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SYNOPSIS 

The study area is comprised of those portions of the Rock River Basin 

and the Little Sioux River Basin within the state of Iowa, encompassing 

an area of approximately 4,015 square miles in the northwestern section 

of Iowa. The topography of the Rock River Basin is a gently rolling or 

undulating plain; while the Little Sioux River Basin ranges from nearly 

flat to gently undulating glacial draft areas in the north to more rolling 

loess covered areas in the southern portion. Stream flows per square 

mile are significantly less than those of the state of Iowa as a whole, 

especially for the 7-day, 1-in-10 year low flow. 

Most of the main streams in the basin have a Class B (warm water 

fisheries) water quality criteria classification. A lack of comprehensive 

water quality data for the Rock River Basin does not allow identification 

of existing water quality under low flow conditions. Available data for 

the Little Sioux River shows lowered water quality. This decrease in water 

quality is directly related to the impact of treated wastewater discharges 

upon the stream. Additional water quality data are necessary from both 

basins for identification of stream quality and to check the effectiveness 

of waste load allocations. 

Within the basin, 68 communities are incorporated. There are 47 

wastewater treatment facilities with 6 communities forming the Iowa Great 

Lakes Sanitary District. Also, there are 16 industrial and 2 semipublic 

wastewater dischargers. Eighteen municipalities maintain wastewater 

treatment facilities which will not be required to adopt a controlled dis­

charge rrode of operation under the National Pollutant Discharge Elimina­

tion System (NPDES). 

To determine allowable waste load allocations for these 18 dischargers, 

a computer model based upon a modified Streeter-Phelps equation was util­

ized. Input data to the model included such physical characteristics as 

length of reach, water telll)erature, channel slope, river width, roughness 

coefficient, deoxygenation rate constants, wastewater discharge charac­

teristics, and flow and characteristics of groundwater and tributaries. 
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The model approximates the impact of discharges on stream quality for 

the specified winter and summer low flow conditions. Wherever stream 

quality criteria were not met by secondary treatment, reductions were 

made in the allowable wastewater discharges until satisfactory condi­

tions prevailed. 

Under surrrner low flow conditions, Iowa Great Lakes Sanitary District 

(IGLSD) and the communities of Alta, Aurelia, Cherokee, Galva, Hartley, 

Rock Rapids, and Spencer must provide better than secondary treatment to 

meet stream quality criteria. However, under winter low flow conditions, 

better than secondary treatment is required by the communities of Alta, 

Aurelia, Cherokee, Galva, Hartley, Hull, Ida Grove, Iowa Great Lakes 

Sanitary District (IGLSD), Little Rock, Odebolt, Rock Rapids, Rock Valley~ 

Sibley, and Spencer to meet stream quality criteria. 
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branches of the main rivers, approximate_ stream lengths, and drainage 

areas are tabulated below. 

St ream 

Rock River 

Little Rock River 

Otter Creek 

Little Sioux River 

Map 1 e River 

Odebo 1 t Creek 

Litt 1 e Map 1 e R i ve r 

Bacon Creek 

Pierson Creek 

Mill Creek 

Waterman Creek 

Ocheyedan River 

St ream Lensth 
(mi 1 es) 

52 

35 

45 

205 

85 

18 

15 

10 

15 

55 

35 

45 

* Includes both Iowa and Minnesota. 

D ra i nase Area* 
(1,000 (square 
acres) miles) 

777 1,214 

169 264 

134 210 

1,798 2,808 

413 644.9 

39 61.4 

23 35. 7 

22 33.6 

35 55.4 

188 294 

90 140 

278 434 

Average annual precipitation is approximately 25.7 inches for the 

Rock River Basin; of this total, 19.7 inches fall during the April through 

Septerrber growing season. For the Little Sioux River Basin, average annual 

precipitation is approximately 27.8 inches with 20.8 inches of this total 

occurring during the April through Septernber growing season. 

Political Subdivisions 

Within the study area are 68 incorporated communities with a total 

population of 65,257 according to the "1970 Census of Population." The 

Rock River Basin contains 11 communities with a population of 12,285 and 

the Little Sioux River Basin contains 57 communities with a population 

of 52,972. Populations are summarized for each county and city in Table 1. 

Of the 11 communities in the Rock River Basin, 5 communities have 

populations greater than 1,000, comprising about 84 percent of the total 

population. There are no municipalities having a population greater than 

5,000. 
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I 
TABLE 1 

I EXISTING AND PROJECTED POPULATIONS 
FOR \./ASTE LOAD ALLOCATIONS 

I 1970 1990 1970 1990 

~urn/. 'I Is TA COUIJTY 20,693 24,423 LYON COUNTY 13,340 14,516 

1· A 1 ta 1,717 1,816 A 1 vord 204 220 
Hanover -- -- Doon 437 471 
Linn Grove 240 254 Edna 
Sioux Rapids 813 860 George 1,194 1,287 

Lester 238 256 

I CHEROKEE COUNTY 17,269 19,016 Little Rock 531 572 
Rock Rapids 2,632 2,969 

Aure 1 i a 1,065 1,179 

I 
Cherokee 7,272 7,952 MONONA COUNTY 12,069 12, 121 
Cleghorn 274 30 3 
Diamond Center -- -- Castana 211 211 
Fielding -- -- Grant Center 
Larrabee 167 185 Mapleton 1,647 1,647 1· Mary Hill -- -- Rodney 66 66 
Meriden 167 185 Ti conic 
Quimby 395 437 Turin 115 115 
Washta 319 353 

I O'BRIEN COUNTY 17,522 19,343 
CLAY COUNTY 18,464 22,464 

Calumet 219 227 
Dickens 240 240 Hartley 1,694 1,758 

I 
Everly 699 699 Moneta 41 43 
Fostoria 219 219 Paullina 1,257 1,305 
Greenville 117 117 Primghar 995 1,033 
Peterson 469 469 Suther] and 875 908 

I 
Rossie 91 91 
Royal 469 469 OSCEOLA COUNTY 8,555 8,383 
Spencer 10,278 14,302 
Webb 234 234 Ashton 483 483 

Cloverdale 

I DICKINSON COUNTY 12,565 15,314 Harris 195 195 
Melvin 325 325 

Arnolds Park 970 1, 127 Ocheyedan 545 545 
Lake Park 918 1,066 Sibley 2,749 3, 155 

I Mi 1 ford 1,668 1,937 
Okoboji 361 419 PALO ALTO COUNTY 13,289 14,081 
Orleans 396 460 
Spirit Lake 3,014 4,222 Ruthven 708 708 

\I Superior 139 161 
Terri 11 397 461 SAC COUNTY 15,573 16,802' 
West Okoboji 210 244 

Odebolt 1,373 1,394 

I 
HARRISON COUNTY 16,240 17,782 Schaller 835 880 

Little Sioux 239 255 SIOUX COUNTY 27,996 37,088 
River Sioux -- --

I 
Hul 1 l ,523 1,696 

IDA COUNTY 9,283 9,907 Mat 1 ock 89 99 
Perkins 

Arthur 273 291 Rock Valley 2,205 2,448 
Battle Creek 837 893 

I Galva 319 340 WOODBURY COUNTY 103,052 118,088 
Holstein 11,445 1,542 
Ida Grove 2,261 2,412 Anthon 711 772 

Correct i onv i 11 e 870 944 

I Cushing 204 221 
Danbury 527 572 
Oto 203 220 
Pierson 421 457 ,, Smith 1 and 293 318 
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For the Little Sioux River Basin, 12 communities have populations 

greater than 1,000, co~rislng about 65 percent of the total population. 

Municipalities having a population greater than 5,000 number two, account­

ing for 33 percent of the population. 

Table 1 summarizes the populations and projected populations for 

each county and city. Population projects for 1990 have been made by 

the Iowa State Department of Health (Provisional Projections of the 

Population of Iowa Counties and Cities: 1975 to 1990, by James R. Taylor, 

June, 1972). These projections were utilized in determinging future 

waste loads. 

Physiography 

Rock River Basin - The topography of the study area is a gently roll­

ing or undulating plain on the upland areas. Slopes and hill crests are 

smooth and round. Stream valley bottoms are about 200 feet below the 

general upland level. Slopes to major stream valleys are relatively steep. 

The dendritic drainage pattern of the basin provides good surface 

water rerroval from all portions except the extrerre northeast area. In the 

northeast, glaciers have left relatively flat land with nurrerous depres­

sions interspread arrong rrorainic hills and ridges. In this area, where 

the dendritic pattern is not mature enough to provide adequate natural 

drainage, surface drains and drain tile are needed. The drainage system 

of the basin exhibits a rrore mature pattern as tributaries flow in a 

southwesterly direction to outlet in the Big Sioux River. Artificial 

drainage is also needed on some bottomlands and level terraces. 

Upland soils in the study area have been formed primarily from loess 

which was deposited over Nebraskan and Kansan till. The loess mantle is 

thicker at the southern end of the basin. Loess thickness averages 75 

inches. It covers summits and generally covers slopes. Marshall is the 

predominant soil series on uplands in the study area. When the glacial 

till is covered by rrore than 30 inches of loess, permeability is rroderate. 

In the northeast portion of the study area where less than 30 inches of 

loess covers the till, internal drainage is poor. Pockets of much soils, 

which also have poor drainage, occur in depressions forrred in the upland 

areas. 
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Terrace soils consist of outwash sands and gravels covered by loess. 

Most of these soils are well drained. Waukesha soil series is characteristic 

of soils found on terrace positions. 

Bottomland soils have been formed from alluvial deposits. These soils 

generally have slow permeability, a high water table, and are subject to 

flooding. Flood plains are generally well developed on smaller creeks. The 

Wabash soil series is found on bottomlands. 

Contamination of the surficial aquifer in areas where glacial till is 

blanketed by loess is generally not a problem. However, in the extreme north­

eastern portion of the study area, where loess is thin, the groundwater table 

can be close to the surface during certain times of the year. This produces 

a potential local pollution problem. Unsealed sewage lagoons or septic tank 

filter fields should not be constructed in these areas without careful site 

evaluation. If artificial subsurface drainage is provided by tile fields, 

wastewater applied on the surface can infiltrate tile and be carried to outlet 

channels. Care should also be taken when applying wastewater to uplands with 

good surface drainage. If surface runoff is high, pollutants can be carried 

to streams. 

Alluvial aquifers in river bottoms and on terraces produce large quantities 

of water. These aquifers are recharged by local precipitation. Water quality 

varies even in local areas, but is generally fair to good. Potential contami­

nation of groundwater in alluvial aquifers is great. The sand and gravel 

underlying some terrace soils have high permeability. Polluted surface runoff 

flowing over these areas can infiltrate the soil rapidly. Since these aquifers 

are located adjacent to streams, contaminated groundwater can transmit pol­

ution to streams. Bottomlands have sever limitations for wastewater disposal 

because they have slow permeability, a high groundwater table, and are subject 

to flooding. 

Because of the variability of soils, all sites for wastewater disposal 

should be carefully evaluated on an individual basis. 

Little Sioux River Basin - The topography of the study area ranges from 

the nearly flat to gently undulating glacial drift areas in the north to the 
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more rolling loess covered areas in the southern part. In the south portion 

of the basin, slopes are smooth and even. Hill tops are rounded. Steep 

slopes border the major river valleys. The shallow river valleys of the 

northern part of the basin become well developed valleys which are 90 to 

170 feet below the upland elevations in the southern portion. Missouri 

River bottomlands extend into the southwestern edge of the basin. The 

eastern boundary of the basin at the south end is part of the divide which 

separates drainage to the Missouri River on the west and the Mississippi 

River on the east. 

The immature dendritic drainage pattern in the north part of the study 

area becomes well defined and more extensive as it approaches the Missouri 

River. This drainage pattern causes natural surface drainage to be generally 

poor in the northern one-third of the study area and good in the southern 

two-thirds of the study area. Drain tile and drainage ditches are needed 

to facilitate drainage on both the uplands in the north and the bottomlands 

throughout the study area. 

Upland soils in the study area have been formed from glacial drift and 

loess. Drift soils occupy approximately the northern one-third of the study 

area. Loess soils occupy the remainder. Loess is thickest on the western 

side and thinnest on the eastern part. Most soi ls have moderate permeability. 

Clarion soi ls are formed from glacial ti 11. Marshall soils represent upland 

loess soils. 

Terrace soi ls consist of medium-textured outwash over sand and gravel. 

Permeability is high. 

Bottomland soils are formed from alluvial materials. These soils have 

slow permeability, a high water table, and are subject to flooding. ~abash 

soi ls are representative of soils found on bottomlands. 

The surficial aquifer that overlies the bedrock aquifer is formed by 

alluvium and glacial drift. Although surficial aquifers of glacial drift do 

not generally produce large enough quantities of water for public or industrial 

use, they do produce water in sufficient quantities for farmsteads and rural 

residences. 
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Contamination of groundwater in the glacial drift aquifers is generally 

not a great problem. However, the Dakota Sandstone which underlies the 

Western Iowa Groundwater District is recharged by overlying sands and gravels. 

Small pockets of sand and gravel occur in the glacial drift material. Any 

pollutants infiltrating these pockets could contaminate the groundwater in 

this sandstone aquifer. Although permeability is generally moderate, some 

upland soils have slow permeability and a water table which is high at 

certain times during the year. These problems create a potential hazard for 

wastewater disposal. Septic tank filter fields can fai 1. Surface runoff 

can carry septic tank effluent, barnyard water, fertilizer, and pesticides 

downstream through surface drains. 

Alluvial aquifers in river bottoms, especially those along major river 

valleys and on terraces, produce large quantities of water. These aquifers 

are recharged locally. Water quality is variable even in local areas, but 

generally fair to good. 

Potential contamination of groundwater in alluvial aquifers is great. 

Some terrace soi ls have high permeability. Pollutants can easily infiltrate 

this aquifer. Since these aquifers are adjacent to streams, contaminated 

groundwater can transmit any pollution to the streams. These areas have 

severe limitations for wastewater disposal because terrace areas have high 

permeability, and bottomlands have slow permeability, a high groundwater 

table, and are subject to flooding. 

Because of the variable soil conditions, all sites for wastewater disposal 

should be evaluated on an individual basis. 

Streams 

Water contains oxygen required by microorganisms for degradation of 

organic material. The quantity of oxygen available for waste assimilation 

is a direct function of the flow volume. In addition, physical character­

istics of the channel establish velocity and turbulence, and determine the 

reoxygenation capability of a stream. Therefore, physical conditions in 

a stream influence the available oxygen supply, and the biological degrada­

tion of organic matter and ammonia which occurs naturally. 
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Water quality criteria of the state of Iowa must be met at all times 

v1hen the flow of the stream equals or exceeds the statistical seven-day, 

one-in-ten year (7-day, l-in-10 year) low flow. Based upon this flow 

information and the physical characteristics of the stream, the assimila­

tive capacity may be analyzed and allowable discharges determined. 

Low Flow Characteristics - The United States Geological Survey (USGS) 

maintains an extensive nationwide network of stream gaging stations. Stream 

fl™ and certain water quality parameters are monitored continuously at 

some stations and periodically at others . By extrapolation of data from 

this established network and review of partial-record stations, additional 

flow information may be determined for streams where continuous-record 

gaging stations are not provided. 

Low flows in both basins are significantly less than the state average 

when results are reduced to the common basis of discharge per square mi le. 

Low fl™s in the Rock River Basin are mostly an order of magnitude less 

than those in the Little Sioux River Basin. Low flow characteristics for 

the Rock River Basin have been taken to be represented by the continuous­

record gaging station near Rock Valley. The continuous-record gaging 

station near Kennebec (discontinued in 1969) has been taken as represent­

ing total basin flow in the Little Sioux River Basin. The drainage area 

of the West Fork Little Sioux River has not been considered as part of 

the Little Sioux River Basin as it is now a tributary to the Monona-Harrison 

Ditch which is physically separated from the Little Sioux River. The follow­

ing tabulation compares the average flow of 84 continuous-record gaging 

stations within the state of Iowa with the above-mentioned gaging stations 

for the Rock River and Little Sioux River Basins and additional gaging 

stations on water quality classified tributaries to the main streams. 

The following tabulation refers to daily average discharges recorded at 

each gaging station regardless of chronological sequence. For the Rock River 

gage, the period of record is 26 years, beginning in 1948; for the Little 

Sioux River gage, 30 years beginning in 1939; for the Maple River gage, 

33 years beginning in 1941; and for the Odebolt Creek gage, 17 years 

beginning in 1957. 
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Percentage of Time Flow Equaled or Exceeded
1 

50 90 95 9g 99 

State of Iowa Average 
(cfs/sq mi) 0. 150 

Rock River Basin Near 
Rock Valley 
(cfs/sq mi) 0.043 

Little Sioux River 
Basin Near Kennebec 
(cfs/sq mi) 

Maple River at 
Mapleton (cfs/sq mi) 

Odebolt Creek Near 
Arthur (cfs/sq mi) 

O. 115 

o. 135 

0. 148 

0.033 

0.006 

0.022 

0.031 

0.038 

0.024 0.018 0.015 

0.002 0.001 0.0004 

0.014 0.009 0.008 

0.021 0.010 0.007 

0.023 0.008 0.006 

11owa Natural Resources Council, Low-Flow Characteristics of Iowa Streams 
Through 1966, Bulletin No. 10, 1970. 

As with the daily flow data presented, the average 7-day, l-in-10 year 

low flow for the streams is considerably lower than that for the entire 

state. On an areal basis, the 7-day, l-in-10 year low flow for the state 

of Iowa averages 0.020 cfs/sq mi. The Rock River Basin averages 0.0001 

cfs/sq mi, the Little Sioux River Basin averages 0.0084 cfs/sq mi, and its 

tributary, the Maple River Basin, averages 0.009 cfs/sq mi. 

Specific USGS gaging station locations are identified on Figure 1. 

Both partial-record and continuous-record stations have been identified 

on this presentation. Table 2 identifies the specific station number, 

tributary drainage areas above the station, and the 7-day, 1-in-10 year low 

flow (where available) for each station. 

As indicated in Table 2, insufficient data are available for identi­

fication of low flow at each gaging station. In order to conduct the waste 

load allocation analysis, determination of 7-day, l-in-10 year low flow was 

conducted for specific gaging stations. These values were obtained utilizing 

the same procedures conducted by the USGS, but based upon less than 10 years 

of recorded data in some instances. For these reasons, verification of these 

values, as additional flow information becomes available, is required. 

The frequency of extreme low flows is cyclic within the study area. 

Due to the climatological and geological characteristics of the study area, 

l l 
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Station 
No. 

4831 

4832.6 

4832.7 

4832.8 

4833 

4833.2 

4833. 3 

4833.4 

4833.6 

4833.8 

4834 

4834. 1 

4834.2 

4834. 3 

4834. 4 

4834.5 

4834.6 

4834.7 

4834. 8 

4834.9 

4834.95 

483. 5 

6036 

TABLE 2 

USGS GAGING STATION INFORMATION 

Stream1 

Rock River 

Kanaranzi Creek 

Rock River 

Tom Creek 

Rock River 

Mud Creek 

Mud Creek 

Rock River 

Litt 1 e Rock River 

Little Rock River 

Little Rock River 

Otter Creek 

Schuttle Creek 

Otter Creek 

Dawson Creek 

Wagner Creek 

Otter Creek 

Otter Creek 

Otter Creek 

Little Rock River 

Burr Oak Creek 

Rock River 

Little Sioux River 

Location 

Near Rock Rapids 

Near Rock Rapids 

Rock Rapids 

Rock Rapids 

Below Rock Rapids 

Lester 

Near Doon 

Near Doon 

Near Little Rock 

Little Rock 

Near George 

North of Sibley 

Near Sibley 

Sibley 

Near Sibley 

Near Ashton 

Near Ashton 

Near Matlock 

Near George 

Near Doon 

Near Pe rk ins 

Near Rock Valley 

Near Montgomery 

6037 West Fork Little 
Sioux River Near Lake Park 

6038 West Fork Little 

6039 

6044 

6045 

6045. 1 

6046 

6047 

6048 

6049 

Sioux River Near Montgomery 

Little Sioux River Near Milford 

Okoboji Lake Outlet Near Milford 

Ocheyedan River Near Bigelow, Minn. 

Ocheyedan River Near Ocheyedan 

Little Ocheyedan 
River Near May City 

Ocheyedan River Near May City 

Stoney Creek Near Fostoria 

Stoney Creek Near Everly 

13 

Drainage 
Area 

7"s'qrnfT 

558 

203 

788 

61.9 

859 

63.7 

138 

1 ,050 

92 

134 

199 

11.9 

1.43 

29.9 

4. 35 

7.09 

7 Day, 1-in-10 
Year Low Flow 

(cfs) (mgd) 

<0.1 <0.06 
2 1.14 0.74 

0 0 

<0.1 <0.06 

0 

<O. 1 

0 

<0.06 

88 <o. 1 <0.06 

<0.06 129 <0.1 

208 
1+74 

30.9 

1,600 

118 

116 

173 

333 

151 

68.7 

73.5 

54.2 

226 

65.4 

81. 6 

1.02 

· O 

0.65 

0 



Station 
No. 

