5, 1977 

(All rates corrected to 20.Celsius; water-quality data collected 
by Indiana State hoard of Health; hydrologic data collected by 
U.S. Geolog cal Survey) 

Reach 

01.treee 

of modeled 
rerch (15811 
sta. no. 
in parens) 

River 

'tile 

Dts-
charge 
((OA) 

Tine of 
travel 
to next 
site 
(hours) 

Ultimate 

C860 

lag/1.) 
Nbuti lkl 

leg/L) 
leap. 
('C) 

A 
r ld 

1)
(day-

Linear runoff 

Net 
photo- Ultimate 
syntheal b 11..harge C8o0 N1100 

1.11211/d (0/s) 1.011 (01,/1) 

011 

(.0.1 

MISSISSiftelda 
River at 
10th Street. 
Jonesboro 
(505-2) 45.65 26.90 6.69 14.1 0.4 9.20 2S.0 0.11 0.11 0.0 0.83 2.5 -0.39 2.1 II 4 2 0 

Owens-
111iiiuts. 
Inc. 
(504 b) 44.95 .90 .96 22.9 o.au 27.11 .11 II .0 .83 2.5 -MO 2.1 .4 2.0 

3 Gas City 
wastewater-
ttttt sent 
facility 
(504-A) 44.65 .85 .96 62.6 52.0 3.5U 24.9 .11 .14 .0 .83 5.0 -.06 2.1 . 4 2.0 

4 141ssissinewe 
River at 
State Route 
22 
(504) 44.75 3.14 11 .14 .6 .20 8.0 -.13 2.1 . 4 2.0 

S Bach Creel 
at con-

* fluence with 
Mississtnewa 
River 
(017-1) 44.51 1.20 24.00 11.5 .9 6.40 14.0 .20 .15 .6 .24 0.0 -1.05 2.1 .4 2.0 

o Dear Creel 
at con-
fluence with 
Mississinewa 
River 
(013) 42.60 3.90 7.10 11.9 .4 6.6U 23.2 .10 .13 .6 ./4 0.0 2.1 .4 1.0 

7 Veterans Admin. 
Hospital 
(503-A) 42.05 .20 4.59 4.0 .4 0.90 25.0 10 .13 .6 .28 0.0 -.19 2.1 .4 2.0 

8 Walnut Creel 
at con-
fluence with 
Mississinewa 
River 
(012) 41.70 .00 3.01 .20 .13 .0 .37 9.0 -.IS 2.1 .4 2.0 

9 MISSiSSARCWil 
River at 
County Rued 
200 S 
(503) ♦1.47 12.56 .17 .15 .0 .S7 10.11 -1.10 2.1 .4 2.0 

Hississlooms 
River at 
Peun,ylvailla 
Avemie. 

Macium 

(5(11-4) 39.47 21.30 .09 .15 .0 .05 2.5 -.33 2.1 .4 2.0 



Table 6.--Model input for the M1ssissInewa River, grant County, Ind., August 5, 1977--Continued 

Reach 

Upstream 

boundary 

of modeled 

roach (1$811 

sta. no. 

in patens) 

River 

wile 

Uis-

charge 

(ft3/s) 

Itwe ut 

travel 

to ueAt 

site 

(hour.) 

01t1w4te 

CBOD 

(.6/1.) 

511th 

Oug/1 ) 

Du 

(wg/I.) 

Temp. 

(*C) 

Linear runoff 

Nut 

photo- I_Ultimate 

synthesis iisdiarge CBOU NhOD DU 

(ft3/s) (Aga) (mg/1.1 (mg/L) 

11 Anaconda 

Wire and 

Cable 

(501-A) 38.8/ 0.l0 38.70 10.t. 0.4 8.10 25.0 0.09 0.15 0.0 0.05 1.5 -0.60 2.1 0.4 2.0 

12 Miasissinewa 

River at 

State Route 

18 

(501-3) 37.78 13.30 .05 .15 .0 .03 1.5 -.15 2.1 .4 2.0 

13 Indiana 

Street 

sewer. 

Marion 

(S01-3A) 37.51 .04 6/.50 520.0 125.6 3.80 25.0 .05 .16 .0 .03 I.S -1.18 2.1 .4 2.0 

14 Massey Creek 

at con-

fluence with 

Mdssissinewa 

River 

(003-1) 36.14 1.00 11.80 4.8 .4 6.80 26.8 .03 .15 .0 .03 1.5 -.14 2.1 .4 2.0 

15 Hississinewa 

River at 

Marion dam 35.90 7.38 .03 .1S 1.77 2.0 -.08 2.1 .4 2.0 

le Mississinewa 

River at 

Mt/bland 

Avenue, 

Marion 

(501-2) 35.76 1.35 .20 .IS .0 2.73 2.0 -.08 2.1 4 2.0 

17 Marion 

wastewater-

treatment 

facility 

(501-A) 35.47 11.40 1.25 6.5 4.4 4.20 23.4 .20 .14 o 2.71 1/.0 -.07 2.1 4 2.0 

18 Hississinewa 

River at 

St. Rt. 37 

(501-1)/ 

Spring 

(501-211) 35.20 .20 3.68 2.1 .4 7.10 25.0 .30 .13 3.0 1.5S 14.0 -.41 2.1 .4 2 

19 MiSbANSillOW8 

River at 

River Road 

(500-4) 33.60 4.91 .60 .12 2.0 2.93 9.0 -.22 2.1 .4 2.0 



  

-able -._..model input for the Mississinewa River, Grant County, Ind., August 15, 1978 

:411 rates corrected to 20.Celsius; water-quality data collected by 
:ndiana State Board of Health; hydrologic data collected by U.S. 
„leological Survey) 

Upstream 1 I r '..inear runoffI 

of modeled travel Net 
boundary Time of 

Kr K
reach (ISM i ; Ois- to next Ultimate Kd Kn a photo- Ultimate 
sta. no. River charge site CBOO M800 j DO Tamp. synthesisiDisohmrse CBOD 490D DO 

Reach 1n parens) 1 ail. (fts/s)] (hours) (n/L) (eg/L) I (ag/L) I (°C) (day 1) ((mg/L,',4 I, (ft3/s) (ag/L) ag/L) 

Mississinewa 
River at 
10th Street. 
Jonesboro 
(SOS-7) 45.63 71.3 2.72 10.3 0.4 14.0 :6.0 0.1 0.11 ).0 1.10 15.3 1.35 2.1 1.4 2.3 

2 Owens 
Illinois. 
Inc. 
t504-8) 44.95 .3 .39 10.0 .4 6.1 23.3 .1 .11 .0 2.13 50.) :3 2.1 2.) 

3 Cu City 
wastewater-
treatment 
facility 
(504-4) 14.85 .9 .39 34.0 52.0 4.3 13.7 .1 .14 .0 2..3 50.3 .:3 2.1 2.2 

4 ftssissinewa 
River at 
State Route 

(504) 44.75 .99 .1 .:4 .2 04 40.0 2.1 2.2 

3 Back Creek 
at con-
fluence with 
aississinewa 
River 
(017-1) 44.31 4.1 1-23 9.3 12.1 5.2 23.3 -5.0 .17 .0 03 40.0 16 2.1 4 2.J 

6 4ississinewa 

liver it 

:esieterr 
a0 ad 

503-2' 44.10 6.59 -.1 .15 .34 23..) 4.45 2.1 2.3 

Deer Creek 
tL .:on-
rluence 
Mississinewa 
River 
913: 42.60 3.9 :.26 24.0 ".2 24.0 -.1 :3 .79 20.0 1.33 :.1 .4 2.2 

Veterans Wean. 
4ospital 
(503-4) 42.05 .2 1.44 4.0 .4 10.0 26.2 -.1 .13 .31 :0.0 .7' 2.1 .4 2.0 

9 Walnut Creek 
at con-
fluence with 
4ississinema 
River 
:012) 41.70 1.7 .95 2.2 .4 7.8 24.6 -4.1 .13 .0 1.21 10.0 .64 2.1 .4 2.0 

10 4tssissinewa 
River 4c 
County load 
200 S 

:5031 41.47 5.75 -.3 .15 .0 1.26 10.0 5.56 2.1 .4 2.0 

11 41sssss inewa 
liver at 
Pennsylvania 
avenue , 
4arion 
•S01-4) 39.47 0.39 .0 .15 .J .17 10.0 1.67 2.1 .4 2.0 



          

         

         

   

 

 

 

 

   

   

    

 

the MiSSiSSineell River, Grant County, Ind., August 15, 1976--Continued
Table 7.--Nodal input for 

Linear nmioffUpstream 
boundary Tins of I Settravel £ 4of modeled Kr Kd K. ' Ultimata 
reach (ISDN Dis- synthesis charge 2900 v1300 00

photo- ;
to neat Ultimate 

sta. no. River , charge . site CDOD 34100 00 Temp. , Ing/1.; ,.ag/L) 
(ft'fs) j (hour') (ag/L) (ag/L) (ag/L) ('C) (cw'') Vag/Lid)11 (f0/1) (ag/L) 

Reach in paresis) nile i 

12 Anaconda 
Sire amd 
Cable 3.34 2.1 0.4 2.00.4 8.0 25.0 0.0 0.15 0.0 0.15 10.0
(501-am 38.87 J.1 11.61 10.6 

13 4ississinowa 
River at 
State Route 
18 
(S01-3) 37.78 4.34 .0 .15 .0 .10 4.0 .75 2.1 2.J 

14 Indiana 
Street 
sewer. 
Marion 
.501-3A) 37.31 4 3.66 320.0 125.6 3.8 20.1 .16 .10 4.0 1.67 2.1 A 2.) 

IS Wississinewa 
River at 
washington 
Street, 
Marion 
(501-2.5) 36.91 1.1 3.96 .1 .16 .0 .13 4.0 2.14 2.1 .4 2.0 

16 Massey Creek 
at con. 
fluent, with 
Misstssinewa 
River 
.003-1) 16.14 2.'9 4.2 .4 6.1 26.S .1 .15 .3 .13 4.0 .33 2.1 .4 2.0 

7 4ississinera 
River at 
Marion dam 35.00 1.75 .14 .0 - .37 12.0 .42 2.1 .4 2.0 

18 Mississinema 
River at 
Highland 
Avenue, 
Marion 
(501-2) 35.76 .65 . 3 .14 .J 5.5 40.0 -.03 2.1 2.-

19 Marion 
reftillwater-
treatment 
facility 
1501-A) 35.47 20.7 .60 3.9 34.2 7.3 25.0 .3 .14 0.0 5.5 40.0 -.36 2.1 4 2.0 

10 wAssissinewa 
River at 
State Route 
37 
(501-1)/ 
Spring 
(501-28) 33.20 40 2.1 .4 7.0 25.1 3 .14 5.0 2.21 25.0 -1.01 2.1 2.3 

21 Mississinewa 
River at 
Marion Park 
discharge 
(501-18) 14.88 1 1.60 2.1 

.4 11.0 25.4 -3.0 .13 5.3 2.31 25.0 -3.73 2.1 .4 2.J 

22 Mi sssss lnewa 
River at 
River Road 3.0 .12 3.0 4.69 10.0 -o.34 2.1 .4 3.) 

(S00-4) 33.60 2.95 
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Differences in streamflow between two points that could not be attribu-
ted to effluent discharge or tributaries by mass-balance analysis was ac-
counted for by linear runoff. Linear runoff was assumed to be proportional 
to the number of miles in a modeled reach. 

