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ABSTRACT 

This study relates to the construction and application of a water 

quality model for the Upper Blackfoot River basin in southeastern Idaho 

to serve as a management tool for future phosphate mining and processing 

operations in the area. The model was developed by making suitable mod

ifications to an existing model which had been used for the Boise River 

study. The Blackfoot River model is steady state, deterministic and one

dimensional. It has been calibrated and verified and has been found sat

isfactory under the limitations of the observed data and the complexity 

xi 

of the ecosystem. The technique of model application has been illustrated 

with the help of arbitrary waste discharges at selected points in the basin. 

Two hypothetical combinations of inputs have been assumed. The effects of 

these discharges on the water quality of the streams have been simulated 

by the model. 

The model can be useful in deciding the management policies for 

phosphate mining and processing operations in order to mitigate or avoid 

their adverse impacts on water quality of the streams. The model can be 

adapted to the planning of these operations as well as to the planning 

and management of other human activities in the area with regard to their 

water quality impacts. 

Proposals for improving the data collection system in the basin 

include: (i) coordination of data collection programs of the various 

agencies, (ii) hydrologic and water quality data gathering on ungauged 

major tributaries and on the main stems of the Diamond Creek and the 

Blackfoot River, and (iii) collection of essential weather data in the 

basin . 
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CHAPTER I 

INTRODUCTION 

Statement of the Problem -------

Phosphate is used in the manufacture of fertilizer and in the 

production of elemental phosphorous which is widely used in the chem

ical industry. Phosphate reserves of the United States are 55 percent 

in the eastern fields and 45 percent in the western fields. A signif

icant part of the western fields lies in southeastern Idaho which 

contains about 80 percent of the reserves of the western fields and 

consequently about 35 percent of the United States reserves. The Idaho 

reserves are located on private and public lands which can be easily 

mined by surface methods. These reserves are estimated at slightly 

over one billion tons using current economics and mining technology 

(U.S. Department of Interior and U.S. Department of Agriculture, 1977). 

The U.S. Department of Interior and U.S. Department of Agriculture 

(1977) have given estimates of phosphate ore production from different 

fields and their future trend. 

"The western phosphate fields currently supply about 14 
percent of the U. S. production of phosphate rock. Florida 
and North Carolina supply about 81 percent, and Tennessee 
supplies about 5 percent. Florida production will probably 
peak by 1985 and decline by 1990. Increased demands for 
phosphate, at about 2 percent per year over the next 20 
years and the projected Florida production indicate a 
probable increase in production from the western phosphate 
fields." 

Phosphate mining is an important economic activity in southeastern 

Idaho. Involved agencies of the federal government are considering a 



number of actions related to the development of phosphate resources in 

southeastern Idaho. Approval of these actions will lead to large in

crease in the activities related to phosphate exploration, mining and 

processing in the area. These activities would cause environmental 

changes. It is anticipated that water quality of the streams may dete

riorate with increases in phosphate mining operations. This concern 

underlines the need for adopting suitable management practices for 

future mining operations so that adverse effects on water quality of 

streams may be minimized or avoided. 

Purpose of the Study 

Acti-vities involving exploration, mining and processing of phos" 

phate cause environmental impacts on natural and cultural environment. 

The natural environment involves land resources, water resources, air 

resources, vegetation, wildlife and fisheries. The cultural environment 

covers land use, socioeconomic development, transportation and utilities 

systems, recreation resources, archeologic, historic and aesthetic values. 

The environmental impacts may be short term or long term, reversible or 

irreversible, adverse or beneficial. Many of the impacts resulting 

2 

from phosphate operations are adverse. With suitable management practices 

it is possible to completely avoid certain impacts while minimizing others. 

It is anticipated that water quality of the streams in southeastern Idaho 

may deteriorate with the increase in phosphate mining activities. The 

purpose of this study is to provide a technique which can assist in the 

management of future phosphate mining operations so that adverse effects 

on water quality of the streams may be minimized or avoided. 
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Objectives of the Study 

The phosphate mining area in southeastern Idaho is drained by 

parts of four major drainages - the Portneuf, Blackfoot and Salt rivers, 

all tributary to the Snake River, and the Bear River which is tributary 

to the Great Salt Lake. These stream basins include about 90 percent 

of the potential mining area. The remaining 10 percent is drained 

3 

mostly by Willow Creek and several other small tributaries to the Snake 

River. Quantitative evaluations of changes in the values of water quality 

parameters resulting from various levels of mining and ore processing would 

aid in adopting suitable management practices for such operations in these 

basins. A mathematical water quality model could be utilized as the basis 

for these evaluations . 

Construction and verification of such a model require historic 

data on water quality constituents, hydrologic parameters and meteoro

logical elements and information on system coefficients and system 

geometry. The U. S. Forest Service, Idaho Department of Health and 

Welfare, U. S. Geological Survey and Alumet have collected these data 

for Upper Blackfoot River basin which was, therefore, selected for 

development of a water quality model for its streams. 

The general objective of the study is to consfruct and verify a 

water quality model for the Upper Blackfoot River basin to aid in pre

dicting the impacts of different levels of phosphate mining and proces

sing. This model would be a prototype for construction of similar 

models for other basins in the area . 

The specific objectives are: 

a) to construct, calibrate and verify a water quality model 



for the Upper Blackfoot River basin; 

b) to apply the model to arbitrary point inputs of large 

dosages of pollutants and to predict the water quality 

changes at specific points on the river; 

c) to suggest procedures for application of the model to evolve 

suitable management practices for phosphate mining and 

processing; and 

d) to recommend improvement of data collection system for 

improvement and better application of the model. 

4 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



I 

I 

!e 
I 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Physiography 

CHAPJER II 

BACKGROUND INFORMATION 

Description of the Study Area 

The Upper Blackfoot River basin lies in southeastern Idaho between 

latitudes 42° 59'N. and 42° 37'N. and longitudes 111° 09'W. and 111° 27'W. 

(figure 1) and covers an area of 159 square miles. Its primary streams 

are Diamond Creek, Lanes Creek and Angus Creek. After the confluence 

of Diamond and Lanes creeks the main channel takes the name of the 

Blackfoot River . 

The principal physical characteristics of the basin are two val~ 

leys - Upper and Rasmussen - which are surrounded by steep and high 

mountain ranges. The basin is bounded on the east by Webster Range and 

on the west by Dry Ridge and Wooley Range. These ridges and valleys which 

extend generally north and south, have resulted from horizontal thrust 

faulting and folding. Horizontal sedimentary beds were buckled and 

overthrusted by forces pushing from the west. These ridges and valleys 

are, therefore, curved in a distinct crescent pattern from northwest to 

south-by-southwest. The elevation ranges from 6350 feet at the weir to 

8977 feet on the Webster Range. The average elevation of the Upper 

Valley is about 6450 feet with surrounding mountains rising to over 

7700 feet . 

The landforms of the basin have been designated by the U. S. Forest 

5 
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Service {1976) by six land type associations - bottomlands, foothills, 

sideslopes, canyonlands, uplands, and ridgelands. These landtype associa

tions represent broad areas of similar landforms. 

U. S. Forest Service {1976) has classified the natural soil of the 

area into four major types: (1) residual, {2) colluvial, (3) alluvial

colluvial, and {4) alluvial. The residual soils occur on the ridges and 

uplands and extend one-half to two-thirds down the ridge sideslopes. The 

colluvial soils follow the residual soils to nearly the bottom of the 

drainage-ways of most of the tributaries. The alluvial~colluvial soils 

occupy the drainage bottoms, mainly along the permanent stream channels . 

Alluvial soils are confined to the stream valley bottoms. 

Climate 

Climate of the Upper Blackfoot River area is influenced by Pacific 

air currents and the major topographic features. The mountain ranges 

trend north and south and are nearly at right angles to the prevailing 

eastward airflow, affecting wind, precipitation, and temperature patterns . 

Pacific air currents drop much of their moisture on the coast and other 

ranges to the west before they enter the study area. The area is affected 

to a lesser extent by the air masses from the Gulf of Mexico and Caribbean 

region. This latter effect occurs in late summer and early fall to 

create severe thunderstorms . 

Precipitation 

7 

Winter precipitation usually is in the form of snowfall, whereas 

summer precipitation is received from scattered showers and thundershowers . 

Average annual precipitation varies from 20 to 35 inches. An average of 



54 percent of the annual precipitation falls from November to April which 

is mainly as snow. July is usually the driest month and June is the 

wettest. Precipitation varies with elevation; points at high elevations 

receive more precipitation. Study of the precipitation distribution in 

the nearby areas shows that in an average water year about 43 percent more 

precipitation falls on the ridges than in the valleys (Ralston and Trihey, 

1975, p. 12). Prevailing winds are from the southwest which result in 

snow accumulation on the north and east sides of the ridges. Drifts may 

pile up to 30 feet or more in depth and be as long as six miles. 

Temperature 

Temperatures over the study area range from 90° to -40° F. Mean 

monthly temperature for the warmest month of July is about 60° F and for 

the coldest month of January, about 12° F (U. S. Department of Commerce, 

1974). In general, temperature decreases as altitude increases. The 

rate of decrease vertically, called the lapse rate, averages about 3.6° F 

per 1000 feet of rise. 

During the fall and winter months, thermal inversions, when temper

atures increase with elevation, are common in the valleys. These inver

sions coupled with industrial pollution can be harmful to vegetation and 

animal life. 

Evaporation 

Evaporation is greatly influenced by temperature and varies, there

fore, with the elevation and the season. About 80 percent of the total 

annual evaporation takes place between the months of April and October 

wi'th a maximum in July which is the warmest month. The average annual 
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evaporation over the study area is about 43 inches with about 9 inches 

for the month of July (U. S. Department of Commerce, l974). 

Solar Radiation 

9 

The mean daily sunshine ranges from a minimum of 9 hours in December 

to a maximum of 19 hours in July and August, with an annual daily mean 

of 14 hours (U. S. Department of Commerce, 1974). 

Mean daily solar radiation ranges from 140 Langleys in December 

to 625 Langleys in June, with an annual daily mean of 400 Langleys (U. S. 

Department of Commerce, 1974) . 

Relative Humidity 

Maximum relative humidity occurs in winter while it is low in 

summer; July and August are the lowest, during which a level of about 

40 percent can be expected. Annual mean relative humidity is 62 percent 

(U. S. Department of Commerce, 1974) . 

Hydrology 

Surface Water 

The headwaters of the Upper Blackfoot River originate in Upper 

Valley which is drained by two principal tributaries ~ Diamond Creek and 

Lanes Creek. After the confluence of these two tributaries, the stream 

takes the name of Blackfoot River, which flows west through the Narrows . 

Many of the small streams at higher elevations flow only during 

snowmelt or at the time of high intensity rainstorms. The large streams 

have perennial flow which is sustained by ground water discharge during 

the low flow period . 
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Snowmelt provides most of the water for streamflow. The high stream

flows from snowmelt generally extend over a two to six weeks period, usually 

in May and June. In larger streams, the duration of high flows may be 

extended because of elevation differences within the watershed. The high 

north-facing and east-facing slopes are the predominant snowpack areas 

that produce late runoff. 

Peak runoff usually is caused by snowmelt but heavy rainfall during 

summer thunderstorms can also cause flooding but the areas affected by 

such storms are small. 

Gr·ound Water ------
Ground water flows through alluvium or bedrock and commonly emerges 

at lower altitudes as springs or base flow of streams. Ground water flow 

systems in the bedrock strata are complicated due to fracturing of rock 

unit through past faulting and folding. Ground water flow is mainly 

through fractured limestone and is tortuous in both horizontal and 

vertical directions. The fractured limestone beds and some of the more 

permeable sandstone beds, probably are the main sources of water for 

numerous large springs in the area. 

The most accessible source of ground water, other than springs, is 

in the alluvium in the larger valleys. Water enters the alluvium from 

direct precipitation, from tributary streamflow from the surrounding 

ridges and from bedrock formations underlying the valleys, The ground 

water in the alluviated valleys moves, in general, towards the streams 

that drain the valleys. 
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Activities Affecting Environment 

The human and other activities which are being carried out in the 

study area and which might have environmental impacts are: 

i) phosphate mining and associated operations, 

i i) grazing, 

iii) timber harvesting, 

iv) irrigation, 

v) recreation, and 

vi) wildlife . 

The above activities can have impacts on the following aspects of 

environment: 

A . Natural environment 

i ) 1 and resources, 

i i ) water resources, 

iii) air resources, 

iv) vegetation, 

v) wildlife, and 

vi) fisheries . 

B. Cultural environment 

i ) land use, 

i i ) socioeconomic development, 

iii ) transportation and utilities, 

iv) recreation, 

v) archeologic and historic values, and 

vi) aesthetic values . 

11 



Phosphate Mining 

The present study concerns itself with the impacts of phosphate 

m·ining on the water quality of streams of Upper Blackfoot River basin. 

As mentioned in Chapter I, there are plans to increase the phos

phate mining activity in the study area. The phosphate beds, operating 

mines, phosphate leases and phosphate applications for fringe acreage, 

lE~ase and prospecting permits for the Upper Blackfoot River basin are 

shown in figure 2. 

The areas which could be subjected to mining under full develop

ment of the phosphate reserves in the Upper Blackfoot River basin up to 

the year 2000 are shown in figure 3. These will be covered by the fol-

lowing mines: 

i) Wooley Valley, 

ii) Rasmussen Ridge, 

iii) Diamond Creek, 

iv) Lanes Creek, 

v) North Maybe Canyon and 

vi) Husky No. 1. 

The anticipated phosphate ore production from the above mines up 

to A.D. 2000 will be as below: (U. S. Department of Interior and U. S. 

Department of Agriculture, 1977, p. 1-3) 

Wooley Valley 
Rasmussen Ridge 
Diamond Creek } 
Lanes Creek 
North Maybe Canyon 
Husky No. 1 

9.5 million short-tons 
16.0 

57.5 
not available 
51 . 5 

The above ore production figures were estimated by the U. S. Department 

of Interior and U. S. Department of Agriculture (1977) assuming that all 
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mining plans and pending applications for leases and fringe acreages would 

be approved and that all prospecting permits needed for projected mining 

would be issued. The present mining plan covers a period of 24 years from 

1976 to 1999. On completion of this plan sufficient phosphate reserves 

would still be available in the area for the mining to continue beyond 

the year 2000. 

Alumet, which will be operating the Diamond Creek and Lanes Creek 

mines, has plans to build a washing-sizing-calcining plant in the Upper 

Valley west of the proposed Diamond Creek Mine. 

It is considered that the following facets of phosphate mining and 

processing are the primary factors controlling water quality degradation. 

i ) 

i i) 

iii) 

iv) 

v) 

vi) 

vii) 

viii) 

ix) 

x) 

Forest clearing for exploration drilling, mining, mine 

waste and ore piling and rail and road construction . 

Rail and road construction. 

Ore mining. 

Mine waste piling . 

Ore stockpiling. 

Oil, fuel and greases used for mining and transportation 

machinery . 

Ore processing - beneficiation, calcination. 

Possible failure of water and sediment control devices, 

as a result of inadequate design or unusual event . 

Leakage of ore slurry pipes if used. 

Release of untreated slime, either by accident or by 

seepage from tailings ponds . 

Phosphate mining and processing activities if carried out at full 



scale are likely to affect the environment adversely in a number of 

sectors. Mining is expected to affect the water quality of the streams 

in the study area unless suitable management actions are taken to elim

inate or at least mitigate these effects. 

16 

The lands of the study area are very productive sheep and cattle 

range and are some of the good grazing lands in Idaho. There are 16 sheep 

allotments and 2 cattle allotments within the Caribou National Forest area 

of the Upper Blackfoot River basin. In addition there are cattle _ranges 

on private lands. The sheep graze at higher altitudes while cattle use 

the valleys and foothills. Over 75 percent of the range area is used 

by sheep. 

Controlled grazing of cattle and sheep is practiced in the study 

area. Grazing is normally allowed during the following periods: 

Cattle 
Sheep 

1 June to 15 October 
1 July to 15 September 

Details of the numbers of cattle and sheep and grazing periods in 

different ranges of the Upper Blackfoot River basin have been given in 

table 1, which is based on the information collected from the Soda Springs 

Ranger District, Caribou National Forest, Forest Service, U. S. Department 

of Agriculture. 

Timber Harvesting 

Timber stands in the study area contain mainly lodgepole pine and/or 

Douglas fir. Minor volumes of Engelmann spruce and subalpine fir are 

found intermixed. 

• 

• 

• 

• 
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• Table 1. Cattle and sheep grazing in Upper Blackfoot River basin . 

Type of Number of Area in Grazing 
No . Range Animal Animals Acres Period 

• 
1 Stewart Creek Sheep 1 , 195 5,739 7/6 - 9/10 

2 Diamond Creek 
Sage Creek (part) Sheep 1,000 2,959 7/1 - B/30 

• Diamond Creek (rest) Cattle 2BO 3,572 6/11-10/10 

3 Timber Creek (part) Sheep 1,000 2,630 7/1 - B/30 

4 Bear Canyon Sheep 975 2,730 7/1 - B/30 

• 5 Ye11owjacket Canyon Sheep 975 4,085 7/1 - 8/30 

6 Lower Bacon Creek Sheep 1,000 6,601 7/1 - 9/5 

7 Upper Bacon Creek (part) Sheep 900 4,568 7/1 - 9/10 

• 8 Diamond Flat (part) Sheep 950 5,800 7/1 .. B/30 

9 Brown Canyon Sheep 1,000 7/1 - 9/15 

10 Lanes Creek Sheep 1 ,000 7/1 - B/31 

• 11 Olson Creek Sheep 750 4,432 7/1 - B/31 

12 Kendall Canyon (part) Sheep 1 '150 5,233 6/21- 9/15 

13 Henry Peak Sheep BOO 3,137 7/1 - B/31 

• 14 Sheep Creek Sheep 1 '1 00 4,12B 7/1 - 9/5 

15 Little Long Valley Sheep 1 ,000 4,035 7/1 - B/30 

16 Mill Canyon Sheep BOO 2,B33 7/1 - B/30 

• 17 Lower Angus 
Rasmussen Valley Cattle 3B4 2,788 6/11- 9/30 

lB Private Ranges Cattle 1200-1500 

• 
(average 
1300) 

• 
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Recent bark beetle infestations have decimated lodgepole pine stands. 

This infestation generally moved from the northeast through the area over 

a period of about 9 years. Losses up to 50 percent of the lodgepole pine 

resulted from this infestation which was severe in the Diamond Creek drain

age area. U. S. Forest Service had to contract out harvesting of recently 

dead and dying trees in this area before the infested trees were rendered 

useless. 

Timber has been harvested on a planned basis from the Caribou 

National Forest in the study area. Information on the past and future 

timber cutting in the area as obtained from the Soda Springs Ranger 

District, Caribou National Forest has been given in table 2. 

Timber harvesting has effect on the accumulation, melt and evapor

ation of the snow in the area. This activity also causes disturbance of 

the soil by the machinery and road building which in turn leads to increase 

in sediment in the streams draining the area. 

Irrigation 

There are diversions of water from a number of streams in the study 

area for livestock watering and for irrigating forage crops and grains 

(wheat, barley). The diversions for which water rights existed in 1976 

have been listed in table 3. 

The total drainage area of Upper Valley has been adjudicated to 

service existing water rights and reservoir storage. "Only flood flows 

would be available for new appropriations and then only when there is a 

spill at Milner Dam", (Idaho Water Resources Board, 1968). 

• 
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Table 2. Past and future timber harvesting in the Upper Blackfoot River basin. 

Number Area 
of Volume Disturbed 

Sub-bas in Location Tree Type* Trees (MBF}* (acres) Period of Harvesting Contractor 

Little Long Sec 11, T.7S., R.43E. OF, LP 744 39 3 1/ 6/75 to 12/31/75 Stauffer Chemical Co. 
Valley 
Mill Creek Sec 28, 33, T.7S., R.44E. OF, AF 3544 85.5 30 5/12/75 to 12/31/75 Agricultural Products Co., 

Conda 
Angus Creek Sec 33, T.6S., R.43E. All species 7497 542 210 6/25/71 to 9/30/73 Stauffer Chemical Co., 

Sec 2, 3, 10, 11, T.7S 09 R.43E. Montpelier 
Angus Creek Sec 14, T.7S., R.43E. DP, AF, LP 354 41 22.5 10/ 2/72 to 10/15/74 Stauffer Chemical Co., 

Montpelier 
Ken de 11 Creek Sec 34, 35, T.7.S., R.44E. LP, OF, AP - 8021 888.8 6/25/75 to 3/31/77 Star Studs Co. 
Cabin Creek and Sec 27, 28, 31-34, 

Yellowjacket T. 7S., R.45E. 
Canyon 

Campbell and Sec 1 , 2 , 11-14, 24 , 
Hornet Canyons T. 8. S. , R. 44 E. 

Coyote Creek, Sec 2-11, 14-23, 26-29, 31-35, 
Hornet Canyon T .as .• R.45E. 
Bear Canyon 
Timber Creek 
Stewart Creek 
Diamond Creek 

Daves and Olsen Sec 12, 13, T.6S., R.43E. - -
Creeks 

2650 192.5 7/ll/73 to 3/31/76 Rexburg Lumber Co. 

(Midnight Spring Sec 7, 18, T.6S., R.44E. 
Sales No. 1) 

Midnight Springs T.6S., R.43E. - - 2000 - 1979 
No. 2 

(Sheep Creek, 
Gravel Creek, 
Daves Creek, 
Olsen Creek) 

Lanes Creek T.5-6S., R.44-45E. - - 5000 - 1980-81 
Sage Creek T.9S., R.45E. - - 1000 - 1981 
Diamond Flat T.6-7S., R.45-46E. - - 5000 1982 and beyond 
No. 2 
Blackfoot River T.6-7S., R.43E. - - 1500 1982 

*OF: Douglas Fir, AF =Alpine Fir, LP = Lodgepole Pine, MBF =Million Board Feet ....J 

~ 
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Table 3. Water rights for flow diversions within Upper Blackfoot River 
basin as of 1976 (Greiner Environmental Sciences, Inc., 1976). 

Stream or location of Area Amount Period of 
No. Diversion location to be Irrigated (cfs) Diversion 

Canon View Sec 13, 14 11 . 2 to July 1 
T.7S., R.44E. 

2 Diamond Creek Sec 23, 24, 25 11 . 2 to July 1 
T.7S., R.44E. 

3 Diamond Creek Sec 14, 15, 22, 23 11 . 2 to July 1 
T . 7 S . , R . 44 E . 

4 Diamond Creek Sec 26, T.7S., R.44E. 4.0 to July 1 
5 Home Spring Creek Sec 22, 29 6.4 to July 1 

T.7S., R.44E. 
6 West Spring Creek Sec 4, 9 11.36 to July 1 

T. 7S. , R. 44E. 
7 lane Creek Sec 2, 11 8.0 to July 1 

T.7S., R.44E. 
8 Lane Creek Sec 3, T.7S., R. 44E. 5.68 to July 1 
9 Duck Spring Creek Sec 10, 15 12.8 to July 1 

T. 7S. , R. 44E. 
10 Highland Creek Sec 32, 33 12.8 to July 1 

T.6S., R.44E. 
11 Butte Creek Sec 11 , 14 8.0 to July 1 

T.7S., R.44E. 
12 Sec 3 6 , T . 5 S . , R.44E. Sec 35, T.5S., R.44E. 0.4 
13 lane Creek Sec 33, 34 11 . 2 to July 1 

T.6S., R.44E. 
14 Sec 31 , T . 5 S . , R.44E. Sec 32, T. 5S. , R.44E. 1 . 0 

15 Sec 2, T.6S., R.44E. Sec 34, T.5S., R.44E. 2.2 
16 Sec 17, T.6S., R.44E. Sec 17, 20 2.4 

T.6S., R.44E. 