6050 

6051 

6052 

6053 
6053.4 
6054 

6055 
6056 

6057 

6057.5 
6058 

6058,9 

6059 
6060 
~()61 

6062 

6063 
6064 

6065 
6066 

f.-067 

6067 . 9 
6968 
6069 

6070 

6071 

6071 . 97 
6072 

6074 
6075 

TAB LE 2 ( Con t • ) 

USGS GAGING STATION INFORMATION 

St ream 1 

Ocheyedan River 

Little Sioux River 

Big Muddy Creek 

Muddy Creek 

Pr a i r i e Creek 

Pi eke re 1 Run 

Lost Island Outlet 

Little Sioux River 

Wi 1 low Creek 

~Ii 11 ow Creek 

Wi l lo\-1 Creek 

Waterman Creek 

Waterman Creek 

Waterman Creek 

Little Sioux River 

Mi 11 Creek 

Mi 11 Creek 

Li t t 1 e Sioux River 

Pierson Creek 

Little Sioux River 

Little Sioux River 

Map 1 e Creek 

Map 1 e River 

Map 1 e River 

Odebolt Creek 

Odebo 1 t Creek 

Wilsey Creek 

Maple River 

Map 1 e River 

Little Sioux River 

Location 

Near Spencer 

Spencer 

flea r Langdon 

Near Spencer 

Near Spencer 

Near Spencer 

Near Dickens 

Gi 1 lett Grove 

Near Rossi 

Near Corne 11 

Near Greenvi 1 le 

Hartley 

Near Hartley 

Drainage 
Area 

( sq mi ) 

426 

990 
59,7 

102 

22.3 

75. 7 
151 

1 I 334 
62.6 

78.6 

90.3 
28.7 
58.4 

Near Sutherland 139 

~lear Sutherland 1,803 

Near Paullina 61.6 

Near Cherokee 292 

Cherokee 2,173 

Near Correctionville 55.1 

Correctionville 2,500 

Near Kennebec 2,738 
Near Alta 

Near /\urel i a 

Near Ida Grove 

Near Arthur 

Ida Grove 

Mapleton 

Mapleton 

~!ear Turin 

Near Turin 

15.5 
85.2 

364 

39. 3 
61. 1 

1 8.4 

669 

741 

3,526 

7 Day, 1 - in- 10 
Year Low Flow 

(cfs) (mgd) 

0 

6.422 

0 

<0. 1 

<0. 1 

10.0 

23.0 

5.8 

0 

4. 15 
0 

<0.06 

<0.06 

6.5 
14.9 

3.7 

1 
Iowa Natural Resources Council, Low-Flow Characteristics of Iowa Streams Through 

_1_966, Bulletin No. 10, 1970. -
2

Flow values are those computed for use in this study. 
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low flows can occur either during August and September or during January 

and February of any given year. In addition, long-term climatological 

cycles have an influence on stream flow. Based upon this information, 

analyses of critical conditions for defining waste load allocations must 

be conducted for both warm and cold water temperatures. 

Stream Hydrodynamics - The term hydrodynamics refers to the character­

istics of motion associated with a body of water. As Is disucssed in further 

detail in PART V - WASTE LOAD ALLOCATION METHODOLOGY, stream velocity and 

slope are of major interest. The relationship between these two character­

istics al lows definition of reaeration rate constants within particular 

reaches of streams based upon cross section and slope information. The two 

physical characteristics which are required to define the reaeration rate 

constants are the slope of the water surface and time of travel for each 

reach. 

Information on the actual slope of the water surface ls not available 

for these river basins. Surface water slope varies with the amount of flow 

in the stream and at 7-day, 1-in-10 low flows, the assumption is made 

that the slope of the water surface is essentially the same as the slope 

of the stream bottom. Stream bed slopes have been obtained from the infor­

mation on USGS topographic maps. Channel slopes In the Rock River Basin 

for the modeled sections of the streams range from approximately 2.3 ft/ml to 

13.1 ft/mi with an average slope of about 4.4 ft/mi. The average channel 

slope for the Little Sioux River Basin Is approximately 2.8 ft/mi, with a 

range of approximately 0.3 ft/mi to 25.0 ft/mi. 

Determination of time of travel is dependent only upon distance traveled 

and stream velocity. Distance is measured from USGS topographic maps. Deter­

mination of stream velocity is described in detail in PART V. The two physi­

cal characteristics required to calculate stream velocity are the width of 

stream and value of the Manning coefficient ("n"). Values of both the 

width and "n" are dependent upon the stream flow, and so these values must 

be determined at the 7-day, 1-ln-10 year low flow. Values for these two 

characteristics can be obtained at USGS gaging stations, but data available 

15 



at the stations do not usually include measurements at the 7-day, 1-in-10 

year low flO\'is. Available data must be extrapolated to obtain an approxi­

mate value for these characteristics under lov, flow conditions. Since 

there are few USGS gaging stations at which these characteristics may be 

obtained, the values of 11 n11 and stream width for other reaches of the 

stream must be estimated from the approximations available at the gaging 

stations and from field observations. Field observations of stream widths 

at low flows (not 7-day, 1-in-10 year low flows) also aid in estimating 

stream widths under the low flow condition. The approximate 11n11 values at 

the gaging stations, visual examination of the stream, and use of the method 

for estimating 11 n11 presented in Open Channel Hydraulics (by V. T. Chow) are 

all aids in estimating 11 n11 values for stream reaches which do not have a 

USGS gaging station. 

Approximate values of the Manning coefficient and stream widths at 

7-day, 1-in-10 year low flows are given in Table 3. 

TABLE 3 

ESTIMATED PHYSICAL CHARACTERISTICS AT 
USGS GAGING STATIONS 

Stat ion No. Stream Width 
rm 

~-4832.7 (Rock River) 2 

6-4835 (Rock River) 6 

6-6075 (Little Sioux River) 135 

6-6066 (Little Sioux River) 36 

6-6056 (Little Sioux River) 12 

6-6072 (Maple River) 10 

16 

''n'' 

0.033 

0.046 

0.025 

0.038 

0.023 

0.032 



General 

PART 111 

WATER QUALITY 

The main objective of determining allowable waste loads is protection 

and enhancement of water resources to ensure acceptable conditions for 

designated uses. Identification of realistic waste load allocations re­

quires knowledge of the existing water quality resulting from the inter­

action of man with nature throughout the study area. 

Iowa Water Quality Standards establish a baseline for evaluating 

adequate stream quality under existing and projected discharge conditions. 

The National Water Quality Criteria, as proposed by the Federal Environmental 

Protection Agency (EPA), provide an additional measure of the adequacy of 

existing water quality. 

Existing water quality for the Little Sioux River and the Rock River 

has been identified from available data obtained from the State Hygienic 

Laboratory. The data indicate some areas of degraded water quality and 

provide limited information on overall water quality within the basins. 

Review of existing data shows major deficiencies in the extent of water 

quality monitoring in the study area. 

Water Quality Criteria 

Water quality criteria define the constituent levels which will pro­

tect the utility of the water resource for multiple uses. Concentrations 

of water quality parameters in a "pristine'' state are impossible to locate 

or estimate because of the activities of man within the basin. Existing 

criteria are the standard against which water quality parameters are com­

pared to determine the quality of a stream. Differences between existing 

quality and criteria establish a basis for defining waste load allocations. 

Iowa Department of Environmental Quality Regulations - Regulations 

promulgated by the Iowa Water Quality Commission specify water quality for 

all surface waters within Iowa. Powers and authorities of IDEQ are defined 

in the Code of Iowa, 1973, Sections 455B.32(2) and 455B.35. Specific regu­

lations are given in the "Iowa Departmental Regulations - Department of 

Enviornmental Quality!' (IDR-DEQ). 

6162 17 



The most important regulations applicable to the study area are 

identified in Chapter 16, Sections 1 and 2, "Water Quality Standards" of 

the IDR-DEQ. This document specifies the stream quality requirements for 

the following use classifications: 

Cla~s A - Body Contact Recreation 

Class B - Wildlife, Non-body Contact Recreation and Aquatic Life 

Class C - Potable Water Supply 

In accordance with use classifications, certain streams within the 

basin must satisfy the water quality standards for Class B (warm water). 

Figure 2 indicates which streams within the study area must satisfy the 

Class B requirements. Other streams have not been classified and must 

satisfy General Water Quality Criteria. Tables 4 and 5 summarize the 

applicable water quality standards. 

Class Buses apply to waters which will support both cold and warm 

water fisheries, and different sets of criteria are enumerated for each 

use. All Class B streams within the basin study area must satisfy criteria 

for warm water fisheries. Therefore, Table 4 contains stream standards 

applicable for warm water fisheries. Table 5 identifies the concentration 

of chemical constituents allowable in Class B streams. 

Federal EPA Regulations - In conformance with 1972 Federal Water 

Pollution Control Act Amendments [Section 304(a) (1) and (2), Public Law 

92-500], EPA has published "Proposed Criteria for Water Quality." Under 

existing legislation, major programs which will be affected by the criteria 

a re: 

Water Quality Standards 

Toxic and Pretreatment Standards 

Water Quality Inventory (monitoring) 

Toxic and Pretreatment Effluent Standards 

National Pollutant Discharge Elimination System 

Ocean Discharge Criteria 

18 
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TABLE 4 

WATER QUALITY STANDARDS 
ROCK AND LITTLE SIOUX RIVER BASINS 

General Criteria 

Such waters shall be free from 
substances attributable to munici­
pal, industrial or other discharges, 
or agricultural practices that will 
settle to form objectionable sludge 
deposits. 

Such waters shall be free from 
floating debris, oil, grease, scum, 
and other floating materials attri­
butable to municipal, industrial 
or other discharges, or agricultural 
practices in amounts sufficient to 
be unsightly or deleterious. 

Such waters shall be free from 
materials attributable to municipal, 
industrial or other discharges, or 
agricultural practices producing 
color, odor, or other conditions in 
such degree as to create a nuisance. 

Such waters shall be free from 
substances attributable to municipal, 
industrial or other discharges, or 
agricultural practices in concentra­
tions or combinations which are toxic 
or harmful to human, animal, plant, 
or aquatic life. 

The turbidity of the rece1v1ng water 
shall not be increased by more than 
25 Jackson turbidity units by any 
point source discharge. 

20 

Class B 

Dissolved Oxygen: 
At least 5.0 mg/1 during at least 16 
hours of any 24-hour period. 

At all times equal to or greater than 
4.0 mg/1. 

pH: 
Not less than 6.5, nor greater than 
9.0. Maximum change permitted as a 
result of a waste discharge shall 
not exceed 0.5 pH units. 

Turbidity: 
Shall not be increased by more than 
25 Jackson turbidity units by any 
point source discharge. 

Fecal Coliforms: 
Shall not exceed 2,000 per 100 ml, 
except when waters Are mAtP-ri~lly 
affected by surface runoff. 

Temperature: 
Maximum increase of 5° F. The rate 
of temperature change shall not 
exceed 2° F per hour. Maximum 
allowable stream temperature is 
90° F. 

Maximum increase for lakes and reser­
voirs is 3° F. The rate of temperature 
change shall not exceed 2° F per hour. 
Maximum allowable temperature is 90° F. 

Chemical Constituents: 
The concentrations given in Table 5 
shall not be exceeded at any time the 
flow equals or exceeds the 7-day, l-in-
10 year low flow unless it is known that 
the material is from uncontrollable non­
point sources. All substances toxic or 
detrimental to aquatic life shall be 
limited to non-toxic or non-detrimental 
concentrations in the surface water. 
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TABLE 5 

WATER QUALITY STANDARDS 
CHEMICAL CONSTITUENTS - CLASS B 

Chemical Constituent 

Arrmonia Nitrogen-N 

Phenols (other than natural sources) 

Total Dissolved Solids 

Arsenic 

,~Bari um 

*Cadmium 

*Chromium (hexavalent) 

*Chromium (trivalent) 

,~copper 

Cyanide 

*Lead 

*Mercury 

*Selenium 

,~zinc 

Allowable 
Con cent ration*'~ 

(mg/1) 

2.0 

0.001 

750 

1.00 

1.00 

0.05 

0.05 

1.00 

0.02 

0.025 

0. 10 

0.005 

1.00 

1.0 

*The sum of the entire heavy metal group shall not exceed 
1. 5 mg/1. 

*'~Not to be exceeded when flow is equal to or greater than 
the 7-day, 1-in-10 year low flow unless from uncontrollable 
non-point sources. 

The major objectives of the EPA water quality criteria are to provide 

protection of all waters and improve natural water quality. The means by 

which this will be accomplished is best described by the following: 

"EPA Water Quality Criteria will be incorporated into revised State 
water quality standards under the direction of EPA Regions by means 
of policy guidelines developed by the EPA Office of Water Planning 
and Standards. Those guidelines have provisions for waters to be 
exempted from specific criteria on a case-by-case basis for specified 
periods when naturally occurring conditions exceed limits of the EPA 
criteria or other extenuating conditions prevail to warrant such 
exemptions . 11 l 

111 Proposed Criteria for Water Quality," Volume 1, U.S. Environmental 
Protection Agency, Washington, D.C., October, 1973, p. 17. 
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These criteria are to provide the protection necessary to sustain 

recreational uses in/on the water, and for the preservation and propagation 

of desirable aquatic biota. This level of protection ensures the suit­

ability of all waters for other uses. Based upon the latest scientific 

information, these criteria define the water quality necessary to satisfy 

1983 interim goals [Section 101 (a) (2), Public Law 92-500]. 

The 11 Proposed Criteria for Water Qua! ity1 1 are not used in evaluating 

water qua! ity for this study. However, a comparison between proposed EPA 

criteria and IDEQ water quality standards for Class B streams (warm water 

fisheries) is presented in Table 6 for reference. 

Water Quality Criteria Summary - Examination of Table 6 indicates 

both differences and similarities between proposed EPA criteria and Iowa 

water qua! ity standards. Many parameters not limited by Iowa criteria are 

to be regulated by EPA. Since proposed EPA criteria must be incorporated 

into Iowa criteria through resolution of differences with the state of Iowa, 

evaluation of existing stream qua! ity using EPA criteria would not provide 

meaningful results. 

be utilized. 

Thus, for purposes of this study, IDEQ standards will 

Iowa standards are either more stringent or comparable to proposed 

EPA criteria for all parameters except trivalent chromium, lead, mercury, 

and dissolved oxygen (DO). Differences may exist between the two agencies 

for other toxic materials; however, since EPA values are based upon bio­

assay determinations of toxic concentrations, a direct comparison is not 

possible. 
Initial review of arrmonia levels suggest EPA criteria are much more 

stringent than Iowa standards. However, EPA criteria refer to the concentra­

tion of un-ionized ammonia while Iowa standards specify total ammonia con­

centration. The differences between the Iowa 2.0 mg/1 total ammonia standard 

and EPA criteria depend on stream pH as evidenced below: 

Et!. (NH 
4 
+) (NH

3
) Tota 1 Ammonia 

(mg/1-N) (mg/1-N) (mg/1-N) 

6 39 .98 0.02 40.00 

7 3.62 0.02 3.64 

8 0.36 0.02 0.38 

Note: Values based upon the dissociation constant 
at 25° C. 
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TABLE 6 
C-AIIISON Of" WIITU QUALITY CRITERIA 

pH 

Water Qua I r tv 
~ 

Alki11 lnity 

Acidity 

.....,,_j. 

c..., ... 

Chlorine (free) 

Chrcni1,111 (heuv•lent) 

Chrc:ai...- (trivi1lent) 

Copper 

Cy..,lde 

Lud 

"8rcury 

Nickel 

Phosphonis 

Zinc 

ID(Q Clus I Water 
OW:) f ty Sttn4frd1 

6.5 • ,.o 

EPA Proposed Cr i ter i • 
for Witte OMllltx 

6.o • 9.o 

]O • l]O "'!Ill 

Addition of •clds 
unacceptable 

2 . 0 "'!J/l-i, 0.02 "'!J/I-N -•I•,_ 
(_.._,,.i• plus .-.oniL• ion) (-,,.h, only) or O.OS 

of the '6·hour LCSO 1 

o.os "'!J/1 

0. 05 "9.'I 

1.0 "'!J / 1 

0.02 ..g/1 

0.025 "'!J/I 

0.10 .,,,, 

5.0 ug/1 

1.0 .,,,, 

0.0] "'!J/1 • hard .. tor
2 

O.OOI-. ...g/1 - soft "'-'ter 

0 ; 003 ag/1 - chronic 
uposuro D.05 "'!J/I • ]0 
ainute exposure 

0. 03 "'!Ill 

0.0] 1119/1 

D. lo1of the 96-hour 
LC50 

o.os,of the '6-hour 
LC50 

o.o] "'!Ill 

O.Z t.tg/1 - single 
occurranea 
0.5 ug/1 • awr­
concentr11tJon 

D.112 of the '6·hour 
Lt50' 

.25 ug/1-P J lakes Md 

~=-:;~::; • st.-.-.3 

0.OOJ of tM '6•hour 
LCSO 

~~Pw:::: 1
::.:1

1
:::.,ca;i:t;:!!:.•t Mhldl SO peF'cant of thll test orgenlsas 

Z Nord .. tor Is clofined u lwvl"I • total har-ss of 100 -,11 u caco, or --· . Cmlc:wltntlon1 r~lred to p,...,..,t ftUiMftC'e ..,.,re plMt 9rowths .._,.. 
-.......,.,,.,..,. 1s tho n.,u.., CClltltit-t. 

Water Qu,a Ii tv 
lliBl1lr. 

Fec•I Col lfor111s 

Dinolvec! Sol ids 

Teaper1ture 

Pest ieldes 

Turbid it)' 

RNloecti1dty 

Dissolved Oxygen 

Sulfides 

0.terg..ts (a.s LAS) 

Olh 

PhtM I ate Esters 

.Po1ych1ol"lnated Biphenyls 

Tainting Substances 

4 Refer to T•ble •· 

IDEQ. Cl•ss 8 Water 
RYii lh Stao41rds 

200 per 100 ■ I - Class A 
""'t•rs 
Z,000 per 100 •I • 
ClaH I waters 

750 nog/1 

4 

Leu than 25 Jackson 
Turbidity Unit inc,.use 
frc,a .,,y point source. 

S.O mg/1 for •t least 
16 hours of •ny 24-hour 
perlod . Never less th•n 
4.0 mg/I •t •ny time. 

EPA Prc,posed Criteri• 
for Hllttc DYi I i ty 

2,000 per 100 1111 average -
non-recreat lon•l 1iMters 200 
per 100 111 average - recre•t ion•l 
...,ters. 

110-~tssay to be wsed to deUr•i ,w 
11•1 ts of tolerance of aq...at i c 
ec.osyst•. 

0.01 of the 96-hour- L~J for those 
pesticides not listed 1n ~eferen('e 

Ccalpensat ion point may not be ch:.n~ 
by aore than 10 per-cent. 

6.8 nog/1 at 1.S: C 
6.8 mg/I at 7. 7 

0
c 

6.S 1119/I at 16.0
0 

C 
6. Z mg/I at 21 . 0

0 
C 

5.8 mg/I at 27 . 5 C 
5.8 mg/I at ]6 . 0° C 

· Never less than 4. 0 -.g/1 for • 24-nour 
or less per6od -.hen weter t._,.ratures 
exceed 31.0 C. 

0.002 mg/I 

0 . 2 119/I - ■axlaua or 0.05 of the 
'6•hou, LCSO I 

No visible oi I 1 
0. 05 of the 96·hour LC

50 

0.] ug/1 

0.002 ug/1 

6 

S Refer to '"roposed Criteria fM Water Quallty, 11 EPA. p. 1Jt.lf-170. 
6 ._for to "Pr_..t Criteria for Water (lua!lty," E,A, p. !lol•l .. 3. 
7 Refer to '"roposed Criteria for Witter Quel lty," [PA, p. 12S. 
8 1'Wlter Quality end TrMt.ent.'' .-rlc.an Wlterworkl Association, Inc., ,,n. p . 21-12. 
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Existing Water Quality 

Data Sources - The study area is comprised of the drainage basins of the 

Rock River and Little Sioux River within the state of Iowa. The evaluation 

of water quality data herein is based upon data collected by the State 

Hygienic Laboratory. Some data are available from other Federal, State, and 

local agencies; but these data are scattered, both in time and over the 

basin, and are not useful in evaluating water quality . No additional 

sampling, gaging, or quality analyses were initiated specifically for 

this program. 

The locations of all sampling stations collecting data utilized for 

this report are shown on Figure 3. All of the water quality data used in 

this evaluation have been obtained since 1971. 

Rock River - The study portion of this stream begins with the Rock 

River as it crosses the Iowa-Minnesota border and ends at the confluence 

with the Big Sioux River. Major tributaries to the Rock River within the 

study area are the Little Rock River and Otter Creek. No water quality data 

are available for the tributaries. 

The only available data on the Rock River are from Report No. 74-21, 

"Iowa Internal Stream Quality Survey" containing data collected from August 

through December, 1973, and from the quarterly stream monitoring survey 

which began in August, 1972. Both data sources identify water quality at 

only one given location. No water quality data are available to show condi­

tions along the stream for a given point in time. 