The mean daily dissolved-oxygen concentration for stations on the 
Mississinewa River averaged 136 and 175 percent of saturation for the sur-
veys in August 1977 and 1978, respectively. Diel dissolved-oxygen fluctua-
tions for the August 1978 survey were less than 2.0 mg/L, and, in most of 
the stations studied, the minimum dissolved-oxygen concentration was at 
least never less than 100 percent of saturation. Dissolved-oxygen concen-
tration was determined only twice for most of the stations sampled during 
the August 1977 survey. Data collected by the Marion wastewater-treatment 
facility from June 1976 through September 1978 (table 8) were used to deter-
mine whether the dissolved-oxygen concentrations observed during the two 
water-quality surveys were representative for the Mississinewa River on a 
yearly basis. These data indicate that the dissolved-oxygen concentration 
of the Mississinewa River frequently exceeds the saturation concentration 
during the summer months. The observed dissolved-oxygen supersaturation is 
due to photosynthetic activity and slow mixing rates that prevent a dis-
solved-oxygen equilibrium from being quickly established. There was no dis-
solved-oxygen sag and recovery was downstream from either the Gas City or 
Marion wastewater-treatment facilities during the two water-quality surveys. 

Algal productivity in the Mississinewa is enhanced by long detention 
times, high temperatures, and nutrient enrichment resulting from the several 
wastewater-treatment facilities and industries that discharge into the riv-
ers and tributaries and, possibly, from nonpoint agricultural runoff. 
Williams (1964) and Hynes (1970, p. 98) found that the algal biomass of 
large rivers is almost everywhere dominated by diatoms. However, exceptions 
to the general pattern of diatom dominance do occur and are usually observed 
in parts of river systems having long detention times (Rickert and others, 
1977). 

Phytoplankton concentrations were not determined during the two water-
quality surveys. Because macrophytes were not observed, suspended algal 
populations are probably responsible for the photosynthetic activity. Total 
plankton counts determined by the Indiana State Board of Health for the 
Mississinewa River at RM 28, downstream from the modeled segment, for June 
27, August 1, and August 29, 1978, ranged from 924/mL to 81,972/mL. Diatoms 
accounted for an average of 86 percent of the total plankton population. 
(Ken Frato, Indiana State Board of Health, written commun., 1979.) 
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Carbonaceous Biochemical-Oxygen Demand 

Long-term CBOD measurements were made for only a small percentage of the 
samples collected during the August 1977 and June 1978 surveys (tables 9 and 
10). Five-day BOD measurements were made for the other samples. The au-
thors used the ratio of ultimate CBOD to 5-day CBOD from the long-term CBOD 
measurements to estimate the ultimate CBOD concentrations for those samples 
in which only a 5-day BOD measurement was made. This method gives reliable 
estimates of ultimate CBOD concentration (Starner and others, 1979). The 
concentration of ultimate CBOD was assumed to be 1.9 times that of the 5-day 
BOD for all samples. 

Fifteen long-term CBOD measurements were made on samples collected from 
the August 1978 survey (table 11). The ratio of ultimate CBOD to 5-day 
CBOD, calculated from data in table 11, ranged from 1.78 to 2.23 for stream 
samples and from 1.64 to 2.87 for effluents. Figure 11 is a plotting of 
CBOD data for ISBH station 503-2 at RM 44.10. Figure 12 is a plotting of 
CBOD data for ISBH station 301-3 at RM 37.78. 

The ultimate CBOD concentration of discharges at Anaconda Wire and 
Cable, Indiana Street sewer, and Marion Park, which were not sampled during 
the August 1977 and June 1978 surveys, were assumed to be the same as the 
ultimate CBOD concentrations during the August 1978 survey. 

A plot of the percentages of long-term CBOD remaining against time 
(Thomas, 1950) provided an estimate of the deoxygenation rate for CBOD K 

, d
(figs. 13 and 14 and tables 9-11). Because more long-term CBOD measurements 
were made during the August 1978 survey than during the other two surveys, 
the August 1978 measurements were used to determine the CBOD deoxygenation 
rates for both the August 1977 and 1978 model calibrations. Values of Kd 
for the August 1978 survey ranged_from 0.11 day 1 at 20°C, at RM 45.65 up-
stream from Gas City, to 0.16 day 1 at 20°C, at RM 35.90 upstream from the 
Marion dam. 

The stream-decay rate for CBOD, K, was calculated on the basis of CBOD
r 

load rather than concentration. Load  was used so that changes in concentra-
tion due to dilution could be taken into account (Thomann, 1972, p. 96). 

K 
r 

Cd
= In [ 

C 
t-1 (8) 

u 
where 

K r 
is the stream-decay rate for CBOD, in 

day-1, 

C
d 

and C 
u 

the loads of CBOD at downstream and up-
stream sites, respectively, in pounds 
per day, 

t the time of travel between the two sites, 
in days, 

and 
in the natural logarithm, base e. 
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Table 9.--Carbonaceous biochemical-oxygen-demand data for sampling stations in the Mississinewa 
River basin, Grant County, Ind., August 5, 1977 

[Day, number of days after beginning of analysis; data collected and analyzed 
by Indiana State Board of Health] 

Location and station: Location and station: Location and station: 
Marion wastewater- Mississinewa River at Mississinewa River at 
treatment facility State Route 37 State Route 15 
(501-A) (501-1) (501-2) 

CBOD Percent CBOD Percent CBOD Percent 
Day (mg/L) remaining Day (mg/L) remaining Day (mg/L) remaining 

2 1.8 72 2 2.8 74 2 1.5 77 
4 3.3 49 4 4.2 61 4 2.7 59 
5 3.5 46 5 5.4 50 5 3.0 54 
7 3.7 43 7 7.1 34 7 4.0 39 
10 4.5 31 10 7.8 28 10 4.8 27 
14 5.5 15 14 9.4 13 14 5.7 14 
17 6.0 8 17 10.8 -- 17 6.3 4 
20 6.2 1 20 10.8 -- 20 6.5 1 

Ultimate CBOD = 6.5 mg/L Ultimate CBOD = 10.8 mg/L Ultimate CBOD = 6.6 mg/L 
K (base e) = 0.17 day-1 K (base e) = 0.15 day-1 K (base e) = 0.21 day 1
d d d 



  

Table 10.--Carbonaceous biochemical-oxygen-demand data for sampling stations in the Mississinewa 

River basin, Grant County, Ind., June 7, 1978 

[Day, number of days after beginning of analysis; data collected and analyzed 

Location and station: 
Marion wastewater-

treatment facility 
(501-A) 

by Indiana State Board of Health] 

Location and station: 
Mississinewa River at 

State Route 37 

(501-1) 

CBOD Percent CBOD Percent 

Day (mg/ L) remaining Day (mg/L) remaining 

1 1.5 95 1 1.0 86 
2.72 3.3 88 2 68 

3 8.1 70 3 3.3 52 

4 10.1 63 4 3.6 47 

12.5 54 5 4.0 41 

5 14.5 46 6 4.5 34 

8 17.7 35 8 26 

9 18.8 30 9 5.1 25 

12 23.2 14 12 5.6 17 

14 24.6 9 14 6.2 9 

15 25.0 7 15 6.3 8 

17 25.9 4 17 6.6 3 

Ultimate CBOD = 27.0 mg/L Ultimate CBOD = 6.8 mg/L 

K (base e) = 0.19 day 1 K (base e) = 0.18 day-1 
d d 

Location and station: 
Mississinewa River at 
State Route 15 

(500-2) 

CBOD Percent 

Day (mg/L) remaining 

1 1.4 79 

2 2.4 63 

3 3.4 47 

4 3.9 40 

5 4.3 34 

6 4.7 28 

8 5.2 19 

9 5.3 18 

12 5.7 12 

14 6.2 5 

15 6.4 

17 6.5 

Ultimate CBOD = 6.5 mg/L 

K (base e) = 0.18 day 1
d 



Table 11.--Carbonaceous biochemical-oxygen-demand data for sampling stations in the Mississinewa 
River basin, Grant County, Ind., August 15, 1978 

[Day, number of days after beginning of analysis; data collected and analyzed 
by Indiana State Board of Health] 

Location and station: Location and station: Location and station: 
Tenth Street, Jonesboro Owens-Illinois, Inc. Gas City wastewater-
(505-2) (504-B) treatment facility 

(504-A) 

CBOD Percent CBOD Percent CBOD Percent 
c#4 

Day (mg/L) remaining Day (mg/L) remaining Day (mg/L) remaining 

1 1.7 84 1 1.4 86 1 3.9 93 

3 3.6 65 3 2.0 80 3 15.1 72 

5 4.8 53 5 4.1 59 5 21.6 60 

7 5.5 47 8 5.2 48 8 30.3 44 

10 7.2 30 10 6.6 34 10 35.7 34 

14 8.5 18 13 7.3 27 13 40.4 25 

18 9.4 9 17 8.8 12 17 47.0 13 

20 9.8 5 20 9.7 3 20 50.3 7 

Ultimate CBOD = 10.3 mg/L Ultimate CBOD = 10.0 mg/L Ultimate CBOD = 54.0 mg/L 
K (base e) = 0.11 day 1 K (base e) = 0.16 day 1 K (base e) = 0.13 day 1
d d d 



Table 11.--Carbonaceous biochemical-oxygen-demand data for sampling stations in the Mississinewa 
River basin, Grant County, Ind., August 15, 1978--Continued 

Location and station: Location and station: Location and station: 
Mississinewa River at Back Creek at confluence Mississinewa River at 
State Route 22 with Mississinewa River Cemetery Road 
(504) (017-1) (503-2) 

CBOD Percent CBOD Percent CBOD Percent 
Day (mg/L) remaining Day (mg/L) remaining Day (mg/L) remaining 

1 1.7 83 1 1.6 84 1 1.7 88 
3 3.4 66 3 3.7 62 3 4.7 67 
5 4.7 53 5 4.9 50 5 6.7 53 
7 5.1 49 7 6.1 38 7 8.8 39 

10 7.0 29 10 7.4 25 10 10.9 24 
14 8.4 15 14 8.5 13 14 12.5 13 
18 9.1 8 18 9.5 3 18 13.6 5 
20 9.5 4 20 9.7 1 20 14.1 1 

Ultimate CBOD = 9.9 mg/L Ultimate CBOD = 9.8 mg/L Ultimate CBOD = 14.3 mg/L 
K (base e) = 0.14 day 1 K (base e) = 0.14 day 1 K (base e) = 0.17 day 1
d d d 



    

Table 11.--Carbonaceous biochemical-oxygen-demand data for sampling stations in the Mississinewa 
River basin, Grant County, Ind., August 15, 1978--Continued 

Location and station: 
Mississinew River at 
Pennsylvania Avenue 
(501-4) 

CBOD Percent 
Day (mg/ L) remaining 

1 2.5 88 
3 6.7 68 
5 10.4 51 
7 13.2 37 

10 16.2 23 
14 18.1 14 
18 20.0 5 
20 20.7 1 

Ultimate CBOD = 21.0 mg/L 
K (base e) = 0.15 day 1
d 

Location and station: 
Anaconda Wire and 
Cable 
(501-4A) 

CBOD Percent 
Day (mg/L) remaining 

1 0.4 96 
3 2.0 81 
5 4.6 57 
8 6.2 42 
10 6.6 38 
13 9.0 15 
17 9.3 12 
20 9.7 9 