17 Sec 31, T.5S., R.44E. Sec 31 , 32 3.1 
T.5S., R.44E. 

18 Sec 8, T.6S., R.44E. Sec 5, T.6S., R.44E. 2.0 

• 

• 

• 
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Recreation 

At present there are very few recreational activities in the Upper 

Blackfoot River basin. There is a camping facility in the Mill Canyon 

above the Narrows. Other than this only transitory visitors pass through 

the area which results in dispersed recreation. The impacts of the 

existing recreational activities on the water quality are negligible. 

Wildlife 

The study area is part of the Idaho Fish and Game, Big Game Herd 

Unit 76. Important big game species are elk, deer, moose, bear and 

mountain lion. Upland game birds include sage grouse, blue grouse, ruf-

fled grouse, Hungarian partridge and mourning doves. Waterfowl includes 

species such as mallard, pintail, green-winged teal, shoveller, gadwall, 

widgeon, Canada geese, sandhill and whooping crane. A good population 

of the birds is migratory and inhabit the area from April through October 

(U. S. Forest Service, 1976). A large population of beaver is present in 

the area . 
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CHAPTER III 

PRESENT STATUS OF WATER QUALITY 

Effects of Geologic Formations and Phosphate 
Mining on Water Quality 

22 

The water in the form of water vapor is pure but as it precipitates 

and goes through the hydrologic cycle, it undergoes changes in quality. 

It picks up impurities during its passage through air and over and inside 

the land. The natural water is and has never been pure, even when not 

impacted by man. The composition of a natural water as determined by an 

analysis is the result of its history since its precipitation as rain or 

snow. The concentrations of dissolved and suspended impurities in water 

depend on the time water stays in contact with soluble substances. The 

solubility of a substance is controlled by chemical reactions which proceed 

as long as water is in contact with the soluble substance or until equilib

rium is reached. Subsequent contact of water with another soluble sub-

stance may change the equilibrium conditions for a previously dissolved 

substance and result in its precipitation from solution either in its 

original form or as another compound. The composition of water is, there

fore, a changing condition which results from physical, chemical and 

biological processes taking place continuously in the aquatic ecosystem 

due to state and exogenous variables. 

Cannon (1979, p. 39) has stated that, ''the sedimentary sequence of 

the Dinwoody, Phosphoria and Wells formations forms the basic stratigraphic 

sequence at all mine sites within the study area. These sedimentary rock 
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units, together with the unconsolidated deposits of colluvium and alluvium, 

form the most important geologic units of the study area, with respect to 

water resource systems at mine sites.•• Limited measurements of hydraulic 

conductivities of the three geologic formations have shown the following 

general pattern of hydraulic conductivity: 

Dinwoody formation 
Phosphoria formation 
Wells formation 

moderate 
low 
moderate to high 

The Wells formation has a large percentage of limestone while the 

Dinwoody formation has limestone to some extent. The hydrologic and geo

logic studies conducted so far of the study area show that the Dinwoody 

and Wells formations act as aquifers and that the Phosphoria formation 

allows little or no flow through it. Further there is considerable inter

change of surface and ground waters. This inference is supported by the 

existence of losing and gaining streams and a number of springs in the 

area . 

From the above description of the rock units one would expect high 

concentration of calcium carbonate in the waters of the study area and pH 

values greater than 7.0. This is actually the case as will be seen later 

from the field data. 

Main constituents of phosphate mineral apatite are phosphate, 

fluoride and calcium. Trace elements occur in higher concentrations in 

the Phosphoria formation than in most other rocks. Their average concen

trations are listed below (U. S. Department of the Interior and U. S. 

Department of Agriculture, 1977) . 



Element 

Vanadium 
Zinc 
Arsenic 
Selenium 
Cadmium 
Thallium 
Uranium 

Concentration in 
Phosphate Rock 

(ppm) 

800 
750 

30 
30 
90 

3 
90 

These trace elements which are toxic are probably present in the erosion 

products of mine wastes and ore stockpiles. 

24 

The base nature {pH> 7.0) of the waters of the study area would 

keep the concentrations of trace elements low. This has been substantiated 

by Wai (1979) in his study 11 Leaching of Soils from Phosphate Mine Waste 

Dumps in Southeastern Idaho ... 

Although fluoride ions occur in the phosphate ore, the pH of the 

water (about 7~0 to 8.5) and relatively high concentration of calcium 

in the waters of the study area, appear to limit the concentration of 

fluoride and phosphate ions in solution owing to precipitation of 

fluorapatite. 

The Phosphoria formation contains considerable organic matter and 

such sediments deposited in water bodies during mining could produce 

nitrogen food source (U. S. Department of the Interior and U. S. Depart

ment of Agriculture, 1977). 

It is considered that the following water quality constituents would 

be affected by phosphate mining operations: 

i) suspended solids, 

ii) dissolved solids, 

iii) turbidity, 

• 

• 

• 
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iv) phosphorous - total and dissolved, 

v) organic nitrogen and ammonia, 

vi) nitrite - N02-N, 

vii) nitrate - N03-N, 

viii) specific conductance, 

ix) alkalinity, 

x) hardness, 

xi) pH and 

xii) trace elements. 
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4t Statistical Analysis of Water Quality Data 

• 

• 

• 

• 

• 

• 

Prior to 1974, hydrologic and water quality data of Upper Blackfoot 

River and its tributaries were meager. Since then, discharge data, chem

ical and partial biological data have been obtained on a fairly intensive 

basis. The agencies involved in the collection of these data are U. S. 

Forest Service, Idaho Department of Health and Welfare and U. S. Geological 

Survey. In addition to these agencies Greiner Environmental Sciences, Inc. 

has, on behalf of Alumet, collected hydrologic and water quality data 

within the Diamond Creek and Lanes Creek basins. These observations covered 

the area of impact from Alumet's proposed phosphate mining operations in 

the Upper Blackfoot River basin. These data were collected for a period of 

about 12 months starting in August, 1975 . 

U. S. Forest Service conducted statistical analyses of their data 

for the two year period from September, 1974 to August, 1976. Values of 

three statistical parameters - mean, range, and standard deviation - for 

13 water quality indices for 8 sites in the study area, taken from 



these analyses have been reproduced in table 4. The numbers of samples 

used in computation of statistical values were as below. 

Stream 

Diamond Creek 
Stewart Creek 
Mill Creek 
Kendell Creek 
Sheep Creek 
Upper Angus Creek 
Lower Angus Creek 
Blackfoot River 

Number of Samples 

43 to 46 
49 to 62 
71 to 84 
21 to 27 
69 to 81 
71 to 84 
66 to 79 
73 to 86 
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The numbers of samples available for pH and dissolved phosphorous 

(P04) were less than the figures given above. Lesser numbers of samples 

for Diamond and Stewart creeks are due to these streams either going dry 

or becoming frozen. The observations on Kendell Creek were stopped in 

December, 1975 which explains why much lesser numbers of samples were used 

for this stream. The numbers of samples taken monthly ranged from four 

to eight except during the five winter months of November to March when 

one or no sample was taken. 

Statistical analyses were not carried out by the U. S. Forest 

Service for trace elements. Means and ranges were calculated for these 

water quality constituents for the same period of 2 years and have been 

presented in table 5. Three samples were available for these calcula

tions: one each in May and September, 1975 and May, 1976. 

The means and ranges of additional water quality parameters were 

evaluated using data collected by the Idaho Department of Health and 

Welfare and U. S. Geological Survey. These statistical values have been 

presented in table 6. Dashes in the table represent no data. The numbers 

of samples were small and varied from one to five. 

• 
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Table 4. Statistical values of water quality constituents based on data from September, 1974 to August, 1976 for U. S. Forest Service 
stations in Upper Blackfoot River basin. 

Water Temperature Turbidity Suspended Solids D1 ssol ved Solids Total Phosphorous 
{OF} {F .T.U.) (mg/1} (mg/1} ~~ll) S.D. Stream Rean ~ange s.IL Mean Range S.D. Mean ~ange s.IL Rean ~ange s.[). Rean ange 

Diamond Creek 45.5 32-56 6.8 5.7 .2-45 9.3 53 1-197 56 192 140-238 20 .17 . 04- .44 .08 
Stewart Creek 41.6 32-51 4.6 3.0 .2-30 6.1 44 0-856 114 205 181-425 31 .12 .02- .35 .07 
Mill Creek 44.4 37-59 4.5 1.1 .2-11 1.3 12 0- 62 10 213 175-285 20 .16 .05- .88 .12 
Kendell Creek 39.3 32-45 3.2 3.2 .3-63 12.2 12 0- 59 13 201 190-225 7 .11 .03- .71 .13 
Sheep Creek 47.6 32-62 8.1 2.3 • 3-15 2.8 26 0-260 44 213 130-525 41 .12 .01- .79 .09 
Upper Angus Creek 46.4 32-69 11.8 6.4 .4-41 9.3 22 0-512 58 213 10-303 50 .18 0 -1.06 .17 
Lower Angus Creek 43.8 32-61 8.9 3.2 .4-32 4.9 16 0-206 27 205 120-266 21 .14 .05- .53 .09 
Blackfoot River 45.8 33-63 8.4 4.0 .4-73 8.3 26 0-150 32 234 183-650 58 .13 0 - .29 .06 