Data from Report No. 74-21 consists of four samples taken near Rock 

Rapids, covering four months time. None of the parameters measured except 

fecal coliform counts is in violation of stream quality criteria. Although 

the fecal coliform counts do exceed the stream quality criteria of 2,000 

per 100 ml, the high value of the sample in violation could be due to 

surface runoff. Water quality data for this sampling station are surrrnarized 

in Table 7. Other than the fecal coliform counts, there are no indications 

of stream pollution except for slightly elevated ammonia nitrogen concentra­

tions. This water quality survey was conducted during a time of relatively 

high flow, as is demonstrated by comparing the stream flows at the USGS 

gaging station near Rock Rapids against its 7-day, 1-in-10 year low flow 

of 1. 14 cfs. 
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TABLE 7 

1973 WATER QUALITY DATA 
ROCK RIVER - NEAR ROCK RAPIDS 

Parameter 

Temperature (° C) 

Dissolved Oxygen (mg/1) 

Fecal Coliform (MPN/100 ml) 

Total Kjeldahl Nitrogen (mg/1) 

Ammonia Nitrogen (mg/1) 

Nitrate Nitrogen (mg/1) 

Total Suspended Sol ids (mg/1) 

Phosphate (filtrable) (mg/1) 

BOD
5 

(mg/1) 

Total Chromium (mg/1) 

Hexavalent Chromium (mg/1) 

Flow (cfs) 

Aug. 7, 
1973 

23.5 

11.6 

1,000 

1.2 

0.22 

0.3 

15 

<0.01 

<0.01 

20 

Date of Sampling 
Sept. 4, Oct. 1, 

1973 1973 

24.0 

17. 1 

660 

0.68 

0.66 

<O. 1 

128 

<0.01 

5 

<0.01 

<0.01 

8.9 

16.0 

11 .o 
3,300 

0.9 

0.46 

0.4 

4 

<0.01 

<0.01 

Oct. 29, 
1973 

9.0 

13. 6 

100 

0.72 

o. 14 

0.8 

13 

0.20 

6 



Water quality data from the quarterly stream monitoring survey are 

presented in Table 8. This sampling station is located just above the con­

fluence of the Rock River with the Big Sioux River. None of the parameters 

measured violates stream quality criteria, and there is no indication of 

stream pollution. Again, stream flO\t-Js during most sampling times are far 

in excess of the 7-day, 1-in-10 year low flow. Flows for the USGS gaging 

station near Rock Valley are given in Table 8 and are much greater than the 

7-day, 1-in-10 year 10\t-J stream flO\t-1 of 1.0 cfs. 

Little Sioux River - The study portion of this stream begins at the 

lowa-Minneosta border and ends at the confluence with the Missouri River. 

The Maple River, a major tributary to the Little Sioux River, is modeled 

for waste load allocation purposes. The only available data on the Maple 

River are contained in Report No. 74-21, 11 10\t-Ja Internal Stream Quality 

Study" consisting of four samples taken between August and Decerrber, 

1973. The only violation of stream quality criteria is a single fecal 

coliform count. Al 1 other data meet stream quality standards and there is 

little indication of stream pollution. Data from this sampling station are 

summarized in Table 9 along with stream flow data from the USGS gaging 

station at Mapleton. At the gage, stream flO\t-Js over the sampling period 

are far in excess of the 7-day, 1-in-10 year low flow of 5.8 cfs. 

Definitive data for the Little Sioux River come from Report No. 74-21, 
11 lowa Internal Stream Quality Survey" containing data taken from August 

through December, 1973; and the quarterly stream monitoring survey which 

has sampling stations near Spencer and Onawa; and two unpublished stream 

surveys near Spencer done during January, 1971, and July, 1974. These 

data sources also contain a limited amount of water quality information 

on the Ocheyedan River, which has also been modeled for waste load alloca­

tions. The Ocheyedan River water quality data wi 11 be presented along 

with that for the Little Sioux River. 

The two unpublished reports taken near Spencer are the only sources 

which allow water quality profiles to be constructed for a portion of 

the stream. A dissolved oxygen profile for the January, 1971, survey is 

shO\t-Jn on Figure 4. The stream quality criteria for dissolved oxygen is 

not met near the end of the sampling reach. Due to cold water temperatures, 

the maximum DO sag is a considerable distance dO\t-Jnstream from the Spencer 
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TABLE 8 

WATER QUALITY DATA 
ROCK RIVER - NEAR SIOUX CENTER 

Date of Samel ing 
Aug. 21, Nov. 2, Jan. l 6, June 11, Aug. 7, Oct. 29, 

Parameter 1972 . 1972 1973 1973 1973 1973 

Temperature (° C) 26.0 7.5 0.0 27.0 25.0 8.0 
Dissolved Oxygen (mg/1) 13 .9 11.0 6.7 10. l ]3.1 13. 3 
Feca 1 Co 1 i forms (MPN/100 ml) 30 450 50 <100 1,200 80 
Conductance (micromhos) 550 700 630 790 
pH ( SU) 7.5 7.8 7.7 8.4 
Organic Nitrogen (mg/ 1) 2.0 1. 5 1.5 2.4 2.7 l.4 
Ammonia Nitrogen (mg/ 1 ) <0.01 0. 15 0.97 0.01 0.01 <0.01 
Nitrate Nitrogen {mg/1) 0.2 4.5 1.6 0.7 <O. 1 l.6 

N Total Solids (mg/1) 523 710 368 630 554 570 co 

Total Volatile Sol ids (mg/1) 146 168 127 215 252 198 
Total Suspended Sol ids (mg/1) 115 152 43 158 112 27 
Volatile Suspended Solids (mg/1) 34 6 7 42 66 0 
Phosphate (filtrable) (mg/ 1) 0.01 0.22 0.55 0,02 0.02 0. 11 
Tota 1 Phosphate {mg/1) 0.09 0.33 0.56 0. 11 0. 14 0. 14 
BOD

5 
(mg/1) 1 5 4 8 12 16 8 

COD (mg/1) 41.3 32 41 59 64 18 
Flow (cf s) 125 240 70 189 77 
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TABLE 9 

1973 WATER QUALITY DATA 
M"APLE RI VER - NEAR TUR IN 

Parameter 

Temperature (° C) 

Dissolved Oxygen (mg/1) 

Fecal Coliform (MPN/100 ml) 

Total Kjeldahl Nitrogen (mg/1) 

Ammonia Nitrogen (mg/1) 

Nitrate Nitrogen (mg/1) 

Total Suspended Solids (mg/1) 

Phosphate (filtrable) (mg/1) 

BODS (mg/1) 

Total Chromium (mg/1) 

Hexavalent Chromium (mg/1) 

Flow (cfs) 

Aug. 7, 
1973 

28.0 

9,3 

180 

1.3 

0. 18 

s.8 

2 

<0.01 

<0.01 

200 

Date of Sam~ 
Sept. 'Ii, Oct. 1 , 

1973 1973 

21. 0 

10.3 

600 

0.34 

0.06 

3, 5 

85 

0. 11 

3 

<0.01 

<0.01 

124 

16.5 

8.3 

33,000 

1. 4 

0.50 

5.2 

12 

<0.01 

<0.01 

Oct. 30, 
1973 

7,5 

11. 7 
900 

0.34 

0. 16 

6.6 

95 

O. 17 
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STP . Aeration of the stream over the dam at Linn Grove restores high DO 

levels. A set of dissolved oxygen profiles may be drawn for data taken 

during the July, 1974, survey. Dissolved oxygen concentrations were taken 

at two-hour intervals at each sampling station from 2:00 p.m . to 10:00 a.m. 

of the follo.-Jing day. The highest dissolved oxygen concentrations were 

recorded at 4:00 p.m., while the lowest were taken at 4:00 a.m. Dissolved 

oxygen profiles for these two times and for 10:00 a.m. and 10:00 p.m. are 

shown on Figure 5. All of the DO concentration data are given in Table 10, 

including that taken at the sampling station on the Ocheyedan River. 

Ammonia nitrogen concentration profiles for both surveys are shown on 

Figure 6. No violations of the 2.0 mg/1 stream quality criteria occur, 

but the impact of the wastewater discharge from the Spencer STP is evident. 

Water quaility data from the January, 1971, survey are summarized in Table 11, 

while data from the July, 1974, survey are contained in Table 12. Other 

than dissolved oxygen and total dissolved solids concentrations, the only 

criteria violated is that for fecal coliforms. For both surveys the likely 

cause of high fecal coliform counts is the wastewater discharges. Stream 

flo.-Js for both surveys were well above 7-day, 1-in-10 year low flows. 

Flow during the survey of January, 1971, was 106 cfs and in July, 1974, 

was 55 cfs. The 7-day, 1-in-10 year low flow at the USGS gaging station 

near Gillett Grove is 6.42 cfs. 

Water quality data taken during the quarterly stream monitoring survey 

do not show any violations of stream quality criteria. Data taken at the 

sampling station near Onawa are summarized in Table 13. The sampling 

station near Spencer is upstream of the wastewater treatment plant dis­

charge and data from this station are given in Table 14. Due to their 

locations, these sampling stations should not and are not indicating any 

heavy stream pollution. 

Data taken for Report No. 74-21 were collected at three sampling stations 

near Sioux Rapids, Peterson, and Correctionville. Other than two viola-

tions of fecal coliform criteria, which may be due to surface runoff, none 

of the samples shows any violations of stream quality criteria. Data and 

stream flow for the sampling station near Sioux Rapids are summarized in 

Table 15, for the sampling station near Peterson in Table 16, and for the 

sampling station near Correctionvi Ile in Table 17. 
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2 3 

County Road County Road Highway 71 
Bridge Bridge Bridge 

Time Near Spencer Near Spencer In Spencer 

vJ 2:00 p.m. 
N 

,. 10. 4 8.8 

4:00 p.m. 13.2 11.0 9. 1 

6:00 p.m. 12 .5 10 .2 8. 1 

10:00 p.m. 6.9 7. 1 6.0 

12:00 midnight 5-7 5.8 5.7 

4:00 a.m. 4.3 4.3 5.2 

6:00 a.m. 4.5 4.0 5.2 

10:00 a.m. 12.5 7. 1 7. 1 

Note: Station 9 i 5 on the Ocheyedan River 

,\ Bottle broken 
in\Samp le not collected 

TABLE 10 

DIURNAL DISSOLVED OXYGEN STUDY 
LITTLE SIOUX RI VER - il EAR SPE!ICER 

JULY 16 & 17, 1974 

STATIONS 
5 

County Road 
B-40 Bridge 

4-County Road Highway 18 S.E. of 
Bridge Bridge East Spencer 

Near Spencer of Seencer (Gillett Grove) 

8. 1 10.6 9.2 

9.6 12. 1 12. 1 

8.3 11.6 12.9 

3.9 5.8 8.6 

3.6 3.2 7. 1 

2.8 2.8 5.4 

2.9 2.8 4.6 

6. 1 6.3 6.5 

7 

County Road 
B-53 Bridge 

Near 
Gillett Grove 

12.D 

13.5 

13. 1 

9.2 

7-5 

6. 1 

5.7 

8. 1 

Highway 374 
Bridge 

tlear Corne 11 

9-5 

10 .9 

12. 2 

9.5 

7.6 

6.9 

6.2 

7-7 

9 

County Road 
M-38 Bridge 
Near Spencer 

6.7 

6.7 

6.8 

6.8 

8.8 
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Parameter 

Temperature (° C) 

Dissolved Oxygen (mg/1) 

Fecal Coliform (MPN/100 ml) 

pH (SU) 

Organic Nitrogen (mg/1) 

Ammonia Nitrogen (mg/1) 

Nitrate Nitrogen (mg/1) 

Phosphate (fi ltrable) (mg/1) 

Total Phosphate (mg/1) 

BOD
5 

(mg/1) 

COD (mg/1) 

Ill Ill .. 

County Road 
B-24 Bridge 

Highway 18 
Bridge North 
of Spencer West of Spencer 

0 

7,8 

.. Ill 

0 

7,5 

600 

7,65 

1.1 

0.28 

4.4 

0.09 

1.0 

2.0 

28.2 

Ill 

TABLE 11 

WATER QUALITY DATA 
LITTLE SIOUX RIVER 
JANUARY 18-19, 1971 

SAMPLING STATION 
County Road 

Highway 18 B-53 Bridge Highway 374 
Bridge East Near Bridge 
of Spencer G i 11 et t Grove Near Corne 11 

0 0 0 

6.9 5.4 5.4 

29,000 10,000 

7-3 7.4 

0 . 99 a.BB 
0.51 0.41 

4.4 4.2 

1.1 0.7 

1. 3 0.9 

2.0 1 .o 
28.2 20.2 

- Ill Ill - -

Highway 71 
Bridge North 

of Sioux Rapids 

Ill 

0 

4.6 

Ill 

County Road 
1/4 Mi le Above Bridge Below 

Dam Near Dam Near 
Linn Grove Linn Grove 

0 0 

3. 7 9. 1 

190 

7.35 

0.93 

0.61 

4.0 

0.9 

1 .0 

2.0 

20.2 

- Ill Ill -



TABLE 12 

WATER QUALITY DATA 
LITTLE SIOUX RIVER 

JULY 16, 1974 

Parameter 1 2 3 
Location Bl Station Number 

4 5 r; 7 8 --
Temperature (° C) 28.5 29 28 28 28 27 28.5 28 

Fecal Coliform (MPN/100 ml) 20 150 24,000 3,300 2,500 1,600 200 9,500 

Conductance (Micromhos) 500 550 680 1,590 960 820 770 770 

pH (SU) 9.0 8.3 8.3 8.2 7.8 8.0 8.3 8.2 

w Organic Nitrogen (mg/1) 3-5 2.9 2.9 2.4 2.2 2. 1 2.0 1.5 
V1 Ammonia Nitrogen (mg/1) <0.01 <0.01 <0.01 0.59 <0.01 0.24 <0.01 <0.01 

Nitrate Nitrogen (mg/1) <O. 1 <O. 1 0.8 1. 4 1.0 1.5 1.3 2.4 

Total Solid5 (mg/1) 530 586 577 1,090 735 668 646 618 

Total Volatile Solids (mg/1} 202 299 202 257 228 210 203 211 

Total Suspended Solids (mg/1) 186 197 107 117 105 102 116 95 

Volatile Suspended Solids (mg/1) 62 58 17 49 16 24 19 18 

Phosphate (filtrable) (mg/1) 0.02 0.03 0. 14 0.46 0. 18 0.30 0. 17 0. 13 

Total Phosphate (mg/1) 0.57 0. 46 0. 40 o.85 0.41 0.38 0.29 0.27 

BODS (mg/1) 25 17 9 11 10 8 9 5 

COD (mg/1) 91 77 49 73 55 45 45 36 



w 

"' 

?ara-eter 

Temperature (° C) 

Dissol ved C,x,gen ( ng/1) 

Fecal Coli forn (•·•P:J/100 ml) 

Conductance (:•icroc1hos) 

pH ( SU) 

Organic Nitrogen (mg/ 1) 

Ammonia Nitrogen (ng/ 1) 

Nitrate Nitrogen (mg/1) 

Total Sol ids (mg/1) 

Total Volatile Sol ids (mg/1) 

Total Suspended Sol ids (mg/1) 

Volatile Suspended Solids (mg/1) 

Phosphate (filtrable) (mg/1) 

Total Phosphate (mg/ 1) 

B0D
5 

(mg/1) 

COD (mg/ 1) 

Arsenic (mg/1) 

Barium (mg/1) 

Cadmium (mg/1) 

Chromium (mg/1) 

Copper (mg/1) 

Lead (mg/1) 

Zinc (mg/ l) 

Nickel (mg/1) 

Si Iver (mg/1) 

Aug. 22, 
1972 

19 

8. l 

200 

1. 4 

0.08 

1. 4 

530 

101 

129 

0.01 

0. 14 

6 

24 .8 

Nov. 8 
1972 

6.5 

11. 4 
800 

0.72 

0.24 

3.0 

624 

122 

96 
5 
0. 14 

0.26 

2 

15 

TABLE 13 
\./ATER QUALITY DATA 

LITTLE s I aux RI VER - NEAR OtiAWA 

reb. 14, 

1973 

0 

12. 5 

40 

780 

8.0 

0.56 

0.81 

3. 1 

492 

101 

2 

0. 13 

0.20 

2 

16 

Date of Sampling 
June 12, Aug. 7, Oct. 30, 

1973 1973 1973 

20 27 8 

7-5 

570 

740 

8.0 

1.3 

0. 11 

4.8 

816 

92 

360 

16 

0. 10 

0.39 

4 

33 

19. l 

<100 

540 

8.3 

2.9 

<0.01 

<O. l 

674 

214 

288 

72 

0.01 

o. 19 

15 

62 

1 3. 2 

310 

780 

8.35 

1.3 

<0.01 

4.4 

634 

149 

96 
0 

0.09 

0.20 

5 

12 

Feb. 13, 
1974 

0 

9.2 

l 80 

860 

7,7 

0.64 

0.45 

5.2 

605 

142 

15 

15 

0.26 

0.29 

3 

131 

<0 .01 

o. 1 

< 0.01 

<0.01 

<Q .01 

<Q.01 

0.01 

< Q. 1 

<Q.01 

May 8, 
__J_fil_ 

13 

9.9 

60 

740 

8.2 

1.7 
0.05 

4.0 

649 

186 

139 

132 

0.02 

0.33 

7 

34 

<0.01 

0. 1 

<0 .01 

<0.01 

<Q.01 

<Q.01 

0.02 

<Q. l 

<Q.01 

Aug. 2b. 
1974 

20 

6.8 

530 

640 

8.2 

1 • 7 

0.07 

2.7 

680 

214 

234 

162 

<0.C' 

0.1.2 

4 

39 



w 
-...J 

Parameter 

Temperature (° C) 

Dissolved Oxygen (mg/1) 

Fecal Coliform (MPN/100 ml) 

Conductance (micromhos) 

pH (SU) 

Organic Nitrogen (mg/1) 

Ammonia !'lit rogen (mg/ 1) 

Nitrate Nitrogen (mg/1) 

Total Solids (mg/1) 

Total Volatile Solids (mg/1) 

Total Suspended Solids (mg/1) 

Volatile Suspended Solids (mg/1) 

Phosphate (fi ltrable) (mg/1) 

Total Phosphate (mg/1) 

BODS (mg/1) 

COD (mg/1) 

Arsenic (mg/1) 

Barium (mg/1) 

Cadmium (mg/1) 

Chromium (mg/1) 

Copper (mg/1) 

Lead (mg/1) 

Zinc (mg/1) 

Nickel (mg/1) 

Silver (mg/1) 

Aug. 21, 
1972 

28 

15.7 

100 

540 

7-7 

4. 1 

0. 15 

0.4 

585 

185 

193 

31 

0.03 

0.45 

18 

99. 1 

<0.01 

0.2 

<0.01 

<0.01 

<0.01 

<O.01 

0.07 

< 0.01 

Nov. 7, 
1972 

6.5 

10 . 4 

300 

880 

8.0 

1. 7 

0. 15 

6.2 

937 

180 

284 

5 

o. 16 

0.35 

3 

42 

<0.01 

<O.01 

<0 .01 

<O .01 

<O .01 

<0.01 

0.02 

<O .01 

TABLE 14 

WATER QUALITY DATA 
LITTLE SIOUX RIVER - NEAR SPENCER 

Feb. 13, 
1973 

0 

5-9 

600 

740 

8.05 

1. 1 

0.87 

2.2 

489 

85 

13 

3 

0.32 

0.36 

3 

33 

<O. 01 

0. l 

<0.01 

<O.01 

<0.01 

0.05 

0.07 

<0.01 

Date of Sampling 
June 11, Aug. b, 

.!1ll.._ _!ill 

25 27 

8. 2 13. 4 

300 200 

810 510 

7-9 8. 4 

1.4 2.7 

0.04 0.01 

4. 6 <O . 1 

900 

306 

344 

96 

0. 14 

0.39 

4 

68 

<0.01 

0.2 

<0.01 

<0.01 

<O.01 

<0.01 

0. 19 

<O. 1 

<O.01 

488 

194 

76 

24 

0.06 

0.25 

18 

56 

<0.01 

0.2 

<0.01 

<0.01 

<0.01 

<0.01 

0.34 

<O. 1 

<0.01 

Oct. 29, 
1973 

9-5 

24.8 

30 

610 

8.35 

2.6 

<0.01 

0. 1 

519 

196 

106 

35 

0.06 

0.22 

15 

53 

< 0.01 

0. 1 

<0.01 

<0.01 

<0.0 l 

<O .0 l 

0.08 

<0.01 

<O .01 

Feb. 11, 
1974 

1. 5 

13. 4 

20 

880 

7.8 

0. 77 

o.48 

4.0 

593 

154 

0 

0 

0.43 

o. 43 

3 

6 

<0.01 

<O. 1 

<O .01 

<O .01 

0.01 

<O .01 

<0.01 

< 0. 1 

<O .01 

Ma y 7, 
_!.W__ 

11 

9.9 

100 

770 

8.4 

1. 7 

0.04 

3.2 

579 

174 

51 

11 

0.09 

0.28 

4 

29 

<0.01 

<O. 1 

<0.01 

<0.01 

<0.01 

<0.01 

0.06 

<O. 1 

<0.01 

Aug. 27, 
1974 

24 

12. l 

460 

510 

8.8 

3. 1 

<0.01 

<O. 1 

603 

191 

153 

7 

0.23 

0.30 

14 

71 



TABLE 15 

1973 WATER QUALITY DATA 
LITTLE SIOUX RIVER - NEAR SIOUX RAPIDS 

Date of Sampling 
Aug. 6, Sept. 4, Oct. l, Oct. 29, 

Parameter 1973 1973 1973 1973 

Temperature (° C) 25 24 16 7.5 
Dissolved Oxygen (mg/1) 16.4 14.8 7.8 14.6 

Fecal Coliform (MPN/100 ml) <10 170 12,000 130 

Total Kjeldahl Nitrogen (mg/ 1) 0.44 0. 70 3.7 0.58 

Ammonia Nitrogen {mg/1) o. 16 o. 14 1. 8 0. 18 

Nitrate Nitrogen (mg/1) <O. 1 2.6 6.4 4.8 

Total Suspended Solids {mg/1) 68 46 
w Phosphate (filtrable) {mg/1) 0.06 0.06 ex, 

BODS (mg/1) 12 8 5 6 

Total Chromium (mg/ 1) <0.01 <0.01 <0.01 

Hexavalent Chromium (mg/1) <0.01 <Q.01 <Q.01 



TABLE 16 

1973 WATER QUALITY DATA 
LITTLE SIOUX RIVER - NEAR PETERSON 

Aug. 6, 
Date of Sampling 

Sept. 4, Oct. l , Oct. 29, 
Parameter 1973 1973 1973 1973 

Temperature (° C) 25 23 16.5 9 

Dissolved Oxygen {mg/1) 15.2 9.8 8.4 15.8 

Fecal Coliform (MPN/100 ml) 840 920 2,400 220 

Total Kjeldahl Nitrogen (mg/1) 0.87 0. 72 3.6 0.58 

Ammonia Nitrogen (mg/1) 0.20 0. 16 1.5 0. 14 

Nitrate Nitrogen (mg/1) <0. 1 1. 4 5.6 4.4 

Total Supended Solids (mg/1) --- 73 --- 69 w 
\.D 

Phosphate (filtrable) {mg/1) --- 0.09 --- 0.02 

BODS {mg/1) 8 4 4 6 

Total Chromium {mg/1) <0.01 <O .O 1 <0.01 

Hexavalent Chromium {mg/1) <Q.01 <0.01 <0.01 



TABLE17 

1973 WATER QUALITY DATA 
LITTLE SIOUX RIVER - NEAR CORRECTIONVILLE 

Date of Same ling 
Aug. 7, Sept. 4, Oct. 1' Oct. 30, 

Parameter 1973 1973 1973 1973 

Temperature (° C) 26 23 16 7.5 

Dissolved Oxygen (mg/ 1) 16. l 13.8 8.3 12.8 

Fecal Coliform (MPN/100 ml) 390 620 6,900 400 

Total Kjeldahl Nitrogen (mg/ l) 0.65 o.46 1. 4 0.58 

Arrmonia Nitrogen (mg/1) o. 16 0.06 0.70 O. 14 

Nitrate Nitrogen (mg/1) O. l l.9 5.5 o.4 

J::-
Total Suspended Solids (mg/1) 163 92 

0 
Phosphate (filtrable) {mg/1) <0.01 0.04 

BODS (mg/1) 1 l 7 5 7 

Total Chromium (mg/1) <0.01 <0.01 <0.01 

Hexavalent Chromium {mg/1) <0.01 <0.01 <0.01 



Sunmary 

Available water quality data for the Rock River Basin do not permit 

identification of stream quality under low flow conditions. The available 

data for the Little Sioux River shows lowered stream quality due to waste­

water discharges. At stream flows approaching the 7-day, 1-in-10 year low 

flows, the extent of stream pollution would be much greater. Additional 

stream quality data are needed in the Rock River Basin under low flow condi­

tions to better assess the impact of wastewater discharges. Additional 

water quality data for the Little Sioux River will be necessary to assess 

the effectiveness of the waste load allocations in maintaining stream 

quality standards. 