Ultimate CBOD = 10.6 mg/L 
K (base e) = 0.13 day 1
d 

Location and station: 
Mississinewa River at 
State Route 18 
(501-3) 

CBOD Percent 
Day (mg/L) remaining 

1 2.4 89 
3 6.4 70 
5 10.3 51 
7 14.0 33 
10 16.3 22 
14 18.0 14 
18 19.5 7 
20 20.4 3 

Ultimate CBOD = 21.0 mg/L 
K (base e) = 0.15 day-1
d 



  

Table 11.--Carbonaceous biochemical-oxygen-demand data for sampling stations in the Mississinewa 

River basin, Grant County, Ind., August 15, 1978--Continued 

Location and station: 
Indiana Street 
sewer 
(501-3A) 

CBOD Percent 
Day (mg/L) remaining 

1 136.8 74P. 
3 262.9 49 
5 316.4 39 
7 355.5 32 

10 401.7 23 

14 440.8 15 
18 479.6 8 
20 493.0 5 

Ultimate CBOD = 520.0 mg/L 
K (base e) = 0.13 day 1 
d 

Location and station: 
Mississinewa River at 
Highland Avenue 
(501-2) 

CBOD Percent 
Day (mg/L) remaining 

1 2.0 87 
3 5.3 65 
5 8.0 47 

7 9.7 35 

10 12.0 20 
14 12.9 14 
18 13.9 7 
20 14.2 5 

Ultimate CBOD = 15.0 mg/L 
K (base e) = 0.15 day 1 
d 

Location and station: 
Mississinewa River at 
State Route 37 
(501-1) 

CBOD Percent 
Day (mg/L) remaining 

1 1.6 89 
3 4.3 71 
5 6.0 60 
7 7.8 47 
10 10.4 30 
14 12.4 16 
18 13.5 9 
20 14.3 3 

Ultimate CBOD = 14.8 mg/L 
K (base e) = 0.14 day 1
d 



  

Table 11.--Carbonaceous biochemical-oxygen-demand data for sampling stations in the Mississinewa 
River basin, Grant County, Ind., August 15, 1978--Continued 

Location and station: Location and station: Location and station: 
Marion wastewater- Mississinewa River at Mississinewa River at 
treatment facility State Route 15 Washington Street 
(501-A) (500-2) (501-2.5) 

CBOD Percent CBOD Percent CBOD Percent 
Day (mg/L) remaining Day (mg/L) remaining Day (mg/L) remaining 

1 ........ 94 1 2.0 86 1 1.6 87 

3 0.5 65 3 5.7 59 3 3.7 70 
5 3.1 42 5 7.8 44 5 5.6 SS 
8 5.2 37 7 9.0 35 7 7.6 39 
10 5.6 18 10 10.2 27 10 10.0 20 
13 7.3 18 14 11.5 17 14 11.0 12 
17 8.3 7 18 12.6 9 18 11.7 6 
20 8.7 2 20 13.2 5 20 12.3 2 

Ultimate CBOD = 8.9 mg/L Ultimate CBOD = 13.9 mg/L Ultimate CBOD = 12.5 mg/L 
K (base e) = 0.20 day 1 K (base e) = 0.12 day 1 K (base e) = 0.16 day 1
d d d 
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time at river mile 37.78, Vississineva River, August 15, 1978. 



 

In both model calibrations, in-stream CBOD loads were higher than could 
be accounted for by mass balancing known inputs. Values of K necessary to

r
match observed stream CBOD concentrations ranged from -0.2 to  0.6 day 1 for 
the August 1977 calibration and from -5.0 to 3.0 day 1 at 20°C for the Aug-
ust 1978 calibration. Negative values of K  may be attributed to bottom

r
scour, nonpoint-source pollution, or algal respiration in the BOD analysis. 
Stream velocities in the Mississinewa River during the two surveys were low, 
less than 1.0 ft/s, so bottom scouring would probably have been insignifi-
cant. The two surveys were done under stable hydrologic conditions so that 
contributions from nonpoint sources, such as urban and agricultural runoff, 
would be minimized. One of the limitations of the BOD determination for use 
in surface water is that algal respiration cannot be excluded without signi-
ficantly altering the sample. Planktonic algal populations were probably 
significant during the two surveys and are probably responsible for the un-
accounted for CBOD loads and the negative values of K . 

r 

The deoxygenation rate for CBOD, Kd, and the stream decay rate for CBOD, 
Kr, were adjusted for temperature by the following equation (Shindala, 
1972): 

T-20°C
(1.047 (9)(K)T (K)20°C 

where 

(K) is the base-e reaction constant, in day 1 , 

T the temperature, in degrees Celsius, 

and 

1.047 a constant applicable over a typical field-
temperature range. 

Nitrogenous Biochemical-Oxygen Demand 

Because of the complex nature of nitrification and its application to 
the Mississinewa River, a brief description of the process is appropriate. 
In the broadest sense, nitrification is the biologically mediated increase 
in the oxidation state of reduced organic or inorganic forms of nitrogen. A 
narrower definition restricts nitrification to the autotrophic oxidation of 
ammonia to nitrate; nitrite is an intermediate compound. The two-step oxi-
dation by nitrifying bacteria is as follows: 

Ammonia oxidation (Nitrosomonas) 

NH+4 + 3/2 02 = NO; + 2H4. + H2O + energy (10) 

Nitrite oxidation (Nitrobacter) 

1
NO2 + /2 02 = NO3 + energy 

-4,8-



The amounts of dissolved oxygen consumed by this process can be signifi-
cant. Wezernak and Gannon (1967) found experimentally that 3.22 mg of mole-
cular oxygen is needed to convert 1 mg of ammonia nitrogen (NH4 - N) to ni-
trite nitrogen (N0.7 - N) and that 1.11 mg is needed to convert41 mg of ni-
trite nitrogen to nitrate nitrogen [NO7 - N to NO3 - N]. In a typical non-
nitrified secondary effluent, the ammonia-nitrogen concentration may range 
from 12 to 50 mg/L (Metcalf and Eddy, Inc., 1972, p. 231). The potential 
oxygen demand placed on the receiving stream in this example would range 
from 62 to 217 mg oxygen per liter of effluent. 

The factors that should be evaluated in determining the potential for 
nitrification in an aquatic environment are habitat suitability, changes in 
concentration of nitrogen species, and nitrifier enumerations. According to 
Tuffey and others (1974) and Finstein and others (1978), nitrification in 
shallow, surface-active streams is due to an attached population of nitrify-
ing bacteria (nonplanktonic). Other environmental factors necessary for ni-
trification are sufficient ammonia loads, water temperatures greater than 
20°C, and near-neutral or slightly alkaline pH. 

Several reaches of the Mississinewa River have physical characteristics 
suitable for nitrification. The Mississinewa, downstream from the Gas City 
wastewater-treatment facility and upstream from the backwater of the Marion 
dam (RM 44.85 to 41.70), is a shallow stream ranging in depth from 1.0 to 
3.0 ft during low flows. Similar conditions exist downstream from the 
Marion wastewater-treatment facility. A thin layer of periphyton covers 
much of the bottom rocks and cobbles. Temperatures in the Mississinewa 
River ranged from 25° to 26°C for the August 1977 and 1978 surveys. Values 
of pH ranged from 7.1 to 8.5 for the August 1977 survey and from 7.3 to 9.2 
for the August 1978 survey. Effluent ammonia-nitrogen concentrations were: 
12 mg/L from the Gas City wastewater-treatment facility at RM 44.85 during 
both surveys; 1.0 and 7.9 mg/L from the Marion wastewater-treatment facility 
at RM 55.47 during the August 1977 and 1978 surveys, respectively; and 29 
mg/L from the Indiana Street sewer at RM 37.51 during the August 1978 water-
quality survey. The Indiana State Board of Health did not sample the Indi-
ana Street sewer during the other two surveys. Nitrifying bacteria were not 
enumerated. 

Ammonia-nitrogen concentrations in the Mississinewa River during the 
August 1977 survey ranged from less than 0.1 mg/L at RM 45.65 (upstream from 
Gas City) to 0.5 mg/L downstream from the Marion wastewater-treatment facil-
ity. At 43 percent of the stations sampled, the ammonia-nitrogen concentra-
tion was less than the detection limit of the method used, 0.1 mg/L. Ni-
trite-nitrogan plus nitrate-nitrogen concentrations in the Mississinewa Riv-
er ranged from less than 0.1 mg/L at RM 45.65 to 3.5 mg/L downstream from 
the Marion wastewater-treatment facility. The general decrease in the in-
stream ammonia-nitrogen and nitrite-nitrogen plus nitrate-nitrogen load, 
downstream from the Gas City and Marion wastewater-treatment facilities, may 
be attributed to nitrification and (or) algal uptake. 

Ammonia-nitrogen concentrations in the Mississinewa River during the 
August 1978 survey ranged from less than 0.1 mg/L at RM 45.65 to 1.7 mg/L 
downstream from the Marion wastewater-treatment facility. The concentration 

-49-



  

of nitrite nitrogen plus nitrate nitrogen in the Mississinewa River ranged 
from less than 0.1 mg/L at RM 37.78 (downstream from Gas City) to 0.7 mg/L 
at RM 45.65. 

An increase in the nitrite-nitrogen plus nitrate-nitrogen load corres-
ponding to a decrease in the ammonia-nitrogen load was observed with dis-
tance downstream from the Marion wastewater-treatment facility. Because 
this condition suggests nitrification, the authors decided to include nitri-
fication in the model calibration. 

A mass-balance for nitrogen species was not achieved for the two water-
quality surveys on the Mississinewa. Whether changes in the concentration 
of ammonia nitrogen or nitrate nitrogen in the Mississinewa are attributable 
to nitrification alone would be difficult to determine. Nitrification 
causes a decrease in the ammonia-nitrogen concentration and an increase in 
the nitrate-nitrogen concentration. However, the ammonia-nitrogen concen-
tration of the stream may increase, owing to the hydrolysis of organic ni-
trogen or the reduction of nitrate nitrogen, or may decrease, owing to aqua-
tic plant consumption, equilibration, or conversion to organic nitrogen for 
cell synthesis by heterotrophic bacteria. Factors other than nitrification 
effecting a change in nitrate-nitrogen concentration in a stream include de-
nitrification, respiratory reduction, and assimilatory reduction (Ruane and 
Krenkel, 1977). Consequently, because of the difficulty in estimating the 
significance of these processes, a mass balance for nitrogen species from 
upstream to downstream locations is not always achieved. During the two 
August water-quality surveys on the Mississinewa, aquatic plant consumption 
may have been partly responsible for the observed ammonia-nitrogen loss. 

For the model calibration, the deoxygenation rates for NBOD (K ) were
11

determined on the basis of the change in ammonia-nitrogen load and first-
order kinetics. 

C 

K = ln [ 
U. 

t 
1 

(12)n, first order IC 
u 

where 

K is the first-order kinetics deoxygena-
n, first order 

tion rate for NBOD, in day 1 , 

C and C the loads of ammonia nitrogen at up-
d u 

stream and downstream sites, re-
spectively, in pounds per day, 

t the time of travel between the two 
sites, in days, 

and 

In the natural lograithm, base e. 

-SO-



 

For example, the deoxygenation rate for NBOD, downstream from the Marion 
wastewater-treatment facility, in the reach from stations 500-4 to 500-2 (RM 
33.60 to 31.60) was estimated to be 3.0 day-1 at 20°C. 