Dissolved Phosphorous Total Kjeldahl Total Alkalinity Total Hardness 
PO N N03-N CaCO~ CaC03 
~~~1) 'mg[1) ~mg/1) ~~/ ) !!!,9/1 

Mean ange S.D. Rean ange s.rL Rean ange s.r>. Rean ange s.D. Rean Range S.D. 

Diamond Creek .11 .07-.17 .03 2.08 .09-21 2.89 .16 .06-.34 .07 145 102-181 22 155 112-184 21 
Stewart Creek .08 .02-.12 .03 1.69 .08-11.2 1.41 .16 .09-.56 .07 165 150-182 8 172 154-326 21 
Mill Creek .05 0 -.2 .11 1.62 .45- 3.8 .62 .15 .04-. 25 .04 170 138-190 11 174 154-198 9 
Ken de 11" Creek .06 .02-.09 .02 1.83 .80- 2.9 .54 .14 .05-.20 .04 161 134-176 10 166 154-192 9 
Sheep Creek .09 .06-.11 .01 1.70 .60- 4.7 .61 .15 .09-.21 .03 168 86-326 35 172 106-248 29 
Upper Angus Creek .16 .07-.68 .13 2.02 .1 - 5.1 .84 .23 .1 -.6 .11 157 6-258 49 165 8-240 41 
Lower Angus Creek .08 .05-.11 .02 1.64 .38- 3.8 .55 .16 .05-.38 .05 155 58-194 32 159 64-198 29 
Blackfoot River .11 .04-. 76 .13 1.80 .9 -16.8 1.70 .13 .04-.27 .13 179 44-960 91 178 98-310 35 

pH N02-r• Conductivity 
{field} 

~.D. 
{mall} (JJmhos) 

Mea-n ~ange Mean Range s.D. Rean Range ~.I'L 

Diamond Creek 7.3 6.6-8.0 .5 0 0-0 0 295. 215-366 30 
Stewart Creek 7.3 7.0-8.1 .4 0 0-0 0 311 270-616 44 
Mill Creek 7.8 6.8-8.8 .7 0 0- .01 0 232 269-438 31 
Kendell Creek 8.0 6.9-8.8 .7 0 0- .OS .01 293 0-346 61 
Sheep Creek 7.7 6.5-8.8 .8 0 0- .01 0 323 200-761 58 
Upper Angus Creek 7.1 6.4-7.6 .4 .02 0- .15 .04 327 14-439 65 
Lower Angus Creek 7.8 6.5-8.7 .8 .02 0-1.01 .13 311 184-409 30 
Blackfoot River 7.5 6.5-8.8 .9 0 0- .01 0 355 281-942 83 

S.D. • Standard Deviation 

• • 

N 
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Table 5. Means and ranges of concentrations of trace elements based on data from September, 1974 to August, 1976 for U. S. Forest Service 
stations in Upper Blackfoot River basin. 

Arsenic Cadmium Chromium Copper Selenium Vanadium Zinc 
{mg/1) {mg/1) (mg/1} {mg/1 ) {mg/1 ) (mg/1) {mg/1 ) 

Stream Mean Range Mean Range Mean Range Mean Range Mean Range Mean Range Mean Range 

Diamond Creek 0 0-.001 0 0-.001 .001 0 -.003 .003 .002-.004 .004 . 001-.010 .013 .001-.031 .019 .008-.029 

Stewart Creek 0 0-.001 0 0-.001 .001 0 -.002 . 011 . 003-.021 0 0 -.001 .210 .001-. 027 .035 .011-.068 

Mill Creek 0 0-.001 0 o~. oo1 .006 .001-. 014 .008 .003-.017 0 0 -.001 .012 0 -.035 .014 .003-.024 

Sheep Creek 0 0-.001 0 0-.001 .001 0 -.001 .006 .004-.008 0 0 -.001 ~01 0 .001-.022 .017 .014-.023 

Upper Angus Creek 0 0-.001 0 0-.001 .004 0 -.010 .008 .003-.016 0 0 -.001 .010 . 001-.021 .022 .018-.025 

Lower Angus Creek 0 0-.001 0 0-.001 .001 0 -.002 .004 .002-.005 0 0 -,001 .003 .001-.071 .020 .019-.021 

Blackfoot River 0 0-.001 0 0-.001 .002 0 -.006 .002 0 -.004 0 0 -.001 .010 0 -.030 .013 .005-.021 

• • • • • • • • • • 
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Table 6. Means and ranges of additional water quality parameters based on data from other sources for Upper Blackfoot River basin. 

Dissolved Total Fecal Ammonia Oxygen BOD COD Coliform Coliform NH3-N Fluoride {mgLl} (mg/1} (mg/1} Ll 00 ml /100 ml (mg/1} (mg/1} Site Period Mean Range Mean Range Rean Range Rean Range Mean, Range Mean Range Mean Range 

Diamond Creek 2/1975 to 11.1 9.2-13.9 1.6 0.1-2.4 3.8 0.3-11.8 22 4-34 3 2- 4 .05 . 01-.12 . 11 . 01-.16 2 miles below 10/1976 
Campbell Canyon 

Lanes Creek at mouth 6/1977 to 8.5 7.7- 9.4 - - 11.0 0.4-20.1 5 2- 7 14 2-25 .06 .04-.06 .11 . 07-.15 10/1977 

Blackfoot River 10/1975 to 10.9 9.7-13.1 1.6 0.7-2.4 3.6 2.0- 4.7 - - - - .06 .01-.17 . 15 .14-.15 after confluence of 10/1976 
Diamond Creek and 
Lanes Creek 

Blackfoot River 12/1974 - - - - - - - - - - .1 0 above Angus Creek 

Blackfoot River 7/1977 to 9.7 7.1-13.0 - - 10.7 0.8-31.2 39 2-70 4 - .08 .02-.23 .14 .07-.16 below the Narrows 11/1977 

N 
~ 

• 



30 

Water Qua~ Standards 

The State of Idaho has designated the Blackfoot River waters as 

Class A (Idaho Department of Environmental and Community Services, 1973) 

in their system of water quality standards. Under this classification the 

waters should be suitable for domestic water supply, industrial water 

supply, irrigation, livestock watering, salmonid fish spawning, salmonid 

fish rearing, other fish and aquatic life, hunting and wildlife, water 

sk·iing and swimming, pleasure boating and aesthetics. The relevant stan

dards of the State of Idaho have been extracted from the publication 

entitled "Water Quality Standards and Wastewater Treatment Requirements" 

(p. 8-12), Idaho Department of Environmental and Community Services, 1973 

(now Idaho Department of Health and Welfare) and have been given below. 

1. Coliform 

a. Total coliform concentrations where associated with a 

fecal source(s) not to exceed a geometric mean of 

240/100 ml, nor shall more than 20 percent of total 

samples during any 30-day period exceed 1000/100 ml 

(as determined by multiple tube fermentation or membrane 

filter procedures and based on not less than 5 samples 

for any 30-day period). 

b. Fecal coliform concentrations not to exceed a geometric 

mean of 50/100 ml, nor shall more than 10 percent of 

total samples during any 30-day period exceed 200/100 ml; 

or greater than 500/100 ml for any single sample. 

2. Dissolved Oxygen 

The DO concentration shall not be less than 6 mg/1 or 

• 
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• 

• 

• 
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90 percent of saturation whichever is greater . 

3. Hydrogen Ion Concentration ~ 

The pH values shall be within the range of 6.5 to 9.0. 

The induced variations shall not be more than 0.5 pH 

units. 

4. Temperature 

a. No wastewater discharge to cause measurable increase 

b. 

(more than 0.5°F in temperature of the receiving water) 

when water temperatures are 66°F or above, or more than 

2°F increase other than from natural causes when water 

temperatures are 64°F or less (unless otherwise specified). 

No increase exceeding 0.5°F due to any single source, or 

2°F due to all sources combined . 

5. Turbidity 

The turbidity other than of natural origin shall not 

exceed 5 Jackson Turbidity Units (JTU). Whenever the 

receiving water is greater than 5 JTU, due to condi

tions other than those caused by man, then no discharge 

and/or activity either alone or in combination with 

other wastewater or activity shall cause an increase 

of more than 5 JTU. 

6. Toxic chemicals 

Toxic chemicals of other than natural origin in concen

trations found to be of public health significance or 

to adversely affect the use for which the waters have 

been classified . 
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7. Nutrients 

Excess nutrients of other than natural origin that cause 

visible slime growths or other nuisance aquatic growths. 

The Environmental Protection Agency (1972) has for various water 

uses prescribed limits of water quality parameters beyond which they are 

harmful. The water quality criteria which have been recommended by EPA 

ar·e 1 isted in table 7. No recommendations could be made by the agency 

for remaining cases due to the fact that (i) harmfulness of some water 

quality constituents depends on the concentration of some other constitu

ents, (ii) sufficient information was not available about the levels of 

concentrations beyond which they have adverse effects, (iii) complexity 

of relationships did not permit a recommendation. 

McGauhey (1968) gave tentative guides for evaluating the waters 

for various beneficial uses. These guides were based on the information 

obtained from different sources. Those guides which are pertinent to the 

present study have been extracted and given in table 8. It may be empha

sized that the values given in table 8 are only as guides and are not for 

strict applications as there can be variations in specific circumstances 

due to the complexity of relationships between different water quality 

parameters in indicating their harmful levels to various beneficial uses. 

Raw water is used directly for recreation, aquatic and wildlife, 

livestock and irrigation while it is treated before use for public water 

supplies and industry. The quality of the raw water should be such that 

1t can be treated economically for domestic and industrial supplies and 

should be suitable for other uses without treatment. 

• 
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Table 7. Environmental ·Protection Agency's Water Quality Criteria*, 1972. 

Water Use 

Recreation and 
Aesthetics 
Public Water 
Supplies+ 
Aquatic life 
Wildlife 
Livestock 
Irrigation 
Industrial 
water supplies 

Recreation and 
Aesthetics 
Public Water 
Supplies+ 
Aquatic life 
Wildlife 
Livestock 
Irrigation 
Industrial 
water supplies 

Water 
Temp. 
(OF) 

59-93 

Fecal 
Coliform 

(MPN/100 ml) 

2000 

Turbidity 
(FTU) 

Suspended 
Solids 
(mg/1) 

80 

Dissolved 
Solids 
(mg/1) 

Dissolved 
Oxygen 
(mg/1) 

Varies with the type of industry and for boiler feedwater and for cooling water. 

Al kalin1ty Hardness 
N02-N N03-N as CaC03 as CaC03 Conductivity 
(mg/1) (mg/1) (mg/1) (mg/1) pH (pmho) 

- - - - 6.5-8.3 -
1.0 10.0 - - 5.0-9.0 -
- - - - 6.0-9.0 -
- - 30-130 - 7.0-9.2 

10 90 - - - -
- - - - 4.5-9.0 -

Varies with the type of industry and for bo11er feedwater and for cooling water 

- cont1nued -

Total 
Phosphorous 

(mg/1) 

0.1 

Dissolved 
Phosphorous 

-P04 
(mg/1) 

Arsenic Cadmium Chromium 
{mg/1) (mg/1} {mg/1) 

0.1 

- .01 .05 

- .03 .05 

.2 .05 1.0 
0.1 .01 0.1 

NH3-N 
(mg/1) 

0.5 

.05 

w 
w 
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Table 7. continued. 

Copper Selenium Vanadium Zinc Fluoride 
Water Use (mg/1) (mg/1) (mg/1) (mg/1) (mg/1) 

Recreation and 
Aesthetics 
Public Water 1.0 .01 - 5.0 2.0 
Supplies 
Aquatic life 
Wi 1 dl ife 
Livestock .5 .05 0.1 25 2.0 
Irrigation .2 .02 0.1 2.0 1.0 
Industrial Varies with the type of industry and for boiler feedwater 
water supplies and for cooling water. 

* Source - Environmental Protection Agency (1972). 
In cases where there are no value ranges, the upper permissible values are given. 

+ For raw water. 
- No recommendation 

• • • • • • • • • • 
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Table 8. Tentative guides for evaluating the qualfty of water (source - McGauhey, 1968). 

Water use 

Recreation 
Public Water 
Supply+ 

Aquatic life 
Livestock 
Irrigation 
Industry++ 

Boiler feed 
(250 psi) 

Cooling 

Recreation 
Public Water 
Supply+ 

Aquatic 1 ife 
Livestock 
Irrigation 
Industry++ 

Boiler feed 
(250 psf) 

Cooling 

Recreation 

Publ ic+Water 
Supply 
Aquatic life 
Livestock 
Irrigation 
Industry++ 

Water 
Temp. 
(OF) 

86 

73-93 

N03-N 
(mg/1) 

200 

Selenium 
(mg/1) 

-
.01 

Total 
Coliform 

(MPN/100 ml) 

-

-

1000 

Al ka 1 inity 
as CaCOJ 

(mg/1 

-

Vanadium 
(mg/1) 

-
-

Fecal Suspended 
Coliform Turbidity Solids 

(MPN/1 00 ml ) (FTU) (mg/1) 

- 7 20 
5 

- - -

- - -

5 -
50 

Hardness 
as CaC03 Conductivity 

(mg/1) pH ('llmho) 

6.5-9.0 

- -

6.5-8.5 3000 
- 6.0-8.5 -

7.0-8.5 750 

8 9.0 
50 

Zinc Fluoride Sodium Absorption 
(mg/1) (mg/1) Ratio (SAR) 

- - -
5 1.7 

.1 1.5 -
1.0 -

6.0 

Dissolved Dissolved 
Solids Oxygen NH3-N N02-N 
(mg/1) (mg/1) {mg/1) (mg/1) 

2000 5.0 0.5 
2500 - - 0 
500 

100-1500 

Arsenic Cadmium Chromium Copper 
(mg/1) (mg/l) (mg/1) (mg/1) 

. 01 .01 .05 1.0 

1.0 .01 .05 .02 
1.0 - 5 
1.0 - - 0.1 

+ For treated water. 

++Water quality criteria vary from 
industry to industry; values for 
basic industrial uses are given 
here. 

• • 

w 
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Present Status of Water Quality 

The status of water quality of the waters of Upper Blackfoot River 

basin has been examined as it existed durinq the two years period 

September, 1974 to August, 1976 for which statistical analysis of water 

quality data is available. This examination is based on a comparison of 

the observed water quality data with the standards prescribed by the Idaho 

Department of Environment and Community Services and EPA and with the 

tentative guides prepared by McGauhey. The observed water quality data 

is not for completely natural waters but for waters impacted by certain 

levels of phosphate mining, grazing, timber harvesting, recreation, wild

life and irrigation. The levels of these activities have not changed 

much since Augvst, 1976. 

The activities which are carried out in the different sub-basins 

of the study area are: 

i) Diamond Creek (above confluence with Stewart Creek) 

Grazing, road construction, recreation, wildlife, 

logging. 

ii) Stewart Creek 

Grazing, road construction, timber harvesting, 

dispersed recreation, wildlife. 

iii) Mill Creek 

Timber harvesting. 

iv) Kendell Creek 

Timber harvesting, grazing, wildlife, dispersed 

recreation. 
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v) Sheep Creek 

Grazing, dispersed recreation, wildlife. 

vi) Upper Angus Creek 

Mining, logging, wildlife. 

vii) Lower Angus Creek 

Mining, wildlife, grazing. 

viii) Blackfoot River 

Subjected to all the six activities. 

ix) Diamond Creek (below Stewart Creek) 

Irrigation, logging, grazing, wildlife, dispersed 

recreation. 

x) Lanes Creek 

Irrigation, logging, grazing, wildlife. 

The examination of the water quality of the streams of the Upper 

Blackfoot River basin has resulted in the following conclusions: 

i) The water quality is good in respect to the following 

constituents: 

total and fecal coliform, DO, pH, total 
dissolved solids, ammonia (NH3-N), nitrite 
(N02-N), conductivity, fluoride, arsenic, 
cadmium, chromium, copper, selenium, 
vanadium, zinc. 

The concentrations of the trace elements and fluoride 

are very low due to the basic nature of the waters . 

ii) Waters are alkaline and hard and below standards for 

some uses. 

iii) Water temperautres are low but good for cold water fish . 
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iv) Turbidity is low except during peak flows when high 

values have been recorded. 

v) Concentrations of suspended solids are satisfactory 

except during peak flow periods when they are high and 

below standards for certain uses. 

38 

vi) The nutrients- nitrogen and phosphorous are important 

for the growth of algae. Phosphorous is a limiting 

factor more than nitrogen as some of the plants can fix 

nitrogen from the atmosphere. Various workers have 

concluded that nitrogen below 0.1 mg/1 and phosphorous 

below 0.01 mg/1 may prevent algae growth (McGauhey, 1968). 

Considering these factors, concentrations of the two 

nutrients in the waters of the Upper Blackfoot River 

basin can result in moderate algae growth but according 

to McSorley (1978) there is very little algae in the 

streams of the study area. This probably is due to the 

low temperatures of their waters which inhibit algal 

growth. 

The above analysis shows that water quality of the waters of the 

study area is generally good. Similar conclusions have been reached by 

other workers. 

Platts and Martin (1977, p. 27) have concluded as follows: 

"The hydrochemical analysis indicated that waters in the 
study area are in a near natural state with possible 
modifications from surrounding land uses. No single 
parameter proved to be a major limiting factor in degrading 
fish health, lowering fish density, or adversely affecting 
fish community structure. Fish tissue analysis showed 
that no single metal was affecting fish health. Water 
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quality degradation from present mining activity appears 
insignificant at this time ... 
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U. S. Department of the Interior and U. S. Department of Agriculture 

(1977, p. 1-98, 1-99, 1-101, 1-107; vol. I) have arrived at the following 

conclusions about the quality of waters of the study area: 

11Thus, on the basis of available data, concentrations of 
most trace metals are low in the water of the mining area . 
... the sediment concentrations that have been measured 
indicate that turbidity is low, except during high floods . 
. .. Such high flows occur less than 5 percent of the time . 
... Thus at high flows, small tributary streams are likely 
to have higher values of suspended-sediment concentration 
than do larger streams. As discharge decreases, smaller 
streams clear more rapidly than do larger streams. At 
medium flows, most streams are likely to have about the 
same suspended-sediment concentration (roughly 50 ppm), 
and at low flows, the tributary streams may contain less 
suspended-sediment than main-stem streams. 

Streamflows of bankfull discharge occur less than 
5 percent of the time. Other than the relatively few days 
associated with snowmelt peak streamflow, and the even fewer 
days associated with high flows due to heavy rainfall 
events, channels in the proposed mining area normally trans
port only little suspended sediment . 

Generally, however, fluoride concentrations in ground
water and surface-water sources throughout the study area 
are below recommended upper limits ... 

The Greiner Environmental Sciences, Inc. (1976, p. 75, 79, 80) have re

ported on the water quality of the study area as follows: 

11 
••• The current surface water quality in the project 

area is suitable for any crop irrigation, livestock 
watering, propagation of any desirable species of aquatic 
biota indigenous to the area, and human consumption. 

The macronutrients, phosphorous, nitrogen, inorganic 
carbon and silicon, are at levels considered acceptable 
for the control of nuisance macrophytic and planktonic 
a 1 gae ... 

Water flowing in Diamond Creek are of excellent 
quality even during the low-flow base-flow period, 



September through January. All available historical data 
and analysis performed on surface water samples from the 
Diamond Creek area reveal low levels of all constituents 
measured. During the September 1975 to January 1976 
sampling period, total dissolved solids concentrations 
never exceeded 258 mg/1 at any station; bicarbonate 
alkalinity (as Ca C03) and the hardness components 
(calcium and magnesium) constituted the major fraction 
of dissolved solids .... The micronutrients measured, 
including iron, manganese, molybdenum, potassium, sodium, 
and zinc, were reported at very low concentrations, many 
being below detection limits. 

All dissolved oxygen concentrations were measured 
at high levels relative to saturation concentrations. 
Indicative of these well-oxygenated waters are the low 
levels of oxygen-demanding materials present as measured 
by the chemical oxygen demand (COD) and biochemical oxygen 
demand (BOD). COD was consistently at levels below 5 mg/1. 
Chromium, lead, and copper were also consistently below 
detection limits. 

Turbidity ... was at very low levels at all stations 
sampled in the Diamond Creek area .... 

Ground water quality data, ... ,show considerable 
similarity, parameter for parameter, to those obtained 
from the surface water sampling stations ... 
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The Greiner Environmental Sciences, Inc. (1976) reported that water 

quality for Lanes Creek area was similar to that from Diamond Creek area. 

All the above shows that the water quality of the streams of Upper 

Blackfoot River basin is very good at present. 
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CHAPTER IV 

WATER QUALITY MODEL 

Review of Literature 

Water is needed for a number of beneficial uses which include 

domestic, industrial and agricultural supplies, recreation, wildlife, 

aquatic life, hydropower generation and navigation. Quality of the 

waters which are suitable varies from one use to another. A number of 

water quality indices must be considered jointly in order to designate 

a water supply safe for the use to which it is to be put. Water qual

ity indices that would provide the information required by most of the 

users are: 

water temperature, BOD, DO, fecal coliform, total dis~ 
solved solids, total suspended solids, turbidity, pH, 
alkalinity, hardness, ammonia (NH3~N), nitrate (N03-N), 
phosphate, conductivity, toxic elements. 

Quality of water is in a dynamic state and is changed by a 

number of physical, geochemical, biological and man-influenced factors. 

The impacting activities of man are industrialization, urbanization 

and large scale uses of water for agricultural purposes. The effects 

of these activities in causing pollution depends greatly on the rela-

tive location of the various users. 

The managers of water resources would be interested in under-

standing the behavior of the aquatic system in order to evolve a suit

able plan for water uses. This would in turn require a knowledge of 

the dynamic behavior of the quality indices of a water body. This can 

be done by a frequent or continuous analysis of the water body to 

evaluate its fitness for a particular use. This task would be 
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prohibitively expensive due to the requirements of collection of huge 

quantities of data at a number of sites. Mathematical modelling of 

water quality can assist in this case by complementing the data collec

tion program. Water quality models attempt to simulate the spatial 

and temporal variations of water quality parameters through mathematical 

formulations of the physical, biological and chemical processes occurring 

in the aquatic system. 

Originally water quality models were designed to simulate 

DO-BOD which were considered most important for aquatic life. Harper 

(1971) has presented an excellent review of DO-BOD models. Lombardo 

(1973) reviewed the remaining water quality models. Since then a large 

number of water quality models have been developed through sponsorship 

of the Environmental Protection Agency. Many of these models have 

very similar structures as they were meant to modify and expand the 

existing models to provide capabilities to predict additional water 

quality constituents and to allow flexibilities in component linkages, 

in data input and output, in computational time and so on. A summary 

of the models which are applicable to streams and which have been 

reviewed by Harper (1971) and Lambardo (1973) and those discussed in 

other literature have been prepared and given in table 9. 

Mathematical Basis of the Model ---

The aquatic system is subjected to biological, chemical and 

physical changes. It reaches a state of equilibrium under a steady 

condition of state and exogenous variables. These variables are, how

ever, in a dynamic state of change which results in continuous change 

• 
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Table 9. Water quality models applicable to streams. 

Model Developer 

DOSAG-1 Texas Water Development Board 

QUAL-I Texas Water Development Board 

QUAL- II Environmental Dynamics, Inc. 

Harper Harper 

Lambardo and Lambardo and Franz 
Franz 

DiToro et al DiToro et al 

Chen and Wells Chen and Wells 

• • 

Water Quality Parameters Simulated 

DO, BOD 

DO, BOD, conservative minerals 

DO, COD, temperature, ammonia, nitrite, 
nitrate, phosphorous, chlorophyll a, 
coliforms, three conservative constituents 

Temperature, DO, BOD, conservative 
constituents, nitrate, ortho-phosphate, 
phytoplankton, benthic algae. 

• 

Temperature, DO, BOD, coliform, conservative 
constituents, organic-N, ammania-N, 
nitrite-N, nitrate-N, total phosphorous, 
ortho-phosphate, phytoplankton, benthic 
algae, zooplankton 

DO, BOD, conservative constituents, 
ammon1a-N, nitrite-N, n1trate-N, 
ortho-phosphate, phytoplankton, zooplankton 

Temperature, toxicity, total suspended 
solids, coliform, DO, BOD, C02, P04-P, 
NH3-N, N02-N, N03-N, algae, benthic algae, 
zooplankton, detritus, pH, insects, fish, 
benthic animals 

• • 

Reference 

Texas Water Development Board, 1970 

Texas Water Development Board, 1970 

Environmental Dynamics, Inc. 

Harper, 1972 

Lambardo et al, 1972 

DiToro et al, 1970 

Chen and Wells, 1975 

~ 
w 

• 
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of the aquatic system. To understand the state of the system it is neces

sary to know the functional relationships between the variables involved -

state as well as exogenous. These functional relationships form the basis 

of a mathematical model which attempts to simulate changes in the state of 

ecosystem under a given environmental regime in response to the exogenous 

variables. Solutions of the mathematical functional relationships com

prising the model are carried out with the help of a computer. A schematic 

diagram of the Upper Blackfoot River ecosystem is given in figure 4. The 

Boise River water quality model developed by Chen and Wells (1975) was 

found to be suitable for adoption to the study area after necessary modi

fications. The reasons for which this model was considered suitable for 

the study area are: (i) the Boise River and the Blackfoot River basins are 