41 



PART IV 

POINT SOURCE WASTEWATER DISCHARGES 

General 

Point source wastewater discharges consist of effluents from munici­

pal, industrial, and semipublic wastewater treatment faci 1 it ies. Waste­

water discharges identified in the IDEQ files as discharging to the sur­

face waters of the Rock River and Little Sioux River Basins have been 

inventoried and are compiled in the following tables. The tabulations 

include location and identification of dischargers, quantity and quality 

of wastewater discharged, and operational data and descriptions of treat­

ment facilities. 

Table 18, at the end of this PART, 1 ists individual wastewater dis­

charges, location, and river mile. An identification system has been 

established with municipal wastewater discharge reference numbers preceded 

by 11 M, 11 industrial discharges by ''I , 11 and semipublic discharges by 11 S. 11 

River mile locations are identified for each discharge with reference to 

mi le zero at the rrouth of the major stream. Dischargers on tributaries are 

referenced by the river mile at the confluence of the tributary. 

Table 19, which appears at the end of this PART, identifies charac­

teristics of each point source wastewater discharge in order, beginning 

with the upstream end of the Rock River at the Iowa-Minnesota border. 

Dischargers are then listed in order proceeding downstream, picking up the 

tributaries, to the Big Sioux River. For each tributary, the point source 

furthest upstream is identified and the tabulation continues downstream to 

the main channel. The same procedure is followed for the Little Sioux 

River beginning at the Iowa-Minnesota border and continuing to the con­

fluence with the Missouri River. The location of each point source is 

shown on Figure 7. 

Available wastewater quantity and quality information is tabulated 

in Table 19. Average flow rate, BOD
5

, suspended sol ids, amrronia nitrogen, 

phosphorus, total dissolved sol ids, temperature, and other miscellaneous 

constituents are reported. Where sufficient data are available, BOD
5

, 

6162 
43 
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amrronia nitrogen, and temperature values have been indicated for both 

sumrrer and winter conditions. Discharge quantities are tabulated in both 

milligrams per 1 iter (mg/1) and pounds per day (lb/day) unless otherwise 

stated. 

Muni c i E2.!_ 

Sewage flow and qua! ity data for 47 municipalities were extracted 

from IDEQ recoreds and files. Average sewage flow values contained in 

reports submitted by treatment plant operators have been extracted by 

IDEQ and published in "Wastewater Treatment Plant Flow Data - 1970, 1971, 

and 1972. 11 Flow values shown in Table 19 are the averages obtained for 

the last full year of record; in most instances 1972. 

Most qua 1 i ty data we re collected from "Eff 1 uen t Qua 1 i ty Ana 1 ys is 

Program" (EQAP) by IDEQ. These data were supplemented by a review of 

treatment facility reports supplyed by the operators. Data reported 

through EQAP are results of tests conducted by the Iowa State Hygienic 

Laboratory on wastewater samples supplied by the individual discharges. 

In most instances, the number of BOD
5

, ammonia nitrogen, and total phos­

phorus values reported each year was minimal. Because of large seasonal 

variations in BOD
5

, ammonia nitrogen, and temperature rerroval, both summer 

and winter values have been tabulated, where available. 

BOD
5 

analysis results from the Iowa State Hygienic Laboratory 

( report in EQAP) are reported between 25 mg/1 and 150 mg/1. For sorre 

communities, a large percentage of the values reported are 25 or 1125- 11 

mg/1. Values designed 11 25- 11 are less than 25 mg/1, thus lower summer 

B0D
5 

average values would result. The adequacy of this reporting proced­

ure should be reviewed since some dischargers are, or soon will be, 

required to provide B0D
5 

removals to less than 25 mg/1. In some instances, 

due to the scarcity and scatter of data, engineering judgment was applied 

to arrived at representative values rather than taking averages of the 

available data. 
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TABLE 19 

PO I NT SOURCE WASTEWATER DISCHARGE QUANT! Ti ES 

RC'f. Ave r age 
BOO 

Suspended Amooia Ni t(S29!:D [Nl Phosohorus Tota 1 Dissolved Ti;:mQe ratur~ 
_N_o __ Flo,.,, Surrrne r Wint e r ~21 ish S!.l!!!!!er Winter (Total Pl Sol ids Syrrwner winter Other 

(mod) (mq/l)( lb/day) (mg/I) (I b/day) {mg/I) {lb/dav) {mg/I) 
(lb/day) (mg/I) 

(I b/day) (mg/I) (lb/day) (mg/I) (lb/dav) ( F ) ( F ) (mq/ 1 un 1 ess noted otherwise) 

Rock. River 

H-29 0.201 25 41 28 46 8 I 3 29 48 26 43 pH • 7. 5 SU 

Fluoride max concentrate =- I. 3 

M-20 o.u 28 35 8 40 9 o. 2 32 

~ 

M-2 0.016 

H-21 67 67 35 45 35 

Litt I e Rock River 

H-16 0.076 26 16 25 16 4 4 

Otter Creek 

M-33 0. 371 70 217 25 77 15 46 21 65 29 90 65 11 pH • 8. 4 SU 

1-7 

H-5 0.030 Bo 20 100 25 8 

1-2 I. 5 602 7, 53 I Bo Alk • 253 

Little Ro..:k River pH • 8. 5 SU 

M-14 0.044 30 II 40 15 I 3 21 8 

Burr Oak Creek 

V, H-18 0.091 25 19 74 56 9 18 14 33 25 pH • 7 .4 SU 

~ Rock River 

H-30 0.118 35 34 55 54 14 14 15 15 16 16 pH • 5. 3 SU 

Litt le Sioux River 

Si Iver Lake 

H-45 0.045 69 26 44 I 7 I.I 0.4 

Spirit Lake 

M-52* 

1-10,·, 

East Okobo j i Lake 

M-61,> 

West Okobo i i Lake 

M-51 '' 

M-37" 

M-66-> 

Okoboji Lake Out let 

M-70 1.690 

M-48'> 

Ocheyedan River 

Rush Lake Outlet 

M-50 0.039 31 10 41 13 2 o. 7 22 16 

Ory Run 

M-43 35 50 

Sewer Creek 

M-44 0.266 25 55 40 89 4 9 10 22 II 24 

·:, To M-70 ( Iowa Great Lakes Sanitary District) 



TABLE 19 (Cont.) 

PO INT SOURCE 1/ASTEIIATER 01 SCHARGE QUANTI TIE S 

:, <' .-. ~vc r aqc 
BOD Suspended &Imoaia Ni tcggs:c !N) Phoc;l"hor us Tot al Ois~o l ved Tt .,12erature 

~ ....El=_ SuflYT'ler Winter S2 l id~ S~r Wint~ r {TNct l r} Sol i Cs ~ ilk!: : ":: .., e r 
(mqc' ) (mg / I ) ( lb /day) (mg/1 ) ( I b/da v) (mg/1 l (lb 1da v1 (ng /1) 

( I b ' da y) (mg / ! ) ( lb / c<a v l ( <T1q / l ' ( l b 'dav' ( - o ' 1 ' f l!', ':';'JV ~ ( F 1 I = \ - , •1 ..; ro ' ess _": .. ... -: , ·- .-~ . 

le..l_t_tle Sioux River (cont. ) 

Oche:z::edan Ri ver 

H- 40 0.065 25 14 35 19 4 2 2 I 6 

Spr ing Creek 

H- 57 0.062 42 24 25 14 

Oche:z::edan River 

1-9 0.034 < I -"' 0.2 85 76 Cr • 9 , 960 
Cu • <20 
so4- 644 
so

3
-.::.o . 5 

Little Sioux River 

H-6D 1.990 38 631 78 1,295 18 299 19 315 26 432 

1-14 0.0017 

1-13 

Lost I sland Outlet 

Drainage Ditch #6 1 

H-64 0 .032 40 II 42 II 2 0 . 5 9 
V1 Dr ainage Di tch ::60 V1 

H-58 0 . 060 30 15 60 30 I o. 5 4 2.0 

Little Sioux Ri ver 

H- 59 0 . 030 60 15 85 2 1 27 7 30 8 29 

~- 4- 25 40 I 15 4 

1-11 0 .019 126 20 

H-54 110 I 30 20 25 17 

Waterman Creek 

H-63 

Hill Creek 

Dry Run 

H- 55 0.082 27 18 30 20 2 1. 4 

Mi ll Creek 

H-53 0 . 129 25 27 25 27 5 5 8 9 

Gray Creek 

H- 46 0.006 32 1.6 45 2 . 3 pH • 6.0 to 9 . 0 SU 

Hil l Creek 

H-24 0.015 8 O. I 8 0 .1 

Little Sioux Ri ver 

H-9 o. 559 25 117 30 140 8 37 20 93 25 117 

1-3 1.5 416 5,204 Alk • 278 
pH • 8 . 35 SU 
Turb • 40 JU 

H- 69 I . OT I 30 253 25 21 1 16 I 35 85 717 



TABLE 19 (Cont.) 

PO I NT SOURCE WASTEWATER DISCHARGE QUANTITIES 

;:, .. · J.vl' r .H-:t· 
SOD Suspended Atrmoc i a Ni J;[Q91:D (Nl ='lio5-- i..(' r u'- "':'" ,,r ., 1 Di~!-olvcc'. ie,.l'if'raturc 

_jQ_,__ F' IO\·. ~u ...... o::-r 'I. i nter ~Ql id~ S~er Wint~[ 17.-:-tal . ' Sc- 1 i ~ .. s Sur--cr 1./i,,ter ':t ""er 
(-.C':,.,. \ - ,, i- s ,,fl t, (ng/1) {lb/dav) (mg/I) ( I b 1 dav) 

(ng /1 \ (1 b /c4 ;o• 1 
~c ,, - ,, ; F ' ""!,, "" ~': ': .. -; ~ "-,: ~ -.•.• C.('' 

'0 .~ .... ' ~a,\ - ·:a, I!--' 1~v' 
little Sioux River 

S-1 0. 150 36 45 

H-28 0 . 024 I 30 26 150 3D 34 40 8 55 II 

Wi 1 low Creek 

H-10 0.006 35 43 27 9 o. 5 22 46 40 pH 8.4 SU 

Litt I e Sioux Rive r 

H-36 0.017 25 4 25 4 6 18 20 pH = 8,8 SU 
o.o. = 4 

Pierson Creek 

M-27 0.066 25 14 85 47 14 8 26 14 17 9 

Bacon Creek 

H- I 2 0.036 55 17 55 17 24 26 8 24 

H-1 1 0.150 37 46 39 49 II 14 18 23 16 20 

Little Sioux River 

H- 3 0.081 30 60 41 26 18 27 18 pH 3 SU 

Map le River 
VI 
Q'\ Dr:t: Cr eek Bed 

H- 6 0. 075 36 23 36 23 14 9 10 6 26 16 0.0 . 5 

Litt 1 e Maple River 

H-1 o. 140 26 30 40 47 14 16 35 41 

Ha I fwa~ Creek 

H-32 0 . 063 35 18 35 18 4 2 0. 0. = 6 
Fecal co I i form = 6 HPN/ 100 ml . 

H- 15 0,019 34 Bo I 3 6 13 27 4 2,842 450 

Odebolt Creek 

H- 25 0.141 25 29 36 42 25 29 25 29 pH 6. 7 SU 

1-6 4,678 pH 6,6 SU 

Unnamed Creek 

H-4 0.038 27 8 30 9 4 18 5 9 pH = 8.00 SU (1969) 

Map le River 
o.o. = 7 .o (1969) 

H- I 9 0. 205 28 48 58 100 9 IS 10 17 38 65 

1-1 25 

Batt le Creek 

H-17 0 . I 50 35 44 43 so 4 6 so4 = 40 
Na = 140 
Flouride = 0,85 

Maple River 

H-7 0.070 25 I 5 54 32 

H-13 0,060 27 14 28 14 o.s I . 5 

H-22 0 . 123 25 26 25 26 6 6 38 39 



TABLE 20 

IIASTE\JATER TREATMENT FACILITIES 

~x i st ing 
:es i gr Present 

BOD .;verage Average Suseended So Ii ds Tyee of Treatment 
Day Day Inf I uent Eff I uent I nfluent Effluent So Ii ds 

nisc-ar;:e :e.:. ·.:;:,. _1 ~ Flow Cone. Cone. Cone. Cone. ~ Secondary Treatment Ccxm,en ts 
(,-,g d) ~ (mg/I) (mg/I) (mg/I) (mg/I) 

Roel.. ~i •. er 

Roel-. ,ao · cs " - 2.9 '• 0. 379 0.201 26 Sr Sc Cm Ftr Cm Dfh Bo XI 

M...id Cree~ 

Lester ("·20' 0 .030 0 . 028 37 Lo Lo 

Alvord ("' • 2 l 0.023 0.016 60 Lo One eel 1 v..-aste stabi 1 ization lagoon , 2 . 1 acres. 

Little ~ocl.. ~iver 

Little ~oc~ (~ - 21) 67 Ci Ftnc Bo XI Circular covered lrihoff tank, dosing tanking with one siphen, 
covered trid,l in9 system. 

George (r - 16\ 0 . 110 0 . 076 26 Lo Lo Tho- ce 11 lagoon, 9.86 acres total. 

Otter Creel-. 
u, Sibley (M -331 o. 510 o. 371 49 73 Sch Gm Cm Fo Cm Ftnc Ofh Bo XI Permi t data - 0,4:1 to I. I mgd. Industrial wastes from creamery, 
--..J Cm eggs and pou It ry, bag company. 

Sibley Muricipal 
Utilities ( 1- 7) Evaporation - bleedoff water. 

Ashton (~-5 ) 0. 045 0.030 85 Lo Le Two-ce I l lagoon 3.04 acres and 2.93 acres in series or parallel. 

Hallett Construe-
t ion Co., 
Ashton ( 1-2 ) I. 5 240 Surface \Yater supp I y. Summer operation only. 

Mat lock (M -23 ) No ex is c i ng mun i c i pa 1 f ac i l i ty . 

Little Rock River 

Doon (M - 14) 0.044 0.044 35 Lo Lo Tho-eel I \Yaste stabi I ization lagoon, 7.0 acres total . 

Burr Oal.. Creek 

Hui I (M - 18) O. I 30 0.091 62 Sh Cm Ftr Cm Dfh Bo XI 

Rock River 

Rock Valley (M -30) 0. 260 0. I 18 40 Sch Cm Ftr Cm Dfh Bo Trickling filter originated Apr il I, 1970. 

little Sioux River 

Si Iver Lake 

Lake Park (M-45) 0. 083 0.045 59 Lo Lo Two - ce I l lagoon, total surface area 8 .45 acres . Seepage is a 
probler,, and sealing 1T1ay be required (per IDEQ, 1971). 



V, 

co 

little Sioux Ri ver 

Spi r it La:..c-

Orleans \M - 52) 

l m.,.a Electric L ight 
,. Pm.er ( 1- 10) 

East Okoboj i Lal-..e 

Spirit Lal-.e (M-61l 

\Jest 01-..obo j i Lal..e 

o, oboj i (M -51) 

Arno l ds Pars (M-37) 

West O, oboj i (M - 66 ) 

01-.oboji Lal..e Outlet 

Iowa Great lal-.es Sani-
tary District (M-70) 

Mi I ford (M -48) 

Ochey~da" River 

qush Lah.e Out I et 

Ochey edar. {M -5 0 ) 

Dry ;Jn 

Ha rris 0--1-43) 

Sewer Creek 

,arcle\ \ M- !.+.'.j.) 

Oche, edan R. i \ er 

Ever I y (M-40) 

Sprino Creek 

Roy a I (M-57) 

Ocheyedan Rive r 

Cornbe I t Po1ver Co - o p ( 1-9) 

Little Sioux ~i ver 

Spencer (M - 60) 

Existi ng 
Design 

Av ... r age 
Doy 

~ 
(mgd) 

I .500 

0. 036 

D. 194 

0. I 25 

I. 74 

Present 
Avera ge 

Day 
....E.ul!;_ 

(n19d) 

1.690 

O .039 

D. 266 

D.065 

0.068 

0.034 

2 . 2 

TABLE 20 (Cont.) 

1/AST.EIIATER TREATMENT FAC ILI TIES 

B)D 
susoended Sol jds 

Influe nt Eff luent Influent Effluent 

.....£2D......_ ~ ~ ~ 
(mg I ) (r,g ' 1) (ms/1) (mg/1) 

36 

33 

33 

30 

37 

90 

Tvoc of Treatment 
Sol ids 

...f.r..i.!!!H. Secondary Treatment 

To Iowa Great La kes Sanitary District 

To Iowa Great Lakes San itary District 

To I owa Great Lakes San i tary District 

To Iowa Great Lakes Sanita r y District 

To Iowa Great Lakes San itary District 

Sc Gm Cm Ftrc Cm Och ts Bo Ls 

To Iowa Gr eat La kes Sanitary District 

Lo Lo 

Lo Lo 

Sch Km Cm Fth Cp Dfh Bo XI 

Lo Lo 

Lo Lo 

Gmw (KaCm) Fo Cm Ftr Cm Ofht Ho Bo XI 

Conments 

NPDES Fi le 0 . 007 mgd boi ler blowdown ard softener recharge 
to municipa l system. 

Two-cel l lagoon, su rf ace area 5 . 96 acres. 

One -cel 1 lagoon, surface area 2.5 acres. Constructed in 1971. 

Constructed in 1948 . 

Two-cell lagoon, surface area 9 acres. Constructed in 1968. 

Some infiltration/inflow fran septic tanks. 

Water supply from wells 0.372 mgd. 

New p 1 ant in f i na 1 design . 



Ill - - - - - -

Existing 
Design Pr esen t Boo 

Av•rage Ave r age 
Day Oay Inf luent 

-, i<- -t-,::?rgz (~s:,f ~42 l ~ ...£l2L_ ~ 
(mod) (mgd \ (mg/I) 

Litt I e Sioux Rive r (cont.) 

Spencer Rendering 
Pl ant (1 - 14) 0.0017 

Spencer Muni c i pa I 
Powe r Plant (1 - 13) 

8 i g Hudd:t Cr eek 

Superior (H - 62) 

Litt l e Huddy Creek 

Fostoria (H- 4 1) 

Lost Island Ou tlet 

Drainage Ditch #61 C -
Te rri 11 (H-64) 0.052 0.032 

Lost Island Ou tlet 

Dickens (H- 39) 
V1 Drainage Ditch #60 
I.D 

Ruthven (H- 58) 0.121 0.053 

Montgomer:r: Creek 

\/ebb (H-65) 

Wi I low Creek 

Honeta (H-49) 

Rossi (H-56) 

Greenvi I le (H- 42) 

Little Sioux River 

Sioux Rapids (H-59) 0.064 0.030 

Linn Grove (H - 47) 

Linn Grove Rendering (1 - 11) 0 . 019 

Peterson (H-54) 0.050 

.. - .. Ill - 11111 

TABLE 20 (Cont.) 