194.4 
[ 341.2

K = In 
n 0.123 d 

K = 4.57 day 1 at 25°C n 

K 2.97 day 1 at 20°C n 

Nitrogenous decay coefficients were adjusted for temperature by the fol-
lowing equation (Shindala, 1972): 

T-20°C ,
(K) nitrogenous K (1.09 ) (13)

T 20C 

where 

(K) is the base-e reaction constant, in 
day-1, 

T the temperature, in degrees Celsius, 

and 

1.09 a constant applicable over a typical 
field-temperature range. 

Calculated nitrogenous decay coefficients varied widely. For the August 
1977 calibration, K ranged from 0.6 day 1 at 20°C, downstream from the Gas 
City wastewater-treatment facility,to 3.0 day 1 at 20°C,downstream from the 
Marion wastewater-treatment facility. Nitrification was assumed to be neg-
ligible in the reach extending from the confluence of Walnut Creek and the 
Mississinewa River at RM 41.70 to the Marion wastewater-treatment facility 
at RM 35.47 because little change in nitrogen species load was observed dur-
ing the two surveys. Nitrification rates used in the August 1978 calibra-
tion ranged from 0.0 day 1 to 6.0 day 1 at 20°C. 

Benthic-Oxygen Demand 

A visual inspection of the modeled reach revealed no significant benthic 
deposits. Benthic-oxygen demand was not measured during the two surveys and 
was not included in the model. 



Reaeration 

Reaeration is generally the most important single parameter used in de-
scribing a stream's ability to assimilate biodegradable material. Many of 
the common empirical or semi-empirical equations used to predict reaeration 
assume that gaseous exchange varies directly with stream velocity and in-
versely with stream depth and that reaeration increases with decreasing flow 
(Churchill and others, 1962; O'Connor and Dobbins, 1958; Owens and others, 
1964; Thackston and Krenkel, 1969). However, channel morphology should also 
be considered in the determination of reaeration. Langbein and Durum (1967) 
indicated that gaseous-exchange rates increase with decreasing flow in rif-
fles but decrease in pools. The low slopes of most Indiana streams usually 
cause the pooled condition to predominate. In addition, several investiga-
tors using the radioactive-tracer technique to determine reaeration reported 
a strong correlation between reaeration and channel slope (Tsivoglou and 
Neal, 1976; Foree, 1976). Foree (1976), in a study of small streams in Ken-
tucky, observed a general tendency for reaeration to decrease with decreas-
ing specific discharge (discharge per unit area). 

The equation used to predict reaeration in this study is the energy-dis-
sipation model developed by Tsivoglou and Neal (1976, p. 2686). 

K = 0.110 SV, when 1 < Q < 10 ft3/s (14)
a 

K = 0.054 SV, when 25 < Q < 3,000 ft3/s (15)
a 

where 

K is the base-e reaeration rate, at 20°C,a 
in day 1, 

0.110 and 
0.054 the gaseous-escape coefficients for 

equations 14 and 15, respectively, 
in feet 1, 

S the stream channel slope, in feet per mile, 

V the stream velocity, in miles per day, 

and 

Q the stream discharge, in cubic feet per second. 

Grant (1976b), using the radioactive-tracer technique to determine re-
aeration in small streams in Wisconsin with flowsless than 37 ft3/s, deter-
mined a gaseous-escape coefficient of 0.081 ft 1 - 0.014 ft-1 at 20°C. This 
coefficient is in fair agreement with the gaseous-escape coefficient deter-
mined by Tsivoglou and Neal (1976) for small streams. 
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Wilson and Macleod (1974) concluded from a statistical evaluation of 16 
predictive reaeration equations that equations containing slope give better 
results than equations based on velocity and depth. In a similar study, 
Rathbun (1977) compared 19 reaeration equations with reaeration rates deter-
mined directly and concluded that the energy-dissipation model of Tsivoglou 
and Neal (1976, p. 2686) is the best overall equation. 

Reaeration rates were adjusted for temperature by the following equation 
(Shindala, 1972): 

°C,
(K)T reaeration = (K)20°C (1.021T -20 ), (16) 

where 

(K) is the base-e reaction constant, in day 1 , 

T the temperature, in degrees Celsius, 

and 

1.021 a constant applicable over a typical field-
temperature range. 

Photosynthesis 

Net photosynthesis was evaluated by both the single-station and two-sta-
tion methods developed by Odum (1956) as modified by Stephens and Jennings 
(1976). 

In flowing water, where the incoming water has a metabolic composition 
similar to that of the outflowing water, a single sampling point may be suf-
ficient to provide a representative diel curve of change in oxygen concen-
tration. Where the metabolic characteristics of the inflowing water are not 
similar to those of the outflowing water, as in polluted stream reaches, a 
two-station or upstream-downstream analysis should be made. 

The single-station method generates a relation describing the rate of 
change in dissolved-oxygen concentration per unit time and representing a 
24-hour period of community metabolism for the stream at one point. The 
two-station method provides a diel relation representing the rate of change 
between stations at discrete sampling intervals. The models assume that 
production can occur only during daylight hours and that any change in dis-
solved-oxygen concentration during this period, after correction for diffu-
sion, is due to production. Any change in dissolved-oxygen concentration 
during hours of darkness, after correction for diffusion, is attributed to 
respiration. Diel dissolved-oxygen fluctuations for the August 1978 survey 
were small, and, at most of the stations studied, the minimum dissolved-oxy-
gen concentration was never less than 100 percent of saturation. The re-
sults of these calculations for the August 1978 survey, as well as values 
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needed to "match" the observed dissolved-oxygen concentration in the stream, 
are presented in table 12. The dissolved-oxygen data collected during the 
August 1977 survey were insufficient to estimate net-photosynthetic oxygen 
production. 

For the August 1978 survey, calculated net-photosynthetic DO-production 
values were much lower than those necessary to "match" observed dissolved-
oxygen concentrations. Several possible explanations for this discrepancy 
should be mentioned. Although applicable to unpolluted streams, the method 
has not been tested on streams receiving significant waste loads. Addition-
ally, the carbonaceous and nitrogenous biochemical-oxygen demands may have 
been overestimated. Furthermore, algal respiration and decay could confound 
the interpretation of calculated coefficients Kd and K . For the modeled 
reach, algae and nitrifying organisms could both Ee in competition for 
available ammonia nitrogen. In the model calibration, ammonia-nitrogen loss 
was assumed to be due to nitrification rather than to algal uptake. 

To determine if the assumed DO deficits due to NBOD and CBOD could ac-
count for the difference between calculated and "adjusted" net-photosynthe-
tic dissolved-oxygen production values, the authors computed the dissolved-
oxygen profile for the August 1978 survey for an assumed constant in-stream 
CBOD decay rate (K ) of 0.2 day 1 and zero nitrification. Under these con-

r
ditions, where the dissolved-oxygen deficit was significantly reduced, cal-
culated photosynthetic dissolved-oxygen production was still much lower than 
necessary to equal the observed in-stream dissolved-oxygen concentrations. 

Average photosynthetic dissolved-oxygen production values reported by 
O'Connor and others (1970) for the Grand, Clinton, Truckee, and Flint Rivers 
ranged from 7.6 to 22.5 (mg/L)/day. All these rivers receive wastewater ef-
fluents similar to those received by the Mississinewa. Consequently, the 
photosynthetic values used in this study may not be unrealistic. 



Table 12.--Comparison of calculated net-photosynthetic, dissolved-oxygen production values for 
modeled stream reaches with values used in model calibration for the Mississinewa River, 
Grant County, Ind. 

Calculated net-photosynthetic, 
dissolved-oxygen production, Net-photosynthetic, Net-photosynthetic, 
August 15, 1978 dissolved-oxygen dissolved-oxygen 

production values production values 
Upstream Odum's (1956) Odum's (1956) used in August 15, used in August 5, 
boundary of single-station two-station 1978, model cali- 1977, model cali-
modeled reach method method bration bration 
(river miles) [(mg/L)/d] [(mg/L)/d] [(mg/L)/d] [(mg/L)/d] 

••• ••• 1•••45.65 3.32 15.0 2.5 
el* 0.044.95 3.32 30.0 2.5 
001. ••• ••• IMO44.85 3.32 30.0 5.0 

44.75 2.67 -7.7 40.0 8.0 
44.51 2.67 -7.7 40.0 

44.10 4.5 .2 25.0 8.0 
42.60 4.5 .2 20.0 8.0 
42.05 4.5 .2 20.0 8.0 
41.70 4.5 .2 10.0 9.0 
41.47 7.3 2.9 10.0 10.0 

39.47 5.3 2.9 10.0 2.5 
38.87 5.3 .8 10.0 1.5 
37.78 2.0 .8 4.0 1.5 
37.51 2.0 .6 4.0 
36.91 1.3 .6 4.0 1.5 

36.14 1.3 .6 4.0 1.5 
35.90 3.2 28.9 12.0 2.0 
35.76 3.7 28.9 40.0 2.0 
35.47 3.7 28.9 40.0 17.0 
35.20 1.2 7.8 25.0 

34.88 1.2 7.8 25.0 14.0 
34.30 -.2 1.0 10.0 9.0 



 

Model-Calibration Results 

The calculated and observed CBOD, NBOD, and dissolved-oxygen concentra-
tions, as well as calculated flows, are illustrated in figures 15 through 
22. Several observations of these results follow. 

The calculated and observed values for CBOD and dissolved oxygen agree 
fairly closely. A modified form of the normalized-mean error, defined by 
Wilson and MacLeod (1974) was used as the criterion for comparison and is 
defined in equation 17. 

N 
1 
Acalc-Aobsl,

Normalized-mean error = [ E 100 percent (17)
A N

i=1 obs. 

where 

A and A are the calculated and observedcalc obs 
values, respectively, 

and 

N the number of observations. 

The absolute value of the error term has been included in the equation to 
avoid the cancelling of positive and negative errors, which gives a small 
error estimate, when, in fact, large positive and negative errors exist. 

The normalized-mean error for CBOD was 1.3 percent for the August 1977 
survey and 5.1 percent for the August 1978 survey. The normalized-mean er-
ror for dissolved oxygen was 3.2, and 1.9 percent for the August 1977 and 
1978 surveys, respectively. 

Calculated and observed NBOD concentrations differ considerably. The 
normalized-mean error was 33.3 and 117.2 percent for the August 1977 and 
1978 calibrations, respectively. A lack of "fit" downstream from the Gas 
City and Marion wastewater-treatment facilities, at RM 44.75 and 35.20, re-
spectively, may have been due to nonrepresentative sampling, a result of in-
complete mixing of the waste effluent with the stream. In addition, nitri-
fication is the only NBOD removal process accounted for in the model. Other 
removal processes such as algal uptake were not included and may account for 
a considerable amount of the variation. 

Data collected during the August 1977 and June 1978 water-quality sur-
veys indicate that the dissolved-oxygen concentration of Back Creek at 
Jonesboro had completely recovered from the effects of the Fairmount waste-
water-treatment facility. 
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No dissolved-oxygen sag and recovery was observed in the Mississinewa 
River in either survey downstream from the Gas City and Marion wastewater-
treatment facilities or other point-source discharges. Algal productivity, 
combined with a low rate of gaseous exchange (reaeration), seemed to domi-
nate the dissolved-oxygen dynamics of this system during the two surveys 
and, thus, to prevent an oxygen deficit. 