both in the same geographical area which facilitates selection of the reac

tion coefficients needed for the model, (ii) the Boise River model has the 

ability to handle simulations of all the required water quality parameters 

needed for the study basin, and (iii) the Continuously Stirred Tank Reactor 

principle used in the Boise River model is suitable for Blackfoot River 

basin under the conditions of available field data. Chen and Wells model 

has, therefore, been suitably changed and used for the study area. 

The model is based on the fundemental Law of Conservation of Mass 

which can be described by the following equation for the mass of a 

constituent. 

Change = In - Out + Generation - Loss 

The first two terms - In and Out, represent the outcome of physical proces

ses and the last two terms - Generation and Loss, give the mass changes due 

to biological and chemical processes taking place in the aquatic ecosystem. 
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MAN-MADE 
POLLUTION 
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ATMOSPHERIC 
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NATURAL 
POLLUTION 
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(organic ((N, P)), 
inorganic materials, 
coliform, 
sediments and 
rare elements) 

\ I I 
\ (oxygen, I 1 (organic ((N.P.)) 

inorpic materlala, 
sediments, and 
rare element•) 

\ C02 and I I 
\ radiation) I \ --1 I 

\ ~ 
~~--------~·~--------;r 

AQUATIC ECOSYSTEM 

PHYSICAL, CHEMICAL 8 
BIOLOGICAL PROCESSES 

Temperahn, DO, BOD, coliform, P04- P, 
NH3-N, N02-N, N03-N, turbidity, 
conductivity, total alkalinity, total 
hardness, TSS, TDS, pH, rare elements, 
organic -N and C02 
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~----------,---------------~----r---. : • + I • 

: TS S I P04-P I G I Temperature I + physical processes + 1 
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TOT. ALKALINITY, 
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FIGURE 4 - SCHEMATIC DIAGRAM OF THE UPPER BLACkFOOT 

RIVER ECOSYSTEM AND ITS ENVIRONMENT 

45 



Certain simplifications and assumptions have to be made for mathe

matical representation of a complicated and dynamic ecosystem like the 

water quality of a stream. The simplifications and assumptions made for 

construction of the water quality model for the Upper Blackfoot River 

basin are: 

i) The concept of Continuously Stirred Tank Reactor (CSTR) 

as applied in chemical engineering has been used. An 

46 

input of known quality composition is fed into a reactor, 

the contents of which are mixed and maintained at a con

stant volume. The increase or decrease in concentration 

of a water quality constituent is analyzed and related to 

the conditions existing in the reactor. As the Law of 

Conservation of Mass holds and the volume is held constant, 

one can deal with the concentration of a constituent in

stead of its mass. 

The application of the CSTR concept can be approxi

mated in the water quality model by segmentation of the 

stream into small units and considering each unit as a 

CSTR. 

ii) Steady state condition is assumed. This implies that if 

the input is a constant, then the output will be constant. 

This is approximated in the model by taking short time 

intervals. 

iii) The ecosystem is a Sinqle System which means that there 

is a functional relationship between input and output. 

iv) The system is linear for most reactions. In such a system 

the functional relationships for the various processes 
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undergoing in the system are of first order. This holds 

fairly well for the water quality parameters being con

sidered for the study area. A second order non-linear 

behavior was assumed only in the case of P04-P deposition 

on sediment. 

In a linear system if the input is composed of the 

sum of two sub-inputs as x (t) =a · x1(t) + b · x2(t), 

then the output that is produced by x(t) is given by 

y(t) =a · y1(t) + b · y2(t) where y1(t) is the output due 

to x1(t) acting alone and y2(t) is the output due to x2(t) . 

This means that individual responses to individual inputs 

can be summed to provide the total response. 

v) The parameters of the functional relationships describing 

the water quality changes remain constant over time and 

for a river reach. 

vi) The system is one dimensional; the water quality consti

tuents change only along the length of the stream (say 

X-direction) while they have no gradient along the other 

two directions - Y and Z. This simplifying assumption is 

reasonably valid for macro studies of streams. 

vii) Eddy dispersion is insignificant and hence ignored in the 

model. This is a valid assumption for streams with little 

or no ponding and especially in the case of mountainous 

streams with high flow velocities. Such a model is called 

advective model . 

viii) The hydraulic characteristics of mean velocity, mean depth 

and mean width can be expressed as a simple function of 
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the flow. 

The general equation based on mass conservation principle and given 

by Thomann (1972) for change in a water quality constituent across a very 

small river segment of length ~ is after small modifications: 

where: 

6c = gf_ _ (Q + 6Q)(C + ~ 6X) 
bt AbX AbX ± 

C =concentration of a water quality constituent (M/L3) 

bC =change in concentration of a water quality constituent 

across the small segment length bX of the river (M/L 3) 

t = time (T) 

bt = small change in time (T) 

Q = discharge entering through upstream face of segment (L3/T) 

A = cross-sectional area of the segment (L2) 

X = distance along the stream {L) 

bX = length of the small river segment (L) 

K. = reaction coefficient for ith biochemical process resulting 
1 

in generation or loss of the constituent (1/T) 

c0 = concentration of non-point or distributed source (M/L
3

) 

( 1 ) 

bQ = change in stream discharge across segment due to distributed 

and point sources (L3/T) 

c
8 

= concentration added to or withdrawn from the stream per unit 

time by a distributed source or sink along the bottom (M/L3·T) 

Cpj = concentration of jth point source (M/L3) 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

~Q. =discharge of jth point source (L
3/T) 

J 
~Q0 =discharge of distributed or non-point source (L

3/T). 

In the above equation 
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(2) 

Under the simplification of CSTR, the general equation reduces to 

the following: 

~c = Q . c _ {Q + ~Q) ( c + ~c) 
~t A XX A • ~X 

c . llQ 0 + L. -n, J 
JA·"KX 

= Q • C (Q + llQ) (C + ~C) Co . ~QD 
V V ± Li KiC + V 

(3) 

where: 

V =the volume of the segment (L3) . 

The terms other than LiKiC and c8 represent the advective processes. 

The term LiKiC covers the biological and chemical reactions taking place 

in the ecosystem. For certain water quality parameters like temperature, 

dissolved oxygen, other inputs and outputs are involved and they require 

special treatment. Similarly changes in pH involve different calcu

lations. Mathematical treatment of these reactions and processes for 

the various water quality constituents has been given in the following 

pages. The advective processes~ however, affect all the constituents . 
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Temperature 

The water temperature is a function of the net heat flux which is 

given by the following equation for heat budget: 

G = G + G - G - G + G n s a b e h ( 4) 

where: 

e = total water surface heat flux n 

e = net short wave solar radiation s 

e = net atmospheric radiation a 

eb = emitted or back radiation from the water surface 

ee = evaporative heat flux 

eh = convective heat flux. 

The mathematical formulae for the evaluation of each of the terms 

entering the heat budget equation are given (Anderson, 1954; Brown, 1969; 

Tennessee Valley Authority, 1972). 

i) Net short wave radiation (e ) s 

es is given by the equation: (5) 

2 a .. + 0. 5 ( 1 - a' - da) 
es = (1 - 0.65C }(1 - Rt} eo 1 - 0.5 Rg {1 - a' + ds) 

where: 

C = cloud cover in tenths 

Rt =Albedo or total reflectivity of the water 

surface (dimensionless) 

e = extra-terrestrial solar radiation intensity 
0 

(K.cal/m2.sec) 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



• 

• 

• 

• 

• 

Further 

• 

• where: 

• 

• 

• 

• 

a' = mean atmospheric transmission coefficient 

for cloudless, dustfree, moist air after 

scattering only (dimensionless) 

a'' = mean atmospheric transmission coefficient 

for cloudless, dustfree, moist air after 

scattering and absorption (dimensionless) 

ds = depletion coefficient of the direct solar 

beam by dust scattering (dimensionless) 

da = depletion coefficient of the direct solar 

beam by dust absorption (dimensionless) 

R = total reflectivity of the ground in the g 
vicinity of the site (dimensionless). 

I
0 

=solar constant, 1.94 cal/cm2.min or 
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(6) 

0.323 Kcal/m2.sec, equal to solar radiation 

intensity at normal incidence at the top 

of the atmosphere for mean distance 

earth - sun . 

r =radius vector, i.e. the ratio of actual 

distance earth - sun to mean distance 

earth - sun (dimensionless) 

~ = solar altitude (radians) 



where: 

where: 

where: 

sin ~ = sin ~ sin o + cos ~ cos o cos h 

~ = latitude of the location (radians) 

o =declination of the sun (radians) 

h = local hour angle of the sun (radians) 

r = 1 + 0.017 cos [ ~6s (181 - D)] 

o = 23.45 (lio) cos [ ~65 (172 - D)] 

D = number of the day, from 1 to 365 

h = IT . LHA 

LHA = local hour angle of mean sun (hours) 

LHA is -12 for 0 hrs (midnight) 

0 for 12 hrs (noon) 

12 for 24 hrs. 

Correction for LHA from standard to local solar time 

is given by: 

- 1 ( TC - T5 LLM - LSM) 

where: 
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(7) 

(8) 

(9) 

( 1 0) 

LLM = longitude of the local meridian in degrees 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

LSM = longitude of the standard meridian in 

degrees. {It is 105°W for Upper Blackfoot 

River - Mountain Standard Time) 

Equation for corrected h is: 

h = ~ (LHA + TC) 

Hour angles of the sun at sun-rise and sun-set are 

obtained by rearranging equation (7): 

sin « - sin ~ sin ~ sun-rise - cos hsr = ____ s_r ______ _ 
cos ~ cos ~ 

sun-set - cos h = sin «ss - sin ~ sin ~ 
ss cos ~ cos ~ 

where «sr and «ss for sun-rise and sun-set are equal to 

zero 
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(11) 

where: 

where: 

«l • solar altitude in degrees 

A and B are constants and for the Upper Black

foot River basin different values are used 

depending on cloud cover • 

R = C«'D g 

«• = solar altitude in degrees 

(12) 



C and D are constants and for the Upper 

Blackfoot River basin different values 

are used depending on cloud cover. 
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a' = e-(0.465 + 0.134w)(O.l29 + 0.17le-· 880 mP)mp 
(13) 

a"= e-{0.465 + 0.134w)(O.l79 + 0.42le-0· 721 mP)mp 

where: 

( 14) 

w = water content of the atmosphere in centimeters 

mp = optical air mass corrected for the station 

(dimensionless). 

w = 0.8Se (0.110 + 0.0614 ed) {15) 

where: 

where: 

ed = mean dew point in °c. 

P = local barometric pressure (mb) 

P
0

; barometric pressure at sea level (1013mb 

for standard atmosphere) 

m = optical air mass (dimensionless). 

( 16) 

m = 1/ [sin a: 
1 + 0.15 (a: 1 + 3.885)-1·253] (17) 

where: 

a:• = solar altitude in degrees. 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



I 

I 

• 

I• 

• 

• 

• 

• 

• 

• 

• 

• 

• 
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ii) Atmospheric radiation (ea) 

ea can be determined by the equation: 

(18) 

where: 

ea: 0.937 x 10-5 x Ta2 (dimensionless) 

a = Stefan-Boltzman constant, 

1.36 x lo-11 Kcal/m2 · sec · K-4 

Ta = air temperature (°K) 

C = cloud cover in tenths 

Rt = Albedo or reflectivity of water surface. 

For Upper Blackfoot River basin it is 

taken as 0.03 . 

iii) Back radia~ion from water surface (eb) 

This is obtained from the Stefan-Boltzman law: 

where: 

(19) 

e = emissivity of the surface (dimensionless) 

It is 1 for black body and less than 1 

for other bodies. For water it is 

approximately 0.96. 

a = Stefan-Boltzman constant, 

1.36 x lo-11 Kcal/m2 • sec · K-4 

T = water temperature (°K) 



Substituting the above values in equation (19) we get 

eb = (0.96)(1.36 X 10-11 ) · T4 

= 1 • 3056 X 1 0 -1l • T4 ( Kca 1 /m2• sec ) 

iv) Evaporative heat flux (ee) 

The equation for calculating ee is: 

where: 

p = density of water (kg/m3) 

xw = latent heat of vaporization in Kcal/kg 

E = evaporation rate (m/sec) 

p and xw are functions of temperature which from 

chemical engineering tables are: 

where: 

{tw - 3.98)2 x {tw + 283) 
P = 1000 - 503.57 x (tw + 67.26} 

xw = 598.1 - .57tw 

tw = water temperature in °C. 

The formula used in the model to evaluate evaporation 

rate had been developed during Lake Hefner studies and 

is (Anderson, 1954): 

E = (a + b · U ) (e - e ) w s a 

• 
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• 

(20) • 

• 
(21) 

• 

• 

• 
(22) 

(23) • 

• 

• 
(24) 

• 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

where: 

a = empirically derived constant (m/sec.mb) 

b = empirically derived constant (1/mb) 

Uw = wind speed over water at a height of 

2 meters (m/sec) 

es = saturation vapor pressure of air at the 

temperature of water surface (mb) 

ea = vapor pressure of the air at 2 meters (mb). 

Murray (1967) gave the following equation for calcula

tion of saturation vapor pressure: 

es = 6.1078 Exp [ 17 .2693882TJ'(Tw + 237 .30)] 

which can be rewritten as: 
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e 
__ e2. 3026 [ ( 7. 5 T J (Tw + 237.3)) + • 7858 J 

s (25) 

where: 

T w = water temperature in °C • 

ea can be calculated by substituting water temperature 

by dew point temperature. The equation for ea will 

thus be: 

e -
- e2.3026 [ (7.5 Td/(Td + 237.3)) + .7858] 

a (26) 

where: 

Td = dew point temperature in °c . 



Jobson (1978) evaluated the wind function (a + b · U ) . w 

for flowing water by collecting data on wind speed and 

wind function for San Diego aqueduct, California. He 

arrived at the wind function with the following coeffi-

cient values. The units of the wind function are meters 

per second per millibar (m/sec.mb). 

(a+ bUW) = 3.4953 X 10-9 + 1.30786 X 10-9 UW 

v) Convective heat flux (eh) 

According to Bowen's Ratio 

e 
_h = R e e 

which gives 
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eh = R · ee (27) 

equation for R is: 

Substituting the equations (21), (24) and (28) in 

equation (27) gives: 

eh = (6.1 X 10-4) p • A (a+ bUW) . P 

. (Tw - Ta) 

(28) 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 
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• 
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• 

• 

• 
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Coliform 

The change in coliform concentration (mean probability number per 

100 milliliters - MPN/00) in the aquatic system can be simulated by the 

equation: 

where: 

~~ = -K1c ± advectiv~ terms from equation (3) 

K1 =rate of die off of coliform bacteria (1/day) 

C =concentration of coliform bacteria (MPN/00) 

Dissolved oxygen 1QQl 

The equation that describes the rate of change of oxygen is 

written in the form: 

where: 

- S ± advective terms from equation (3) 

K2 = reaeration constant (1/day) 

D0
5 

=saturation value of dissolved oxygen (mg/1) 

A= oxygen production due to photosynthesis (mg/l.day) 

B =respiration of plankton, fish and benthos (mg/l.day) 

K3 = rate of decay of BOD or deoxygenation rate (1/day) 

K4 = rate at which ammonia is oxidized to nitrite (1/day) 

K5 =rate at which nitrite is oxidized to nitrate (1/day) 

N1 =nitrogen concentration as ammonia, NH3-N (mg/1) 

N2 =nitrogen concentration as nitrite, N02-N (mg/1) 

(30) 

(31) 



"l = rate of oxygen uptake per unit of ammonia oxidation 

« 2 = rate of oxygen uptake per unit of nitrite oxidation 

S =benthic oxygen demand (mg/l.day) 

The temperatures of waters of Upper Blackfoot River basin are 

generally low which are not conducive to production of phytoplankton. 

It was learned from the Division of Environment, Idaho State Department 

of Health and Welfare that there was very little algae in the streams 

of the study area and there was hardly any data available on algae and 

. zooplankton. Also no data were available on benthic oxygen demand. 

The terms A, BandS were, therefore., not included in the model. 

The reaeration rate constant has been the subject of a number 

of studies and hence a number of formulae have been developed. The 

• 
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• 

• 

• 

• 

formula used in the model is from Langbein and Durum (1967) and is: e 

where: 

where: 

K = 3.33 U (32) 
2 Dl.33 

U =average stream velocity (ft/sec) 

D = depth of water ( ft). 

The equation for calculation of saturation oxygen concentration is: 

DOS = Dl x OSMLT (33) 

01 = 14.5532 - 0.38217 t + .0054258 t 2 

• 

• 

• 

• 

• 
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where: 

• t = water temperature in °C 

OSMLT = oxygen super saturation multiplier (pure number). 

• Biological Oxygen Demand (BOD) 

The equation for the rate of change of BOD is: 

• d~~D = -K3 · BOD ± advective terms from equation (3) (34) 

Nitrogen Cycle 

i) Organic Nitrogen (N) 

• The rate of change of organic nitrogen is given by: 

~ = -K6N ± advective terms from equation (3) (35) 

• where: 

K6 = rate constant for biological oxidation of 

• organic nitrogen, N to NH3 (1/day) 

N = concentration of nitrogen as organic 

nitrogen (mg/1) 

• fi) Ammonia {NH3-N) 

The rate of change of NH3-N is represented by the 

equation: 

• dN1 at = K6 . N - K4 . Nl ± advectfve terms from 

equation (3) (36} 

• 

• 
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iii) Nitrite (NOz-N) 

It's equation for rate of change is: 

equation (3) (37) 

iv) Nitrate (NOJ-N) 

As above it has the equation: 

equation (3) (38) 

where: 

« 3 = fraction of algal biomass that is nitrogen 

~ = local specific growth rate of algae -

temperature dependent (1/day) 

A = algal biomass concentration {mg/1) 

N3 =concentration of N03-N (mg/1) 

Due to the algal biomass concentration being considered 

negligible in the study area, the second term in 

equation (38) is dropped in the model. 

Dissolved phosphorous (P04-P) 

Dissolved phosphorous is an important nutrient for phytoplankton. 

Phosphorous is also lost to the sediments and it has a benthic source. 

Considering these processes the equation for the rate of change in 

orthophosphate concentration is: 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 
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dP _ 2 ( ) dt - -~4~A - K7P + Pb ± advective terms from equation 3 (39) 

where: 

~4 = the fraction of algal biomass that is phosphorous 

K7 = the rate constant for deposition of phosphorous on sedi

ment (1/day) 

P =the concentration of ortho-phosphate as phosphorous (mg/1) 

Pb =the benthos source rate for phosphorous (mg/l.day) 

The second term of equation (39) is from the model used by 

Jaworski et al (1971 ) . 

Due to the algal biomass concentration being considered negligible 

in the study area and the lack of data on benthic source, the first and 

third terms in equation (39) were not considered in the model constructed 

for the Upper Blackfoot River basin. 

Total inorganic carbon (TIC), carbon dioxide (COz) and~ 

Thomas and Trussell (1970) presented a methodology for calculation 

of pH from total alkalintty data. The.y stated (_page 185L, "i,t is well 

established that the alkalinity in most potable waters is virtually all 

bicarbonate." They also mentioned that pH changes with the transfer 

of co2 in and out of the aqueous phase and it is possible to determine 

the final pH of a water when an equilibrium of aqu~s co2 is reached 

with the co2 in the atmosphere. 

co2 and TIC can be calculated from the equations for bicarbonate 

reactions . 



i) Total inorganic carbon (TIC) 

where: 

TIC = (ALK/50000)/ [(1 + 2K2/H)/ 

(H/Kl + 1 + K2/H)J X 12000 

TIC= total inorganic carbon (mg/1) 

ALK =total alkalinity (mg/1) 

H = hydrogen ion concentration = 10-pH 

K1 and K2 are thermodynamic constants and are 

evaluated by equations: 

K = 10 (-3404.71/T + 14.8435 - 0.032786T) 
1 

K = 10(-2902.39/T + 6.498 - 0.02379T) 
2 

where: 

T = water temperature in °K 

= (t + 273.15) where tis water 

temperature in °C. 

ii) Carbon dioxide (CO?) 

where: 

co2 =carbon dioxide (mg/1) 

TIC= total inorganic carbon (mg/1) 

H = hydrogen ion concentration = 10-pH 

K
1 

and K2 are thermodynamic constants and are 

evaluated by equations: 

• 
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• 
(40) 

• 

• 

• 

• 

• 

• 
( 41) 

• 

• 

• 
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• 
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• 

• 
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• 

• 

iii) 1?l! 

K = 10(-3404.71/T + 14.8435 - 0.032786T) 
l 

K = 10(-2902.39/T + 6.498 - 0.02379T) 
2 

where: 

T = water temperature in °K 

= (t + 273.15) where tis water 

temperature in °c . 
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As mentioned earlier pH is evaluated by changing its values 

till a balance equilibrium condition is reached for co2 
under the given total alkalinity of water. This is achieved 

when the following equation is satisfied: 

where: 

[(BICARB) x (H + 2K2a)/H] + Kwa/H - ALK - H = 0 

BICARB = [(TIC/12000) · H · K1aJ/ (H · Kla 

2 
+ KlaK2a + H ) 

ALK and H are as defined earlier . 

K1a; K2a and Kwa' the thermodynamic constants used 

in the above equation are the modified constants 

using Debye Huckel term and temperature adjust

ment. The equations for modifications are: 

Unextended Debye Huckel Term 
1 1 

DHl = -(0.5085 X .0025~)/(l + 1.3124 X .0025~) 
1 1 

DH2 = -(2.0304 X .0025~)/(1 + 1.4765 X .0025~) 



Conservative constituents 

Extended Debye Huckel Term 

EDHC03 = 4.7456945 x 10-3 + 4.1607623 x 10-2 

X .0025 - 9.2848432 X 10-3 
X .00252 

EDC03 = 1.2056653 X 10-2 + 9.715745 X 10-2 

X .0025 - 2.0677462 X 10-2 
X .00252 

1Q[ of Activity Coefficients 

LGHC03 = DHl + EDHC03 

LGC03 = DH2 + EDC03 

LGH2C03 = 0.0755 x .0025 

Activity Coefficients 

GHCO = lOLGHC03 
3 

GCO = 10LGC03 
3 

GH CO = lOLGH2C03 
2 3 

Temperature adjustment for Thermodynamic 

Constants 

K1 and K2 are as given earlier. 

K = 10 (-5242.39/T + 35.3944 - 0.00835T 
w 

-11.8261 log1oT) 

Modified Thermodynamic Constants 

Kla = K1 x GH2C03/GHC03 

K2a = K2 x GHC03/GC03 

Kwa = Kw/GHC03 
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i) Total suspended solids (TSS) 

It involves two processes - settlement and scouring in ad-

dition to advective processes, which together determine the 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 
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concentration of total suspended solids. The settlement is 

evaluated with the help of average settling velocity which 

is taken as 2 x 10-5 ft/sec for the whole channel. For 

scouring, an average maximum scouring rate of .35 g/m2.sec 

has been used for the study area for a streamflow velocity 

of 8 ft/sec. It is reduced proportionately for lower 

velocities. The settling velocity and scouring rate values 

have been taken from the Boise River study by Chen and Wells 

(1975) as no field data were available for the study area. 

ii) Total alkalinity, total hardness, TDS, turbidity 

Rare elements 

These water quality constituents are subject to physical 

and chemical processes. Turbidity is dependent on the 

total suspended solids and the grain size distribution and 

their shapes. The change in concentration of TSS can be 

determined as explained earlier but it is not possible to 

predict the changes in grain size distribution and shapes . 

Concentrations of these elements in water depend on the amounts of 

their salts which are available and the time water is in contact with them. 

If only one salt is present and is available in large quantities and the 

time of contact with water is long enough, an equilibrium condition is 

reached when the concentration is at a saturation level. If at this stage 

another salt is added to the solution or temperature of water is changed 

the previous equilibrium condition is changed and the concentrations of 

the elements change. It is possible to determine the concentrations of 

the elements under laboratory conditions but under natural conditions, 
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concentrations of rare elements are subject to continuous changes. It is, 

therefore, not possible to simulate accurately their changes through a 