1/ASTEIIATER TREATMENT FAC I LI Tl ES 

Ss.i :uu:a!.!ed ~gl i2:i I:.::,u: 0f Iccatms:ct 
Effl uent lnf l uent Effl uent So l ids 

~ ~ ~ ..1Ll!!ilr:L. ~s:,121J stac:t Ic:s:11U mcnt 
(mg/I) (mg/I) (mg/I) 

37 Lo Lo 

16 Lo Lo 

75 Sh Ci Ftr Cp Bo 

35 

126 

I 35 Lo Lo Lp 

.. .. 1111· .. -

Corrnent s 

Corps permit June 30, 1971. latest information (7-11 - 74) 
shows a sump overflow discharge. No information available 
on this. 

No NPDES informa t ion ava i I ab I e. 

No existing municipal treatment faci I ity. 

Site approval 1972 , Tw~cl.:11 l agoon, su r face area 4.0 acres. 

No existing municipal treatment facility . 

-

Severe infiltration/ inflow problems. Total lagoon area JO acres. 

No existing municipal treatment facility. 

No existing municipal treatment facility . 

No existing municipal treatment facility. 

No existing municipal treatment facility. 

Single eel 1 lagoon made by dalTITling irregula r high water channel 
of Little Sioux River. Flushed during every high water period. 
Combined sewer system. Plant should be upgraded and protected 
from high wate r (per IDEQ 1- 22 - 74). Surface area about 5 acres. 

\later supply - wel I (0 . 0187 mgd). 

Three- cell lagoon, total surface area 5.26 acres . Built in 1974. 



Ill 

O'\ 
0 

Little Sioux River (cont.) 

Waterman Creek 

Suther I and (H-63) 

Mi 11 Creek 

Ory Run 

Primghar (H-55) 

Mi 11 Creek 

Pau 11 i na (M-53) 

Wi I low Creek 

Mugge Creek 

Calumet (M~38) 

Gray Creek 

Larrabee (H-46) 

Hi 11 Creek 

Meriden (H-24) 

Little Sioux River 

Cherokee (H-9) 

Hal let Construct ion 
Co., Cherokee (1-3) 

Cherokee Industrial Site 
(Wi Ison Packing Plant} 

(H-69) 

Rai I road Creek 

Meadow Brook Mob i 1 e 
Home Court (S -2 ) 

Little Sioux River 

Cherokee Mental Heal th 
I nstitute (S-1) 

- -

Existing 
Design 

Av•raae 
Doy 

~ 
(r,od) 

o. 135 

o. 183 

0,017 

0.024 

0 . 600 

I. 300 

o. 200 

-

Present 
Average 

Day 
__[j_,2!L_ 

(mqdl 

0 . 080 

0. 129 

0 . 006 

0,015 

0 .559 

1,5 

1,01 I 

0.150 

-

TABLE 20 (Cont.} 

WASTEWATER TREATMENT FAC I LI Tl ES 

BJO 
su,oended So 1 ids 

Influent Effluent Influent Effluent 
Ivoe of Treatment 

Sol ids 
~~J=-..~ ~ Secondary Tceotrnent 

(...,/1) (mg/I) (mg/ I} (mg/I) 

29 Lo Lo 

27 Lo Lo 

25 Lo Lo 

36 Lo Lo 

40 70 Lo Lo 

28 20 10 Sc Cm Aa Cm Edg Vv 

56 

26 Ln La Lo Lo 

Lo 

Ftr 

11111 1111 - Ill .. - .. 

Conwnents 

Two-cell lagoon, total surface area 13,0 acres. 

Two-eel I lagoon, total surface area 15.0 acres. 

Septic tank discharges causing pollution. (IOEQ, April, 1972. ) 

One-eel I lagoon, surface area 1.5 acres. Constructed in 1970. 

In process of building new plant; data from old trickling 
f i I ter p 1 ant. 

Surface water supply. Surrmer operation only. 

General conditions very poor with exception of trickling filter; 
soon to be sending their raw sewage to city of Cherokee for 
treatment. 

.. .. - - - -



Existing 
Design Presen t soo 

Av•ra9e Average 
D• y Doy Influent 

.. ..... ~_=::_,~ (~c f ~jQ } ~ ...£.12!_ ~ 
/ rcrl) (mgdl (mg / I ) 

Little Sioux River (cont.) 

Qu ;mby (11 - 28) 0. 025 0.024 

Simonsen Hill and 
Rendering Plant 
Inc. ( 1-8) 

Wi I low Creek 

CI eghorn (M-10) 0.021 0 . 006 

Little Sioux River 

Washta (M- 36) 0.031 0.017 

Pierson Creek 

p;erson (M- 27) 0.050 0.066 

°' Bacon Creek 

Cush; ng (M-12) 0.030 0.036 

Correctionvi I le (H-11) o. 169 o. 150 

Little Sioux River 

Anthon (M-3) 0.100 0.081 53 

Oto (M-26) 

Smokey Hof low Creek 

Sm i thland (M-34) 

little Sioux River 

Rodney (M-31) 

Maple River 

Ory Creek Bed 

Aure f;a (M - 6) 0. 127 0.075 

TABLE 20 (Cont.) 

IIASTE\IATER TREATMENT FAC I LI Tl ES 

~lil~Q~D!i!~!i! ~S2l id~ Ixac 12f Icc1tmcot 
Effluent In flue nt Effluen t So l ids 

~ ~ ~ ...f.r..i.!nlr. ~~,S21Jst1 n: Icmlmcot 
(mg/ I ) (mg/1) (mg/1) 

I 35 Lo Lo 

40 Lo Lo 

25 Lo Lo 

49 c; Fs Bo 

55 Cs Fs Bo 

39 Cp Do Fctr Cm Bo XI 

60 3 Sh Cp Do Ft re Cm XI 

Lo Lo 

36 Sch Ci Ftrc Cp Bo *I 

Corrrnents 

Presently ope r ati ng an obsolete Imhoff tank fo l lowed by trick I ing 
filter with no secondary clar ification. A new two-cell-in-series 
lagoon system has been constructed but requires installation of a 
pump station and a rive r crossing to be operable . 

Evaporation lagoon, 100 percent retention (1973), 

One-ce 11 I agoon; I. 5 acres. 

Single-cel 1 lagoon ; 2.04 acres. 

Imhoff tank and filter bed. 1928 . Applied for grant to ccn­
struct two- eel I lagoon with 5.0 total acres. 

Corrmunity spetic tank, dosing tank, filter bed with dis­
tributing 1 ines. 

Trickling filter, 1971: Imhoff tank type units. 

Nop ant. Treatment consists of septic tanks, cesspools and 
priv es. A serious health problem has arisen and Oto has 
subm tted for FHA funds for sewage system. 

In the process of bui I ding a wastewater collection and 
treatment system. 

No existing municipal treatment fac i I ity. 

Two compartment s 1 udge drying bed has been abandoned. 
Digested sludge distributed on f armland. 
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Little Sioux River (cont.) 

Maple River (cont.) 

Little Maple River 

Al ta (H-1) 

Halfway Creek 

Scha 11 er (H-32) 

Pork Processors Inc. (1-4) 

Galva (H-15) 

Odebo It Creek 

Odebolt (H-25) 

Selected Casing (Odebolt) 
( 1-6) 

Unnamed Creek 

Arthur (H-4) 

Odebolt Creek 

Ida Grove (H-19) 

De I uxe Hote I (Ida Grove) 
( 1-1) 

Battle Creek 

Holstein (H-17) 

Robert Bagenstos 
Slaughter House (1-5) 

Maple River 

Battle Creek (H-7) 

Danbury (H-1 J) 

Hap I eton (H-22) 

Castana (H-8) 

Turin (H-35) 

Exist ir.g 
Design 

,lv.,.raae 
Doy 

~ 
fr-,c C\ 

0. 155 

O. I 33 

0.045 

0. 187 

O.OJ6 

0.240 

0. I JO 

0.085 

0.102 

D. JOO 

Prt!sent 
AveratJe 

Day -

~ 
(""'d I 

0. 140 

0.063 

0.019 

0. 141 

O.OJ8 

D. 205 

0. 150 

0.070 

0.060 

0. 123 

TABLE 20 (Cont.) 

. WASTEWATER TREATHENT FACILITIES 

BJO 
Susoended So 1 ids 

Influent Effluent Influent Effluent 

~ ~ ~ ~ 
(..,g ' ll (mg/ 1) (mg/1) (mo/I) 

35 

35 

48 

28 

JO 

39 

25 

J8 

42 

28 

25 

6 

142 
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...£.ti!!lHL 

Sh Cm 

Lo 

Sch Ci 

Sh Cm 

Lo 

Sh Cm 

Lo 

Lo 

Lo 

Sch Ac 

Tvoc of Icentrr:r:nt 
Sol ids 

Secondacx Treatment 

Ftr Cm 

Lo 

Ftcr Cm Ecg 

Ftr Cp 

Lo 

Ftr Cm 

Lo 

Lo 

Lo 

Ac Lp 

Dfh Bo 

Bo 

Oop Bo 

Oehm Bo 

Ad 

CQm'Tlents 

T..«>-cel 1 lagoon; 4.8 acres and 4. 7 acres; constructed in 1968. 

P 1 ans presented to the I OEQ in January. 1974. The processing 
industrial plant has not been built nor received its permit 
as yet to build some type of wastewater treatment plant. 

Trick I ing filter; new plant 1974. 

Bui It in 1956. 

Has sol ids retention tank. Mucasa recovered from tank, spread 
on fields or sold to rendering. Plant has increased its capacity 
and is still overloading corm,unity sewage plant. 

Two-cell waste stabilization pond; 1.63 acres and 1.57 acres. 

Old plant. New activated sludge plant proposed in 1972 and is 
sti 11 being oonstructed. 

Permit issued for septic tank and subsurface sand filter 
January I J, 1965. 

Two-cell waste stabilization lagoon; 6.3 acres east cell and 
and 6.9 acres west eel I, 

550-ga I Ion septic tank. 

Two-cell waste stabilization lagoon, 1970. 

Two-cell lagoon, total surface area 5,1 acres. 

New plant in 1970. 

No existing municipal treatment facility, 

No plant. In the process of building waste stabilization lagoon. 
Previous method of individual septic tanks will continue until 
completion. 



ABBREVIATIONS 

~ASTEWATER TREATMENT FACILITIES 

A ----Aeration (in tanks or basins) 
Aa----Activated sludge, diffused air 

aeration 
Ac----Contact stabilization 
Ad----Aeroblc digestion 
Ae----Extended aeration 
Af----Air flotation 
Am----Activated sludge, mechanical 

aeration 
Ao----Oxidatlon ditch 
Ap----Aeratlon, plain, without 

sludge return 

B ----Sludge beds 
Bo--~-open 
Bc----Glass covered 

C ----Settling tanks 
Ci----Two-story (Imhoff) 
Cm----Mechanlcally equipped 
Cp----Plaln, hopper bottom, or inter-

mittently drained for cleaning 
Cs----Septic tank 
Ct----Multlple tray, mechanically 

equipped 
CmDm--Two-story 11Clarlgester 11 

CpDo--Two-story 11 Splragester11 

D ----Digesters, separate sludge 
Dc----Wlth cover (fixed If not other-

wise specified) 
D(cg)-Gasometer In fixed cover 
De----Gas used In engines (heat 

usually recovered) 
Df----Wlth floating cover 
Dg----Wlth gasometer cover 
Dh----Gas used in heating 
Dm----Mixing 
Do----Open top 
Dp----Unheated 
Dr----Heated 
Ds----Gas storage in separate holder 
Dt----Stage digestion 
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E ----Chlorination 
Ec----With contact tank 
Eg----By chlorine gas 
Eh----By hypochlorite 

F ----Filters 
Fc----Covered filter 
Fo----Roughlng filter 
Fr----Rapid sand or other sand 

straining 
Fs----lntermittent sand 
Ft----Trickling (no further 

details) 
Fth---Hlgh capacity 
Ft2H--Hlgh capacity, two-stage 
Ftn---Flxed nozzle, standard 

capacity 
Ftr---Rotary distributor, standard 

capacity 
Ftt---Travel Ing distributor, 

standard capacity 

G ----Grit chambers 
Ga----Aerated grit removal 
Gh----Without continuous removal 

mechanism 
Gm----With continuous removal 

mechanism 
Gp----Grit pocket at screen chamber 
Gw----Separate grit washing device 

H ----Sludge storage tanks (not 
second-stage digestion units) 

Ha----Aerated 
Hc----Covered 
Hm----Wlth stirring or concentrating 

mechanism 
Ho----Open 

I ----Sewage appl !cation to land 
lf----Ridge and furrow irrigation 
ls----Subsurface appl !cation 
lu----Land underdrained 
ly----Spray irrigation 



ABBREVIATIONS 

WASTn/ATER TREATMENT FAC I LI Tl ES 

K ----Chemical treatment-flocculation. 
Chemical treatment-type units 
or equipment not necessarily 
complete or operated as chemi­
cal treatment. 

· Ka----Flocculation tank, air agitation 
Kc----Chemicals used 
Km----Flocculation tank, mechanical 

agitation 
Kx----No chemicals used 

L ----Lagoons 
La----Aerated lagoon 
Le----Evaporation lagoon 
Ln----Anaerobic lagoon 
Lo----Waste stabilization lagoon 
Lp----Polishlng lagoon 
Ls----Sludge lagoon - not for treat­

ment of sewage 

0 ----Grease removal or skimming 
tanks - not incidental to 
sett I ing tanks 

Oa----Aerated tank (diffused air) 
Om----Mechanically equipped tank 
Ov----Vacuum type 

S ----Screens 
Sc----Comminutor (screenings ground 

In sewage stream) 
Sf----Flne screen (less than J/8 11 

opening) 
Sg----Screenings ground in separate 

grinder and returned to sewage 
f) O'v/ 

Sh----Bar rack, hand cleaned 1/2'' to 
211 openings 

Si----lntermediate screen l/8 11 to 
1/2" openings 

Sm----Bar rack mechanically cleaned 
1/2" to 211 openings 

Sr----Coarse rack (openings over 2") 
St----Garbage ground at plant and 

returned to sewage flow 

T ----Sludge thickener 
Tc----Covered 
Tm----Stirrlng mechanism 
Tp----Open top 
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V ----Mechanical sludge dewatering 
Vc----Sludge centrifuge 
Vp----Pressure filter 
Vv----Rotary vacuum filter 
Vo----Other 

X ----Sludge drying or incinera-
tion 

Xd----Used for fertilizer 
Xf----Sludge burned for fuel 
XI----Disposal to land 
Xn----lnclnerated 
Xp----Used for fill 

Z ----Sludge conditioning 
Za----Chemicals used, alum 
Zc----Chemical used (unidenti-

fied) 
Zi----Chemicals used, Iron salts 
ZI----Chemicals used, 1 ime 
Zp----Polyelectrolytes used 
Zx----No chemicals used 
Zy----Elutriation 



PART V 

WASTE LOAD ALLOCATION METHODOLOGY 

The most important consideration in determining the capacity of a stream 

to assimilate wastewater discharges is the ability to maintain an acceptable 

dissolved oxygen (DO} concentration. Microbial oxidation of organics and 

certain inorganics present in wastewater creates an oxygen demand. Oxygen 

is supplied to a stream principally by reaeration fran the atmosphere. If 

the rate of deoxygenation exceeds the rate of reoxygenation, DO concentra­

tions may decrease below minimum allowable standards . 

To assess the variations in DO and ammonia nitrogen concentrations in the 

Little Sioux River and Rock River Basins, a computer-based mathematical node! 

was utilized. Model input data was developed from available information. In 

nost cases, data were lacking and more extensive data would improve the val id­

ity of the model. However, it is felt that the developed methodology is an 

equitable method for establishing waste load allocations. 

It is recommended- that the computer-based mathematical nodel Ing tech­

niques should be dated and improved as nore information is obtained for the 

streams to more accurately predict water quality. 

Theory and Methodology 

General - Dissolved oxygen . concentrations in streams are controlled by 

atmospheric reaeration, biochemical oxygen demands (carbonaceous and nitrogenous), 

algal photosynthesis and respiration, benthal demands, temperature, and the 

physical characteristics of the stream. Many of these factors are difficult, 

if not impossible, to accurately define. 

Photosynthesis can produce large quantities of oxygen during the day if 

algae are present in the stream. Conversely, at night algal respiration 

creates an oxygen demand. Research efforts have attempted to fit harmonic 

functions to this phenanenon, but with limited success. Therefore, allowance 

for diurnal fluctuations In oxygen levels is not included In the computer 

model. 

Benthal demands result from anaerobic decanposition of settled organic 

material at the bottan of the stream. These reactions release carbonaceous 

and nitrogenous organic materials which create biochemical oxygen demands. · 
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The inclusion of benthal demands in the model requires extensive field 

surveys to determine the areal extent of sludge deposits within a stream 

and coefficients that describe the release into the water . Since the 

impact is minor in most instances and no data are available describing 

sludge deposition areas, no benthal oxygen demands are included in the 

model formulation. 

Model Equation - A complete mathematical model to describe DO concentra­

tions within the stream would include all significant factors. Natural 

systems cannot presently be expressed mathematically with absolute certainty, 

but reasonably acc~rate predictions can be made through realistic assumptions 

of the reaeration phenomenon and deoxygenation caused by carbonaceous and 

nitrogenous biochemcial oxygen demands. 

The nitrogenous biochemical oxygen demand is due to the oxidation of 

arrrnonia to nitrates by certain species of bacteria. This oxidation process 

is called nitrification. Nitrification is a two-step process whereby a 

specific bacterial species oxidizes ammonia to nitrite and a different 

bacterium oxidizes the nitrite to nitrate. ApproY.imately 4.5 mg/1 of oxygen 

are required to oxidize 1 mg/1 of ammonia (expressed as nitrogen) to nitrate, 

although this value may vary between 3.8 and 4.5 mg/1. Since secondary 

wastewater effluents quite conmonly contain ammonia nitrogen levels of 

10 mg/1, the equivalent nitrogenous biochemical oxygen demand (should all 

the ammonia be converted to nitrates) is approximately 45 mg/1. This is 

equivalent to the carbonaceous biochemical oxygen demand of most secondary 

wastewater effluents. 

For the modeling program, a modified version of the Streeter-Phelps 

equation for DO deficit within the stream was utilized. This approach 

recognizes both carbonaceous and nitrogenous biochemical oxygen demands, 

and atmospheric reaeration. Effects of photosynthesis and benthal demands 

are not considered. The rate of deoxygenation is as follows: 

dD dt = K1L + KnN - K2D 
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Integrated this equation becomes the modified Streeter-Phelps equation as 

follCMs: 
Kl Lo -K t -K t 

( 1 · 2 . ) 
K U -Kt -Kt -Kt 

n 2 ) 2 D(t) • K -K 
2 l 

e -e + ~ 
K -K 

2 n 
(e -e +De 

0 

Where: 

D(t) = DO deficit at time t. 

D = Initial DO deficit. 
0 

L = Initial ultimate carbonaceous BOD. 
0 

N = Initial nitrogenous BOD. 
0 

Kl = Carbonaceous deoxygenation rate constant. 

K = Nitrogenous deoxygenation rate constant. n 
K2 = Reaeration rate constant. 

In this equation, the rates of oxygen utilization due to botb carbonaceous 

and nitrogenous biochemical oxygen demands are expressed as first order reac­

tions. 

Ultimate BOD and a111T10nia 

Where: 

L ( t) 

N ( t) 

nitrogen concentrations 
-K t 

1 
= L e 

o -Kt 
= N e n 

0 

L(t) = Ultimate carbonaceous BOD at time t. 

N(t) = Nitrogenous BOD at time~-

are calculated as follows: 

and nitrogenous oxygen demand (N) equals 4.5 times the anmonia· nitrogen 

concentration. 

Since nitrification is a two-step process, many researchers have pro­

posed that it is a second order reaction, although no practical DO predic­

tion equation has been developed in this form. Since nitrogenous biochemical 

oxygen demands are too great to ignore, most developed models assume that it 

is a first order reaction. The present investigation has also utilized 

this assumption. 

Nitrifying bacteria are generally present in relatively small numbers 

in untreated wastewaters. The growth rate at 20° C (68° F) is such that 

the organisms do not exert an appreciable oxygen demand until about 8 to 
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10 day~ have elap~ed. This lag period may be reduced or practically eliminated 

in a stream receiving large amounts of secondary effluent containing seed 

organisms. In biological treatment systems, substantial nitrification can 

take place with a resultant buildup of nitrifying organisms. These nitrify­

ing bacteria can immediately begin to oxidize the ammonia nitrogen present 

and exert a _significant oxygen demand in a stream. 

In addition to dispersed bacteria, there can be considerable nitrification 

by nitrifying organisms that are attached to sediments, rocks, weeds, etc., 

along the stream bottom. These organisms oxidize the ammonia nitrogen in the 

stream as it passes by them. Such attached growths can build up below treat­

ment plant discharges where the stream is enriched with amrronla nitrogen. 

It is known that the nitrification biological process is generally more 

sensitive to environmental conditions than carbonaceous decomposition. The 

optimal temperature range for growth and reproduction of nitrifying bacteria 

is 26° to 30° C (79° to 86° F). It is generally concluded that the nitro­

genous BOD will assume greatest importance in small streams which receive 

relatively large volumes of secondary wastewater effluents, and during the 

low flow, warm weather periods of the year (August. and September). These 

conditions were utilized for the low flow determination of allowable 

effluent characteristics during surrmer periods. During winter low flow periods 

(January and February), nitrification will probably have limited influence upon 

the oxygen demand due to the intolerance of the nttrtfvlnq bacteria to low temp­

eratures; thus, for winter conditions, It was assumed nitrification did not 

occur. 

To assume that nitrification, during summer conditions, proceeds immedi­

ately following a wastewater discharge, and simultaneously with carbonaceous 

oxidation, is to generally assume the worst possible conditions in regards 

to downstream dissolved oxygen concentrations. Therefore, waste load 

allocations identified in this manner will generally be on the conservative 

side. 