MODEL VERIFICATION 

The purpose of the model verification process is to measure the degree 
of acceptability of the model by comparing the difference between simulated 
results and prototype measured values for several different time periods 
With an established set of criteria. If the difference between simulated 
results and prototype measured values is within an acceptable range, then 
the model can be considered verified. 

The range of conditions for which a model is applicable depends on the 
design constraints of the mathematical formulation, the range of data avail-
able for it's calibration, the stability of the parametric coefficients, and 
the degree of accuracy required. If a model is based on well-defined, fund-
amental processes or concepts that are valid throughout a wide range of con-
ditions, then one can safely assume that the model may be used throughout 
this range of conditions. 

The Mississinewa River model is to be used for determining alternatives 
for future waste loadings that would be compatible with Indiana water-qual-
ity standards defined for summer and winter low flows. However, time and 
budgetary constraints for this study, prohibited adequate data collection 
for model calibration during the critical low-flow period. 

Three water-quality surveys on the modeled segment were done by the 
Indiana State Board of Health. One of the surveys was done during non-
steady-state flows and could not be used for modeling. None of the water-
quality surveys were done under basin-wide advanced-waste treatment, the 
condition for which the model is to be used. The Anaconda Wire and Cable 
outfalls at RM 38.87, the Indiana Street sewer at RM 37.51, and several 
tributaries were not sampled during the August 1977 and June 1978 surveys. 

Algal productivity was significant in the modeled segment of the Missi-
ssinewa River and confounded the interpretation of calculated values of Kd, 
Kr, and Kn. Algal productivity was not measured during the two water-qual-
ity surveys. Because the available data were limited, the authors made num-
erous assumptions to determine the model-input parameters for the Mississin-
ewa River. The error associated with some of these assumptions may be 
significant. 

The predictive capability necessary to describe the stream processes in 
the Mississinewa River for a wide range of flow conditions has not been 
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achieved. Consequently, the coefficients used in the model calibrations may 
not represent stream processes during the low-flow condition. The extrapol-
ation of the calibration parameters to the low-flow condition is an

Q7,10
approximation of undetermined accuracy. 

The Mississinewa River model cannot be considered verified at the low-
flow Q7 10 condition. However, lack of verification does not disqualify the 
Mississinewa River model for qualitative use in the waste-load assimilation 
analysis. 

Because of significant variations in concentration of several of the 
model parameters, conclusions from the waste-load assimilation studies were 
based on a sensitivity analysis of several of the critical parameters, par-
ticularly nitrification. The purpose of this analysis was to determine the 
effect of these variations on the predictions of the model. 

WASTE-LOAD ASSIMILATION 

Waste-load assimilation studies were made for both the summer (June-
August) and winter (November-March) low flows to determine the combination 
of waste loadings that would meet the current Indiana water-quality stan-
dards for the years 1978, 1980, 1987, and 2000. 

Procedures 

Procedures for determining the waste-load assimilative capacity of 
streams were furnished by the Indiana State Board of Health (1977). In the 
NPDES permit (Indiana State Board of Health, 1978), daily maximum and daily-
average discharge loadings are given for industries, and weekly and monthly 
averages are given for the municipalities. (See table 1.) 

To determine the waste-load assimilative capacity of the stream, as de-
fined by the water-quality standards, the authors initially used maximum 
daily loadings (twice the monthly average) for the largest municipal dis-
charger and average weekly loadings for the remainder of the municipal dis-
chargers. For industries, the maximum daily loadings were initially used 
(Indiana State Board of Health, 1977). Where no CBOD permit had been is-
sued, the combined data from the ISBH monthly report of operations for June-
August and data from the ISBH Surveillance Section were used to determine an 
appropriate value. 

Effluent limits for ammonia-nitrogen and dissolved-oxygen concentrations 
have not yet been established for the municipalities and industries in the 
Mississinewa River basin. The ammonia-nitrogen concentration of effluents 
at the four municipal wastewater-treatment facilities during the three 

-66-



water-quality surveys ranged from less than 0.1 mg/L at the Marion waste-
water-treatment facility to 15 mg/L at the Fairmount wastewater-treatment 
facility. According to Metcalf and Eddy, Inc., (1972), the ammonia-nitrogen 
concentration of untreated domestic sewage ranges from 12 to 50 mg/L. The 
amount of ammonia removal in conventional secondary treatment is usually 
small. The extent of nitrification in the activated-sludge process is 
usually insignificant because the detention times for nitrifiers to prolif-
erate are usually too short. Jenkins and Garrison (1968) found that, for a 
domestic wastewater treated by the activated-sludge process at a temperature 
of 21° to 22° C, a mean-cell residence time of at least 10 days was needed 
to ensure nitrification. As a result, the Indiana State Board of Health re-
quested that 15 mg/L be used as the effluent ammonia-nitrogen concentration 
(65 mg/L NBOD) for the waste-load assimilation study. This value was as-
sumed to be more representative of the effluent ammonia-nitrogen concentra-
tion expected during low flows than the ammonia-nitrogen concentration ob-
served during the two water-quality surveys (Aolad Hossain, oral commun., 
1978). A representative ammonia-nitrogen concentration for each wastewater-
treatment facility is critical to the waste-load assimilation study of the 
Mississinewa River. 

The initial dissolved-oxygen concentration of the wastewater effluents 
was assumed to be 80 percent of saturation (Aolad Hossain, Indiana State 
Board of Health, oral commun., 1978). 

The Indiana Street sewer was included in the waste-load allocation for 
1978 only because the sewer will probably have been connected to the exist-
ing sanitary sewer system by 1980. 

Where the water-quality standards were not met, the CBOD and NBOD loads 
for the wastewater-treatment facilities were reduced until the appropriate 
standards were met. The determination of the combination of CBOD and NBOD 
loads that would just meet the Indiana water-quality standards defined the 
assimilative capacity of the stream. 

Guidelines for the critical temperature and streamflow conditions used 
in the waste-load assimilation study were provided by the Indiana State 
Board of Health (1977). The summer Q7,10 flow for the Mississinewa River at 
Marion, 22 ft3/s, was used in the summer waste-load assimilation study 
model, and the annual Q7 10 flow, 17 ft3/s (Rohne, 1972, p. 72), was used in 

,the winter model. 

A temperature of 25°C was used in the summer waste-load assimilation 
study model. This temperature is based on the mean daily water temperature, 
which is exceeded 10-20 percent of the time for the months June through Aug-
ust. A temperature of 7°C was used in the winter model. This temperature 
is the average of the daily mean water temperature for October, the month 
with the lowest flow (Horner, 1976, p. 95). Temperatures for the Mississin-
ewa River were estimated by the following equation: 

T = M + A [ sin (0.0172 d + C)] (Shampine, 1977, p. 13) (18) 
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where 

T is the temperature at a given site on a specific 
day, in degrees Celsius, 

M is 12.15, the mean annual stream temperature, 
in degrees Celsius, 

A is 12.70, the stream temperature amplitude, 
in degrees Celsius, 

d is the Julian date, 

and 

C is 4.30, the angle-phase coefficient, in radians. 

For the headwaters, concentrations of constituents used in the waste-
load assimilation study were assumed to be: ultimate CBOD, 5.0 mg/L; NBOD, 
0.4 mg/L; and dissolved oxygen, 100 percent of saturation. 

The deoxygenation rate for CBOD (Kd) was determined from the average of 
the rates used in the model calibrations. Because the stream-decay rate for 
CBOD (Kr) seemed to be strongly influenced by algal respiration in the model 
calibration, an average of the rates used in the model calibration could not 
be used in the waste-load assimilation. Also, because advanced-waste treat-
ment will probably become operational for the wastewater-treatment facili-
ties in 1980-81 and should remove much_of the suspended load from the waste-
water effluent, a constant 0.2 day 1 at 20°C was assumed for K in the 
waste-load assimilation study. This value is low and assumes very little 
settling of CBOD but is in the range of values for "normal BOD decay coeffi-
cients" reported by Thomann (1972, p. 97). 

Sufficient data were not available to determine the relation between 
streamflow and the deoxygenation rate for NBOD (Ku) in the reaches down-
stream from the Marion wastewater-treatment facility. Therefore, the waste-
load assimilative capacity of these reaches during summer low flows was es-
timated for three different rates of nitrification. The first estimate of 
the stream waste-load assimilative capacity was based on the average of the 
Kn values used in the two model calibrations. The deoxygenation rate for 
NBOD in this estimate ranged from 3.0 to 4.5 day 1 at 20°C, downstream from 
the Marion wastewater-treatment facility. Because additional water-quality 
data as well as nitrifier enumerations are needed before these rates can be 
verified, the waste-load assimilation capacity was also determined for aver-
age values of K reported in the literature. The second and third estimates 
of the stream waste-load assimilative capacity downstream from the Marion 
wastewater-treatment facility were determined for first-order reaction coef-
ficients of 0.3 and 0.6 day 1 at 20°C. These coefficients represent the av-
erage and upper limit of the "normal range" of values for large rivers 
(Thomann, 1972, p. 97). 
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The stream waste-load assimilative capacity downstream from the Gas City 
wastewater-treatment facility was determined for an NBOD deoxygenation rate 
of 0.3 day 1 at 20°C. This value is the average of the rates used in the 
model calibrations. As in the model calibration, nitrification was assumed 
to be negligible in reaches upstream from the Gas City wastewater-treatment 
facility, as well as in the reaches within river miles 41.47 to 35.47 (up-
stream from the Marion wastewater-treatment facility). K for these reaches 

n
was set equal to zero. 

During winter, nitrification was assumed to be negligible, owing to the 
inhibition of nitrifying organisms at low stream temperatures (Thomann and 
others, 1971). Therefore, for the winter waste-load assimilation study, am-
monia nitrogen was treated as a nonbiodegradable constituent, and K  was set 

n
equal to zero. 

Reaeration rate coefficients were computed by the energy-dissipation 
equation of Tsivoglou and Neal (1976), as discussed in the section 
"Reaeration." 

All rate coefficients were corrected for temperature, as discussed in 
the appropriate sections of "Parameter Estimation." 

Benthic-oxygen demand, as in the model calibration, was not included in 
the waste-load assimilation study. 

Net-photosynthetic-oxygen production varies both daily and seasonally 
and cannot reliably be predicted. Under certain environmental conditions, 
net-photosynthetic-oxygen production can be positive and can add oxygen to 
the water, whereas for other conditions it can be negative and be an oxygen 
deficit. Because net-photosynthetic-oxygen production cannot be predicted, 
it was not included in the waste-load assimilation study. 

Sufficient data were not collected to determine the waste-load assimila-
tion capacity of Back Creek; however, the following assumptions were made to 
determine appropriate input parameters for Back Creek at the confluence with 
the Mississinewa River at RM 44.51: 

1. Dissolved oxygen in Back Creek upstream from the 
Jonesboro wastewater-treatment facility was com-
pletely recovered from the effects of the Fair-
mount wastewater-treatment facility. 

2. Streamflow at RM 0.40, upstream from the Jones-
boro wastewater-treatment facility, ranged from 
0.46 to 1.08 ft3/s. 

3. Headwater concentrations of ultimate CBOD and 
NBOD were 5.6 mg/L and 1.3 mg/L, respectively. 
(Concentrations were based on 8-5-77 data.) 
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4. Discharge for the Jonesboro wastewater-treatment 
facility for 1978 was 0.59 ft3/s. The Jonesboro 
facility is to be phased out in 1980 or 1981 and, 
therefore, was included in only the 1978 waste-
load assimilation study. 