mathematical model where representation of the continuously changing chem-

ical processes is not feasible. The model can, however, simulate their 

changes due to physical processes of mixing. In the case of the Upper 

Blackfoot River concentrations of rare elements are kept very low due to 

the basic nature of its waters and are chemically nearly in a steady state 

condition. Chemical reactions would become significant if inputs of waste 

discharges lower the pH below 7.0. In such a situation the model will not 

produce accurate results. 

Rate coefficients 

The decay processes for coliform, BOD, organic nitrogen, ammonia 

nitrogen and nitrite nitrogen have been taken to be goverened by Streeter-

Phelps equation which is: 

where: 

L
0 

= weight of a constituent at t = o (mg) 

Lt = weight of the constituent after time t (mg) 

K =decay parameter (1/day). 

The above equation can be written in terms of concentrations as: 

The change in C over a time period ~t can be obtained from the above 

equation. 

• 

• 

• 

• 

• 

• 

• 
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L\C = C - C = -K·6t - c t 0 
C

0
e 

0 

= ( -K·L\t e - 1 ) co 

or 
ilC _ {e-K·L\t _ 1 ) 

co ilt - ilt 

= K' . co 

K' is represented by K1, K3, K4 , K5 and K6 in the earlier equations . 

These can be evaluated from the values of K, the decay coefficient for 

each process . 

Temperature adjustment of rate coefficient 

The rate constants are subject to change with change in water tem

perature. This change is based on Vant Hoff's principle which can be 

stated by the equation: 

where: 

KT = rate coefficient at temperature T (1/day) 

KT = rate or reaeration coefficient at a standard temperature 
s 

Ts (1/day) 

e = temperature coefficient (dimensionless) 

Ts = standard temperature (°C) . 

Ts has been taken as 20°C for the model. The above equation then 

changes to: 

K = K e T -20 
T 20 



where: 

K20 = rate or reaeration coefficient at 20°C. 

Construction of the Model 

The water quality model constructed for the Upper Blackfoot River 

basin has been based on Chen and Wells' model (1975) which was used for 

Boise River in southern Idaho. Chen and Wells' model has been modified 

for application to the study area and to meet the objectives. Following 

are the major changes which were made in Chen and Wells' model. 

i) The wind function entering the equation for evaporation 

rate which in turn was used to evaluate evaporation heat 

flux, was taken from Jobson's (1978) study which eval-

uated it for streams. The wind function used in Chen 

and Wells' model was derived for lake surfaces. 

ii) Equations for calculation of latent heat of vaporization 

and vapor pressures were changed. 
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iii) Organic nitrogen term was introduced in the nitrogen cycle 

as its decay results in the production of NH3-N. 

iv) Due to negligible quantities of phytoplankton present in 

the study area and low water temperatures, the terms for 

algae and zooplankton were omitted from the nitrogen and 

phosphorous cycles. 

v) The term for deposition rate of phosphorous on sediments 

as used in the model by Jaworski et al (1971) was intra-

duced in the model for study area. 

vi) Method of solution of the partial differential equations 

• 

• 

• 

• 

• 
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was changed to multiple x-step and single time step . 

vii) Simulation of rare elements was included in the model. 

viii) Modifications were made in the hydraulic calculations 

and calculations of water quality changes in each seg-

ment to conform accurately to the CSTR concept. 

ix) A sub-program was included to plot the output by a 

plotter . 

The mathematical water quality model is a set of partial differen-

tial equations, one for each water quality parameter to be simulated. 

These equations have been given under "mathematical basis of the model ... 

The water quality parameters which the model for the study area can sim-

ulate are: 

Temperature, total suspended solids, coliform, BOD, DO, 
DO in percent, pH, COz, P04-P, NH3-N, N02-N, N03-N, total 
inorganic carbon (TIC), total alkalinity, total dissolved 
solids, turbidity, total hardness, organic nitrogen and 
rare elements. 

The above list includes more water quality parameters than those 

involved in phosphate mining and processing operations. This additional 
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capability of the model would be useful later on in the management of other 

activities as well in the area . 

The model is a steady-state model which means that over the time of 

simulation, the inputs - atmospheric, hydrologic and water quality - remain 

constant. This simplifies calculations and takes less computational time . 

As has been mentioned earlier, the model is based on CSTR principle. 

This requires segmentation of the river such that each segment is treated 

as a CSTR. The segmentation of the river has to be done in such a manner 

that the number of segments is neither too large nor too small. In one 
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case too large computational time will be needed while in the other case 

the accuracy will be sacrificed. These influence the acceptance of the 

model which depends on its economics as well as its accuracy of simulation. 

Also there are practical considerations of inputs and desired simulation 

points which enter into decision making for segmentation. Further the 

segment lengths have to be chosen such that the retention time is about 

equal to the time interval of simulation. A number of trials were made 

with different time intervals- 0.1, 0.5 and 1.0 hour- and different 

segmentations. The segmentation of the Upper Blackfoot River basin which 

was finally adopted for the model is shown in figure 5. 

The basin was segmented such as to cover model simulation of the 

impacts of all the present and future mining operations in the study area. 

The segmentation resulted in 23 nodal points on the main river stem -

Diamond Creek and Blackfoot River - and Angus Creek. The model is equipped 

to simulate each water quality constituent at these 23 nodal points. The 

segment lengths and river miles for the nodal points have been given in 

table 10. The time interval finally selected for model simulations was 

1.0 hour which was close to the retention times of the river segments. 

Each river segment is assumed completely mixed and for each time 

interval, a multiple step explicit solution is used to solve the partial 

differential equations describing the water quality processes. 

The computer program for the model was designed to qo through the 

following sequence of water quality processes. 

1. Advective process, 

2. Other physical processes; atmosphere-water interface, 

settling, scouring and 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 
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• 
Table 10. Segment lengths and river miles for 

nodal points, Upper Blackfoot River 
basin . 

• 
River Miles 

Number of Segment of Nodal 
Segment and length Po1nt 
Nodal Point (miles) (miles) 

• 
1 1. 310 20.31 
2 1 . 391 18.92 
3 1.179 17.74 

• 4 0.886 16.85 
5 0.982 15.87 
6 1. 341 14.53 
7 1. 419 13.11 

• 8 1.424 11.69 
9 0.819 13.85 

10 1. 040 12.81 
11 1 .123 11 . 69 

• 12 1. 074 10.62 
13 2.492 8.13 
14 1.600 8.13 
15 1.353 6.78 

• 16 1.229 5.55 
17 1 .150 8.87 
18 1 .400 7.47 
19 1. 920 5.55 

• 20 1.409 4.14 
21 1.590 2.55 
22 1 .249 1.30 
23 1.296 0.00 • 

• 
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3. Biological and chemical processes . 

The computer program comprised of a main program and 7 sub-programs 

as below: 

a) MAIN - coordinates various sub-programs, controls the 

frequency and period of computations and outputs 

the simulated data. 

b) DATA - reads information on system geometry,_connectivity 

and reaction coefficients and converts them to 

suitable furm for use in other sub-programs. Reads 

also the initial water quality conditions in each 

river segment. 

c) WEATHR- reads and processes the weather data. 

d) HEAT - calculates the energy components of heat budget 

equation. 

e) FLOW - reads data on inflows and their water qualities and 

outflows; carries out hydraulic computations and 

calculates water quality changes due to advective 

process. 

f) ECOSYS- computes water quality changes due to biological, 

chemical and other physical processes and evaluates 

the water qualities at the end of each time inter

val and for each segment . 

g) PH - computes pH, co2 and TIC at the end of each time 

interval and for each segment. 

h) PLOTER- plots the simulated water qualities as time plots 

at selected nodes and longitudinal plots for selected 

hours of the day . 
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A layout of the main program and the subroutines forming the complete com

puter program is presented in figure 6. The flow diagram showing the com-

putational steps involved in the program is shown in figure 7. 

of the computer program has been attached as Appendix A. 

A listing 

Collection of Data ---

Following types of data are required to be inputted into the water 

quality,model: 

i} general data, 

ii} weather data, 

iii} hydrologic and hydraulic data, 

iv) water quality data, and 

v) reaction and other coefficients. 

A description of the sources and method of procurement and the 

necessary processing and computations involved in each type of data 

follows. 

General Data 

Some general data are required by the computer program to be used 

for control of operations and for certain calculations. These data are 

to provide the following information: 

i) Starting day of computation, counting from 1 January as 1, 

ii) Ending day of computation, 

iii) Computations per day. This is determined from the time 

interval selected for solution of the partial differential 

equations, 

iv) Days of simulation before tabular print out of the simulated 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 
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water qualities begins, 

v) Print frequency, 

vi) Mean latitude and longitude of the study area, 

vii) Number of days in the hydrologic cycle, 

viii) Number of weather zones covering the study area, 

ix) Number of segments, 

x) Tape number if used, 

xi) Printing options, and 

xii) Plot details. 

a) Time plots - parameters, time period and the nodes 

to be covered. 

b) Profile plots - parameters, nodes and the hours to 

be covered • 
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The above infonmation must be supplied by the person using the 

model and is based on the type of output needed and on the type of weather 

and hydrologic data which are available . 

Weather Data 

The following weather data are required for use in the model: 

i) Air temperature - dry bulb and wet bulb or dry bulb and 

dew point. 

ii) Cloud cover, 

iii) Wind speed and 

iv) Atmospheric pressure. 

The above weather data enter into the evaluation of heat flux. 

U. S. Forest Service was observing cloud cover data during their 

discharge and water quality measurements in the study area. These cloud 
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cover data were used for the two periods - May, 1976 and September, 1976 -

selected for calibration and verification of the model. 

Greiner Environmental Sciences, Inc. {1976) collected meteorological 

data at two sites in the study area for about a year starting from 

August, 1975. One of the stations was located at an elevation of 6550 

feet in the Upper Valley near the proposed Diamond Creek mine. The 

second station was located at an elevation of 8200 feet on Dry Ridge. 

The Dry Ridge station was too h1gh to be considered for application to 

the Upper Blackfoot River system. The data from the Diamond Creek station 

only were, therefore, utilized. These gave observations of dry bulb and 

dew point temperatures and wind speed. These data, however, were not 

available for the two periods selected for model testing. 

The nearest weather station outside the study area was at Conda 

but its data were restricted to precipitation and temperature. The only 

station with comprehensive weather data was at Pocatello which was 

75 miles from the study area. Greiner Environmental Sciences, Inc. (1976) 

conducted correlation studies between data from Pocatello and Diamond 

Creek and found them satisfactory. Polynomial curve fitting was, there

fore, carried out between Pocatello and Diamond Creek station data with 

the help of a computer. This was done for daily values of dry bulb and 

dew point temperatures and wind speed for each three hour period (1-3, 

4-6, 7-9, 10-12, 13-15, 16-18, 19-21, 22-24) for September, 1975. 

Curve fitting was tried for first, second and third order polynomials 

and it was found that the sum of squares of errors were the least for the 

second order polynomials. F-test for six selected sets of data, two sets 

for each element resulted in significant to highly significant correlation 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 
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for four sets and not significant correlation for two sets, one of which 

was near the border line. The second order polynomial equations were, 

therefore, used to estimate the three weather data for the study area 
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from Pocatello data for May and September, 1976. The polynomial equations 

used for these determinations have been included as Appendix B. 

Atmospheric pressure data for the study area were evaluated from 

Pocatello data with the help of Laplace or hystrostatic equation for 

reduction of pressure with height. This equation is: 

where: 

p = peZ/KT 
0 

p
0 

= pressure (mb) at the lower station 

p = pressure (mb) at the upper station 

Z = difference in elevation {meters) between two stations 

K = constant = 29.3 

T = mean temperature (0A) of air column between elevations of 

two stations. 

T was calculated by determining the temperature of study area from 

the temperature at Pocatello using a temperature lapse rate of 1°A per 

200 meters and then averaging the two. 

The elevation of Pocatello is 4478 feet and the mean elevation 

for the study area is approximately 6500 feet. The value of Z thus worked 

out to be 616.3 meters. 

Pressure data were computed for each three hour period of the day 

for the months of May and September, 1976 for the study area . 



The distribution of the weather stations from which data could be 

evaluated for the study area allowed the whole area to be considered only 

under one weather zone. Further, the weather observations were available 
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at 3 hourly intervals but their hourly values were required for model 

computations using a time interval of 1.0 hour. The 3-hourly values were, 

therefore, assumed to be the same for each hour of the 3-hour period. 

This assumption was valid as changes in the weather data during the 3-hour 

periods would be negligible for the purpose of water quality model. 

Pocatello weather data were obtained from the climatological records 

of U. S. Department of Commerce (1975) and National Weather Service Office 

(1976). 

Hydrologic and Hydraulic Data 

A survey of all the sources of hydrologic data for the study area 

was made. It was found that the following agencies had collected or were 

collecting these data. 

i ) U. S. Forest Service. They started collecting data at 

eight sites in the area in August, 1974. The station on 

Kendell Creek was closed in November, 1975. The observa-

tions are still being continued at the remaining seven 

stations. During the first two years four to eight obser-

vations were made each month except during the winter 

months of November to March when one or no observation was 

made during a month. From the third year the frequency 

was reduced to two per month with no change for winter 

period. Stage as well as discharge measurements are made 

at all these stations. The discharge measurements are 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 
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made from wooden bridges at most of the sites. In some 

cases they are made by wading. On Blackfoot River just 

outside the forest boundary, measurements are made with a 

weir . 

Observations of air temperature, cloud cover and 

water temperature are also made at the time of discharge 

measurements. Water samples are collected for laboratory 

analyses. 

Information about the hydrologic stations has been 

provided in table 11 whereas their locations are shown in 

• figure 8. Photographs of four stations were taken in 
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June, 1977 when hydrologic and water quality observations 

were being carried out. These photographs have been repro

• 

• 

• 

• 

• 

• 

duced as figures 9 through 12. 

ii) Greiner Engineering Sciences, Inc. Greiner Engineering 

Sciences, Inc. (1976) collected and analyzed hydrologic 

data in the Diamond Creek and Lanes Creek basins as part 

of their study on environmental impact assessment of the 

proposed mining operations in the area by Alumet. They 

collected this data along with other data like meteoro

logical, water quality, ground water etc. at a number of 

sites in the Diamond Creek and Lanes Creek basins. They 

installed Parshall flumes at all the sites except the two 

on Diamond Creek, one upstream and one downstream of the 

proposed mine and plant site area, where stilling wells 

with continuous stage recorders were built. Stage and 
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Table 11. Hydrologic stations in Upper Blackfoot River basin. 

84 

• No. Stream Period and Frequency 
Location of Station Agency of data 

Blackfoot River 420 47' 37" N, 1110 22' 30" W u. s. 8/1974 to-date 
(at diversion wefr just below Forest (twice a month) 
national forest boundary) Service 

(USFS)' • 2 Upper Angus Creek 42° 49' 50" N, 111° 23' 50" w USFS 8/1974 to-date 
(near headwaters) (twice a month) 

3 Lower Angus Creek 42° 51' 14" N, 111° 24' 45" W USFS 8/1974 to-date 
(~ mile above national forest (twice a month) 
bound~ry) 

• 4 Sheep Creek 42° 51 I 47" N, 111° 19' 45" w USFS 8/1974 to-date 
(on foot bridge 1~ miles above (twice a month} 
national forest boundary) 

5 Mill Creek 42° 48' 35" N, 111° 18' 20" w USFS 8/1974 to-date 
(100 yds above national forest (twice a month) 
boundary) 

6 Mosquito Creek 02 Greiner 10-12/1975 • Engineer-
ing Sci-
ences, Inc. 
(GES) 

7 Timothy Creek 04 GES 10-12/1375 
8 Kendell Creek 42° 46' 50" N, 111° 16' 30" W USFS 10/1974 to ll/1975 • (at national forest boundary) (twice a month) 
9 Kendell Creek OJ GES 10/1975-10/1976 

10 Diamond Creek Below D1 University 7-8/1976 
of Idaho (U I) 

11 Diamond Creek 01 (below proposed Diamond 
Creek mine) 

GES 12/1975 to 10/1976 • 
12 Diamond Creek Above station Dl UI 7-8/1976 

13 Diamond Creek Below fence and below station UI 7-8/1976 
08 • 14 Diamond Creek 08 {above proposed Diamond GES 12/1975 to 10/1976 
Creek mine) 

15 Cabin Creek 06 GES 9/1975 to 10/1976 

16 Yellowjacket Canyon 07 GES 9/1975 to 7/1976 

17 Diamond Creek Above Yel1owjacket Canyon UI 7-8/1976 • confluence 

18 Diamond Creek Lower Stewart ·Flat UI 7-8/1976 

19 Oidmond Creek Upper Stewart rtat Ul 7-8/1976 

• 
- continued -

• 
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• 
Table 11. Continued. 

• 
Period and Frequency No. Stream Location of Station Agency of data 

20 Stewart Creek 42° 41 I 45" N, 111° 11' 57" w USFS 8/1974 to-date 
(above confluence with Diamond (twice a month) • Creek) 

21 Diamond Creek 42° 41' 30" N, 111° 11' 50" W USFS 8/1974 to-date 
(above confluence with Stewart (twice a month) 
Creek) 

22 East Spring Creek 42° 48' 25" N, 111° 17' 30" W GES 4 discharge observa-
t1ons during 9/1975 • to 1/1976 

23 West Spring Creek 42° 48' 25" N, 111° 17' 50" W GES 4 discharge observa-
_ tions during 9/1975 

to 1/1976 

• 

• 

• 

• 

• 



BASIN BOUNDARY 
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FIGURE 8 - WEATHER, HYDROLOGIC AND WATER QUALITY 

STATIONS, UPPER BLACKFOOT RIVER BASIN 
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FIGURE 9 - HYDROLOGIC AND WATER QUALITY OBSERVATIONS IN PROGRESS 
AT THE WEIR ON BLACKFOOT RIVER (U.S.F.S), JUNE,1977 

FIGURE 10 - HYDROLOGIC AND WATER QUALITY OBSERVATIONS IN PROGRESS 
AT UPPER ANGUS CREEK STATION (U.S.F.S), JUNE,1977 
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FIGURE 11 - HYDROLOGIC AND 
WATER QUALITY OBSERVATIONS IN 
PROGRESS AT SHEEP CREEK STATION 
(U.S.F.S), JUNE,1977 

FIGURE 12 - HYDROLOGIC AND 
WATER QUALITY OBSERVATIONS IN 
PROGRESS AT MILL CREEK STATION 
(U.S.F.S), JUNE,l977 
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discharge observations were made at all these stations for 

a period of about one year starting in September, 1975. 

Details of 9 sites whose data were relevant to this 

study and hence could be utilized have been included in 

table 11. The locations of these stations have also been 

shown in figure 8. 

Greiner Engineering Sciences, Inc. carried out four 

discharge measurements for East Spring and West Spring 

creeks during the period September, 1975 to January, 1976 

yielding nearly uniform flows of 0.9 cfs and 1.0 cfs 

respectively. 

iii) University of Idaho. Edwards (1977) carried out investiga

tions on the hydrogeology of the proposed phosphate mining 

area in the Diamond Creek drainage. During these investi

gations which were spread over two years period of 1975 

and 1976, he established certain hydrologic stations in 

the Diamond Creek valley. He conducted stage and discharge 

observations at his stations and made supplementary obser

vations at selected stations of the Greiner Engineering 

Sciences, Inc. The stations whose data were relevant to 

this study have been listed in table 11 and located on 

figure 8 . 

Preparation of Hydrologic Data. The hydrologic data required for 

the model are the inflows into and the outflows from each river segment as 

surface or ground water. These data are used to do flow calculations for 

each river segment. These calculations are started from the first segment 
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and are carried down the river taking one segment at a time. These compu

tations yield information for each segment on (i) inflows from upper seg

ments, (ii) total inflows from sub-basins and ground water (point and 

distributed inputs), (iii) total outflows and (iv) flow through the 

segment. 

The discharge data were not available for all the streams of the 

sub-basins of the study area. The flow data of ungauged streams were, 

therefore, estimated from the data of gauged streams using standard 

hydrologic techniques. The techniques employed were: (i) same discharge 

per square mile method for adjacent and similar sub-basins, (ii) use of 

observed stream loss and gain data and data of springs to evaluate the 

inflow from ground water or loss to ground water and (iii) allowances 

made for diversions for irrigation and stock watering. 

The areas of the sub-basins of the study area have been given in 

table 12 while the inflow and outflow data appear later in the computer 

output. 

Edwards (1977) reported stream losses to ground water from Diamond 

Creek between the two gauging stations 08 and 01 of Greiner Environmental 

Sciences, Inc. He observed these losses from miscellaneous as well as 

continuous data taken along the Diamond Creek. The miscellaneous data 

showed the following: 

Loss between Upper Gage 08 and 
Below Fence Station 

Loss between Below Fence and 
Above Lower Gage 

Loss between Above Lower Gage 
and Lower Gage Dl 

4.7 cfs 
(5.8 cfs/mile) 

6.7 cfs 
(5.7 cfs/mile) 

3.3 cfs 
(3.3 cfs/mile) 

Hydrographs for Upper and Lower Gages prepared by Edwards (1977) 

• 

' 
• 

' 
• 

• 

• 

• 

• 

• 
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Table 12. Areas of sub-basins of Upper Blackfoot River basin. 

Area Type of Area Type of No. Name of Sub-basin (sq. miles) Discharge No. Name of Sub-basin (sq. miles) Discharge* 

1 • 1 Diamond Creek 10.03 p 12.2 Mosquito Creek 1.40 p 1.2 Stewart Creek 2.48 p 12.3 Unnamed 0.50 D 1. 3 Timber Creek 5.92 p 13.1 Timothy Creek 7.53 p 1. 4 Unnamed 1.23 D 13.2 Unnamed 0. 70 D 2.1 Unnamed 2.25 D 14.1 Lanes Creek 59.88 p 3.1 Bear Canyon 1. 70 p 14.2 Unnamed-1 1. 29 p 3.2 Unnamed 1.47 D 14.3 Unnamed-2 1 .1 0 D 4.1 Hornet Canyon Creek 3.44 p 14.4 Bacon Creek 8.35 p 4.2 Unnamed 0.50 D 15.1 Mill Creek 2.20 p 5.1 Coyote Creek 2.52 p 15.2 Spring Creek 0.80 p 5.2 Unnamed 0.59 D 15.3 Unnamed 0.73 D 5.3 Terrace Canyon Creek 1. 31 p 16.1 Unnamed 1.83 D 5.4 Campbell Canyon Creek 4.24 p 17.1 Angus Creek 3.64 p 5.5 Unnamed 1 .16 D . 17.2 Unnamed 0.66 D 6.1 Yellowjacket Creek 2. 01 p 18.1 Unnamed-1 3.32 p 6.2 Unnamed 0. 70 D 18.2 Unnamed-2 2.39 p 7.1 Unnamed 1.60 D 18.3 Unnamed-3 2.41 D 8.1 Unnamed 0.34 D 19.1 Unnamed 1. 52 D 9.1 Cabin Creek 2.07 p 20.1 Unnamed 1.89 D 9.2 Unnamed 0.94 D 21.1 Unnamed 1.60 D 10.1 Unnamed 1 .06 D 22.1 Unnamed 1.28 D 11 . 1 Unnamed 1 .06 D 23.1 Unnamed 1.73 D 12.1 Kendell Creek 3.82 \ 