In addition, to assume no nitrification occurs during winter flow condi­

tions is to treat anm:>nla nitrogen as a conservative (nondegradlng) pollutant. 
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In many streams during winter conditions, the water quality criteria of 2 mg/1 

of amrronia nitrogen becomes the determining factor In waste load allocations. 

During surrrrer conditions, the critical water quality factor Is generally 

di ssolved oxygen. 

Rate Constant Determination - The carbonaceous deoxygenation rate 

constant (K 1) for most streams wi 11 vary from 0. 1 to 0.5 per day. Early 

work by Streeter and Phelps determined an average value for the Ohio River 

of 0.23/day (0 . I/day, base 10). This value has been accepted and commonly 

used for years with reasonable results. 

Deoxygenation rates higher than 0.23/day have been reported for various 

streams in the United States. No measurements of deoxygenation rates for 

the streams under invest~gation are available. For this study a carbonaceous 

deoxygenation rate of 0.2/day (base e) was used. Field measurements of typical 

deoxygenation rates for streams in Iowa are needed to verify this value 

and would greatly improve the predictability of the modeling. 

Information on nitrogenous deoxygenation rates is extremely limited. 

Available information indicates that nitrification rates (when active 

nitrification does occur) are somewhat greater than carbonaceous oxidation 

rates. Therefore a nitrogenous deoxygenation rate (K) of 0.3/day (base e) n 
was selected for the study. Again, field measurements of typical nitrogenous 

deoxygenation rates in ICMa streams would greatly enhance the accuracy 

of the modeling effort. 

Many predictive formulations have been used for stream reaeration. 

For this study, reaeration rate constants were predicted by a method 

developed by Tsivoglou ("Characterization of Stream Reaeration Capacity," 

Tsivoglou and Wallace, EPA-R3-72-012, October, 1972). Tsivoglou's method 

is based on the premise that the reaeration capacity of nontidal fresh 

water streams is directly related to the energy expended by the flowing 

water, which in torn is directly related to the change in water surface 

elevation. 
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The change in water surface elevation divided by the time of flow is the 

average rate of energy expenditure. This relationship is expressed by: 

K2 = 0.048 (~) @ 20° C 

Where: 

K2 = Reaeration rate constant (base e) per day. 

h = Water surface elevation change in feet. 

t = Time of flow in days. 

Tsivoglou's method was derived from actual measurement of stream 

reaeration rates by a new field tracer procedure in which a radioactive 

form of the noble gas krypton serves as a tracer for oxygen. 

The reaeration rate predictive model has been verified for streams 

ranging in flow from 5 to 3,000 cfs. It can also be used to quite accurately 

predict reaeration effects of dams and waterfalls. 

In development of Tsivoglou's procedure, other reaeration rate pre­

dictive formulas were compared with results obtained from the field tracer 

technique, but none appeared to predict stream reaeration rates as accurately 

as the Tsivoglou model. 

Under winter ice conditions, the reaeration rate constant is reduced in 

direct proportion to the percentage of ice cover up to 95 percent. For 

instance, if it is estimated that there is 90 percent ice cover, then the 

reaeration rate constant is reduced by 90 percent. With 100 percent ice 

cover, the reaeration rate is reduced only by 95 percent, for it is esti­

mated that there will always be a small amount of reaeration taking place. 

Temperature corrections for the carbonaceous and nitrogenous deoxygenation 

rate constants and also the reaeration rate constants are subroutines within 

the computer model. The following formulations define the specific tempera-

ture corrections utilized in the program: 

Kl(T) = Kl(20) x 1.047 
T-20 

K2 (T) = K2 (20) x 1.0241 
T-20 

Kn(T) = Kn( 20) x (0.058T • 0.16) T >3° C 

Where T = water temperature, ° C. 
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Temperature. corrections for K1 and K2 are generally accepted formulations. 

Information on the effects of temperature on K is lacking. The formula given n 
was derived from information on temperature effects on nitrification rates in 

biological treatment systems . . The formula predicts nitrification rates of 

zero at approximately 3° C (37° F). The rate constant ls set to zero at all 

temperatures be low 3° C '(37° F). 

The principal factor affecting the solubility of oxygen is the water 

temperature. Dissolved oxygen saturation values at various temperatures are 

calculated as follows~ 

c = 24.89 - o.426t + o.00373t2-o.0000133t 3 
s 

Where: 

t = Water temperature, ° F. 

C = Saturation value for oxygen at temperature, t (° F), at 
s standard pressure. 

Stream Velocity Calculations - Stream velocities are important in 

determining reaeration rates and the downstream dispersion of pollutants. 

The computer model utilized calculates velocity based on a variation of 

the Manning formula for open channel flow. The Manning formula for open 

channel flow is: 

Where: 

v = Velocity, fps. 

V = 
1.5R2/3Sl/2 

n 

R = Hydraulic radius, ft= wetted perimeter/cross sectional area 
which approximately equals the mean depth for rivers. 

S = Channel slope, ft/ft. 

n = Roughness coefficient. 

By multiplying both sides of the equation by the cross sectional area, 

which is equal to the mean depth times the .water surface width, and solving 

for the mean depth, the following relationship is obtained: 

( 

Qn )3/5 
d = 1.5WS1/2 
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Where: 

d = Mean river depth, ft. 

Q = Discharge, cfs. 

W = Wate~ surface width, ft. 

S = Slope, ft/ft. 

n = Roughness coefficient. 

Once mean depths were calculated, velocities were determined from the 

relationship: 

v = Q/A = Q/W·d 

River slopes were obtained from existing profiles when available, but 

usually were taken from USGS topographic maps. Slopes obtained from USGS 

maps are rather generalized, and more accurate river profiles would greatly 

improve the accuracy of velocity determinations. 

River widths and roughness coefficients were estimated from information 

obtained from field observations, and flow and cross section data at each 

USGS gaging station. 

Computer Input and Output Data - In order to calculate water quality at 

various points in the river, the river length to be modeled was divided 

into reaches. River characteristics such as mean velocities and depths, 

river widths; deoxygenation and reaeration rate constants, and water te111>era­

ture were considered constant for each reach. The location of the reaches 

was set 

1. 

2. 

3. 

4. 

by one or more of the following: 

A tributary. 

A wastewater discharge. 

A change in river characteristics such as river width or slope. 

A dam. 

In order to calculate water quality characteristics at various points 

within each reach, the reaches were divided into segments called sections. 

Mixing and dispersion assumptions inherent in the model are: 

1. Complete and instantaneous mixing of wastewater and tributary 

flows with the main river flow. 

2. Uniform lateral and logitudinal dispersion (plug flow) of the 

stream constituents as they move downstream. 
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Flows that could not be allocated to tributary inflows or wastewater 

discharges were distributed uniformly along the main river stem and are 

cal led groundwater contributions. 

Actual data input into the computer program are as follo.-1s: 

1. Initial river conditions such as flow and concentrations of 

ultimate carbonaceous BOD, ammonia nitrogen, and DO. 

2. Uniform groundwater contributions for each reach and concentra­

tions of ultimate carbonaceous BOD, alllTlonia nitrogen, and DO. 

3. The number of reaches and the following for each reach: 

a. Length. 

b. ijumber of sections. 

c. Water temperature. 

d. Channel slope. 

e. River width. 

f. Deoxygenation rate constants. 

g. Roughness coefficient. 

4. Wastewater or tributary inflows consisting of inflow rates, ultimate 

carbonaceous BOD, alllTlonia nitrogen, and DO concentrations. 

After calculations, computer output data consists of the following for 

each reach: 

1. Mean river velocities. 

2. Mean river depths. 

3. Reaeration rate constants. 

4. Temperature corrected reaeration and deoxygenation rate constants. 

5. Saturation DO concentrations for the given temperature. 

and the following at the beginning of every section within a reach: 

1. SulllTlation of the river miles evaluated. 

2. Cumulative discharge. 

3. Cumulative travel time in days. 

4. Ammonia nitrogen concentrations. 

5. Ultimate carbonaceous BOD concentrations. 

6. DO concentrations. 

7 • DO de f i c I t s • 
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PART VI 

WASTE LOAD ALLOCATIONS 

Utilizing the previously defined computer methodology, waste load 

al locations required for dischargers to meet state water quality stan­

dards within the study area were determined. Within the Rock River Basin, 

the Rock River is the only classified stream. However, rrodeling was con­

ducted for the Little Rock River and Otter Creek because of the impact 

these streams have upon the water quality o-f the Rock River. The entire 

Little Sioux River within the state of Iowa is water quality classified 

as are all, or portions of, the following tributaries: the Maple River, 

Mil 1 Creek, Waterman Creek, Lost Island Outlet, the Ocheyedan River, 

Battle Creek, Odebolt Creek, and the Little Maple River. Of these classi­

fied tributaries, only the Maple River, Little Maple River, Ocheyeday 

River, and Odebolt Creek required rrodeling for purposes of waste load 

allocations. The evaluation procedure considered the situation with 1990 

wastewater discharges under both summer and winter low flow conditions. 

The following sections describe specific results for these evaluations 

and a tabulation of the waste load allocation for each discharger is pre­

sented for both sunmer and winter conditions. 

Evaluation Assumptions 

In order to define waste load allocations for dischargers within the 

study area, specific assumptions are required. Identification of the 

major items required to evaluate and determine waste load allocations are 

i dent i fi e d i n the fo 11 ow in g 1 i st. 
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1. The major objective of the present investigation is to satisfy 

Iowa Water Quality Standards with future effluent discharges. 

Determination of allowable effluent concentrations was based 

upon varying the effluent quality from point source discharges 

until the rrodel maintained dissolved oxygen concentrations above 

5.0 mg/1 and ammonia nitrogen concentrations below 2.0 mg/1 in 

·all water quality classified sections of the stream. Because 

NPDES permits are requiring discharges with stabilization ponds 
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to utilize controlled discharge of the effluent, no discharge 

from stabilization pond treatment facilities to the stream was 

assumed for the low flow conditions. 

2. Definition of 7-day, 1-in-10 year low flow was required for each 

stream roodeled. For all major streams within the Rock River Basin 

and portions of the Little Sioux River above Cherokee, the total 

present average daily wastewater discharges from all entities 

within their respective basins exceeds the measured low flow. For 

all other streams, the low flow was larger than the total waste­

water discharges to the stream. Where the low flow is exceeded by 

wastewater discharges, tv.o possible explanations are: 

a. During extreme dry periods (7-day, 1-in-10 year low flow), 

evaporation and exfiltration exceed any infiltration taking 

place with the result being a net loss of natural flow from 

the river. Some flow is maintained as a result of wastewater 

discharges from communities and industries. 

b. The 7-day, 1-in-10 year low flow is a statistical number 

based upon the flow in the river for the number of years of 

record at the various gaging stations. Most present point 

source discharge quantities are higher than they were in past 

years, and this accounts (at least in part) for the higher 

Hows based upon present discharges. 

Sufficient information is not available in the Rock River Basin or 

the upper portion of the Little Sioux River Basin to establish the 

exact water balance during low flow condtions and, In reality, some 

corrbination of these two factors probably causes the point source 

discharges to exceed the 7-day, 1-in-10 year low flow. 

In order to obtain river flows for use in the stream model 

which approximate the 1990, 7-day, 1-in-10 year low flow, the 

following assumptions were made regarding the groundwater inflow 

and groundwater recharge: 

a. For the Rock River, the present flow from point source dis­

charges and tributaries upstream of USGS Gaging Station 6-4835 
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near Rock Valley is greater than the calculated 7-day, 

1-in-10 year low flow. Uniform exfiltration from the Rock 

River is assumed to take place from the furthest upstream 

discharger to the gage to meet the 7-day, 1-in-10 year low 

flow. Between the present time and 1990, the flow from up­

stream point source dischargers is expected to increase 

slightly. For purposes of the computer model, the percent 

of groundwater recharge due to the incremental increase in 

flow from point dischargers was assumed to equal the percent 

of groundwater recharge under existing conditions. This 

results in an increase in the 7-day, 1-ln-10 year low flow 

at the gage near Rock Valley from 1.0 to 1.06 cfs. The rate 

of groundwater recharge from the furthest upstream discharger 

to gage 6-4835 has been assumed to apply to the reach of 

stream from the gage to the confluence with the Big Sioux 

River. 

b. For sections of the Little Sioux River above Cherokee, the 

7-day, 1-in-10 year low flow does not equal the sum of pres­

ent upstream wastewater discharges, or the 7-day, 1-in-10 

year low flow of a downstream gage will be less than the up­

stream gage. Because there are few continuous-record gages 

on the upper portion of the Little Sioux River, there is a 

higher degree of uncertainly associated with the 7-day, 

1-in-10 year low flows at the gages. The same procedure is 

utilized as in the Rock River Basin above for those sections 

of the Little Sioux River where there is a net outflow of 

water to groundwater. For sections of the stream where flow 

exceeds upstream discharges or the upstream gage 7-day, 

1-in-10 year low flow, the groundwater contribution was deter­

mined by the method given in 11 c11 below. 

c. For portions of the Little Sioux River and all other modeled 

streams within the study area except the Rock River, the excess 

stream flow above the sum of present wastewater discharges 
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was assumed to be the result of groundwater inflow to the 

st ream. This amount of groundwater inflow was assumed to 

remain constant over the planning period. Since most waste­

water discharges will increase during this time, the 7-day, 

l-in-10 year low flow in 1990 will be greater by the amount 

of the increase. Groundwater contribution to the stream 

flow was distributed throughout the drainage area in relation­

ship to the area contributing to the stream alollg the length 

of the channel. Values of 4.0 mg/1 BOD
5

, o.o mg/1 ammonia 

nitrogen, and 2.0 mg/1 dissolved oxygen concentration were 

assumed as water quality of the groundwater contribution. 

3, Ultimate carbonaceous BOD was assumed to 1.5 times the BOD
5

• 

4. Since no data are available describing effluent dissolved oxygen 

concentrations or temperatures, the following values were assumed 

for each cl ass of wastewater discharge. 

Summer Condition Winter Condition 
DI sso 1 ved Dissolved 

D i sch a r,S!!_ Ox~,en 
(mg 1) 

Temrrature 
(dC {dF) 

Ox~,en 
(mg 1) 

Temyerature 
(dC (dF) 

Trick! ing Filter 3.0 20 68 4.0 9 48 

Activated Sludge 3.0 20 68 4.0 9 48 

Industrial Each Discharger Handled Individually 

5. In order to assess the reaeration rate constants under wintertime 

conditions, the amount of ice cover on the stream was estimated. 

Then the winter reae ration rate constant for each reach of the 

stream was determined by multiplying the predicted constant by 

the percentage of open water in the reach. Ice cover estimates 

were based upon general climatological conditions for the basin 

and upon personal observations of persons familiar with the area. 

Complete ice cover was assumed to be noncoincidental with the 

7-day, 1-in-10 year low flow. 

6. Deoxygenation rate coefficients were assumed to be 0.2/day for 

carbonaceous demand and 0.3/day for nitrogenous demand. 
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7. Best practicable waste treatment technology (BPWTT) effluent 

1 imitations described by EPA guidelines were utilized for indus­

trial discharges when available. Otherwise, the actual allow­

able waste load which could be discharged into the stream was 

determined and identified as the waste load allocation for that 

d i sch a rge r. 

8. Tributaries (without wastewater sources) discharging to the 

st reams being rrocle led were assumed to have saturated di sso 1 ved 

oxygen concentrations, an ultimate BOD of 6.0, and ammonia 

nitrogen concentrations of 0.0 mg/1 in the summer and 0.5 mg/1 

in the winter. 

9. The Little Sioux River, Rock River, Little Rock River, and some 

small tributaries all rise in Minnesota. A lack of water quality 

data does not permit identification of stream water quality as it 

enters the study area. Water quality of the st reams entering the 

study area is assumed to be the same as that of tributaries with­

out wastewater sources, as given above. 

10. The impoundment above Linn Grove is shallow, and the model has 

been carried through the impoundment and over the dam. Through 

the impoundment reach of the Little Sioux River, the actual water 

surface slope is estimated. Stream width is also increased 

through the impoundment area. The dam is assumed to take a reach 

of stream equal to 0.001 miles with a change in head equal to the 

height of the dam. This results in a high reaeration rate con­

stant for the stream flow over the dam. 

Discussion of Results 

The waste load allocations are based on a computer model that util­

izes the best available information for the study area. Some of the in­

put data provided are approximations, and model predictability can be 

considerably improved with more accurate information. Based upon avail­

able data, the rrodel computes stream quality for the assigned wastewater 

discharges. For the initial run, all discharges were assumed to meet 
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either secondary treatment (municipalities) or best practible treatment 

(BPT) (industries). Where the model indicated violation of IDEQ stream 

quality criteria, more stringent effluent requirements were imposed un­

til satisfactory levels were achieved. Whenever more than one entity 

was required to meet rrore stringent effluent limitations in a particular 

stream reach to maintain quality, approximately the same requirements 

were established for all the entities regardless of size or whether they 

were municipal or industrial dischargers. Other possible combinations 

of effluent limitations of BOD, ammonia nitrogen, and dissolved oxygen 

could result in meeting stream quality criteria. 

Summer Conditions - The upper limit for wastewater discharges is 

secondary treatment from municipal discharges and BPT for industrial 

discharges. IDEQ has set the allowable amrronia nitrogen level for secon-

dary treatment as 10 mg/1 in summer. 

Rock River Basin - Rock River is the only water quality classified 

stream within the basin, but due to extremely low 7-day, 1-in-10 year low 

flow, modeling of the Little Rock River and Otter Creek was also neces­

sary to determine waste load allocations throughout the basin. Waste 

load allocations for each discharger under summer conditions are given 

in Table 25. 

Dissolved oxygen concentration profiles for both secondary treatment 

conditions and waste load allocations with 1990 flows for Rock River, 

Little Rock River, and Otter Creek are shown on Figures 8, 9, and 10, 

respectively. Secondary treatment for wastewater discharges to the Little 

Rock River and Otter Creek will meet the stream quality criteria of 5.0 

mg/1, but other dischargers require waste load allocations more stringent 

than secondary treatment. 

Sunvner ammonia nitrogen concentrations are shown on Figures 8, 9, and 

10 for Rock River, Little Rock River, and Otter Creek, respectively. 

Secondary treatment removal levels for anmonia nitrogen are required for 

dischargers to tributaries of the Rock River. Amrronia nitrogen rerroval 

be 1 ow seconda·ry 1 eve 1 s is required at Rock Rapids and Rock Va 11 ey to 

reduce oxygen demand upon the st ream. 
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• • • • • • • • •rnllli5• • • • • - - - -

(X) 

Discharger (Ref. No.) 

Rock River 

Rock Rapids (M-20) 

Mud Creek 

Lester (M-20) 

A 1 vo rd ( M - 2 ) 

Little Rock River 

Little Rock (M-21) 

George (M-16) 

Otter Creek 

Sibley (M-33) 

S i b I e y Mun i c i pa I 
Ut i 1 it i es ( I -7) 

Ashton (M-5) 

Hallet Constructon Co. -
Ashton (1-2) 

Mat I ock (M-23) 

Little Rock River 

Doon (M-14) 

Burr Oak Creek 

Hull (M-18) 

St ream1 Fl O\'-/ 

(mgd) 

o. 70 

o. 74 

o. 74 

0.74 

0.69 

HASTE LOAD ALLOCATION 

7-DAY, 1-IN-10 YEAR LOW FLOW 

1990 SUMMER CONDITIONS 

1990 
Discharge 

(mgd)-

0.220 

0 

0 

0.040 

0 

o. 356 

0.030 

0 

0 

o. 108 

Ultimate BOD
2 

Anmonia Nitrcoen (N) 
(mg/1) {ib/day) (mg/1) (lb/day) 

15 

453 

45 

27 

28 3 

Controlled Discharge 

Controlled Discharge 

15 103 

Controlled Discharge 

134 103 

6 

3 

30 

No Discharge Limitations Necessary4 

Control led Discharge 

No Discharge Limitations Necessary4 

No Existing Municipal Facility 

Controlled Discharge 

24 10 9 

Eff 1 uent 
Di sso 1 ved 

(xyJe) 
mg 1 

3.0 

3.0 

3.0 

3.0 



Rock 

00 
N 

Discharger (Ref. No.) 
St ream

1 Flow 
(mgd) 

River 

Rock Valley ( M- 30) 0.63 

TABLE 25 (Cont.) 

WASTE LOAD ALLOCATION 

7-DAY, 1-IN-10 YEAR LOW FLOW 

1990 SUMMER CONDITIONS 

1990 
U 1 t i mate BO/ Discharge 

(mgd) (mg/1) {lb/day) 

o. 130 15 16 

Effluent 
Dissolved 

Ammonia Nitrogen (N) Ox:rgen 
(mg/1) (lb/day) (mg/1) 

4 4 3.0 

Seven-day, 1-in-10 year low flow in stream just above point of discharge, if stream is classified; 
or flow of classified stream at confluence with tributary. 

2 
UBOD = 1. 5 (BODS). 

3 Meets BPWTT guidelines. Higher discharge quantities could satisfy stream criteria. 

4 
No waste load allocation is necessary; low quantities of BOD and ammonia nitrogen in effluent. 

-------------------
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To meet water quality criteria under summer low flow conditions, the 

communities of Hull, Rock Rapids, and Rock Valley must provide a level of 

wa s tewater treatment exceeding that of secondary treatment. 

Little Sioux River Basin - Within the basin the water quality classi­

fied streams which have wastewater discharges are the Little Sioux River, 

Ocheyedan River, Maple River, little Maple River, and Odebolt Creek. 