5. Concentrations of ultimate CBOD and NBOD in the 
Jonesboro wastewater effluent were 90 and 60 
mg/L, respectively. 

6. Time of travel from the Jonesboro wastewater-
treatment facility to the Mississinewa River was 
0.34 day. 

7. K was 0.34 day 1 at 25°C. 
r 

8. K was 4.95 day 1 at 25°C. 
n 

On the basis of these assumptions, the concentrations of ultimate CBOD and 
NBOD for Back Creek, at the confluence with the Mississinewa River, were es-
timated to be 35.6 and 4.7 mg/L, respectively, for the 1978 waste-load as-
similation study. Headwater concentrations of CBOD and NBOD (5.6 and 1.3 
mg/L, respectively) were assumed for the waste-load assimilation studies 
after the Jonesboro wastewater-treatment facility has been phased out. 

Results and Discussion 

According to the Indiana State Board of Health (1977), a part of the as-
similative capacity of a stream reach should be reserved for future growth 
and development. Two modeling techniques are acceptable in this regard. 

First, a percentage of the assimilative capacity of the stream can be 
left as a reserve. This capacity should be no greater than 30 percent of 
the assimilative capacity and, ideally, should be the capacity required to 
assimilate probable future growth for the planning period. The size of the 
reserve is dependent on the rate of growth and the length of time of the 
planning period. 

Second, the waste loads and flows for the existing dischargers (except 
industries) may be projected to the end of the planning period (year 2000) 
and may be used as input into the calibrated waste-load allocation model. 

For this study a modification of the second modeling technique was used. 
The ISBH projected waste loads and flows for the existing discharges to the 
year 2000 (table 13). These projections were to be used in a calibrated and 
verified waste-load allocation model, and the necessary concentrations were 
to be determined for the discharges to meet current water-quality standards. 
However, the model used for the waste-load assimilation studies cannot be 
considered to be calibrated and verified because the stream conditions to be 
simulated were significantly different from those used in the model calibra-
tion attempts. 
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Table 13.--Population and flow projections through the year 
2000 for municipalities in the Mississinewa River basin, 
Grant County, Ind. 

[Vince Sommers, Indiana State Board of Health, 
oral commun., 1979] 

Year 

Input 1978 1980 1987 2000 

Gas City wastewater-treatment facility  

Population 6,100 12,140 16,912 
Flow (Mgal/day) .84 1.3 2.0 3.5 

Fairmount wastewater-treatment facility  

Population 3,668 3,694 3,800 3,997 
Flow (Mgal/day) .30 .34 .46 .70 

Jonesboro wastewater-treatment facilityl  

Population 
Flow (Mgal/day) 

3,005 
.38 

Marion wastewater-treatment facility  

Population 40,574 
Flow (Mgal/day) 9.3 

 67,300 
10.4 12.0 9.54 

1Jonesboro wastewater-treatment facility is to be 
phased out in 1980 or 1981. 
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Net photosynthesis was significant for the two model calibration at-
tempts but could not be included in the waste-load assimilation. The data 
used for model calibration were collected under basinwide secondary treat-
ment, whereas the waste-load assimilation study, for most of the planning 
period, was simulated for conditions under basinwide advanced-waste treat-
ment. Consequently, the results of these studies (presented in figs. 23 
through 27 and table 14) must be considered preliminary. The goals were an 
average dissolved-oxygen concentration of 5.0 mg/L and maximum ammonia-ni-
trogen concentrations of 2.5 mg/L for summer low flows and 4.0 mg/L for 
winter low flows. 
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Figure 23.-- Projected alternative carbonaceous and nitrogenous waste loadings for Owens-Illinois, Inc., 
and the Gas City wastewater-treatment facility on the Mississinewa River that meet the minimum 24-hour 

average dissolved-oxygen concentration (5.0 mg/i) currently reauired for Indiana streams during summer 
low flows, where 1(71 (first-order kinetics deoxygenation rate for NBOD) ranges from 0.0 to 0.3 day -1. 

The dissolved-oxygen standard of 5 mg/L could not be met for summer low 
flows downstream from Gas City with an assumed 60 mg/L ultimate CBOD limit 
for Owens-Illinois, Inc., and no discharge limits (based on the NPDES per-
mit). Effluent from Owens-Illinois, Inc., was included in the waste-load 
allocation process to meet current water-quality standards downstream from 
Gas City. For modeling, effluent from both Owens-Illinois, Inc., and the 
Gas City wastewater-treatment facility was assumed to be discharged into the 
Mississinewa River at RM 44.35. 
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Figure 24.-- Projected alternative carbonaceous and nitrogenous waste loadings for the Marion Naste-

water-treatment facility on the Mississinewa River that meet the minimum 24-hour average dissolved-

oxygen concentration (5.0 mgil) currently required for Indiana streams during summer low flows. 

where K (first-order kinetics deoxygenation rate for NBOO) ranges from 3.0 to 4.5 day-1: 

Model simulations indicate that the assumed waste load from the Indiana 
Street sewer will result in violations of the dissolved-oxygen standard for 
the 1978 summer low-flow condition. Because the dissolved-oxygen standard 
could not be met, no alternative waste loadings are provided in figure 23 
for the 1978 summer low-flow condition. 

Several observations about the three estimates of the stream waste-load 
assimilative capacity downstream from the Marion wastewater-treatment facil-

ity should be made. 
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Figure 25.-- Projected alternative carbonaceous and nitrogenous waste loadings for the Marion 

wastewater-treatment facility on the Mississinewa River that meet the minimum 24-hour average 
dissolved-oxygen concentration (5.0 mg/1) currently required for Indiana streams during summer 
low flows, where Kri (first-order kinetics deoxygenation rate for MBOO) in 0.6 day I.-

Model simulations indicate that nitrification is the most significant 
factor affecting the dissolved-oxygen concentration during summer low flows. 
All three estimates of the stream waste-load assimilative capacity indicate 
that the current in-stream dissolved-oxygen standard (5 mg/L) will not be 
met by the assumed effluent ammonia-nitrogen concentration (15 mg/L) from 
the Gas City and Marion wastewater-treatment facilities. 

During winter low flows, ammonia toxicity rather than dissolved oxygen 
becomes the limiting water-quality criterion in the Mississinewa River. 
Projected S-day BIDD concentrations for effluents from the Gas City, Fair-
mount, and Marion wastewater-treatment facilities (10, 10, and 15 mg/L, re-
spectively), after advanced waste treatment begins, will not violate the 
dissolved-oxygen standard. A dissolved-oxygen sag could not be simulated in 
the modeled segment downstream from the Marion wastewater-treatment facil-
ity. Because of the effect of low temperatures on the rates of deoxygena-
tion, the minimum dissolved-oxygen concentration will occur downstream from 
the modeled segment. 
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Figure 26.-- Projected alternative carbonaceous and nitrogenous taste loadings for :he Marion 

wastewater-treatment facility on the Mississinewa River that meet the minimum 24-nour average 

dissolved-oxygen concentration (5.0 mg/L) currently renuired for Indiana streams during summer 

low flaws, where Kr1 (first-order kinetics deoxygenation rate for NBOO) is 0.3 day-1. 
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figure 21.-- Relation ofpiojected alternative carbonaceous waste loadings tui Owens-Illinois, Inc., and the Gas City wastewater-

treatment facility to the minimum in-stream dissolved-oxygen concentration for winter low flows. 



 

Table 14.--Total ammonia-nitrogen loads at the Fairmount, Jonesboro, Gas City, and Marion 

wastewater-treatment facilities that will provide an in-stream ammonia-nitrogen concen-

tration of 4 mg/L in the Mississinewa River during winter low flows 

Fairmount Jonesboro) Gas City Marion 

wastewater-treatment wastewater-treatment wastewater-treatment wastewater-treatment 

facility facility facility facility 

Ammonia- Ammonia- Ammonia- Ammonia-

Projected nitrogen Projected nitrogen Projected nitrogen Projected nitrogen 

discharge load discharge load discharge load discharge load 
Year (Mgal/day) (lb/day) (Mgal/day) (lb/day) (Mgal/day) (lb/day) (Mgal/day) (lb/day) 

1978 0.30 16.8 0.38 21.2 0.84 47.0 9.30 464.1 

1980 .34 15.5 ---- ---- 1.30 59.3 9.54 435.5 

1987 .46 20.26 ---- ---- 2.00 88.1 10.40 458.1 

2000 .70 29.3 ---- ---- 3.50 146.5 12.0 502.0 

1Jonesboro wastewater-treatment facility is to be phased out in 

198() or 1981. 



Suggestions for future water-quality studies on the Mississinewa River 
that can help verify the existing model and clarify the effect of various 
factors on the dissolved-oxygen dynamics include: (1) Additional water-
quality surveys, similar to the survey done in August 1978, at steady-state, 
low-flow conditions on the Mississinewa River after advanced-waste treatment 
begins at the wastewater-treatment facilities; (2) in-stream sampling in the 
mixing zone, where samples are collected in equal-width increments across 
the stream transect and are composited so that the volume from each incre-
ment is proportional to the discharge; (This type of sampling is preferable 
to grab samples from stream reaches, where a sample collected in mid-channel 
may not be representative of the average stream condition.) (3) sampling of 
effluents, where the flows vary significantly during the sampling period, 
composited proportionately to flow rather than time; (4) direct determina-
tion of reaeration for several stream reaches on the Mississinewa River; (5) 
enumeration of nitrifier populations of both the bottom materials and the 
water column downstream from wastewater-treatment facilities to determine if 
sufficient populations are available to exert a significant oxygen demand; 
(6) quantification of the effect of photosynthesis on the dissolved-oxygen 
dynamics of the Mississinewa River for different flow conditions, including 
the n and (7) additional dye studies for better definition of time of 
travel during low-flow conditions. 



SUMMARY AND CONCLUSIONS 

A one-dimensional, steady-state, dissolved-oxygen model has been cali-
brated, and alternatives for waste-load allocation have been developed for 
the Mississinewa River in Grant County, Ind. Because of time and budgetary 
constraints, data collected were not sufficient to verify the model at the 
flow condition used in the waste-load assimilation study. Preliminary stud-
ies indicate that algal photosynthesis and nitrification are the most signi-
ficant factors affecting the dissolved-oxygen concentration in the river. 
The stream reaeration capacity alone is not sufficient to maintain an aver-
age dissolved-oxygen concentration of S mg/L in the river during summer low 
flows. Consequently, projected CBOD and NBOD waste loads from the Indiana 
State Board of Health for Owens-Illinois, Inc., and the Gas City and Marion 
wastewater-treatment facilities will result in violation of the water-qual-
ity standard for dissolved oxygen. 

The time of travel for Back Creek is sufficient to assimilate the waste 
load from the Fairmount wastewater-treatment facility. 

During winter low flows, ammonia toxicity rather than dissolved oxygen 
becomes the limiting water-quality criterion. Projected BOD limits for the 
period after the implementation of advanced-waste treatment, do not exceed 
the in-stream dissolved-oxygen standard. 

Future wastes in the Mississinewa River basin will probably have to be 
discharged into the reach downstream from the Marion dam at RM 35.90, be-
cause the natural reaeration in this reach is significantly greater than 
that upstream from the dam. 