Total Area for Upper Blackfoot River Basin 159.19 sq. miles 

*P - Point 
D - Distributed 

\0 -



have been reproduced in figure 13. These hydrographs indicate losses 

along the Diamond Creek between the two points throughout the year. The 

maximum loss during high flows is of the order of 170 cfs and during the 

recession period it is about 20 cfs. 

The Diamond Creek gains from Timothy Creek downstream due to the 

ground water entering the stream. This ground water appears chiefly from 

the alluvial aquifer which is recharged upstream. The existence of good 

size springs in the area supports this hypothesis. 
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Edwards (1977, p. 58) has stated, "The author, however, feels that 

the Diamond Creek drainage is primarily a discharge area and that any 

regional ground water flow system in the Wells formation probably is 

recharged in the Webster Range and discharges into the alluvial aquifer 

system in Upper Valley." He has also stated that gains were observed 

upstream and downstream of his study area which covered Diamond Creek 

basin from about the point at which broad valley floor begins in the south 

to about Timothy Creek canyon in the north. 

It was found by the author that the discharges of Blackfoot River 

observed at the weir below the national forest boundary much exceeded 

the values calculated for the whole basin assuming even the highest ob

served discharge per square mile for the streams in the basin. The dis

charge per square mile for the basin as a whole ought to be less than 

that for the streams with steep topography and with heavier precipitation. 

Higher discharges of Blackfoot River can be accounted for only if there 

is ground water discharge into the Blackfoot River both above and below 

the confluence of Lanes Creek and Diamond Creek. This ground water dis

charge would most probably be from intermediate and regional flow systems. 

• 
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The alluvial ground water discharge would most probably be limited to the 

point where the upper Narrow begins which is below the junction of Diamond 

and Lanes creeks. It has not been possible to verify the forgoing hypoth

eses as there were no observed flow data for the Blackfoot River above 

the weir station. 

The hydrologic data required for inputting into the model were 

built up from the observed data and the hydrologic techniques described 

earlier assisted by the various conclusions regarding the surface and 

ground water .flow systems in the study area. 

Preparation of Hydraulic Data. The system geometry covering the 

width, depth and length of the stream and flow velocity are needed for 

each river segment for computing their water qualities. The lengths of 

the segments were determined from U. S. Geological Survey maps (scale 

1:62,500) and have been given earlier. The widths, depths and flow 

velocities of the segments were detenmined with the help of the relation

ships developed by Leopold and Maddock (1953) between discharge, width, 

mean depth and mean velocity. 

where: 

w = aQb 

d = cQf 

v = kQm 

w = width (ft) 

d = mean depth (ft) 

These relationships are: 

v = mean velocity (ft/sec) 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



I. 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

95 

Q = discharge (cfs} 

a, b, c, f, k and mare numerical coefficients. 

The product of width and mean depth is the cross-sectional area of flowing 

water. Discharge is the product of mean velocity and cross-sectional area 

of flow. Thus: 

W X d X V = Q. 

It follows that: 

aQb x cQf x kQm = Q or (a x c x k)Q(b + f + m) = Q 

which is possible only if: 

b + f + m = 1 and ax c x k = 1. 

The main stem of the Blackfoot River and Diamond Creek was divided 

into reaches such that the hydraulic geometry of the main stream was 

similar within a reach. This reach similarity would mean applicability of 

same coefficients involved in the above equations to all segments within 

the same reach. The.stream of the study area was divided into 3 reaches 

bounded by the nodes, (i} 1-6, (ii} 7-12, and (iii} 13-23. 

Observed data were needed for evaluating the numerical coefficients 

entering into the hydraulic geometry relationships. These data were avail

able for the first two reaches only. The values of the coefficients for 

the third· reach were estimated from their values for the first two reaches 
I 

and considering the general physical characteristics of the stream in the 

third reach. This estimation was of course subjective to a certain extent . 



96 

The three plots, (i} w vs Q, (ii) d vs Q, and (iii) v vs Q, each 

for Reach 1 and Reach 2 are given in figures 14 through 19. These figures 

are based on the data from the U. S. Forest Service, the Greiner Engineering 

Sciences, Inc. and the University of Idaho. The values of numerical coef-

ficients for the three reaches which were evaluated from these plots and 

by estimation are: 

Reach a b c f. k m 

1 4.634 .250 .210 .553 1 . 021 .219 
2 4.141 .459 .476 .127 .505 .414 
3 3.968 .390 .350 .310 .720 .300 

Connectivity data which gives information about the linkages of 

the river segments are needed by the model. This information which provides 

proper routing of flow and water quality computations through the various 

nodes was developed from segm.ent locations and flow directions. 

Water Quality Data 

Water quality data were and are being collected by various agencies 

in the study area. These agencies are U. S. Forest Service, Greiner 

Environmental Engineering, Inc., Idaho Department of Health and Welfare, 

U. S. Geological Survey, University of Idaho and Monsanto mining company. 

A brief description of their stations and water quality data is given. 

i) U. S. Forest Service. The U. S. Forest Service has been 

observing water quality data also at their hydrologic 

stations detailed earlier. This is done at the same time. 

as the discharge observations. Water temperature and pH 

are taken in the field. Water samples are taken by 

integrating water sampler and then transferred to plastic 
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bottles and kept in an ice chest. These bottles are 

shipped within 5 days to Ford Testing Laboratory, Salt 

Lake City where the water samples are analyzed within a 

week. This analysis covers: 

turbidity, suspended solids, dissolved solids, 
specific conductance, total phosphorous, dis
solved phosphorous, total Kjeldahl nitrogen, 
nitrite, nitrate, alkalinity, hardness, arsenic, 
cadmium, chromium, copper, selenium, vanadium 
and zinc. 
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The details of water sampling stations are given in 

table 13 and their locations are indicated in figure 8. 

ii) Greiner Environmental Engineering, Inc. Greiner Environ

mental Engineering, Inc. has observed water quality data 

along with the hydrologic data at their nine stations. 

Details of their seven water quality stations whose data 

were used are listed in table 13 and their locations 

have been shown in figure 8. 

to: 

The water quality data observed by this agency related 

alkalinity, coliform (fecal and total), conduc
tivity, BOD, COD, DO, pH, radiation, total 
dissolved solids, total suspended solids, 
temperature, turbidity, dissolved phosphorous, 
total Kjeldahl nitrogen~ nitrite, nitrate and 
a large number of rare and toxic elements. 

iii) Idaho Department of Health and Welfare. The Idaho Depart

ment of Health and Welfare has been observing water quality 

data at 4 stations in the study area. They have been ob-

serving discharges at these sites only occasionally. Infor

mation about these stations has been detailed in table 13 
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Table 13 . Water quality stations in Upper Blackfoot River basin. 

• 
Period and Frequency 

No. Stream Location of Station Agency of data 

Blackfoot River 42° 47' 37" N U. S. Forest 8/1974 to-date 

• 111° 22' 30" w Service (USFS) {twice a month) 
(at diversion weir 
just below nation-
al forest boundary) 

2 Blackfoot River 42° 47 1 00" N Idaho Department 1 0/1975 to 1976 
1110 22' 30" w of Health and (twice a month) 
(at the ~arrows) Welfare 7/1977 to-date 

• (monthly except 
during winter} 

3 Upper Angus Creek 42° 49' 50" N USFS 8/1974 to-date 
111° 23 1 50" w (twice a month) 
(near headwaters} 

4 Lower Angus Creek 42° 51' 14" N USFS 8/1974 to-date 
111 O 24 I 45 11 W (twice a month) • (~mile above 
national forest 
boundary} 

5 Blackfoot River 42° 49' 20" N U. S. Geological 12/1974 
111° 19 1 50" w Survey 
(above Angus Creek 

• at the narrows) 

6 Blackfoot River 42° 49 1 30" N Idaho Department 10-11/1975, 
1110 18' 40" w of Hea 1th and 6-8/1976' 1 0/1976, 
(on road and just Welfare 6/1977 to-date 
below confluence (twice a month in 
of Diamond Creek 1975 and 1976 and 
and Lanes Creek} monthly thereafter 

except winter) • 42° 51 I 47" N 7 Sheep Creek USFS 8/1974 to-date 
1 11° 19 1 45" w (twice a month} 
(on foot bridge 
1~ mi 1 es above 
national forest 
boundary) 

• 8 Lanes Creek 42° 49' 50" N Idaho Department 6/1977 to-date 
111 O 18 I 20" W of Health and (monthly, none in 
(at mouth) Welfare winter) 

9 Mill Creek 42° 48' 35" N USFS 8/1974 to-date 111 0 18 I 30 II w {twice a month) 
(100 yds above 
national forest • boundary) 

10 Mosquito Creek D2 Greiner Engineer- 10/1975 - 9/1976 
1ng Sciences, Inc. 
(GES) 

11 Timothy Creek D4 GES 10/1975 - 9/1976 

• 
- continued -

• 
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• 

• 
Table 13. Continued. 

Period and Frequency No. Stream Location of Station Agency of data • 12 Kendell Creek 42° 46 1 50" N USFS 10/1974 - 11/1975 
111 O 16 I 30" w (twice a month) 
(at national for-
est boundary) 

13 Kendell Creek D3 GES 10/1975 - 9/1976 

14 Diamond Creek Dl {below proposed GES 11/1975 - 9/1976 • Diamond Creek Mine) 

15 Diamond Creek DB (above proposed GES 10/1975 - 9/1976 
Diamond Creek Mine) 

16 Cabin Creek D6 GES 10/1975 - 9/1976 

17 Diamond Creek 42° 47 1 00" N Idaho Department 2/1975,10-11/1975, 
111° 15 1 00" w of Health and 2/1976, 6/1977 to- • (above station No.l5 Welfare date (1975 and 1976 
and 2 miles below twice a month, month-
Campbell Canyon) ly thereafter; none 

in winter) 

18 Ye1lowjacket Canyon D7 GES 9/1975 - 9/1976 

19 Stewart Creek 42° 41 I 45" N USFS 8/1974 to-date 
111°11 1 57" w (twice a month) • (above confluence 
with Diamond Creek) 

20 Diamond Creek 42° 41 I 30" N USFS 8/1974 to-date 
1110 11 1 50" w (twice a month) 
(above confluence 
with Stewart Creek) 
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and their locations indicated in figure 8 . 

The water quality indices covered by this program are: 

COD, nitrate-N, nitrite-N, ammania-N, total 
Kjeldahl nitrogen, total phosphorous, ortho
phosphate-P, total solids, suspended solids, 
volatile suspended solids, turbidity, total 
hardness, magnesium, total alkalinity, iron, 
sodium, potassium, chloride, sulphate, silica, 
fluoride, DO, temperature, pH, specific 
conductance . 

iv) U. S. Geological Survey. U. S. Geological Survey observed 

water quality data in the study area only once. Details 

of their station are given in table 13 while its location 

is marked on figure 8. 

v) University of Idaho. Edwards {1977) took water quality 

observations at sites selected from the network of Greiner 

Environmental Engineering, Inc. during his investigations 

in the Diamond Creek basin. These observations were taken 

during 1975 and 1976 and covered the following indices: 

temperature, specific conductance, pH, DO 
turbidity, sodium, calcium, magnesium, iron, 
copper, zinc, lead. 

vi) Monsanto. Monsanto had been monitoring turbidity and total 

P04 on some of the streams impacted by their mining opera

tions. These data were for a large portion on turbidity. 

The data observed by Monsanto were too little and hence 

could not be used for the present study especially when 

similar data were available from the U. S. Forest Service 

stations. 

Information on the technique of collection and sample handling was 

not available for agencies other than the U. S. Forest Service and hence 
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could not be reported. It is presumed that standard practices prescribed 

by EPA for collection, handling and testing of the water samples were 

followed by all agencies. 

The water quality information which is required by the model is: 

i) initial water qualities of each segment. 

ii) water qualities of the inflows into each segment. 

All of the required data were not available and could not be practi

cally obtained. The qualities of the inflows where data were not available 

were estimated from the adjacent inflows. The field data showed that there 

was a high degree of similarity in the water qualities of the adjacent 

streams in the study area due to their being mostly in natural state. 

technique for evaluation of water qualities for unrecorded streams was, 

therefore, justified. 

This 

The initial water qualities of the segments were also obtained from 

the recorded data along the main stem wherever these data were available. 

In the event of complete absence of suitable data, approximate values for 

initial water qualities were used. This is justified as the water quality 

values for a segment at the end of a simulation time period become the 

initial water quality values for the next segment and the next time period. 

The errors, if any, in the starting initial values are, therefore, elim

inated after a few simulations. 

Reaction and Other Coefficients 

The model needs information on the various reaction and other 

coefficients appearing in the different equations for the physical, 

chemical and biological processes taking place in the river ecosystem 

as described earlier under the mathematical description of the model. 
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Many of the coefficients are fundemental in nature and can be estimated 

from the aggregate of information contained in many literature sources. 

However, some coefficients must be estimated from little theoretical basis 

or by empirical methods. These coefficients can either be derived from 

actual measurements or can be taken from other studies in the region. A 

survey was made of coefficients used in models for Chattahoochee-Flint

Apalachicola basin (Hammer, Silver, George Associates et al, 1975), Doe 

River (Yearsley, 1975) and Boise River (Chen and Wells, 1975). The coef

ficients to be used in the water quality model fall under three broad 

categories, (i) fundemental coefficients, (ii) empirical coefficients 

which are of general application and (iii) empirical coefficients which 

are applicable to specific cases. The coefficients which have been used 

in the Upper Blackfoot River model are: 

a) Fundemental coefficients. 

i) Stoichiometric equivalence of chemical transformation 

oxygen/NH3 3.500 

oxygen/N02 1.200 

C02/BOD 0.200 

ii) Oxygen saturation coefficient 0.909 

b) Empirical coefficients of general application 

i ) Temperature coefficient (K20 ) 1.047 

i i ) Reaeration constant (K2) 

VCl 3.330 

VC2 1. 330 

VC3 1. 000 

iii) Maximum scouring rate 0.35 (g/m2.sec) 



iv) Sediment settling rate 2 x 10-5 (ft/sec) 

The above coefficients were determined empirically by 

different workers. 

c) Empirical coefficients applicable to the Upper Blackfoot 

River. 
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The following coefficients need to be determined empirically 

for the river under study or can be taken from other rivers 

studied in the region and modified where necessary during 

calibration of the model. 

K1 for coliform 

K3 for BOD 

K4 for NH3-N 

K5 for N02-N 

K6 for organic nitrogen 

K7 for P04 deposition. 

The initial values of the above coefficients except K6 and 

K7 were taken from the Boise River model (Chen and Wells, 

1975). The Boise River model does not use terms involving 

K6 and K7. The initial value of K6 came from Doe River 

study (Yearsley, 1975) and that for K7 from the study of 

Potomac (Jaworski, et al, 1971). The initial values of 

the coefficients were: 

Kl (coliform) .500 

K3 {BOD) .250 

K4 (NH3-N) .100 

K5 (N02-N) .300 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

K6 (organic nitrogen) 

K7 (P04 deposition) 

.200 

.023 
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The above coefficients were modified during the calibration 

of the model for the study area as will be described in the 

next chapter . 
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CHAPTER V 

MODEL CALIBRATION, VERIFICATION AND APPLICATION 

Calibration of Model 

In order to be able to depend on the model predictions of future 

events, the model should be calibrated and verified using past events. 

Calibration of the model is required for adjustment of those coefficients 

which are obtained from other studies. Verification of the model gives 

an independent check on the coefficient values obtained after calibration. 

The two steps yield also a test of the mathematical representations of 

the water quality processes. 

Calibration and verification of the model needed two different 

periods with sufficient amounts of meteorological, hydrologic and water 

quality data to serve as model inputs. After careful examination of the 

available field data, it was seen that selection of the two periods had 

to be restricted to the year 1976. During this year all the agencies had 

recorded data which could be assembled together to form suitable inputs. 

The data of other years were not sufficient for the model. Two periods, 

(i) 27-31 May, 1976 and (ii) 23-30 September, 1976 were finally chosen. 

May and September represent high and low flow periods respectively. The 

latter period was used for calibration of the model whereas the former was 

used for its verification. These periods were used to test the correct

ness of the mathematical representations of the processes affecting water 

quality changes and the coefficients involved. Once the model has been 

proved successful, it should hold good under any other hydrologic and 
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meteorological conditions and under most water quality situations. These 

input parameters should be constant during the simulation period to satisfy 

the steady state assumption of the model. As mentioned in Chapter IV 

water quality simulations for some parameters will not be accurate if pH 

of the waters is lowered below 7.0 through man-made pollution. 

During calibration of the model, simulated values of the water 

quality constituents were compared with their observed values. In case 

of poor simulations of any constituents, the concerned coefficients were 

adjusted and the model was rerun. This process was continued until satis

factory simulations were obtained . 

The output from the model is obtained in tabular as well as graphical 

form. The tabular output includes information on most of the water 

quality constituents which the model is equipped to handle whereas the plots 

are made for selected indices. 

The model was run to simulate water quality changes for 8 days with 

initial ecological conditions on 23 September, 1976 and steady state 

inputs thereafter until 30 September, 1976. Complete information outputted 

by the computer program for this period has been given in Appendix C. 

The observed values of water quality parameters as far as available have 

also been indicated on the plots of simulated values. 

The final values of the coefficients for which initial values were 

taken from other studies and were tested and modified where necessary are 

as follows: 

BOD (K3) 
Coliform (K ) 
Organic nit~ogen (K6) 
NH3-N (f<tt) 
N02-N (Ks) 
P04 - Deposition (K7) 

0.200 (1/day) 
0.500 (1/day) 
0.150 (1/day) 
0.250 (1/day) 
0.900 (1/day) 
0.020 (1/day) 



Verification of Model 

The model was verified by comparing the observed data with that 

simulated by it for 31 May, 1976. The data for the period 27-31 May, 
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1976 were fed into the model. The initial state of the river ecosystem 

at 0 hour of 27 May, 1976 was taken and steady state inputs into it were 

considered over the 5-day period extending to 31 May, 1976. The simulated 

state of the ecosystem on 31 May, 1976 was compared with the observed 

values of the water quality indices. 

The tabular and graphical computer output from the model simula

tion for this period has been attached in Appendix D. The observed values 

of water quality parameters as far as available have also been shown on 

the plots of simulated values for comparison. One of these plots is as 

figure 20. The observed and simulated water quality indices for four 

points on the main stem of the Upper Blackfoot River.system have been 

tabulated in table 14. An analysis of the data of this table is given 

below: 

i) The average errors of simulated values of DO, total 

alkalinity, total hardness, pH, total dissolved solids, 

vanadium and cadmium were about 10 percent. These 

simulations can be considered as good. 

ii} The average errors for temperature, BOD, total suspended 

solids and zinc were between 10 and 25 percent. These 

simulations can be considered satisfactory. 

iii) The average errors for coliform, P04-P, NH3-N, N03-N, 

chromium, copper, arsenic and turbidity were greater than 

25 percent. These simulations cannot be considered 
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Table 14. Comparison of observed and simulated water quality data - 31 May 1976- Upper Blackfoot River Basin. 

Kind of Temp TSS Coliform BOD DO P04-P Alkalinity 
Node Data oc mg/1 MPN/100 ml mg/1 mg/1 mg/1 mg/1 pH 

6 observed - 143 4 0.8 - .03 161 8.3 
simulated 8.1 70 2 0.6 10.0 .06 149 7.4 

below observed 8.0 56 4 0.8 9.0 .03 162 8.2 
8 & 11 simulated 9.8 68 2 0.6 10.5 .05 149 7.9 

below observed 9.0 5 - 1.6 9.0 .06 172 8.5 
13 & 14 simulated 11.6 44 2 1.2 9.6 .05 156 8.0 

23 observed 10.0 26 4 3.0 9.5 .06 162 7.0 
simulated 10.0 35 10 1.1 10.2 .06 150 7.9 

Total 
TDS Turbidity Hardness Chromium Zinc Copper Vanadium 
mg/1 FTU mg/1 mg/1 mg/1 mg/1 mg/1 

6 observed - - - .001 - - .001 
simulated 206 13.8 149 .001 .013 .004 .001 

below observed - 1.5 160 .010 - - -
8 & 11 simulated 206 13.3 149 .001 .013 .004 .001 

below observed - 3.0 176 .010 - - -
13 & 14 simulated 202 8.8 157 .001 .010 .007 .001 

23 observed 212 5.0 170 .001 .013 .001 .001 
simulated 194 8.5 148 .004 .015 .007 .001 

• • • • • • • • 

NH3-N 
mg/1 

-
.08 

.04 

.08 

.07 

.08 

.06 

.08 

Cadmium 
mg/1 

-
.001 

.001 

.001 

.001 

.001 

.001 

.001 

• 

NO,-N 
mg 1 

.08 

.15 

.06 

.14 

.10 
• 14 

.09 

.14 

Arsenic 
mg/1 

.002 

.001 

.010 

.001 

.010 

.001 

.001 

.001 
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satisfactory . 

Large variations in turbidity values are due to the fact that it is 

dependent not only on the concentration of suspended solids but also on 

their grain sizes and shapes. The first factor can be taken care of by 

the model through advective process but the last two factors cannot be 

handled by the model. Accurate simulations of turbidity are, therefore, 

not possible by the model. The concentrations of some of the elements 

like coliform, P04-P and rare elements are very low in the waters of the 

study area and errors in their estimated values for unmeasured streams can 

result in large errors percentage-wise, in their simulated values. Spa

tially representative data for these elements would be needed for their 

satisfactory simulation. 

Model simulations were tried by changing the coefficient values 

for biochemical terms. This resulted in small changes in the final water 

qualities. This shows that the advective process is predominant in af

fecting water quality changes in the streams of the Upper Blackfoot River 

basin. This appears to be due to small residence time available for 

biochemical processes to reach a significant level in the mountainous 

streams . 

The concentrations of rare elements are kept very low in the study 

area due to pH values being greater than 7.0. These elements are, there

fore, in a near steady state situation. Chemical processes would become 

important in these cases only when pH is lowered below 7.0 due to man-made 

pollution. 

The concentrations of total alkalinity, total hardness and total 