Waste load allocations were necessary for some dischargers to unclassi­

fied streams which have an impact upon the water quality of a classified 

stream. Waste load allocations for each discharger under sunvner conditions 

are given in Table 26. 

Dissolved oxygen concentration prof i les for both secondary treatment 

conditions and the waste load allocations for 1990 discharges are shown 

on Figure 11 for Odebolt Creek and little Maple River. Figure 12 presents 

profiles for Maple River and Ocheyedan River, while the Little Sioux River 

dissolved oxygen profiles are given on Figure 13. The upper reaches of 

the Little Sioux River and the Maple River require better than secondary 

treatment level removals of BOD to maintain DO stream quality criteria. 

In the upper reaches of the little Sioux River, removal of ammonia nitro­

gen to decrease oxygen demand in the st ream and increases in the DO con­

tent of wastewater effluents are necessary to maintain the stream stan­

dards for DO. Because of the extremely high levels of BOD removal required, 

further study of the upper reaches of the little Sioux River is recommended. 

To meet water quality criteria in the classified portions of the Little 

Maple River, very stringet waste load allocations for both BOD and ammonia 

nitrogen removal must be assigned to Alta. Again, further study of the 

stream is recommended. 

In addition to the critical stream reaches above, Odebolt Creek 

requires better than secondary treatment level removal of ammonia nitro­

gen to meet the stream quality criteria of 2.0 mg/1. Figure 14 shows the 

ammonia _nitrogen profiles for Little Maple River and Odebolt Creek. Pro­

fi Jes for Maple River and Ocheyedan River are given on Figure 15, and 

Figure 16 gives ammonia nitrogen concentration profiles for the Little 

Sioux River. 

To meet water quality criteria under summer low flow conditions, 

the Iowa Great Lakes Sanitary District (IGLSD) and the communities of Alta, 

Aurelia, Cherokee, Galva, Hartley, Odebolt, and Spencer must provide better 
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Discharger (Ref. No.) 

Little Sioux River 

Silver lake 

Lake Pa;-k (M-45) 

SrJ irit Lake 

Orleans (M-52) 

i cwa Electric Light 
& Pm--:e r ( I -1 0) 

~ East Oko boji Lake 

Spirit Lake (M-61) 

West Okoboji Lake 

Okoboj i (M-51) 

Arnolds Park (M-37) 

\./est Okoboji (M-66) 

Okoboji Lake Out 1 et 

Iowa Great Lakes 
Sanitary District (M-70) 

Milford (M-48) 

Ocheyedan River 

Rw,h L2ke Out 1 et 

Oche ya dcin ( ~: - 50) 

Dry ;\ L! ii 

Harris (M- 43) 

TABLE 26 

\./ASTE LOAD ALLOCi\T I ON 

7-DAY, 1-IN-10 YEAR LOW FLOW 

1990 SUMMER CONDITIONS 

St ream
1 

Flow 
(mgd) 

0.00 

1990 
Discharge 

(mgd) 

0 

2.146 

0 

0 

2 
Ultimate BOD 

(mg/1) (lb/day) 
Ammonia Nitrogen (N) 
(mg/1) (lb/day) 

Control led Di sch a rge 

To Iowa Great Lakes Sanitary District 

No Discharge Limitations Necessa ry 3 

To lovva Great Lakes Sanitary District 

To Iowa Great Lakes Sanitary District 

To Iowa Great Lakes Sanitary District 

To lmva Great Lakes Sanitary District 

6 107 2 36 
To Iowa Great Lakes Sanitary District 

Control led Discha rge 

Con trol iec Discr. arge 

Eff 1 uent 
Dissolved 

~n 
(mg/1°"; 

3.0 



(X) 
(X) 

". I- - ( R .s: 'I ) u I sc,;:: ,ge r e,. ,,.o. 

:..i::1e Sioux River (cont.) 

Ocheyedan River (cont.) 

Se1\'e r Creek 

Ha rt 1 ey (M-44) 
~ t.. • R. 
i.J c ,e,_1 e._c_2_n __ 1 _v_e_r 

Everly (~•.-4) 

Soring ·Creek 

Ccheved2n P,lver 

Corn be 1 ~ Pov:e r Co' -op. ( 1-9) 

Little S l oux River 

Spencer (M-60) 

Spencer Rendering Plant 
( 1-14) 

Spencer Municipal Plant 
( 1-13) 

Big Muc!dy Creek 

Su::,erior (n-62) 

Little Muddy Creek 

Fostoria (M-41) 

TABLE 26 (Cont.) 

\·!ASTE LOAD ALLOCAT Im.! 

7-DAY, 1-IN-10 YEAR LOW FLOW 

1990 SUMMER CONDITIONS 

St rear:1 1 
Fi ov1 
(mgd) 

1990 
Dis chi! rqe 

( r.igd) -
Ultimate SOD

2 
A::;:i:on i a Nitrogen (N) 
(~g/1) (lb/day) ( mg/ 1 ) ( 1 b /cay) 

o.4o 0.181 10 15 10 15 

0 Control led Di sch a rge 

0 Controlled Discharge 

No Discharge Limitations Necessary3 

2.40 2.560 6 128 2 43 

To Municipnl Treatr.:ent Fac!1 ity 

No Discharge Data Available 

No Exi~ting Mun!cipal Facility 

C Controlled Dlschar~e 

E ff 1 L!C:, t 
Di sso 1 ved 

Oxv ce n 
fn,g. 1· 1 \ 
\ I • I 

3.0 

4.0 



Di sch a r e;e r ( Ref. No.) 

Litt l e Sioux Rive r (cent.) 

Lost Island Outlet 

Dr a inage Ditch #61 

Tc rri l 1 (M-64) 
Lost ! s 1 2nd Ou tlet 

Di c :~en s (M-39) 

CX) Drai nage. Di t c h #60 
U) 

Ruthven (M-5 8) 

:J,on t go !:le ry Cree k 

\/ebb (M-65) 

\.Ji 11 ow C ;-eek 

Monet a (M-49) 

Rossi (M-56) 

Greenv i lle (M-42) 

Li t t le Sicux River 

Sioux Rapids (M-59) 
Linn Grava (M-47) 

Li r. n Grove Rendering 
( I -11) 

Pet e r son (M-54) 

~}2 t e r ,~2;1 C re~ k -
Suth erl an d (M-63) 

TABLE 26 (Cont.) 

WASTE LOAD ALLOCATION 

7-DAY, 1-IN-10 YEAR LOW FLOW 

1990 SUMMER CONDITIONS 

St ream
1 1990 

Ultimate BOD
2 

Flow Discharge A~monia ~itrogen (N) 
(mgd) (mgd) (mg/1) (lb/day) ( mg/ l ) ( l b /day) 

0 Cont ro 11 ed Discharge 

- No Existing Municipal Facility 

0 Cont ro 11 ed Discharge 

- No Existing Municipal Facility 

- No Existing Municipal Facility 

- No Existing Municipal Faci 1 ity 

- No Existing Municipal Facility · 

4.75 0.054 45 20 10 5 
0 Controlled Discharge 

4.60 0.014 45 5 20 2 

- Control led Discharge 

0 Controlled Discharse 

Efflue nt 
Di sso 1 ved 

Oxige n 
(mg/ 1) 

3.0 

3.0 



\.0 
0 

uischaraer (Ref. No.) 

L i t t l e S i o ux R. i ve r (cont • ) 

r•: i 1 1 C re e k 

Drv R;,m 

?rir:13:12r (~1-55) 

Pa;.il 1 ina (M-53) 

't' :; 10\·J Creek 

Mug g3 Creek 

Cal ur.~t (M-38) 

Gray Creek 

L.arracee (M-L;6) 

f-1 i 11 Creek 

~e;-i cer. (M-24) 

Li t t 1 e Sioux R i Ve;-

Cherokee U~-9) 

Hallett Co~struction 
Co. - Cherokee (1-3) 

Cherokee Industrial Site 
(Wilson Packing Plant) 

( M-69) 

TABLE 26 (Cont.) 

WASTE LOAD ALLOCAT 1 ON 

7-DAY, l- li-J-10 YEAR. LO\J FLOH 

1990 SUMMER CONDITIONS 

St ream 1 
Flow 
(mgd) 

1990 
Dis cha rae 

(mgd)~ 
Ultimate 800

2 
Ammonia Nitrogen (N) 
(mg/ l) ---r1 b/ day f {mg/1) {lb/day) 

0 Cont ro 11 ed Di sch a rge 

0 Control led Discharge 

No Existing Municipal Faci 1 ity 

0 Control led Discharge 

0 Controlled Discharge 

5.57 0.756 15 95 5 32 

No Discharge Limitations Necessary3 

0 Cont ro 11 ed Discharge 

E ff 1 :..:e:-it 
Di sso 1 ved 
"xvae~ v, ...!...;,;__-: ! 

-r:..r. ;·1~ 
\Il l ~ I/ 

3.0 



Disc h2 rge r (Ref. ~: o. ) 

Little Sloux River (cont.) 

Ra i 1 roac Creek -
,'-iea dm-., S rco k t~ob i 1 e 

Home Court (S-2) 

Li ~tle Sioux River 

Cherokee Mental Health 
Institute (S-1) 

1.0 Qui;:,by (M-28) 

S imonscn Mi 11 & Ren ce r i n g 
Plant, Inc. ( ! -8) 

\-1 i 1 1 ow C reek --
Cleghorn (M-10) 

Litt 1 e Sioux River 

\./a shta (M-3S) 

? ie rson C :-eek 

Pierson (M-27) 

Bacon Creek 

Cushing (M-12) 

Correctionville (M-11) 

.. ---- -- ,.., ........ ,, .... , 
WASTE LOAD ALLOCATION 

7-DAY, 1-IN-10 YEAR L0~ FLOW 

1990 SUMMER CONDITIONS 

St ream
1 1990 

U1 t imate 80D
2 

Di schar£e A::-,,1on i a i'l it rogen ,,. ) Flow ._,, 

~ ( rr.gd) (mg/1) (lb/day) -(mg/1) (lb/da-y) 

0 Controlled Discr.arge 

To Mun icipa1 Fa cility 

0 Control led Discharg2 

0 Control led Discharge 

0 ControlJed Discha rge 

0 Controlled Discharge 

7.27 0.074 455 28 105 6 

7.61 0.039 455 15 105 3 
7.61 0. 163 455 61 105 14 

Effluent 
Di sso 1 ved 
Oxygen 

~(mg/1) 

3.0 

3.0 
3.0 



Dischar~~r ( l'.{o+ I'- I• ik.) 

Little Sioux Ri ve.r 

Anthon (M-3) 

Oto (M-26) 

Srrc:zey Hol 1m·1 Creek 

Smithland u~-34) 

!.. ; tt 1 e Sioux River 

\.0 
~odney ·(M-31) 

N 
Ma'.Jle Ri Ver 

Dry Creek Bed 

Aure 1 i a (t~-6) 

Little t1ap, e River 

Alt2 (M-1) 

Ha 1 f-. .:ay Creek 

Schal ier ( M-32) 

Pork Processors, Inc. 
(:-4) 

Ga1va (M-15) 

Ocebolt Creek 

Odcbo 1 t I,, ,, ,... ) 
~ r1 - -'-'.:> 

Sclec:ed C2sir.g ( ! -6) 

Un -ri 2r:-c!d C :-ee:, 

.~r!:h Ll I (M -4) 

TABLE 26 (Cont.) 

WASTE LOAD ALLOCATION 

7-DAY, 1-IN-10 YEAR LO\~ FLOW 

1990 SUMMER CONDIT!OtlS 

St ream
1 1990 

Fl 01-., Di sch a r£e Ultimate BOD
2 

A:nmonia il it rogen (N) 
(mgd) -(mgd) (mg/1) (lb/day) (mg/ l 

0

) (lb/day) 

l O. 14 . 0.085 455 32 105 7 
No Existing Municipal Facility 

0 Centro 11 ed Discharge 

No Existing Ml!n i c i pa 1 Facility 

0.00 O. 128 7 7 2.5 3 

0.00 0.229 4.5 9 2 

0 Controlled Di scr.arge 

0 Cont ro 11 ed Di scha:-ge 

0.23 0.020 454 8 104 2 

0.24 0. 149 454 56 5 6 
To :-: u n i c i pa 1 Facility 

0 Co,:!: re 11 ed Di sd:a:-gc 

E f fl Ll~r:t 
Disso1 ved 
Oxi'.g2n 
(mg/1) 

3.0 

3.0 

3.0 

3.0 

3.0 



\.D 
'-" 

Discharger (Ref. No.) 

L i t t 1 e S i o u x R i ve r ( cont • ) 

Maol e River (cont.) 

Ida G;ove (M-19) 

De 1 uxe Mote 1 ( I -1) 

Batt le Creek 

Holste in (M-17) 

Robert Bagenstos Slaughter 
~ouse ( 1-5) 

t~a p 1 e R i ve r 

Battle Creek (M-7) 

Danbury (M-13) 

Mapleton (M-22) 

Castana (M-8) 

Turin (M-35) 

TABLE 26 (Cont.) 

\~ASTE LOAD ALLOCAT Im~ 

7-DAY, 1-IN-10 YEAR LOW FLOW 

1990 SUMMER CONDITIONS 

St ream
1 

Flc•,v 
(mgd) 

1. 16 

3; 61 _ 

1990 
Discharge 

{mgd) 

0.220 

0 

0 

0 

0. 116 

0 

? 
Ultimate SOD- Ammonia Nitrogen _(N) 

(mg/1) (lb/day) {mg/1) (lb/day; 

454 

454 

83 104 18 

No Discharge Data Available 

Cont ro 11 e d D i sch a rge 

No Discharge Data Availa~le 

Controlled Discharge 

Cont ro 1 1 e d Dis cha rge 

44 104 10 

No Existing Municipal Facility 

Controlled Discharge 

E f fl uer.t 
Dissclved 
0 XVCer. 

___.;~ 
tmg/1) 

3.0 

3.0 

Seven-day, 
or fl ow of 

1-in-10 year low flow in stream just above ·point of discharge, if stream is classified; 
classified stream at confluence with tributary. 

2 
UBOD = 1 .5 

~ 

(BOD
5

) · 

; No \vaste load alloc2tion is necessary; lm" quantities of 80D and amr.-;ania nitrogen 
4 

Mee ts BP~ITT guidelines. Higher discharge quantities could satisfy stream cr i teria. 

i n e ff 1 uen t. 

5 Meets BPWTT guidelines. Could be higher without affecting stream profiles significantly. 
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SUMMER CONDITIONS 



than secondary treatment . All industrial wastewater dishcargers are 

assumed to be control led discharges except for Linn Grove Rendering, 

which needs only to meet BPT. Ammonia nitrogen removal is required 

of all the above municipal discharges except Galva and Hartley. 

Winter Conditions - The allowable ammonia nitrogen concentration for 

secondary treatment has been set as 15 mg/1 for winter conditior:,s by IDEQ. 

Hydrological data indicate that winter low flows within the study area may 

be at 1 east an o rde r-of-magn it ude 1 ess than summer 1 ow flows. Exact deter­

mination of the ratio of winter to summer low flows is not possible from 

available data, so the same 7-day, 1-in-10 year low flow has been used in 

rrodel ing both summer and winter conditions. 

Rock River Basin - Waste load allocations for the basin under winter 

conditions are given in Table 27. Dissolved oxygen concentration profiles 

for Rock River, Little Rock River, and Otter Creek for both secondary treat­

ment and waste load allocations are shown on Figures 17, 18, and 19, respec­

tively. The small amount of dilution available at low flows and the reduced 

reaeration rate due to ice cover combine to require better than secondary 

treatment levels of BOD removal to meet the stream quality criteria of 5.0 

mg/1 DO for the Rock River. 

Ammonia nitrogen concentration profiles for the streams are shown on 

Figures 17, 18, and 19. There are significant differences between the 

amrronia nitrogen levels provided by secondary treatment and those necessary 

in the waste load allocations to meet stream quality criteria because of 

the lack of stream dilution. Reduction of ammonia nitrogen concentrations 

in the streams is less evident in the winter than in the summer because of 

the lack of bio-oxidation of ammonia at low temperatures. 

Better than secondary treatment of all wastewater discharges within 

the basin is required to meet the stream quality criteria which apply to 

the Rock River. The communities of Hull, Little Rock, Rock Rapids, Rock 

Valley, and Sibley must provide advanced waste treatment for the removal 

of BOD and ammonia nitrogen. 
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a•• Ill Ill Ill 1111 •Ill•••·••!•• --- • 

0 

Dis ch a rge r (Ref. No. ) 

Rock River 

Rock Rapids (M-20) 

Mud Creek 

Lester (M-20) 

A 1 vo rd ( M - 2 ) 

Little Rock River 

Little Rock (M-21) 

George (M-16) 

Otter Creek 

Sibley (M-33) 

Sibley Municipal 
Ut i 1 it i es ( I - 7) 

Ashton (M-5) 

Hallet Constructon Co. -
Ashton (1-2) 

Matlock (M-23) 

L i t t 1 e Ro ck R i ve r 

Doon (M-14) 

Burr Oak Creek 

Hull (M-18) 

St ream
1 

F 1 o.-J 
(mgd) 

o. 70 

o. 74 

o. 74 

o. 74 

0.69 

TABLE 2 7 

WASTE LOAD ALLOCATION 

?-DAY, l-lN-10 YEAR LOW FLO\.J 

1990 WINTER CONDITIONS 

1990 

Di (chaf9e 
mgd 

U 1 ti mate BOD
2 

(mg/1) (lb/day) 
Armion i a tl it rogen (N) 
(mg/1) (lb/day) 

0.220 

0 

0 

0.040 

0 

o. 356 

15 

15 

20 

28 2 

Controlled Discharge 

Control led Discharge 

5 4 

Controlled Discharge 

59 3 

4 

9 

Effluent 
Di sso 1 ved 

(xyJe) 
mg 1 

4.0 

4.0 

4.0 

0.030 

0 

No Discharge Limitations Necessary3 . 

Controlled Discharge 

0 

o. 108 18 

No Discharge Limitations Necessary3 

No Existing Municipal Facility 

Controlled Discharge 

16 4 4 4.0 



0 
N 

Rock 

St ream1 Di schar9e r (Ref. No.) Flow 
(mgd} 

River 

Rock Valley ( M-30) 0.63 

TABLE 27 (Cont.) 

WASTE LOAD ALLOCATION 

7-DAY, l-lN-10 YEAR LOW FLOW 

1990 WINTER CONDITIONS 

1990 
Ultimate BOD

2 
Discharge 

(mgd} {mg/ 1) (lb/day) 

0. 130 15 16 

Effluent 
Dissolved 

Ammonia Nitrogen (N) Oxt9en 
{mg/1) (lb/day) ( mg/ 1 ) 

4 4 4.0 

Seven-day, 1-in-10 year low flow in stream just above point of discharge, if stream is classified; 
or flow of classified stream at confluence \vith tributary. 

2 
UBOD = 1.5 (BOD

5
). 

3 No waste load alloctation is necessary; low quantities of BOD and ammonia nitrogen in effluent. 
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FIGURE 18 
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Little Sioux River Basin - During winter conditions, the roost 

critically affected streams .are Maple River, Little Maple River, Odebolt 

Creek, and the upper reaches of the 1 ittle Sioux River. Waste load allo­

cations for the Little Sioux River Basin are given in Table 28. Dissolved 

oxygen concentration profiles for both secondary treatment and waste load 

al locations are shown on Figure 20 for Odebolt Creek and Little Maple River. 

Waste load allocations which will meet stream quality criteria are extremely 

stringent for both streams. In addition to BOD and amrronia nitrogen rerroval, 

the community of Odebolt must maintain a DO effluent concentration of 12.0 

mg/1. Complying with the required waste load allocations is difficult and 

further study of the situation is recommended. With the Little Maple River 

and Odebolt Creek meeting stream quality standards, only Ida Grove requires 

a waste load allocation rrore stringent than secondary treatment for the 

Maple River to meet the DO criteria of 5.0 mg/1. Dissolved oxygen concen­

tration profiles for both the Maple River and the Ocheyedan River are shown 

on Figure 21. Profiles for the Little Sioux River are shown on Figure 22 

for both waste load allocation and secondary treatment conditions. Chero­

kee, Spencer, and IGLSD must all provide better than secondary treatment 

to approach DO criteria in the stream. Spencer and IGLSD must meet extremely 

stringent allocations and provide the specified post-aeration levels given in 

Talbe 28 to obtain the conditions shown on Figure 22. Sioux Rapids must also 

provide post-aeration. In some sections of the Little Sioux River, it is not 

possible to meet the 5.0 mg/1 DO criteria because as long as there are oxygen 

demanding substances in the stream, the reaeration rate is insufficient to 

supply oxygen at the rate it is being utilized. The stringent waste load 

al locations required under winter conditions indicate that further study of 

the stream is desirable. 

Amrronia nitrogen concentration profiles for the streams are shown on 

Figures 23, 24, and 25. Under winter conditions, amrronia nitrogen is not 

rerroved from the stream by biological action, so dilution of aIT1T10nia 

nitrogen concentrations in wastewater effluents by streamflow is the only 

means of meeting the criteria. Low stream dilution in Little Maple River, 
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0 ......., 

Dischar_g_er (Ref. No.) 