The effect of stormwater discharge and combined sewer overflows on water 
quality was not evaluated. This information, as well as additional informa-
tion on the process of nitrification and algal productivity, would be 
useful. 
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Table 8.--Water-quality analyses for two sampling stations on the Mississinewa 
River, Grant County, Ind., June 1976 through September 1978 

[Data collected and analyzed by Marion wastewater-treatment facility] 

Location and 
station on the 
Mississinewa 
River (ISBH 
sta. no. in 
parens) 

River 
mile Date 

Timel 
(hours) 

Temp. 
(°C) 

DO 
(mg/L) 

DO 
(per-
cent 
satura-
tion) pH 

Five-
day 
BOD 
(mg/L) 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

06-07-76 

06-07-76 

1400 

1415 

25 8.6 

9.3 

104 

113 

7.4 

8.0 

5 

4 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

06-18-76 

06-18-76 

1400 

1415 

27 

28 

15.3 

15.8 

195 

205 

8.5 

8.5 

14 

14 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

06-25-76 

06-25-76 

1315 

1330 

AMMO. 

••• =IP 

7.0 

7.0 

7.8 

7.8 

36 

50 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

06-29-76 

06-29-76 

1345 

1400 

27 7.3 

7.1 

93 

90 

7.9 

8.0 

5 

6 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

07-07-76 

07-07-76 

1315 

1330 

25 9.6 

8.7 

117 

106 

7.6 

7.8 

3 

2 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

07-17-76 

07-17-76 

2345 

2400 

••••= 

••• OM 

11.4 

10.6 

.1•1. 

WI .111* 

7.7 

7.8 

8 

6 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

07-23-76 

07-23-76 

1345 

1400 

27 12.0 

11.7 

152 

148 

8.3 

8.3 

7 

7 

-84-



Table 8.--Water-quality analyses for two sampling stations on the Mississinewa 
River, Grant County, Ind., June 1976 through September 1978--Continued 

Location and 
station on the 
Mississinewa 
River (ISBH 
sta. no. in 
parens) 

River 
mile Date 

Timel 
(hours) 

Temp. 
(°C) 

DO 
(mg/L) 

DO 
(per-
cent 
satura-
tion) pH 

Five-
day 
BOD 
(mg/L) 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

07-30-76 

07-30-76 

1345 

1400 

26 

,M ISM 

7.9 

8.4 

99 

105 

8.0 

8.0 

5 

4 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

08-04-76 

08-04-76 

1520 

1530 

25 

1004M 

11.4 

10.8 

139 

132 

8.9 

8.6 

12 

10 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

08-23-76 

08-23-76 

1555 

1605 

26 6.9 

9.4 

86 

118 

7.0 

7.8 

8 

7 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

08-27-76 

08-27-76 

1545 

1600 

26 8.4 

8.9 

105 

111 

7.9 

8.0 

5 

3 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

09-10-76 

09-10-76 

1640 

1650 

21 6.6 

6.9 

75 

78 

7.7 

7.7 

9 

6 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

09-21-76 

09-21-76 

1620 

1640 

20 8.5 

9.6 

96 

107 

7.7 

7.5 

7 

3 

-85-



Table 8.--Water-quality analyses for two sampling stations on the Mississinewa 
River, Grant County, Ind., June 1976 through September 1978--Continued 

Location and 
station on the 
Mississinewa 
River (ISBH 
sta. no. in 
parens) 

River 
mile Date 

Timel 
(hours) 

Temp. 
(°C) 

DO 
(mg/L) 

DO 
(per-
cent 
satura-
tion) pH 

Five-
day 
BOD 
(mg/L) 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

09-28-76 

09-28-76 

1555 

1610 

18 8.8 

9.7 

95 

105 

8.0 

8.1 

6 

5 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

09-30-76 

09-30-76 

1610 

1620 

••• 12.0 

12.0 

8.3 

8.2 

8 

6 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

10-13-76 

10-13-76 

2330 

2340 

19 9.4 

9.0 

104 

99 

8.0 

8.0 

8 

9 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

10-25-76 

10-25-76 

1610 

1620 

12 12.0 

11.1 

114 

106 

7.9 

7.9 

7 

9 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

10-28-76 

10-28-76 

1545 

1600 

10 

12 

17.4 

16.0 

155 

150 

8.1 

8.2 

4 

5 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

11-15-76 

11-15-76 

1550 

1600 

8 12.4 

12.6 

107 

109 

8.0 

8.2 

1 

4 
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Table 8.--Water-quality analyses for two sampling stations on the Mississinewa 
River, Grant County, Ind., June 1976 through September 1978--Continued 

Location and 
station on the DO 
Mississinewa 
River (ISBH 
sta. no. in 
parens) 

River 
mile Date 

Timel Temp. 
(hours) (°C) 

DO 
(mg/L) 

(per-
cent 
satura-
tion) pH 

Five-
day 
BOD 
(mg/L) 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

11-18-76 

11-18-76 

1545 

1555 

10 14.0 

14.6 

127 

133 

7.9 

7.9 

2 

1 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

11-24-76 

11-24-76 

1505 

1515 

7 14.9 

15.0 

126 

127 

7.8 

7.9 

1 

2 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

11-29-76 

11-29-76 

1530 

1540 

4 

Mb MO 

12.6 

12.8 

98 

99 

7.8 

8.0 

2 

2 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

12-08-76 

12-08-76 

1620 

1635 

4 13.8 

14.4 

107 

111 

7.9 

7.9 

1 

1 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

12-16-76 

12-16-76 

1540 

1555 

10 14.0 

13.8 

127 

125 

7.7 

7.8 

1 

1 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

12-22-76 

12-22-76 

1600 

1625 

2 

8 

15.5 

14.2 

115 

123 

7.8 

7.8 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

12-30-76 

12-30-76 

1515 

1525 

14 

--

14.0 

13.8 

139 

137 

7.8 

7.8 

1 

2 

-87-



Table 8.--Water-quality analyses for two sampling stations on the Mississinewa 
River, Grant County, Ind., June 1976 through September 1978--Continued 

Location and 
station on the 
Mississinewa 
River (ISBH 
sta. no. in 
parens) 

River 
mile Date 

Timel 
(hours) 

Temp. 
(°C) 

DO 
(mg/L) 

DO 
(per-
cent 
satura-
tion) pH 

Five-
day 
BOD 
(mg/L) 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

01-07-77 

01-07-77 

1125 

1145 

5 

5 

11.0 

11.2 

88 

90 

7.4 

7.7 

2 

0 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

01-20-77 

01-20-77 

1225 

1235 

6 

8 

8.5 

10.3 

72 

88 

7.4 

7.6 

2 

2 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

01-27-77 

01-27-77 

1330 

1345 

4 

6 

8.0 

10.2 

64 

86 

7.3 

7.4 

1 

1 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

02-08-77 

02-08-77 

1350 

1400 

8 

8 

7.7 

9.8 

66 

84 

7.4 

7.5 

2 

1 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

02-16-77 

02-16-77 

1410 

1415 

4 

7 

10.0 

10.4 

77 

87 

7.6 

7.5 

4 

3 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

03-05-77 

03-05-77 

1535 

1543 

5 

4 

11.2 

11.2 

90 

85 

7.6 

7.6 

7 

5 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

03-12-77 

03-12-77 

1920 

1927 

14 

13 

9.3 

9.3 

93 

91 

7.7 

7.8 

-88-



Table 8.--Water-quality analyses for two sampling stations on the Mississinewa 
River, Grant County, Ind., June 1976 through September 1978--Continued 

Location and 
station on the 
Mississinewa 
River (ISBH 
sta. no. in 
parens) 

River 
mile Date 

Timel 
(hours) 

Temp. 
(°C) 

DO 
(mg/L) 

DO 
(per-
cent 
satura-
tion) pH 

Five-
day 
BOD 
(mg/L) 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

03-15-77 

03-15-77 11M Nage* •••• MOWS 

.1,11=1101,110 

OID4M4M.10 

0111...00. En.. OM 

01".” 

2 

2 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

03-21-77 

03-21-77 

1225 

1235 

9 

8 

10.8 

10.8 

96 

94 

7.8 

7.8 

2 

2 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

03-30-77 

03-30-77 

1355 

1405 

18 

16 

8.8 

8.8 

96 

92 

7.6 

7.6 

5 

4 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

04-11-77 

04-11-77 

1500 

1510 

20 

19 

9.5 

9.7 

105 

106 

7.8 

8.1 

2 

1 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

04-16-77 

04-16-77 

1535 

1545 

22 

23 

12.5 

12.8 

145 

152 

8.4 

8.5 

6 

6 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

04-30-77 

04-30-77 

1615 

1625 

18 

17 

9.9 

10.1 

106 

106 

7.3 

7.3 

2 

2 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

05-14-77 

05-14-77 

1545 

1555 

23 

23 

8.9 

9.1 

106 

108 

7.9 

8.0 

2 

2 

-89-



Table 8.--Water-quality analyses for two sampling stations on the Mississinewa 
River, Grant County, Ind., June 1976 through September 1978--Continued 

Location and 
station on the 
Mississinewa 
River (ISBH 
sta. no. in 
parens) 

River 
mile Date 

Timel 
(hours) 

Temp. 
(°C) 

DO 
(mg/L) 

DO 
(per-
cent 
satura-
tion) pH 

Five-
day 
BOD 
(mg/L) 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

05-25-77 

05-25-77 

1235 

1245 

27 

27 

9.6 

6.4 

122 

81 

7.8 

7.8 

7 

8 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

05-27-77 

05-27-77 

1330 

1340 

27 

27 

10.0 

9.9 

127 

126 

7.8 

7.8 

9 

8 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

05-31-77 

05-31-77 

1325 

1330 

27 

27 

13.6 

12.4 

173 

158 

8.1 

8.0 

8 

7 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

06-06-77 

06-06-77 

1330 

1335 

22 

22 

10.0 

10.0 

117 

117 

7.8 

7.9 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

06-21-77 

06-21-77 

1405 

1415 

26 

26 

12.0 

12.6 

150 

158 

I••••••• 

41•1 ••• 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

06-30-77 

06-30-77 

1330 

1230 

25 

25 

5.7 

6.2 

70 

77 

7.7 

7.6 

5 

6 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

08-05-77 

08-05-77 

0900 

0910 

25 

25 

6.7 

6.2 

82 

75 

7.7 

7.6 

4 

4 

-90-



Table 8. --Water-quality analyses for two sampling stations on the Mississinewa 
River, Grant County, Ind., June 1976 through September 1978--Continued 

Location and 
station on the DO 
Mississinewa 
River (ISBH 
sta. no. in 
parens) 

River 
mile Date 

Timel Temp. 
(hours) (°C) 

DO 
(mg/L) 

(per-
cent 
satura-
tion) pH 

Five-
day 
BOD 
(mg/L) 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

08-12-77 

08-12-77 

1035 

MO MO AND OW 

24 

24 

5.9 

5.5 

71 

65 

7.2 

7.5 

5 

4 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

08-22-77 

08-22-77 

1310 

1320 

23 

23 

10.0 

9.1 

119 

108 

7.2 

7.2 

5 

3 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

08-26-77 

08-26-77 

1410 

1420 

27 

27 

16.5 

17.2 

209 

218 

9.0 

9.0 

11 

11 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

09-07-77 

09-07-77 

1950 

2000 

21 6.3 

5.9 

72 

67 

7.4 

7.4 

5 

3 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

09-13-77 

09-13-77 

1535 

1540 

22 

22 

8.7 

8.5 

105 

102 

7.3 

7.7 

8 

5 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

09-16-77 

09-16-77 

1040 

1050 

22 

21 

7.5 

7.5 

90 

89 

7.3 

7.5 

5 

5 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

09-21-77 

09-21-77 

0815 

0820 
-91-

19 

--

9.0 

8.4 

99 

92 

7.5 

7.8 

3 

2 



Table 8.--Water-quality analyses for two sampling stations on the Mississinewa 
River, Grant County, Ind., June 1976 through September 1978-Continued 