dissolved solids are mainly due to carbonates and bicarbonates which are 



dissolved from limestone present in the geologic formations of the area. 

Concentrations of these elements are near saturation levels at the pH of 

the waters. Under this condition, the model would yield satisfactory 

results for these parameters. 

Considering the limitations of field data and the complexity of 

the ecosystem and the above explanations, the model simulations are 

considered satisfactory. 

Application of Model 

In order to manage the phosphate mining operations in the Upper 

Blackfoot River basin to achieve little or no adverse effects, a large 

number of water quality measurements at many sites would normally be 

required. This would be a very expensive proposition. The mathematical 

model which has been developed can help in simulating the effects of 

waste inputs along the main stream downstream of the points of waste 

discharges. If the information about the magnitudes of waste inputs is 

available, the model can yield data on the concentrations of the water 

quality constituents at selected points downstream resulting from the 

waste as well as natural discharges. This can assist in assessing the 

suitability of the water for the intended uses along the stream. If the 

water quality reaches a level where it can be harmful, then either the 

mining operations causing the waste inputs would need to be modified or 

certain other actions would be required so that the waste inputs are 

reduced to acceptable levels. For application of the model some water 

quality and hydrologic measurements would, however, be necessary. 
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The technique of model application has been illustrated by comparing 
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water quality simulations under actual conditions with those which would 

result if selected levels of wastes were discharged into certain streams 
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of the basin·. The period of 27 to 31 May, 1976 for which model simulations 

under actual conditions had already been made, was taken for this illustra

tion. Four water quality parameters were selected for the exercise: 

(i) total suspended solids (TSS), (ii) total dissolved solids (TDS), 

(iii) BOD, and (iv) zinc. Their concentrations in the inflows at selected 

points in the Upper Blackfoot River basin were increased to arbitrary 

high values as detailed in table 15. These arbitrary values were chosen 

to be muc.h higher than their upper limits prescribed under water quality 

standards. It was assumed that man~made wastes were dumped into the 

streams at the selected points and that they raised their concentrations 

from their actual levels to the higher arbitrary levels. The magnitudes 

of the discharges of the streams were assumed to remain the same as 

before. It was also assumed that the inflow and outflow conditions re

mained the same as before at all other places of the basin during the 

simulation period. The points selected for arbitrary waste inputs were 

at places where mining operations would be expanded or started in the 

future. Different combinations of waste input areas were tried to deter

mine the effects from different sets of hypothetical mining operations 

which might take place in the basin. There were two such cases: 

i) Case 1 -arbitrary discharges in segments 1, 7, 9, 10, 11 

and 17. 

ii) Case 2- arbitrary discharges in segments 7, 9, 10 and 11. 

The results of the model simulations for 31 May, 1976 with (i) actual 

inputs throughout the basin and (ii) with arbitrary waste inputs at selected 
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• 
Table 15. Actual and arbitrary concentrations of selected water quality 

parameters, Upper Blackfoot River basin. 

• Segment Concentrations {mg/1} 
No. Stream Actual/Arbitrary TSS TDS BOD Zinc 

1 Diamond Creek Actual 109 207 
Arbitrary 500 500 • 

1 Stewart Creek Actual 72 205 
Arbitrary 500 500 

7 Unnamed Creek Actual 35 205 1. 0 .005 
Arbitrary 500 500 10.0 .200 • 

9 Cabin Creek Actual 12 205 .50 .005 
Arbitrary 500 500 10.0 .200 

9 Unnamed Creek Actual 50 205 .80 .005 
Arbitrary 500 500 10.0 . 200 • 

10 Unnamed Creek Actual 50 205 .80 .005 
Arbitrary 500 500 10.0 .200 

11 Unnamed Creek Actual 71 210 1 . 0 .005 
Arbitrary 500 500 10.0 . 200 • 

17 Angus Creek Actual 19 190 
Arbitrary 200 500 
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points and actual inputs elsewhere in the basin, have been shown in figures 

21 through 26. Tables 16 through 19 give information on the water qualities 

of the inflows and the water qualities of each segment on 31 May, 1976 

for the two cases . 

It will be observed from the figures 21 through 26 that there are 

major increases in concentrations near the points of arbitrary waste inputs 

and that the gap between the two levels of concentrations narrows as we 

proceed downstream. Tables and plots of water qualities resulting from 

waste discharges in real cases would be similar to the ones in tables 16 

through 19 and in figures 21 through 26. The authorities responsible for 

monitoring the water quality of the basin can know from these tables and 

graphs whether the concentration level of any water quality parameter has 

exceeded the prescribed level at any point of the stream. If such a case 

is noticed, remedial action can immediately be taken in the form of reducing 

the waste discharge at the source or treating it before discharging into 

the stream. In the case of phosphate mining, this would mean controlling 

levels of various operations, singly and collectively, such that water 

qualities downstream stay within the prescribed levels. 

The above examples show that the model can be used in programming 

the levels of various mining activities on a short term basis by monitoring 

their waste inputs and simulating their effects downstream. The model can 

thus help in keeping the levels of operations to safe limits. The model 

in short can assist in the management of phosphate mining operations in 

the Upper Blackfoot River basin as far as water quality of the basin is 

concerned . 

To manage a watershed from water quality aspect, it is necessary 
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TAi3LE. 16 - INFLU~ ~UALITY DATA GF UPPER blACKfOOT RIVER BASIN - 27-31 MAY,1976- Case 1 

I NFLO~ HMP T 55 Ctllf BCLl Dl; Ali\A PH TIC PC4P NH3N NG3N lOS TBTY HARD CHRM ZINC COPR VNDM CDM ARSC (;kGN 
CFS c MG/L ~PN/00 M~/LMG/l MG/l MG/l MG/l MG/L ~G/l MG/L FTU MG/L MG/l HG/L MG/L MG/L HG/L MG/L ~GIL 

49.6 a. 1 500. 2. o.s 9.0 129. 1.0 40.4 o.so 0.10 o.2o ~oo. 20.5 130 • • 001 .021 .200 .001 .OC1 .001 1.42 
9.8 6.9 500. 2. o.~ 9.0 163. 7.0 51.4 0.50 0.10 0.15 500. 13.5 157 • • 001 .Qll .200 .001 .001 .001 1.13 

1il.4 6.9 72. 2. 0.5 9.5 163. 1.0 51.4 o.o~ o.Io o.15 205. l3.5 157. .001 .Oll .OCJ • 001 • 001 .001 1.13 
1.0 7.8 lOG. 3. u.s 9.5 163. 7.0 51.4 0.03 0.10 0.15 220. 15.0 165. • 001 .Oil • 003 • 001 • 0 01 .001 1.13 
3.0 7. 8 100. 3. o.s 9.5 163. 7.0 51.4 0.03 0.10 0.15 220. 15.o 165 •• 001 .ou .oo3 .ou1 .oc1 • 00 1 1. 13 
5.() 7.2 72. 3. 0.8 9.5 163. 1.0 51.4 o.Js o.1o o.15 205. 13.5 157. .001 .o 11 .003 .oo 1 • 001 .001 1.13 
2.a 7.o 1UO. 3. u.S 9.5 163. 7.0 51.4 0.03 0.10 0.15 220. 15.0 165 •• 001 .011 .OC3 .00! .001 .001 1.13 

11.0 6.9 72. 3. 0.8 9.5 163. 7.0 51.4 u.05 0.1J J.15 205. 13.5 157 •• 001 .011 .OC3 .001 .OCl .001 1.13 
1).2 8.! 100. 3. 0.8 9.5 163. 7.0 51.0 0.03 0.10 0.15 220. 15.0 165 •• 001 .011 .003 .001 .001 .001 1.13 
1.0 6.9 72. 3. O.d 9.5 163. 7.0 51.4 0.05 0.10 0.15 20!>. 13.5 157 •• 001 .011 .OC3 .001 .001 .001 1.13 
0.2 7. 5 35. 3. o.s 9.5 136. 8.0 33.6 o.o4 0.01 0.10 205. 13.5 157 •• 001 .005 .010 .001 .001 .001 1.1o 
1.5 6.9 25. .3 • l) • tl 9 • 5 1 3 6 • s • 0 3 3 • 6 0 • 0 4 0. 0 1 0. 1 0 2 0 5 • 13. 5 1 5 7. • 0 0 1 • 0 0 5 • 0 1 0 • 00 1 • 0 0 1 • 0 0 1 1 • 16 

20.0 6. 1 15. 3. O.ti 9.5 15~. 7.7 40.5 0.03 0.05 0.08 205. 1.9 160 •• 002 .005 .010 .0 .o .0 1.75 
1.5 6.9 zo. 3. o.s 9.5 136. 1.1 34.o o.o4 o.os o.oa 2v5. 1.9 160 • • 002 .oo5 .010 .o .o .o 1.75 
3.0 6. 'I 25. 2. o.l:ll0.5 136. s.o 33.6 o.04 o.o1 0.10 205. 13.5 157 •• oat .oo5 .010 .001 .001 .oot 1.16 
1.2 7.9 JO. 4. 1.010.5 136. a.o 33.6 o.o4 o.o1 0.10 220. 15.0 165 •• 001 .oo5 .010 .001 .001 .001 1.:16 
3.() 1.2 soc. too. 10.0 9.0 159. 1.1 40.5 1.oo o.o4 o.oa 5oo. 1.9 160 •• 002 .200 .010 .o .o .o 1.76 
1.5 6.9 5()0. 100. 10.0 9.5 1Y1. 8.3 46.3 1.00 0.20 0.32 500. 13.5 157 •• 001 .200 .010 .001 .001 .001 1.03 
0.4 7. 5 500. 100. 10.0 9.5 191. 8.3 46.3 1.00 0.20 0.32 500. 13.5 157 •• 001 .200 .010 .001 .001 .001 1.03 
0.3 7."J 500. 100. 10.0 9.5 191. 8.3 46.3 1.00 0.20 0.32 500. 13.5 157 •• 001 .200 .010 .001 .001 .001 1.03 
0.2 I. 8 500. 100. 10.0 9.7 179. 8.3 43.4 1.oo o.o3 o.06 500. 14.5 110 •• 001 .200 .010 .001 .o·:n .oo1 1.20 

10.0 6. 1 13. 2 • 0 • 510. 5 1 59. 1. 7 4 0. 5 0. 0 3 0. 0 4 0. 0 8 2 0 5. 1. 9 16 0. • 0 0 2 • 0 0 5 • 0 1 0 • 0 • 0 • 0 1 • 76 
0.5 7. 5 15. 2. 0.510.5 171. 8.0 42.2 0.02 0.07 0.12 190. 1.7 163 •• 002 .005 .010 .o .o .o 1.13 
J. 1 9.4 30. 4. 1.0 9.0 135. 8.3 32.7 0.02 0.03 0.06 210. 14.5 170 •• 001 .oos .010 .001 .001 .001 1.20 
6.2 S.J 33. 4. 1.0 9.0 135. 8.3 32.7 0.02 0.10 0.16 170. 10.0 120 •• 001 .005 .010 .001 .001 .001 0.55 

3 5. ,) 6. 7 o. o. o.no.o 112. 7.8 43.3 o.o3 o.o8 o.u 196. o.3 tao •• 001 .oo5 .oto .001 .001 .001 o.15 
160.6 lL. 8 i 5. 2b. 2.u s.o 136. a.o 33.4 o.o4 0.10 0.16 188. 11.0 133 •• 008 .J20 .003 .001 .001 .001 o.62 

1. 6 6.3 30. 2. o.~ 9.5 164. 1.2 46.'7 0.11 o.o8 o.u 190. 1.1 163 •• 001 .015 .oo'+ .oo1 .001 .oo1 1.12 
1. 4 li.3 30. 2. o.s 9.5 164. 1.2 46.9 0.11 o.o8 o.t3 190. 1.1 163 •• oo1 .o15 .oo4 .oo1 .ool .001 1.12 
9.2 8.9 35. 4. 1.0 9.0 135. 8.3 32.7 0.02 0.10 0.16 110. 10.0 120 •• 001 .005 .010 .001 .001 .001 0.55 
5. 1 7. 5 1 7. 2. o.510.5 164. 1.2 46.9 0.11 o.oa o.t3 190. 1.1 163 •• oo1 .o15 .oo4 .oo1 .oo1 .oo1 1.12 

11. 4 9.4 15. 1. 0.210.0 164. 7.2 46.7 0.17 0.08 0.13 190. 1.7 163 •• 001 .015 .004 .001 .001 .001 1.12 
').f 9.4 30. 2. o.s ~-~ 1o4. 1.2 46.7 0.11 o.od 0.13 190. 1.1 163 •• 001 .015 .oo4 .001 .001 .001 1.12 

13. •1 6. 7 IJ. o. u.210.0 112. 7.8 43.3 o.o3 0.08 0.11 1q6. 0.3 180 •• 001 .005 .010 .001 .001 .001 0.15 
3.2 10.0 l 7. 3. 0.510.0 lb4. 7.2 46.6 0.17 0.08 0.13 190. 1.7 163 •• 001 .015 .004 .001 .OC1 .001 1.12 

13.0 &.7 o. o. o.21u.o 112. 1.a 43.3 o.o3 o.os 0.11 19o. o.3 1ao •• oo1 .oo5 .010 .oo1 .oa1 .oo1 o.1s 
6.6 I!. 9 200. 5. 1.0 9.o 139. t.B 48.1 o.5o o.o8 o.l3 soo. 6.0 138 •• 001 .019 .002 .001 .001 .001 1.04 
0.9 11.'1 l '). ~. 1.0 9.0 139. 6.8 48.1 0.10 0.08 0.13 190. 6.0 139 •• 001 .019 .002 .001 .001 .001 1.04 
5.5 5.0 38. 4. 1.0 9.o 139. r.o 44.3 o.1o o.oa o.16 188. 11.u 133 •• oo1 .015 .005 .oo1 .001 .oo1 o.59 
4.·1 5.0 38. 4. 1.0 9.0 1~9. 7.0 44.3 0.10 O.OB 0.16 18R. 11.0 133 •• 001 .015 .005 .001 .001 .001 0.59 
~. 6 8.4 29. 4. 1.0 9.0 1j9. 7.0 43.4 0.10 0.08 U.14 189. 8.5 135 •• 001 .017 .OC3 .001 .001 .001 0.82 
2.3 5.0 38. 4. 1.0 9.0 139. 1.0 44.3 0.10 o.C8 0.16 188. 11.0 133 •• 001 .015 .OC5 .001 .001 .001 0.59 
2.5 10.3 .:o. 4. 0.810.5 190. 7.0 58.8 0.15 0.12 0.24 220. 10.u 160 •• 001 .025 .OC3 .001 .001 .001 1.16 
5.9 6. 7 o. o. o.Lto.o 112. 1.a 43.3 o.o3 o.oa o.11 196. o.3 tao •• oo1 .oo5 .010 .oo1 .oc1 .oo1 o.I5 
3. l 10.3 20. s. 1.0 9.0 190. 1.0 58.8 o.15 0.12 o.24 ~20. 10.0 1oO •• 001 .025 .oo3 .001 .001 .001 1.16 
').9 &.7 o. J. 0.210.0 172. 7.3 43.3 0.03 0.08 0.11 196. 0.3 180 •• 001 .005 .010 .001 .OCl .001 0.15 
3.9 10.3 20. !J. 1.0 9.0 190. 7.0 58.8 0.1? 0.12 0.24 ~20. 10.0 160 •• 001 .025 .003 .001 .001 .001 1.16 
5.3 tJ.J 20. 3. o.a 9.5 190. 1.0 58.a o.1s 0.12 o.24 220. 10.0 160 •• 001 .025 .oo3 .001 .oot .001 1.16 

• • • • • • • • 
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TA''LE 17 -~ATER QUAllTY SI!1ULATiui~S FUR UPPEH BlACKF-OOT R.lVER BASIN- 31 MAY,1976- Case 1 12.0 HOUR 

SEG TEMP TSS CQLIF BUU U C D UP H CU2 P04P NH3N N03N ALKA TDS TBTY HARD CHRM ZINC COPR VNDM COM ARSC ORGN 

2 

3 

4 

5 

6 

7 

~ 

q 

10 

1 1 

12 

13 

14 

15 

1~ 

17 

18 

u 
2J 

21 

72 

23 

C MG/L MPN/00 MG/L MG/L 0/0 MG/L MG/L MG/l MG/L MG/l MG/L HG/L MG/l MG/l MG/l MG/L HG/L MG/L HG/l MGVL 

~-4 187. 

3.9 36fl. 

9.0 33t. 

s. 7 299. 

8.1 Z2 1io 

8.1 215. 

9. 1 216. 

9. q 20 8. 

9.1 249. 

10.2 242. 

11.2 231. 

9.8 132. 

l 0.1 12 0. 

13.6 28. 

11.6 63. 

11.1 61. 

14.1) 165. 

11J.<l JP,. 

11.8 AS. 

10.7 60. 

10.3 60. 

1().1 60. 

10. a 6 a. 

2. 

2. 

2. 

2. 

7. 

2. 

s. 
5. 

1d. 

20. 

22. 

5. 

4. 

24. 

14. 

1J. 

5. 

4. 

4. 

12. 

11. 

11. 

11. 

0.5 9.? 

0.5 9.8 

0.5 10.0 

O.b 10.1 

0.6 10.2 

0.6 10.3 

0.9 10.5 

0.9 10.4 

2.1 10.4 

2.3 10.4 

2.6 10.4 

0.9 10.5 

0.7 10.4 

1.9 8.9 

1.3 9.8 

1.2 10.0 

1.u 9.2 

1.0 9.6 

1.0 9.9 

1.2 10.1 

1.1 10.2 

1.1 11).3 

1.1 10.4 

89. 7.1 8.42 0.39 0.11 0.18 142. 428. 17.9 140 •• 001 .017 .151 .001 .001 .001 1.30 

93. 7.2 6.89 0.37 0.12 0.18 142. 420. 17.8 141 •• 001 .017 .146 .001 .001 .001 1.28 

95. 7.2 6.07 0.35 0.13 0.18 144. 401. 17.5 143 •• 001 .017 .133 .001 .001 .001 1.26 

96. 1.2 5.88 o.31 o.t3 0.11 147. 376. 11.0 145 •• 001.016 .111 .001 .oct .oo1 1.24 

94. 7.3 4.77 0.23 0.12 0.15 150. 330. 13.8 148 •• 001 .013 .087 .001 .001 .001 1.32 

96. 7.4 4.04 0.23 0.13 0.15 149. 326. 13.8 149 •• 001 .013 .085 .001 .001 .001 1.30 

100. 1.1 2.33 o.25 o.u o.t4 149. 332. 13.4 149 •• 001 .019 .o~n .oat .oot .oo1 1.31 

102. 7.8 1.52 o.25 o.14 o.t4 149. 332. 13.4 149 •• out .019 .083 .oat .oo1 .oo1 t.3o 

99. 7.6 2.69 0.35 0.15 0.17 156. 354. 13.7 150 •• 001 .043 .073 .001 .001 .001 1.25 

102. 1.1 z.o6 o.37 o.16 o.1a 157. 359. 13.7 150 •• oo1 .o4a .on .001 .oct .oot 1.23 

105. 1.8 1.67 0.39 0.16 0.11 158. 364. l3.c3 151 •• 001 .053 .069 .001 .OCi .001 1.22 

102. 7.9 1.19 0.23 0.14 0.14 151. 319. 12.1 150 •• 001 .019 .074 .001 .001 .001 1.13 

101. a.o 1.oo 0.11 o.l3 o.13 156. 21a. 8.8 157 •• oot .014 .053 .oo1 .001 .oo1 o.97 

95. &.o 0.11 o.o4 o.1o o.l6 136. 167. 10.8 133 •• 008 .019 .ooa .001 .001 .001 o.62 

99. o.O 1.06 0.10 0.12 0.14 147. 223. 9.1 146 •• 004 .017 .025 .001 .OC1 .001 0.76 

100. 6.0 1.05 0.09 0.12 0.14 148. 222. 8.7 147 •• 004 .016 .025 .001 .001 .001 0.73 

Cj9. 7.0 d.61 0.45 0.09 0.13 139. 463. 6.0 138 •• 001 .019 .002 .001 .001 .001 1.03 

96. 7., ~.78 0.23 0.09 0.14 139. 288. 6.7 135 •• 001 .017 .OC4 .001 .001 .001 0.78 

101. 7.4 3.64 0.21 0.10 0.15 139. 278. 9.0 115 •• 001 .017 .004 .001 .001 .001 0.75 

100. 7.9 1.14 o.1o 0.12 o.14 148. 225. 8.6 147 •• oo4 .016 .023 .oo1 .oct .oo1 o.12 

101. 7.9 1.12 0.10 0.12 o.14 149. 224. s.5 148 •• 004 .016 .021 .001 .oct .001 0.11 

101. a.o 1.09 o.to o.t3 o.14 149. 224. 8.5 148 •• oo4 .016 .023 .001 .oo1 .001 o.n 

101. 7.9 1.12 0.10 o.13 o.t4 150. 224. 8.5 148 •• oo4 .016 .022 .oat .oc1 .oo1 o.11 

• 

N 
......... 

• 



SEG tU.~E 

1 :;IA."1l'JC Ct< 
1 ~ TE ~Jt\h T C R 
I TIMR[R CR 
1 !Jr•tlA;·lED 
2 U~J'IA''EJ 
3 8 [ AR C MIY Oi~ 
3 ~nJr;MIE::J 
4 Hf"'IF.T (1-1 
4 1JriNM1ED 
5 COYUTE CR 
? Jl,~li\M ED 1 
5 TERP!1Ct CR 
5 CA"rElHL CR 
5 I Jl' r-~ M1 E i) 2 
6 Yfl LO~JAC KE T 
6 UN~A"'1 EO 
1 1 H:"JI\r~ED 
9 LA')IN c~; 
9 tJNriA'-'ED 

10 UhiJMifD 
11 Ut-..'JA'A ED 
12 KE:'WELL C R 
12 "IC 5JUI TJ Ci<. 
12 UtHJM~ED 
13 T nc;THY C R 
l 3 Gl- GA I r~ 
14 LAr~ES C?. 
14 IJtl'U•r.rE!) 1 
1'• u~;~·IAr·;EJ 2 
14 llACUJ CR 
15 '1lll CR 
1 5 Ul Jl AM E D 1 
15 LJriNA~IED 2 
15 G~- GAIN 
16 'JN"iAr~ED 
16 c;v; Gt, IN 
17 fltJGUS ( 1{ 

17 \JW.A'~EO 1 
l fl ui~NA'If. J 1 
1 B IJri~Jt-,1-lfD 2 
1 d UNrJM1F. J 3 
1':1 ur;r.:A~[ll 1 
C::O UN14M\!::D 
20 c,.: GAll< 
21 IHI:;A'1 Eu 
2 1 r; 't: G A II·~ 
2 2 UllN .\"1[!) 
23 U~l'J/1'~[0 

• • 

TABLt 18- l~FLL~ QUALITY DATA OF UPPER BLACKFOOT 17\lVER BASIN- 27-31 MAY,1976 -Case 2 

PJFLLlW fl,_,p lSS Cl•llF UGC 00 ALKA PH TIC PG4P NH3N N03N TDS TBTY HARD CHRM ZINC COPR VNDM CDr., ARSC LkGI~ 
CFS L MG/L MPN/00 HG/LMG/L MG/L MG/l MG/l MG/L MG/l MG/L FTU MG/l MG/L MG/L MG/l MG/L MG/L MG/L MG/L 

49.6 o. l 109. . , o.s 9.0 129 • 1.0 40.4 o.o~ o.1o 0.20 201. zo.s 130. .001 .021 .002 .001 .001 • 00 l l. 42 L o 9 ,, 6.'7 u. ". 0.5 9.0 163. 7.0 51.4 0.05 0.10 0.15 205. 13.5 157. .001 .ou .003 .001 .001 .001 1.13 • 0 

Ul.4 6.9 12. 2. 0.5 9.5 163. 7.0 51.4 0.05 0.10 0.15 2J5. 13.5 157. .001 .011 .003 .001 .001 .001 1.13 
1. 0 7.8 100. ;Jo 0. 5 9. 5 163. 1.0 51.4 0.03 0.10 0.15 220. 15.0 165. .001 .011 .003 .001 .001 .001 1.13 
3.0 1. 8 100. 3. o.s ~.5 163. 7.0 51.4 0.03 0.10 0.15 220. 15.0 165 • • OJl .011 • 0 0 3 • 00 1 • 0 01 • 00 1 1. 13 
5.J 7.2. 72. 3. o.s 9.5 163. 7.0 51.4 o.os 0.10 0.15 205. 13.5 157. .001 .011 .o C3 .oo 1 .o 01 .001 1.13 
2.J 7.t; 100. 3. 0.8 9.5 163. 7.0 51.4 0.03 0.10 0.15 220. 15.0 165. • 001 .011 .003 .001 • 0 Ol .001 1.13 

11.0 6.9 12. 3. O.b 9.5 163. 1.0 ~1.4 o.o5 o.to o.15 2u5. 13.5 157. .001 .011 .003 .001 .001 .001 1.13 
0.2 8. l 100. 3. 0.8 9.5 163. 7.0 51.0 0.03 0.10 0.15 220. 15.0 165 • • 001 .011 .003 .oo 1 .oat .001 1. 13 
7.0 6.~ u. 3. 0.8 9.5 163. 7.0 51.4 0.05 0.10 0.15 205. 13.5 157 • • 001 .011 .OC3 .001 .001 .001 1.13 
0.2 7.5 35. 3. o.8 c;.5 136. ~.o 33.6 o.o4 o.o1 0.10 205. 13.5 157. .001 .005 .010 .001 .001 .oo 1 1. 1o 
1.5 6.9 ~5. 3. u.s 9.5 136. 8.o 33.6 o.o4 o.o1 o.1o 205. 13.5 157 • • 001 .005 • 010 • 001 • 001 .001 1.16 

20 .•) 6. l 1 5. 3. 0.8 9.5 159. 1.1 40.5 o.o3 o.o5 u.o8 205. 1.9 160. .002 .oos .010 .o .o .o 1. 75 
1. 5 6.9 20. :; . 0.8 9.5 136. 1.1 34.6 o.04 o.o5 o.08 205. 1.9 160. • 002 .005 .a 10 .o .o .a 1.75 
3.0 o.9 25. '· 0.810.5 136. ti.O 33.6 0.04 0.07 0.10 205. 13.5 157 • • 001 .005 .010 .001 .o 01 .001 1.16 
o.z 7.9 30. 4. 1.010.5 136. 8.0 33.6 0.04 0.07 0.10 220. 15.0 165. .001 .005 .010 .001 .o 01 .001 1. 16 
3.0 1.L ~oo. 100. 10.0 9.0 159. 7.7 40.5 1.00 0.04 0.08 500. 1.9 160. • 002 • 2 00 • 01 0 • 0 .o .o 1.76 
1.5 6.9 sao. 100. 10.0 9.5 191. b.3 46.3 1.ou o.zo o.32 sao. 13.5 157 •• oo1 .zoo .010 .oo1 .oo1 .oo1 1.o3 
0.4 7. 5 ~vo. luu. 10.0 9.5 191. 8.3 46.3 1.00 0.20 o.32 500. 13.5 157 •• 001 .zoo .010 .001 .001 .001 1.03 
0.3 "l.':J ~oo. 100. 10.0 9.5 191. 8.3 46.3 1.00 0.20 0.32 soo. 13.5 157 •• 001 .zoo .010 .oot .oot .001 1.03 
0.2 7. G sco. lGv. 10.0 9.7179. s.3 43.4 1.oo o.o3 o.oo 500. 14.5 110 •• 001 .zoo .010 .001 .oc1 .001 1.20 

10.1) 6. 1 1J. 2. 0.510.5 159. 7.7 40.5 0.03 0.04 0.08 205. 1.9 160 •• 002 .005 .010 .o .o .o 1.76 
').5 7. 5 1~. 2. 0.510.5 171. 8.0 42.2 o.oz 0.07 0.12 190. 1.7 163 •• 002 .005 .010 .o .o .o 1.13 
J.l 9.'t Jo. 4. t.o 9.o 135. a.3 32.7 o.o2 o.o3 o.o6 210. 14.5 110 •• oo1 ~oo5 .010 .oo1 .oo1 .oo1 1.20 
6.2 tl.J :,3. 4. 1.0 9.0 135. 8.3 32.7 0.02 0.10 0.16 170. 10.0 120 •• 001 .005 .Olu .001 .OC1 .001 0.55 

35.0 6.l o. u. 0.210.0 172. 7.8 43.3 0.03 o.os 0.11 196. 0.3 180 •• 001 .005 .010 .001 .001 .001 0.15 
161).6 l£.8 25. 26. 2.0 8.0 136. 8.0 33.4 0.04 0 .• 10 0.16 168. 11.0 133 •• 008 .020 .008 .001 .001 .001 0.62 

1. 6 8. 3 30. z. o.5 s.s 164. 1.2 46.9 0.11 o.oa o.l3 190. 1.1 163 •• oot .015 .oo4 .oo1 .001 .oo1 1.12 
1. 4 8. 3 30. i. o.s s.5 164. 1.2 46.9 0.11 o.oa o.13 190. 1.1 163 •• 001 .ot5 .oo4 .001 .oc1 .oo1 1.12 
9.2 iJ.C) 3:,. 4. 1.0 9.0 135. 6.3 32.7 0.02 0.10 0.16 170. 10.0 120 •• 001 .005 .010 .001 .001 .001 0.55 
5. 1 1. 5 11. L. o.510.5 164. 1.2 46.9 o.11 o.oa o.l3 190. 1.1 163 •• oc1 .015 .oo4 .oo1 .oo1 .oot 1.12 

11.4 9.4 15. 1. o.21o.o 164. 1.2 46.7 o.11 o.oa o.13 190. 1.1 163 •• oo1 .o15 .oo4 .oo1 .oo1 .oo1 1.12 
0.7 9.4 30. L. 0.5 9.5 164. 7.2 46.7 0.17 0.08 0.13 190. 1.7 163 •• 001 .015 .OC4 .001 .001 .001 1.12 

13.\1 o.7 c. 0. 0.210.0 172. 7.8 43.3 0.03 0.08 0.11 196. 0.3 120 •• 001 .005 .010 .001 .OC1 .001 0.15 
3.2 10.0 11. J. o.s1o.o 164. 1.2 46.6 0.11 o.oa o.13 190. 1.1 163 •• oo1 .o15 .004 .001 .001 .001 1.12 

13.0 6.7 o. o. o.21o.o 112. 7.8 43.3 o.o3 o.oa o.u 196. o.3 180 •• oo1 .oo5 .oto .oo1 .001 .001 o.1s 
6.6 11. <J 19. 5. l.O 9.0 139. 6.8 48.1 0.10 0.08 0.13 190. 6.0 138 •• 001 .019 .002 .001 .001 .001 1.04 
O.CJ ll. 'i 19. ~. 1.0 9.0 131';. 6.8 48.1 0.10 0.08 0.13 190. 6.0 138 •• 001 .019 .002 .001 .001 .001 1.04 
5.5 5.0 36. 4. 1.0 s.o 139. 1.0 44.3 o.1o u.oa o.16 1sa. 11.0 133 •• 001 .ots .oo5 .001 .oc1 .001 o.s9 
4.J 5.0 38. 4. 1.0 9.0 U9. 7.0 44.3 0.10 0.08 0.16 188. 11.0 133 •• 001 .015 .005 .001 .001 .001 0.59 
'3.(. tl.'t 2~. 4. 1.0 9.0 139. 7.0 43.4 0.10 0.08 0.14 1~9. 8.5 135 •• 001 .017 .003 .001 .001 .001 O.b2 
2.3 5.0 38. 4. 1.u 9.0 139. 1.0 44.3 0.10 o.os o.16 188. 11.0 133 •• 001 .015 .ocs .oot .oo1 .001 o.59 
2.5 10.3 20. 4. 0.810.5 190. 7.0 58.8 0.15 0.12 0.24 220. 10.0 160 •• 001 .025 .003 .001 .001 .001 1.16 
S.CJ 6. 7 o. v. o.21o.o 112. 7.8 43.3 o.o3 o.o8 0.11 196. o.3 180 •• oo1 .oo5 .o1o .oo1 .oc1 .001 o.1s 
3. 1 10. 3 20. 5. 1.0 9.'J 190. 7.0 58.8 0.15 0.12 0.24 220. 10.0 160 •• 001 .025 .003 .001 .001 .001 1.16 
5.~ !>.7 o. o. 0.210.0 112. 1.u 43.3 o.o3 o.oa o.u 196. o.3 1ao •• 001 .oo5 .o1o .oo1 .oc1 .001 o.15 
3.9 10.3 zo. 5. 1.0 9.0 190. 7.0 58.8 0.15 0.12 0.24 220. 10.0 160 •• 001 .025 .J03 .001 .001 .001 1.16 
5.3 1o.:, LU. J. 0.8 9.5 1~0. 7.0 58.8 0.15 0.12 0.24 220. 10.0 160 •• 001 .025 .OC3 .001 .001 .001 1.16 
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TABLF. 19 -WATER QUALITY Sl~ULATICI\S f-CR UPPE:K BLACKFGOT RIVER BASIN- 31 MAY,l976- Case 2 12.0 HOUR 

SES TEMP TSS COLIF BUD 0 C D 0 PH CU2 PC4P NH3N N03N ALKA lOS TtiTY HARD CHkM ZINC COPR VNDM COM ARSC ORGN 

2 

3 

4 

r; 

6 

7 

8 

9 

10 

11 

12 

13 

l't" 

I 5 

16 

1 1 

18 

19 

2') 

21 

22 

23 

C ~G/L MPN/00 MG/L MG/l 0/0 MG/l MG/L MG/L MG/l MG/L MG/L MG/L MG/L MG/L MG/l MG/L MG/L MG/L MG/l MG/L 

8. 4 9~. 

A.9 93. 

'1.0 91. 

8. 7 89. 

3.1 7?... 

3.1 70. 

q.l 83. 

CJ.9 82. 

9. 1 134. 

10 • .2 138. 

11.2 138. 

9. 3 76. 

10.1 54. 

13.6 28. 

11.6 37. 

11.1 37. 

l 1t.O 19. 

2. 

2. 

2. 

2. 

2. 

2. 

5. 

5. 

18. 

zo. 
22. 

s. 
4. 

24. 

t4. 

1 3. 

5. 

10.9 29. 4. 

11.3 29. 4. 

t0.7 36. 12. 

10.3 31. 11. 

tiJ.l 37. lt. 

10.0 38. 11. 

0.5 9.5 89. 7.1 8.42 0.01· 0.11 0.18 142. 206. 17.9 14C •• 001 .017 .002 .001 .001 .001 1.30 

0.5 9.o 93. 7.2 6.89 0.07 0.12 0.18 142. 207. 17.8 141 •• 001 .011 .002 .001 .OC1 .001 1.28 

o.5 1u.o 95. 1.2 o.o7 o.o7 o.u o.18 144. 201. 11.5 143 •• oo1 .on .ooz .oo1 .oat .oo1 1.26 

0.6 10.1 96. 7.2 5.88 0.07 0.13 0.11 147. 207. 17.0 145 •• 001 .016 .003 .OC1 .OC1 .OOt 1.24 

0.6 10.2 94. 7.3 4.77 o.06 0.12 0.15 150. 206. 13.8 148 •• 001 .013 .oo4 .001 .001 .001 1.32 

o.6 10.:; 96. 7.4 4.04 o.o6 o.u o.15 149. zo6. 13.8 149 •• oo1 .ou .oo4 .oo1 .oct .oo1 1.3o 

o.9 1u.s 100. 1.1 2.33 o.o9 o.t3 o.14 149. 216. t3.4 149 •• oat .019 .oo4 .001 .oot .oo1 t.3l 

0.9 10.4 

2.t 10.4 

2.3 10.4 

2.6 10.4 

0.9 10.5 

0.7 10.4 

1.9 s. 9 

1.3 9.8 

1.2 10.0 

1.0 9.2 

102. 7.8 1.52 0.09 0.14 O.tlt t49. 216. 13.4 t49 •• 001 .019 .004 .001 .OOt .001 1.30 

99. 7.6 2.69 0.21 0.15 0.17 t56. 253. 13.7 t50 •• 001 .043 .005 .001 .oot .001 1.25 

102. 7.7 2.06 0.24 0.16 0.18 t57. 262. 13.7 150 •• 001 .048 .005 .001 .001 .oot 1.23 

105. 7.6 1.67 0.26 0.16 0.17 156. 270. 13.8 t5l •• 001 .053 .006 .001 .OCl .OOt 1.22 

102. 7.9 1.19 0.09 0.14 0.14 t5t. 217. 12.1 t50 •• 001 .Ot9 .005 .001 .001 .oot 1.33 

1\H. 8.0 1.00 0.07 0.13 0.13 156. 209. 8.8 157 •• oot .014 .007 .001 .001 .001 0.97 

ss. a.o o.11 o.04 o.to 0.16 136. 187. 1o.a t33 •• oo8 .019 .oo8 .oo1 .oot .oo1 o.62 

~9. 8.0 t.06 0.06 O.t2 0.14 147. 196. 9.1 t46 •• OO't .011 .001 .001 .001 .001 0.76 

too. s.o 1.os o.o6 o.12 o.l't 148. t96. 8.7 147 •• oo4 .o16 .oo1 .001 .oo1 .oot o.n 

99. 7.0 8.61 0.10 0.09 0.13 139. 190. 6.0 138 •• oot .019 .002 .001 .001 .001 1.03 

1.0 9.6 96. 7.2 5.78 O.tO 0.09 0.14 139. 189. 8.7 135 •• 001 .017 .OC4 .001 .001 .001 0.78 

1.0 9.9 101. 7.4 3.64 0.10 0.10 0.15 139. 189. 9.0 135 •• 001 .017 .004 .001 .001 .001 0.75 

1.2 10.1 too. 7.9 t.l4 o.o6 0.12 o.t4 148. 196. 8.6 147 •• oo4 .ot6 .oo1 .oot .oct .oo1 o.12 
1.1 10.2 101. 7.9 1.12 o.o6 0.12 o.t4 149. 196. a.5 148 •• oo4 .016 .001 .oct .oct .oat 0.11 

1.1 lu.3 101. 8.0 t.09 0.06 0.13 O.t4 t49. t96. 8.5 148 •• 004 .Ot6 .007 .001 .OC1 .001 0.11 

1.1 10.4 101. 7.9 l.t2 0.06 0.13 0.11t 150. t96. 8.5 148 •• 004 .016 .007 .001 .001 .001 0.71 
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first to prescribe water quality standards which should be met at dif

ferent points of the stream system. These standards will depend and vary 

with the uses to which water is intended to be put. Once suitable standards 

have been specified, the pollution abatement problem for the water course 

should be studied as a whole, including the entire watershed, to deter-

mine which wastes should be fully treated or eliminated at their source 

and which may be allowed to go partially treated or untreated for the 

best economical solution. This can be well achieved for the study basin 

with the help of the model built for it. The model can also assist in 

analyzing critical pollution events. 

The model can provide much information on many water quality con

stituents and for many points along the stream. Further, it can output 