Little Sioux River 

Si 1 ve r Lake 

Lake Park (M-45) 

Spirit Lake 

Orleans (M-52) 

Iowa Electric Light 
& Power ( 1-10) 

East Okoboj i Lake 

Spirit Lake (M-61) 

West Okoboji Lake 

Okoboji (M-51) 

Arnolds Park (M-37) 

West Okoboji (M-66) 

Okoboji Lake Outlet 

Iowa Great Lakes 
Sanitary District (M-70) 

Mi 1 ford (M-48) 

Ocheyedan River 

Rush Lake Out 1 et 

Ocheyedan (M-50) 

Dry Run 

Harris (M-43) 

TABLE 28 

WASTE LOAD ALLOCATION 

?-DAY, 1-IN-10 YEAR LOW FLOW 

1990 WINTER CONDITIONS 

St ream1 Flow 
{mgd) 

0.00 

1990 
Discharge 

(mgd) 

0 

2. 146 

0 

0 

Ultimate BOD
2 

{mg/1) {lb/day) 
Ammonia Nitrogen (N) 
{mg/1) {lb/day) 

Control led Discharge 

To Iowa Great Lakes Sanitary District 

No Discharge Limitations Necessary3 

To Iowa Great Lakes Sanitary District 

To Iowa Great Lakes Sanitary District 

To Iowa Great Lakes Sanitary District 

To Iowa Great Lakes Sanitary District 

9 161 2 36 

To Iowa Great Lakes Sanitary District 

Controlled Discharge 

Controlled Discharge 

E ff 1 uen t 
Di 5501 ved 
0x1gen 
(rngm 

6.0 



0 
(X) 

Discharger (Ref. No.) 

Little Sioux River (cont.) 

Ocheyedan River (cont.) 

Sewer Creek 

Hartley (M-44) 

Ocheyedan River 

Everly (M-4) 

Spring Creek 

Royal (M-57) 

Ocheyedan River 

Cornbelt Power Co-op. (1-9) 

Litt 1 e Sioux River 

Spencer (M-60) 

Spencer Rendering Plant 
(1-14) 

Spencer Municipal Plant 
( I -1 3) 

Bi g Muddy Creek 

Superior (M-62) 

Little Muddy Creek 

Fostoria (M-41) 

TABLE 28 (Cont.) 

WASTE LOAD ALLOCATION 

7-DAY, 1-IN-10 YEAR LOW FLOW 

1990 WINTER CONDITIONS 

St ream 1 
Flow 
(mgd) 

0.40 

2.40 

1990 
Discharge 

(mgd) 

0. 181 

0 

0 

2.560 

0 

. 2 
Ultimate BOD Ammonia Nitrogen (N) 

(mg/1) (lb/day) (mg/1) {lb/day) 

45 5 5 

Control led Discharge 

Control led Discharge 

No Discharge Limitations Necessary3 

6 128 2 43 

To Municipal Treatment Facility 

No Discharge Data Available 

No Existing Municipal Facility 

Controlled Discharge 

Effluent 
Di sso 1 ved 

OxyJen 
{mg 1) 

4.0 

1.0 



Discharger (Ref. No_._) 

Little Sioux River (cont.) 

Lost Island Outlet 

Drainage Ditch #61 

Terri 11 (M-64) 

Lost Island Outlet 

Dickens (M-39) 

0 
Drainage Ditch #60 

I..O 
Ruthven (M-58) 

Montgomery Creek 

Webb (M-65) 

Wi ! low Creek 

Monet a (H-49) 

Rossi (H-56) 

Green vi 1 le (M-42) 

Little Sioux River 

Sioux Rapids (M-59) 

Linn Grove (M-47) 

Linn Grove Rendering 
( I -11) 

Peterson (M-54) 

Waterman Creek 

Sutherland (M-63) 

TABLE 28 (Cont.) 

WASTE LOAD ALLOCATION 

7-DAY, 1-IN-10 YEAR LOW FLOW 

1990 WINTER CONDITIONS 

St ream
1 1990 

Ultimate B0D
2 

Flo\v Discharge Ammonia Nitrogen (N) 
{mgci)"" (mgd) (mg/1) (lb/day) (mg/1) {lb/day) 

0 Cont ro 11 e d Dis ch a rge 

- No Existing Municipal Facility 

0 Controlled Discharge 

- No Existing Municipal Facility 

- No Existing Municipal Facility 

- No Existing Municipal Facility 

- No Existing Municipal Facility 

4.75 0.054 45 20 15 7 

0 Controlled Discharge 

4.60 · o. 014 45 5 20 2 

- Controlled Discharge 

0 Controlled Discharge 

E ff 1 uent 
Dissolved 
0xt7en 
(mg 1) 

6.0 

4.0 



0 

Discharger (Ref. No. ) 

Little Sioux River (cont.) 

Mi 11 Creek 

Dry Run 

Primghar (M-55) 

Mi 11 Creek 

Paul 1 ina (M-53) 

W i 1 1 ow C ree k 

Mugge Creek 

Calumet (M-38) 

Gray Creek 

Larrabee (M-46) 

Hi 11 Creek 

Meri den (M-24) 

Little Sioux River 

Cherokee (M-9) 

Hallett Construction 
Co. - Cherokee (1-3) 

Cherokee Industrial Site 
(Wilson Packing Plant) 

(M-69) 

TABLE 28 (Cont.) 

WASTE LOAD ALLOCATION 

7-DAY, 1-IN-10 YEAR LOW FLOW 

1990 WINTER CONDITIONS 

St ream 1 Flow 
(mgd) 

1990 
Discharge 

(mgd) 
Ultimate sol Ammonia Nitrogen (N) 

(mg/1) (lb/day) (mg/1) (1 b/day) 

0 Controlled Discharge 

0 Controlled Discharge 

No Existing Municipal Facility 

0 Controlled Discharge 

0 Cont ro 11 ed Discharge 

5.57 0.756 15 95 4 25 

No Discharge Limitations Necessary3 

0 Controlled Discharge 

Effluent 
Dissolved 
Oxy,en 
{mg 1) 

5.0 



Discharger (Ref. No.) 

Little Sioux River (cont.) 

Ra i 1 road Creek 

Meadow Brook Mobile 
Home Court (S-2) 

Little Sioux River 

Cherokee Mental Health 
Institute (S-1) 

Quimby (M-28) 

Simonsen Mill & Rendering 
Plant, Inc. ( 1-8) 

W i 1 1 ov,1 C reek 

C 1 e g ho rn ( M- 1 0) 

Little Sioux River 

Washta (M-36) 

Pierson Creek 

Pierson (M-27) 

Bacon Creek 

Cushing (M-12) 

Correctionville (M-11) 

IMDL.C. LO ~1.,ont:.) 

WASTE LOAD ALLOCATION 

7-DAY, 1-IN~lO YEAR LOW FLOW 

1990 WINTER CONDITIONS 

St ream 1 1990 
Ultimate BOD

2 
Flow Discharge Ammonia Nitrogen (N) 
(mgd) (mgd) ( mg/ 1 ) ( 1 b/ day) (mg/1) (lb/day) 

0 Cont ro 11 ed Di sch a rge 

To Municipal Facility 

0 Control led Discharge 

0 Controlled Discharge 

0 Control led Disc~arge 

0 Controlled Discharge 

7,27 0.074 45 5 28 155 9 

7.61 0.039 45 5 15 155 5 

7.61 0. 163 45 5 61 155 20 

E ffl uen t 
Di sso 1 ved 
Oxl~en 

(mg/1) 

4.0 

4.0 

4.0 



Discharger (Ref. No.) 

Little Sioux River 

Anthon (M-3) 

Oto (M-26) 

Srroke:t Ho 11 ow Creek 

Smithland (M-34) 

Little Sioux River 

Rodney (M-31) 
N Mae 1 e River 

D r:i Creek Bed 

Aure 1 i a (M-6) 

Little Maele River 

Alta (M-1) 

Hal fwa:i Creek 

Schaller (M-32) 

Pork Processors, Inc. 
(1-4) 

Galva (M-15) 

Odebo 1 t Creek 

Odebo 1 t (M-25) 

Selected Casing ( I -6) 

Un-named Creek 

Arthur (M-4) 

TABLE 28 (Cont) 

WASTE LOAD ALLOCATION 

?-DAY, I-IN-10 YEAR LOW FLOW 

1990 WINTER CONDITIONS 

1990 St ream 1 
Fl O\v Di sch a rge Ultimate BOD

2 
Ammonia Nitrogen (N) 

(mgd) (mgd) (mg/1) (lb/day) (mg/1) ( 1 b/ day} 

10. 14 0.085 45 5 32 155 11 

No Existing Municipal Facility 

0 Controlled Discharge 

No Existing Municipal Faci 1 ity 

0.00 0. 128 12 13 1.5 2 

0.00 0.229 1.5 3 2 4 

0 Control led Discharge 

0 Control led Discharge 

0.23 0.020 12 2 7 

0.24 o. 149 5 6 

To Municipal Facility 

0 Controlled Discharge 

E ff 1 uent 
Dissolved 
Ox:i

7
en 

(mg 1) 

4.0 

8.0 

4.0 

4.0 

12.0 



vJ 

Dischar_g_er (Ref. No.) 

Little Sioux River (cont.) 

Map 1 e River (cont.) 

Ida Grove (M-19) 

De 1 uxe Mote 1 ( I -1) 

Battle Creek 

Holste in (M-17) 

Robert Bagenstos Slaughter 
House ( 1-5) 

Map 1 e River 

Battle Creek (M-7) 

Danbury (M-13) 

Mapleton (M-22) 

Castana (M-8) 

Turin (M-35) 

TABLE 28 (Cont.) 

\.J1\STE LOAD ALLOCATION 

7-DAY, 1-IN-10 YEAR LO\.J FLOW 

1990 WINTER CONDITIONS 

St ream 1 
Flmv 
(mgd) 

I. I 6 

3.61 

1990 
Di sch a rge 

(mgd) . 

0.220 

0 

0 

0 

O. 1 I 6 

0 

Ultimate BOD
2 

Ammonia Nitrogen (N) 
(mg/1) ( lb/day) (mg/1) (lb/day) 

30 

454 

55 7 13 
No Discharge Data Available 

Cont ro 1 1 e d D i sch a rge 

No Discharge Data Available 

Controlled Discharge 

Cont ro 11 ed Discharge 

44 154 15 

No Existing Municipal Faci.1 ity 

Controlled Discharge 

Effluent 
Dissolved 

~ge) mg/1 

4.0 

4.0 

2 

Seven-day, 1-in-10 year low flow in stream just above point of discharge, if stream is classified; 
or flow of classified stre~m at confluence with tributary. 

UBOD = 1. 5 (BOD
5

). 
3 No waste load allocation 
4 

Meets BP\.JTT guide I ines. 
5 Meets BPWTT guidelines. 

is necessary; 10\v quantities of BOD and ammonia nitrogen in effluent. 

Higher discharge quantities could satisfy stream criteria. 

Could be higher without affecting stream profiles significantly. 



0 

0 

~ 
...J 
< 

<D 
,-.. 

a: 

j 
a.. 
~ 

10 .0~--...---~--~~-~--~~------,.----...---~~--.. 

.=: 9 . 0 

Cl 
E 8 . 0 - 7 . 0 z: 

~ 6 .0 
>-
~ 5.0 

WATER QUALITY 
CLASSIFIED LEGEND 

DISCHARGE TREATMENT LEVEL 
--WASTE LOAD ALLOCATION 
---SEC~ 

IDEQ STREAM STANDARD 
C 4 . 0r -~-UJ 

----> ----~ 3 . 0 t f 
1
r-- f ~ 2 . 0 --- ---

0 1.0 

0 .0+---+--l--<----+---+-1--'--+--+--1--4----+-----+-l---+--+--I--+----+ 
0 .0 2 . 0 4.0 6.0 8 . 0 10 .0 12 . 0 14.0 16 . 0 18 . 0 

RIVER MILE (DOWNSTREAM FROM INITIAL DISCHARGER ) 

::-16 .0 -Cl 14.0 
E 
-12 .0 
z: 
~ 10.0 
>-
x 8 .0 
0 

C 6.0 
UJ 
> 4 .0 _J 

0 
Cl) 2.0 

0 

0 

f-

@ 
~ 
0 

LITTLE MAPLE RIVER 

WATER QUALITY 
CLASSIFIED 

i L~GEND 

N ... 
a: 
w 
it 
~ 

DISCHARGE TREATMENT LEVEL 
--WASTE LOAD ALLOCATION 
--- SECONDARY 

---T---r----~----: 
IDEQ STREAM STANDARD 

Cl) 

C 0 .0 t I t I t I I t I t I I I t I 1 I t 
0.0 2.0 4 .0 6 .0 8 .0 10.0 12.0 14 .0 16 .0 

RIVER MILE (DOWNSTREAM FROM INITIAL DISCHARGER) 

ODEBOLT CREEK 

114 

FIGURE 20 
DISSOLVED OXYGEN 

CONCENTRATIONS 
WINTER CONDITIONS 



0 

0 

>-
~ 
I-

~ 
:i:: 

15 . 0 

-13 .5 
~ -t:nl2 .0 

;-
-
~ 

5 
a: 
Iii 
t,! 

,­
a:> 

a: 

~ 
~ 
8 

N 

"' 
a: 
(.) 

>-

~ 
V) 

WATER QUALITY 
CLASSIFIED 

0 

N 
N 

a: 
X 

B -
V) 

~ 
...J 

e I DRAIN 
--1o .5 TILE 

SEWER CR 
~ 9.0 
Cl 

~ 7 . 5 
0 

6 .0 
0 

~ 4 . 5 _, 
O 3.0 
(/) 
(/) - I . 5 
0 

0 .0 

OCHEYEDAN R 
t 

IDEQ STREAM STANDARD 

LEGEND 
OISCHARG~ TREATMENT LEVEL 
--WASTE LOAD ALLOCATION 

(SAME AS SECONDARY) 

O. 0 3 . 0 6 . O 9 . O I 2. 0 15. 0 18 . 0 21 . 0 24. 0 

RIVER MILE (DOWNSTREAM FROM INITIAL DISCHARGER) 

0 
0 

' ~ 

~~ :~ 
25..: 

15 . 0 

-13.5 --Cl 12.0 
E 

._.. 10 . 5 
z: 

9 . 0 LLJ 
Cl 
>-
X 7.5 
0 

0 6.0 

OCHEYEDAN RIVER 

er ID 

-o 

~~ 
. .,, 

' ,- ' 01 ~ 
a: a:N 

<I'. ID (.)"' u~ w 
X oi I- I- e5 >-~ ~; < d--' a: E~ w@C!> 

::,;;i ¥~ ~~9 

LEGEND 
DISCHARGE TREATMENT LEVEL 
--WASTE LOAD ALLOCATION 
--- SECONDARY 

a:> 

"' "' 
e 
I-

~ 
~ 

,­

"' ,-

a: 
X 

B 
V) 

~ 
I= 
...J 

LLJ ---
> 4.5 _, 
0 3 or 

· IDEQ STREAM STANDARD 
(/) . ' 
(/) ', 
- I . 5 , 
0 ' t 

rr 

a.a , L,--,_J L I 
0 . 0 I .,_ - ,J t I t ~~+,~, 16---;, b-1 

+---;;::' ~t +--1 Lt~, 1 
8 .0 16 .0 24 .0 32.0 40 .0 48 .0 56 .0 64 .0 72 . 0 80 .0 

RIVER MILE (DOWNSTREAM FROM INITIAL DISCHARGER) 

MAPLE RIVER 

115 

FIGURE 21 
DISSOLVED OXYGEN 

CONCENTRATIONS 
WINTER CONDITIONS 



15 .0 

- 13.5 
Cl 

...=., 12 .0 

~ 10 .5 

~ 9 .0 
>< 

;; 
D 
~ 

D 
V) 
_.I 
(!) -

.., 
ui 
~ 

a: 
X 
:::, 
D 

in 
w 
i::! ,_ 
:::i 

L.:L 

OKOBOJI 
LAKE 
OUTLET 

+ 

;;; "' - D 
en "' N ~ ~ a, 
~a "' a, 

V) ~ 

a: - D .... 
"' -

~ 
en 

~ ~ a.. ~ 

<( 
D a: a: a: a: 
WW (!) CJ 

>- ~ X 

~w 
:::, z _.I 

o z _.I 

85; in :::i i 

WATER iuALITY 
CLASS I I ED 

1 

LEGEND 
DISCHARGE TREATMENT LEVEL 
--WASTE LOAD ALLOCATION 

0 

,., I l I ~ 6 .0 t=t I I J1 t±4-::J 
~ 4 .5 

l ---SECONDARY 
LITTLE SIOUX R 

(/.) 
(/.) 

Cl 

3 .0 t\, 

I . 5 ..... 

IDEQ STREAM STANDARD 
I' .... ..... 

I ..... 

o.o I I I ,,. .I.- I 0 .0 ,.J j , I '-, j_ J,., ---.J l"1 I I JJ 
', 

I I .0 22 .0 33 .0 44 . 0 55 .0 66 .0 77 . 0 88 .0 99.0 

RIVER MILE (DOWNSTREAM FROM INITIAL DISCHARGER) 

10 .0 

.-- 9 .0 
~ 

~ 8.0 
E 

...___... 7 . 0 

z 
UJ 6 .0 
C, 
>- 5.0 >< 
0 

4 .0 
Cl 
UJ 
> 3 .0 
....I 
0 2 .0 
(/.) 
(/.) 

N 

o 

w 

~ a: 
~ 
CJ 

- 1.0 [' 
C 0.0 _">.,._. 

LITTLE SIOUX RIVER 

~ 
~~-' 
(1)--

· ::X: > ID 

, Pl~~ N 
a: - u- V 
(.}-I}- -

a:CJ ~ 

ZZCJ~~ oo oz 
VlVlZ · 0 a:a:oov:i: 
~~~CJ!:? !z 
ll..Q..a>oiJ- ct 

r 
I 

r,J.J 

LEGEND 

o 
o 
en 

a: 

j 
a.. 
i 

DISCHARGE TREATMENT LEVEL 
--WASTE LOAD ALLOCATION 
--- SECONDARY 

r 7-- - -.._ _J ------ ---

I • I 
110 .0 

---

o 
o 
N 

a: 

a: a 
V) 
V) 

:I: 

100.0 I I I .0 122.0 133 .0 144.0 155.0 166 .0 177.0 188 .0 199 .0 210 .0 

RIVER MILE (DOWNSTREAM FROM INITIAL DISCHARGER) 

FIGURE 22 
DISSOLVED OXYGEN CONCENTRATIONS 
LITTLE SIOUX RIVER 
WINTER CONDITIONS 

LITTLE SIOUX RIVER 

116 



-

0 

0 

~ 
~ 

16 . 0 

14.0 

- 12.0 
Cl 

--=.,10 . 0 

<C 8 . 0 

z: 
O 6 . 0 
:::::E 
~ 4 . 0 

WATER QUALITY 
CLASSIFIED 

LEGEND 
DISCHARGE TREATMtNT LEVEL 
--WASTE LOAD ALLOCATION 
---SECONDARY 

t T T 
IDEQ STREAM STANDARD 

"' ,.._ 

a: 
w 
I[ 
i 

:::t I t , t , 11 I t , r , t I t , t , t 
0 . 0 2 . 0 4 . 0 6 . 0 8.0 10.0 12 . 0 14.0 16 . 0 18 . 0 

RIVER MILE (DOWNSTREAM FROM INITIAL DISCHARGER) 

0 

0 

I-_, 
0 
CD 
w 
D 
0 

f 
16.0 

LITTLE MAPLE RIVER 

N ... 
a: 
w 
I[ 
i 

..--.14 . 0 

WATER OUAL ITY 
CLASSl~IED 

I I -
-;,,2 . 0 

--=..,a.a 
LEGEND 

DISCHARGE TREATMENT LEVEL 
--WASTE LOAD ALLOCATION 

<( 
8 . 0 - ---SECONDARY 

z: 
0 6 . 0 :::::E 
:::::E 

4 . o+ ',._ <( 

! ! l 
IDEQ STREAM STANDARD 

-----2 . 0 

a.at 1 1 , 1 , It I J 1 1 1 t 1 ± 1 t 
0 . 0 2 . 0 4 . 0 6 . 0 8.0 10 . 0 12 . 0 14 . 0 16 . 0 

RIVER MILE (DOWNSTREAM FROM INITIAL DISCHARGER) 

ODEBOLT CREEK 

117 

FIGURE 23 
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FIGURE 25 
AMMONIA NITROGEN CONCENTRATIONS 

LITTLE SIOUX RIVER 
WINTER CONDITIONS 



Maple River, Odebolt Creek, and the upper reaches of Little Sioux River 

requires low ammonia nitrogen waste load allocations to meet the stream 

quality criteria of 2.0 mg/1. All industries within the study area, 

e:-.cept for the Linn Grove Rendering Plant, are assumed to have control led 

dishcarge or to discharge to a municipal system. The waste load alloca­

tion for Line Grover Rendering under winter conditions is BPT. Wastewater 

discharges from Alta, Aurelia, Cherokee, Galva, Hartley, IGLSD, Ida Grove, 

Odebolt, and Spencer must provide better than secondary treatment levels 

for amrronia nitrogen removal in order to meet stream quality criteria. 

Thermal Discharges - There are no thermal discharges within the 

study area streams of sufficient magnitude to cause violation of the 

stream quality standards. 

Waste Load Allocations for Non-regulated Substances - Within the study 

area, the main type of wastewater discharges which could have an impact 

upon the aquatic environment but are not covered by water quality standards 

are sludge discharges from potable water treatment plants. The main pollu­

tant constituent of these discharges is suspended sol ids, which is not 

covered by Iowa water quality standards. No identification of these dis­

charges has been done as they will be effluent 1 imited and usually restric­

ted to zero discharge. 

Summary - Waste load allocations for those sections of classified 

streams with very low 7-day, 1-in-10 year low flows are extremely stringent. 

The practicability of obtaining some of these waste load allocations with 

existing treatment methods is questionable. Further examination of these 

particular cases is recommended. 
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