Location and 
station on the 
Mississinewa 
River (ISBH 
sta. no. in 
parens) 

River 
mile Date 

Timel 
(hours) 

Temp. 
(°C) 

DO 
(mg/L) 

DO 
(per-
cent 
satura-
tion) pH 

Five-
day 
BOD 
(mg/L) 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

09-30-77 

09-30-77 1000 

20 

20 

12.0 

11.0 

135 

124 

7.8 

7.9 

7 

7 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

10-04-77 

10-04-77 

1100 17 8.3 

8.3 

86 

86 

7.8 

7.9 

4 

4 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

10-14-77 

10-14-77 

1315 23 

23 

8.3 

8.5 

99 

101 

8.0 

7.6 

2 

1 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

10-17-77 

10-17-77 

1420 

1440 

13 

14 

10.2 

10.0 

99 

100 

8.0 

8.0 

2 

2 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

10-26-77 

10-26-77 

1042 

1047 

17 

17 

8.1 

8.0 

85 

84 

7.8 

7.8 

2 

2 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

11-07-77 

11-07-77 

1340 

1345 

15 

16 

10.0 

10.0 

102 

104 

7.8 

7.7 

7 

7 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

11-17-77 

11-17-77 

1500 

1505 

14 

11 

10.1 

10.4 

101 

97 

8.1 

8.0 

4 

3 

-92-



Table 8.--Water-quality analyses for two sampling stations on the Mississinewa 
River, Grant County, Ind., June 1976 through September 1978--Continued 

Location and 
station on the 
Mississinewa 
River (ISBH 
sta. no. in 
parens) 

River 
mile Date 

Timel 
(hours) 

Temp. 
(°C) 

DO 
(mg/L) 

DO 
(per-
cent 
satura-
tion) pH 

Five-
day 
BOD 
(mg/L) 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

11-21-77 

11-21-77 

1445 

1500 

9 

10 

11.4 

11.4 

99 

102 

8.1 

8.1 

1 

1 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

11-30-77 

11-30-77 

1455 

1505 

5 12.0 

11.8 

97 

95 

7.9 

8.0 

8 

7 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

12-15-77 

12-15-77 

1355 

1405 

4 

4 

11.5 

12.0 

90 

94 

7.7 

7.8 

5 

6 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

12-31-77 

12-31-77 

1350 

1355 

4 11.3 

11.2 

89 

88 

7.8 

7.8 

3 

3 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

01-11-78 

01-11-78 

1415 

1420 

2 

2 

12.0 

11.8 

88 

86 

7.8 

7.8 

3 

4 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

01-18-78 

01-18-78 

1530 

1530 

5 

5 

10.8 

10.8 

87 

87 

7.7 

7.7 

3 

1 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

01-25-78 

01-25-78 

1400 

1400 

8 

8 

12.2 

12.6 

108 

112 

7.7 

7.8 

.9 

2.1 

-93-



Table 8.--Water-quality analyses for two sampling stations on the Mississinewa 
River, Grant County, Ind., June 1976 through September 1978--Continued 

Location and 
station on the 
Mississinewa 
River (ISBH 
sta. no. in 
parens) 

River 
mile Date 

Timel 
(hours) 

Temp. 
(°C) 

DO 
(mg/L) 

DO 
(per-
cent 
satura-
tion) pH 

Five-
day 
BOD 
(mg/L) 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

02-02-78 

02-02-78 

1432 

1432 

8 

8 

9.7 

10.2 

83 

87 

7.5 

7.4 

0.6 

1.1 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

02-10-78 

02-10-78 

1420 

1420 

10 

10 

10.3 

10.4 

93 

94 

7.5 

7.4 

.9 

1.1 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

02-17-78 

02-17-78 

1412 

1412 

9 

9 

11.4 

11.3 

100 

99 

7.7 

7.5 

1.5 

.3 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

02-23-78 

02-23-78 

1102 

1102 

7 

7 

11.3 

11.8 

96 

100 

7.4 

7.1 

.6 

.7 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

03-02-78 

03-02-78 1320 23 

10.2 

10.8 

121 

129 

7.1 

7.1 

1.4 

.5 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

03-08-78 

03-08-78 

1330 

1330 11 

12.9 

12.5 

121 

111 

7.6 

7.5 

7.5 

.6 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

03-20-78 

03-20-78 

1435 

1435 10 

12.1 

11.9 

110 

108 

7.6 

7.4 

3.0 

3.6 

-94-



 

Table 8.--Water-quality analyses for two sampling stations on the Mississinewa 
River, Grant County, Ind., June 1976 through September 1978--Continued 

Location and 
station on the DO 
Mississinewa 
River (ISBH 
sta. no. in 
parens) 

River 
mile Date 

Timel 
(hours) 

Temp. 
(°C) 

DO 
(mg/L) 

(per-
cent 
satura-
tion) pH 

Five-
day 
BOD 
(mg/L) 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

03-28-78 

03-28-78 

----

1344 11 

10.4 

10.3 

96 

95 

7.7 

7.7 

2.1 

1.8 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

03-31-78 

03-31-78 

1430 

---- 20 

9.6 

9.8 

108 

109 

8.0 

8.1 

1.6 

1.7 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

04-06-78 

04-06-78 

1320 

GM gat OS MED 

MI .0 

17 

9.8 

9.7 

104 

103 

7.6 

7.3 

4.6 

4.7 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

04-12-78 

04-12-78 

1444 

UM ••I 

ONION 

17 

9.6 

9.4 

102 

100 

7.3 

7.6 

1.9 

1.5 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

04-24-78 

04-24-78 

1333 

OW 00 4.0 ONO 

=POI 

18 

9.5 

9.7 

102 

104 

7.6 

7.8 

3.1 

3.3 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

04-28-78 

04-28-78 

1421 

Me.= ••• MID 

4111. 

17 

9.5 

9.3 

100 

98 

7.6 

7.5 

2.1 

1.5 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

05-03-78 

05-03-78 

1335 

.1•11 ••• 

•=1, 

19 

9.2 

9.2 

102 

102 

7.4 

7.8 

1.5 

1.5 

-95-



Table 8.--Water-quality analyses for two sampling stations on the Mississinewa 
River, Grant County, Ind., June 1976 through September 1978--Continued 

Location and 
station on the 
Mississinewa 
River (ISBH 
sta. no. in 
parens) 

River 
mile Date 

Timel Temp. 
(hours) (°C) 

DO 
(mg/L) 

DO 
(per-
cent 
satura-
tion) pH 

Five-
day 
BOD 
(mg/L) 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
35.76 05-12-78 1315 We en 9.7 104 8.0 2.2 

(501-1) 35.20 05-12-78 Ole IN. WO, .00 19 10.2 110 8.0 2.9 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

05-18-78 

05-18-78 

1400 

MO IND MID.. 21 

8.6 

8.5 

98 

97 

7.6 

7.3 

.5 

.3 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

05-25-78 

05-25-78 

1420 Wean 

23 

8.1 

8.2 

96 

98 

8.0 

7.6 

.9 

1.0 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

06-01-78 

06-01-78 

1540 

OD de MD .1•• 

*M=11 

28 

10.1 

10.3 

131 

134 

7.8 

8.0 

3.8 

4.0 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

06-09-78 

06-09-78 

1517 

NOM. 1.1.11 24 

8.9 

9.3 

107 

112 

8.4 

8.2 

2.5 

2.6 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

06-15-78 

06-15-78 

1045 alb *NO 

21 

10.0 

10.2 

114 

116 

8.2 

8.2 

5.0 

5.1 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

06-22-78 

06-22-78 

1430 

110411WW,... 

IMP •.• 

WIDAM 

11.5 

11.2 

8.0 

8.0 

5.5 

5.1 

-96-



Table 8.--Water-quality analyses for two sampling stations on the Mississinewa 
River, Grant County, Ind., June 1976 through September 1978--Continued 

Location and 
station on the 
Mississinewa 
River (ISBH 
sta. no. in 
parens) 

River 
mile Date 

Timel 
(hours) 

Temp. 
(°C) 

DO 
(mg/L) 

DO 
(per-
cent 
satura-
tion) pH 

Five-
day 
BOD 
(mg/L) 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

06-29-78 

06-29-78 

1430 

.11,11M01100111 

IM• Oa 

41060 

7.7 

7.9 

11 OD ••• 

MOOD ell• 

7.9 

7.9 

2.5 

2.9 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

07-05-78 

07-05-78 

1430 28 7.7 

7.5 

99 

96 

7.7 

7.7 

1.0 

.5 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

07-12-78 

07-12-78 

1030 

M011.41MOIM 

••• ONO 

WOOD 

8.4 

9.0 

7.8 

7.9 

2.0 

2.4 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

07-19-78 

07-19-78 

1000 

WID.1141W.1 00010.1 

12.6 

12.1 

7.8 

7.8 

7.6 

7.8 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

07-26-78 

07-26-78 

1420 

MI AM OM SO 

29 

UM OM 

10.5 

11.2 

139 

148 

8.1 

8.1 

6.4 

6.8 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

08-03-78 

08-03-78 

1400 OM 411OP 

.11,1011 

10.2 

10.9 

8.0 

7.9 

7.7 

7.5 

Highland Ave. 
bridge 
(501-2) 

State Route 37 
(501-1) 

35.76 

35.20 

08-09-78 

08-09-78 

1100 

----

25 

--

10.0 

9.6 

122 

117 

8.2 

8.0 

4.0 

7.2 

-97-
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Table 8.--Water-quality analyses for two sampling stations on the Mississinewa 
River, Grant County, Ind., June 1976 through September 1978--Continued 

Location and 
station on the DO 
Mississinewa (per- Five-
River (ISBH cent day 
sta. no. in River Timel Temp. DO satura- BOD 
parens) mile Date (hours) (°C) (mg/L) tion) pH (mg/L) 

Highland Ave. 
bridge 
(501-2) 35.76 08-16-78 1530 29 12.6 167 8.6 8.1 

State Route 37 
(501-1) 35.20 08-16-78 12.0 159 8.6 6.6 

Highland Ave. 
bridge 
(501-2) 35.76 08-23-78 1130 7.3 7.3 2.3•N• .110 ME WM; 

State Route 37 
(501-1) 35.20 08-23-78 7.4 7.4 2.6.1001.4M.1, GOMO 

Highland Ave. 
bridge 
(501-2) 35.76 08-30-78 1430 21 6.7 76 7.4 3.0 

State Route 37 
(501-1) 35.20 08-30-78 6.8 77 7.2 2.7OM Ole CO O. 4M OM 

Highland Ave. 
bridge 
(501-2) 35.76 09-06-78 1000 8.9 7.6 4.9 

State Route 37 
WIIMPO(501-1) 35.20 09-06-78 9.0 7.7 5.1 

1The time 1400 hours is equivalent to 2:00 p.m. 
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