information in tabular as well as graphical form. The graphic outputs 

are very helpful in the efficient interpretation of model results. 

For acceptability of the model, the cost of modeling should be no 

greater than the benefits derived by use of the model. In view of the 

ver·y high cost of quality management by monitoring water qualities, it 

is unlikely that the cost constraint will become critical in the case of 

water quality model. 

In order to reduce computer costs for the model of the study basin 

3-hourly model outputs were obtained to find the time it takes for the 

ecosystem to reach a steady state situation. The inflow water quality 

data from arbitrary waste discharges and actual discharges combined for 

the period of 27-31 May, 1976 were utilized for this purpose. The plots 

of 3-hourly simulations for TSS for 27 and 28 May, 1976 have been given 

in figures 27 and 28 while similar plots for coliform, BOD~ P04-P, TDS, 
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zinc and copper have been attached as Appendix E. It will be seen from 

these plots that the ecosystem of the study area reaches a steady state 

situation after 36 hours for all water quality constituents. The model 

simulations, therefore, may be limited to 36 for the Upper Blackfoot River 

to obtain the impact of any constant waste discharge. This can certainly 

reduce considerably the computer time and cost. The time required to 

reach a steady state situation will be different for different basins . 

The model may also be able to assist in the planning of phosphate 

mining and processing provided detailed programs of various activities 

associated with different plans are available and information on the 

location, quantities, time and the type of waste inputs resulting from 

them is provided by the mining companies. With this infonmation the 

model can simulate the impacts of different mining operation plans on the 

water quality of the Upper Blackfoot River basin. The relative effects 

of various mining schemes on the water quality of the river system can 

thus be obtained with the help of the model. These effects can then be 

evaluated to come up with a suitable plan of development. 

The model can also be adapted to assist in the planning and 

management of other activities like grazing, irrigation, timber harvesting 

and recreation after required data is collected and made available. The 

model can thus have a wider scope of application than for phosphate mining . 



CHAPTER VI 

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

Summary 

There are plans to expand the phosphate mining and processing 

activities in the southeastern part of Idaho over the period extending 

134 

to the year 2000. Implementation of these plans will have environmental 

impacts which may be short term or long term, reversible or irreversible, 

adverse or beneficial. The phosphate mining and processing operations 

would most likely have adverse effects on water quality of the streams 

draining the area. These adverse impacts can however, be avoided or 

minimized by adopting suitable management practices. The purpose of 

this study was to provide a technique which could assist in the manage

ment of future phosphate mining operations. The Upper Blackfoot River 

basin where extensive hydrologic, water quality and weather data have 

been collected was selected for development of this technique. 

The present status of water quality of study area was examined 

by statistical analyses of the observed data. It was concluded that 

the water quality of the streams is generally good. 

After a thorough survey of the available literature on available 

water quality models for streams, Chen and Wells' model used for Boise 

River studies was selected as a basis for model construction for the 

Upper Blackfoot River basin. Chen and Wells' model was modified suitably 

for application to the study area. This model is a steady state model 
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and is based on the concept of Constant Stirred Tank Reactor (CSTR) and 

on the Law of Conservation of Mass. Certain valid assumptions and 

simplifications were made in the mathematical representations of the 

physical, chemical and biological processes taking place in the ecosystem 

of the study area and affecting the water quality changes. A partial 

differential equation resulted for each water quality parameter. 

The Upper Blackfoot River basin was divided into 23 main parts 

such that the segment length of the main channel for each part satisfied 

the condition of retention time being approximately equal to the time 

step used in numerical solution of the partial differential equations . 

The time-step adopted was 1.0 hour. 

A computer program was prepared for solving the partial differ

ential equations and outputting the simulated water qualities for each 

segment node in tabular as well as graphical form. 

Two periods, (i) 27-31 May, 1976 and (ii) 23-30 September, 1976 

were selected for refining and testing the model. The September, 1976 

data were used for calibration purpose whereas the May, 1976 data were 

utilized for verification of the model. The hydrologic, hydraulic, water 

quality and weather data to be inputted into the model were prepared for 

the two periods from the field data and using standard analytical techniques 

in the case of missing data. The water qualities simulated by the model 

were compared with their observed values for model verification. Model 

simulations were considered satisfactory considering the data limitations 

and the complexity of the ecosystem. 

The technique of model application for management of the phosphate 

mining and processing operations in the Upper Blackfoot River basin has 



been illustrated by model simulations of two cases of arbitrary waste 

inputs at selected points where mining operations may be expanded or 

started. 
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It has been indicated as to how the model may be able to assist 

also in the planning of phosphate mining operations. The model can also 

be adaped to the planning and management of other activities· like grazing, 

irrigation, timber harvesting and recreation to avoid or reduce their 

impacts on water quality. 

Three hourly model simulations were made to determine the minimum 

number of computational time steps required to reach a steady state situa

tion. Steady state conditions will be simulated after 36 hours of model 

operation. 

Conclusions 

The following general conclusions can be drawn from the study: 

1. The present water qualities of the streams in the Upper 

Blackfoot River basin are generally good. This shows 

that the impacts of current activities in the area on 

water quality are negligible. 

2. There is considerable interaction between surface and 

ground waters in the study area. 

3. The future of phosphate mining and processing operations 

are likely to have adverse effects on water quality if 

carried out without suitable management plans. 

4. The water quality model which has been developed for the 
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study area can be a good tool in the preparation of manage

ment plans for phosphate mining in the area. Some water 

quality and hydrologic data will have to be collected during 

application of the model . 

5. The model will require refinement after collection of more 

data where it was missing or was insufficient . 

6. The model can be adapted to the planning and management of 

other current or proposed human activities like grazing, 

irrigation, timber harvesting and recreation in the study 

area. 

Recommendations 

Recommendations concerning the application of the water quality 

model and collection of related data for the Upper Blackfoot River basin 

are stated below . 

1. The data collection programs of the various agencies in 

the Upper Blackfoot River basin relating to hydrologic, 

water quality and weather parameters should be better 

coordinated. This will ensure economies in data gathering, 

will provide sufficient data in space and time and will 

give coverage of all the desired parameters to meet the 

requirements of all the participating agencies. 

2. Following suggestions are made for the collection of specific 

41 data which would enable improvement and refinement of the 

water quality model: 

• 
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a) HJdrologic and water quality data: Hydrologic data 

are extremely important for determining the hydraulic 

geometry and for evaluating the physical processes 

affecting concentrations of water quality constituents. 

These data should, therefore, be collected for the 

remaining major tributaries of the basin. These are 

Lanes Creek, Bacon Creek, Timothy Creek, Angus Creek 

before its confluence with Blackfoot River, Campbell 

Creek, Timber Creek and Hornet Creek. Water quality 

data covering all the required parameters should also 

be observed at these sites along with hydrologic observa

tions. These data may be collected twice a month for 

a period of 2-3 years. 

Discharge data should be collected regularly at 

three water quality stations maintained by the Idaho 

Department of Health and Welfare above the Narrows. 

Four more hydrologic and water quality stations 

should be established at the following points on the 

main stem of the river. 

i) Blackfoot River above the confluence with Angus 

Creek, 

ii) Diamond Creek below confluence of the two channels 

near the location of Nodes 8 and 11, 

iii) On two channels of Diamond Creek just after their 

bifurcation below Node 6, and 

iv) Diamond Creek at the location of Node 2. 
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Collection of the above data should extend over 2 to 3 

years. Sufficient data appears to have been collected 

by the U. S. Forest Service for the tributaries at the 

existing stations. It may now be more useful to start 

collecting data at other sites proposed above instead 

of the present sites. 

U. S. Forest Service and the Idaho Department of 

Health and Welfare should not maintain both stations 
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on the Blackfoot River at and below the Narrows as they 

are very close to each other. One station would appear 

to be sufficient and would provide an economic saving. 

Water quality data in the study area are deficient 

in respect of certain parameters, for example, DO, BOD, 

coliform, phytoplankton, zooplankton, benthic elements. 

It would be a good idea to review the existing data 

collection systems in the basin and evolve a unified 

program to be managed by the interested agencies. 

b) Weather data: Three weather stations should be maintained 

in the basin to collect data on at least those climatic 

elements which enter into the model. These stations 

should be located at the following places: 

i) Trail Guard Station, 

ii) Diamond Creek valley- at the old station main

tained by Greiner Environmental Sciences, Inc. 

iii) Johnson Weather Station - by upgrading the existing 

station to cover all the required elements . 
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3. With the collection of additional hydrologic data stream 

loss and gain studies should be conducted to better under

stand the hydrologic behavior of the basin. This will help 

in improving the accuracy of the inflows and outflows into 

the various segments. 

4. After collection of further data proposed above, the water 

quality model should be improved upon. 

5. After colletion of the recommended data technical studies 

should be carried out to select index stations which can 

be used for estimation of data for the remaining streams. 

The index stations should be as few as possible consistant 

with the required accuracy. These index stations should then 

be maintained during the period of operation of the model. 

If it is desired to build a model for another basin, 

data collection should be started with a good network of 

stations. Analytical studies should be conducted after a 

year's data are available, to select the index stations. 

At least two years data would be required to finalize the 

selection of these stations. 

6. Studies should be started to understand the relationships 

between the time and level of various activities - phos

phate mining, grazing, timber harvesting, irrigation- and 

the amount of their wastes which are discharged into the 

streams. 
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ABBREVIATIONS 

EPA Environmental Protection Agency 

mg/1 or MG/L milligrams per litre 

ml 

DO 

JTU 

FTU 

NH3 ... N 

N02-N 

N03-N 

ppm 

OF 

LP 

AF 

MBF 

cfs 

BOD 

KJ/m2• hr 

cal/cm2.min 

mb 

C02 

TIC 

so 

TDS 

TSS 

m i 11 i -1 it re 

dissolved oxygen 

Jackson turbidity unit 

Formazin turbidity unit 

ammonia - nitrogen 

nitrite - nitrogen 

nitrate - nitrogen 

parts per million 

Douglas fir 

lodgepole pine 

Alpine fir 

million board feet 

cubic feet per second 

biological oxygen demand 

kilo joules per square meter per hour 

calories per square centimeter per minute 

millibar 

carbon dioxide 

total inorganic carbon 

standard deviation 

total dissolved solids 

total suspended solids 

calif coliform bacteria 
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P04-P 

Alka 

Hard 

TBTY 

CHRM 

COPR 

VNDM 

COM 

ARSC 

ORGN 

MPN/00 

Temp 

USFS 

GES 

orthophosphate {phosphorous) 

total alkalinity as Caco
3 

total hardness as Caco
3 

turbidity 

chromium 

copper 

vanadium 

cadmium 

arsenic 

organic nitrogen 

mean probability number per 100 ml 

temperature 

U. S. Forest Service 

Greiner Engineering Sciences, Inc. 

• 
142 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

REFERENCES 

References Cited 

Anderson, E. R., 1954, Water Loss Investigations - Lake Hefner Studies: 
Technical Report, U. S. Geological Survey Professional Paper 269 . 

Brown, George W., 1969, Predicting Temperatures of Small Streams: Water 
Resources Research, val. 5, no. 1, pp. 68-75. 

Cannon, Michael Ray, 1979, Conceptual Models of Interactions of Mining 
and Water Resource Systems in the Southeastern Idaho Phosphate 
Field: M. S. Thesis, University of Idaho. 

Chen, Carl W. and John T. Wells, Jr., 1975, Boise River Water Quality
Ecologic Model for Urban Planning Study: Tetra Tech, Inc . 

DiToro, D. M., O'Connor, D. J. and R. V. Thomann, 1970, A Dynamic Model 
of Phytoplankton Populations in Natural Waters: Environmental 
Engineering and Science Program, Manhatten College, Bronx, N. Y. 

Edwards, Thomas Kyle, 1977, Hydrogeology of the Proposed Phosphate 
Mining Area in the Diamond Creek Drainage, Caribou County, Idaho: 
M. S. Thesis, University of Idaho. 

Environmental Dynamics, Inc., 1973, Utah Lake- Jordan River Basin 
Modeling Project. 

Environmental Protection Agency, 1972, Water Quality Criteria 1972 . 

Greiner Environmental Sciences, Inc., 1976, Air Quality and Meteoro
logical Environmental Impact Assessment, val. I, II and IIA. 

Greiner Environmental Sciences, Inc., 1976, Hydrologic Investigation 
of the Proposed Soda Springs Phosphate Project . 

Hammer, Silver, George Associates et al, 1975, Regional Assessment 
Study of the Chattahoochee-Flint-Apalachicola Basin: National 
Commission on Water Quality. 

Harper, M. E., 1971, Assessment of Mathematical Models Used in Analysis 
of Water Quality in Streams and Estuaries: Washington State 
Research Center. 

Harper, M. E., 1972, Development and Application of a Multi-parametric 
Mathematical Model of Water Quality: Ph.D. Thesis, University 
of Washington, Seattle . 

Idaho Water Resources Board, 1968, Idaho Water Resources Inventory -
Water Planning Studies: Water Resources Research Institute, 
University of Idaho . 

143 



Idaho Department of Environmental and Community Services, 1973, Water 
Quality Standards and Wastewater Treatment Requirements. 

Jaworski, N. A., Lear, D. W., and 0. Villa, Jr., 1971, Nutrient Manage
ment in the Potomac Estuary, Chesapeake: Technical Support 
Laboratory, Middle Atlantic Region EPA, Technical Report 45. 

Jobson, Harvey E., 1978, Thermal Modeling of the San Diego Aqueduct, 
California and its Relation to Evaporation: U. S. Geological 
Survey Report 78-1026. 

Langbein, W. B. and W. H. Durum, 1967, The Reaeration Capacity of 
Streams: U. S. Department of Interior, Geological Survey 
Circular 542. 

Leopold, L. B. and T. Maddock, 1953, The Hydraulic Geometry of Stream 
Channels and Some Physiographic Implications: U. S. Geological 
Survey Professional Paper 252. 

Lombardo, P. S. and D. D. Franz, 1972, Mathematical Model of Water 
Quality in Rivers and Impoundments: Hydrocomp, Inc. 

Lombardo, Pia S., 1973, Critical Review of Currently Available Water 
Quality Models: Hydrocomp Incorporated. 

McGauhey, P. H., 1968, Engineering Management of Water Quality: McGraw
Hill Book Company. 

McSorley, Michael, 1978, Personal Communication: Idaho Department of 
Health and Welfare. 

Murray, F. W., 1967, On the Computation of Saturation Vapor Pressure: 
Journal of. Applied Meteorology, vol. 6, no. 1, pp 203-204. 

National Weather Service Office, 1976, Local Climatological Data, Monthly 
Summary, Pocatello. 

Platts, WilliamS. and Susan B. Martin, 1977, Environmental Conditions 
as Related to Fish Needs in the Blackfoot River Drainage Within 
the Phosphate Mining Area of Eastern Idaho: Unpublished. 

Ralston, D. R. and E. W. Trihey, 1975, Distribution of Precipitation in 
Little Long Valley and Dry Valley, Caribou County, Idaho: Idaho 
Bureau of Mines and Geology, Information Circular No. 30. 

Tennessee Valley Authority, 1972, Heat and Mass Transfer Between a Water 
Surface and the Atmosphere: Water Resources Research Laboratory 
Report No. 14. 

Texas Water Development Board, 1970, Dosag-I Simulation of Water Quality 
in Streams and Canals: NTIS No. PB202-974. 

• 
144 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Texas Water Development Board, 1970, Qual-I Simulation of Water Quality 
in Streams and Canals: NTIS No. PB202-973. 

Thomann, Robert V., 1972, Systems Analysis and Water Quality Management: 
McGraw-Hill Book Company. 

Thomas, Jerome F. and R. Rhodes Trussell, 1970, The Influence of Henry•s 
Law on Bicarbonate Equilibria: Journal American Water Works 
Association, val. 62, no. 3, March, 1970, pp 185-187. 

Thomas, Jerome F. and R. Rhodes Trusell, 1970, Computer Application to 
Water Conditioning Calculations: Journal American Water Works 
Association, vol. 62, no. 4, April, 1970, pp 245-248 . 

Toth, J., 1963, A Theoretical Analysis of Groundwater Flow in Small 
Drainage Basins: Journal of Geophysical Research, val. 68, 
no. 16, pp 4795-4812. 

U. S. Department of Commerce, 1974, Climatic Atlas of the United States: 
National Climatic Center, Asheville, N. C. 

U. S. Department of Commerce, 1975, Local Climatological Data, Monthly 
Summary, Pocatello. 

U. S. Forest Service, 1976, Management Alternatives for the Diamond 
Creek Planning Unit, Caribou National Forest. 

U. S. Department of the Interior and U. S. Department of Agriculture, 
1977, Final Environmental Impact Statement, Development of 
Phosphate Resources in Southeastern Idaho, vols I, II, III, 
and IV . 

Wai, C. M., 1979, Leaching of Soils from Phosphate Mine Waste Dumps in 
Southeastern Idaho: unpublished. 

145 

Winter, Gerry V., 1979, Ground Water Flow Systems of the Phosphate Sequence, 
Caribou County, Idaho: M. S. Thesis, University of Idaho . 

Yearsley, John R., 1975, A Steady State River Basin Water Quality Model: 
U. S. Environmental Protection Agency, unpublished. 

Other References Consulted 

Aris, Rutherford, 1969, Elementary Chemical Reactor Analysis: Prentice
Ha 11 , Inc. 

Biswas, Asit K., 1976, Systems Approach to Water Management: McGraw-Hill 
Book Company . 



146 

Camp, Thomas R. and Robert L. Meserve, 1973, Water and its Impurities: 
Dowden, Hutchinson and Ross, Inc. 

Dorfman, Robert, Jacoby, Henry D. and Harold A. Thomas, Jr., 1972, Models 
for Managing Regional Water Quality: Harvard University Press, 
Cambridge, Massachusetts. 

Ketter, Robert L. and Sherwood, P. Prawel, Jr., 1969, Modern Methods of 
Engineering Computation: McGraw-Hill Book Company. 

Lombardo, P. S., 1972, Water Quality Simulation Model Discussion: 
Journal of Sanitary Engineering, ASCE, vol. 98, no. SA2, April, 
1972, pp 468-470. 

Marciano, J. J. and G. E. Harbeck, Jr., 1954, Mass Transfer Studies in 
Water Loss Investigations, Lake Hefner Studies: Technical Report, 
U. S. Geological Survey Professional Paper 269. 

McSorley, Michael R., 1977, Water Quality Studies- Marsh Creek, Portneuf 
River, Bear River and Blackfoot River, Bannock and Caribou Counties: 
Idaho Department of Health and Welfare. 

McSorley, Michael and Ronald Green, 1977, Technical Data Management
Computer Modelling, Portneuf River: Idaho Department of Health 
and Welfare. 

Platts, William S. and Edward R. J. Primbs, 1976, A Documentation of the 
Aquatic Environment and Fisheries in the Upper Blackfoot River 
Drainage to Determine Effects of Open Pit Mining for Phosphate: 
unpublished. 

Platts, WilliamS. and Susan B. Martin, 1978, Fishery Hydrochemistry of 
Selected Streams Within the Phosphate Mining Area of Eastern 
Idaho: unpublished. 

Raphael, Jerome M., 1962, Prediction of Temperature in Rivers and 
Reservoirs, Journal of Power Division, Proceedings of the 
American Society of Civil Engineers, July, 1962, vol. 88, 
no. P02, Part 1, pp 157-181. 

Russell, Clifford S., 1975, Ecological Modelling: Resources of the 
Future, Inc. 

Snyder, Gordon G., 1976, The Northern Rockymountain Water Quality 
Benchmark System; A Procedure for Stratifying the Natural Chemical 
and Physical Quality of Stream Water: Ph.D. Dissertation, 
University of Idaho. 

Stumm, Werner and James J. Morgan, 1970, Aquatic Chemistry: Wiley 
Interscience. 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

Taylor, George F., 1957, Elementary Meteorology: Prentice-Hall, Inc . 

U. S. Public Health Service, 1972, Standard Method for the Examination 
of Waters and Wastewaters, 12th Edition . 

147 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

APPENDIX A 

Listing of Computer Program for Water Quality Model for 
Upper Blackfoot River System . 
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c 
c 
c 
c c 
c 
c 
r 
C**** 
c 

• • • • • • • • 

:J'-1PUTE~ PRCGRA~ rrR tiATER QUALITY ;'400EL FOR l'PPF~. RLACKfOCT P.YVf:-0000~1C},J01 
00010002 
t10000CH'3 

MAIN 

M A I ~-l P t:: P F 0 R M S ~AT E P QUAl I T Y S I t·' Ul AT I 0 N S 

~1ULTIPL IEPS 
COMMON/A~ULTP/OS~LT 

C**** ENVIROt·1MENTAL QUALITY PARAMETEPS r: 

()0000004 
()00'1<1005 
00000006 
000'10007 
"001000~ 
000·10009 
000'1'1010 
00000011 
0000001? 
()0()0(1113 

COMMON WTEMP{50),WTSS(50),WCCLIF(50),WR00(50) W02(50),WTIC(~O), 00010014 
1WP04(5G) ,WALKAI50),WNH3(50t,WN02(50t,riN03(50t,WtDS(50t,WTBTY(50), 00000015 
2w~AR0{50),WCHRM(5Q),WZINC(50)JWCOP_R(5Q),WVND~I50),WCOM(50), 00000016 
3WARSC(50),~0RGN(50l,WTOTKN(50 ,WPH(50J,WC02(50) 00000017 

c 0000001~ 
C**** CHANGING PATES OF ENVIRONMENTAL QUALITIES 0000101n 
c 00010020 

COMMON WTEMDT(50),WTSSDT(50) WCOLDT(50J,WBOOOT(50J,W020T{50t, 000~0021 
1WTICDT(50),~PJ40T(50),WALKDT(561,WNH3DT(50),WN02DT(50),WN030T(50),00000022 
2WTDSDT(50J,WTBYOT(50),WHRDDT(50),WCRMDT(50),WINCDT(50),~CPROT(50),00000023 
3 W V 0 M 0 T ( 50 ) , W CD MDT ( 5 0 ) , W A S C 0 T ( 50 t , W 0 N OT { 5 0 l , W TK N 0 T ( 5 0 ) 0 0 n 0 0 0 ? 4 

c 00000025 
C**** E~VIRONMENTAL QUALITIES AT T + JELT 00000026 

c 

c nnooon27 
CJMMON WTEMPT(50l,WTSST(50),WCOlT(50),WBODT(50J,W02T(50),WTICT(5000000?q 
10),WP04T(50),NALKT(50J,WN~3T(50),WN02T(50) wN03T(50),WTOST(50J, 0000002q 
2WTBYT(50),WHRDT(50) ,WCRMT(50J,WZNCT(50),WC~RT(50),~VOMT(50), 00000030 
3W:DMT(50),wARSTf50),WORG~T{50J,WTK~T(50) 00000031 

C**** ANSWERS STORAGE FOR PRINTING AND PLOTTING c 
00000032 
00000033 
00000034 
(lQQt)003S CJMMON PNAME(25),JHISTO,JINDEX(lOJ,JSTATN(l0,3J,HOUP(~l), 

1HfST8G(l0,3,5l),NPROFL,NINDEX(l0),~ST~TN(lO,llJ,PHOUR(3), 
2PROF1L(l0,11,3) 

c 
C**** TIME c 

c 
:OMMON/ECnTI~/DELT,OELT2,DELT6,ND~NQ,NDAYl,NOAY2,NPEPDY,NPAY, 

liWTAPE,NPRNT,NPHOUP,NDHIST,KDAY,MtTHOD,IPUOA,IPUHR,IOTAPF,ITSCH 

C**** !~PUT WATER QUALITIES c 
CJMMON/ECCIN/TITLE(20)lTEMPIN(50)fTSSIN(50),CrLINf50),BOOIN(50), 
lJ?l~(5J),TICI~(50),P04 N(50),ALKA NI50J,NH31N(50),~02IN(50), 
2 ~JO 3 I ~J( 5 n) , T OS IN (50) , TB TV IN ( 50) , H !\PO I N ( 50) , CH R._1I N (50 ) , Z IN( TN ( ~ 0) , 

00000036 
()0000037 
000~003A 
000')()039 
00001)040 
00000041 
0001111042 
000()0043 
00000044 
00'110n45 
00010046 
Q()t')·1f)04 7 
()('fJ1('):14R 

• 

)> . 
N 
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3:JPRIN{50),VN1MI~(50),COMJN(50),APSNlN(50),CRGNI~(50),TKNIN(SOl c 
C*~** COEFFICIENTS 
c 

r. 
COMMON/CCFF/WBOOK,WCGLIK,~NH3K,WNC2K,Q10,02N43,0?Nn2,CC?BnO, 

lVCl,VC2,VC3,WONK,wPG4K 

C**** SOLAR ENEPGY AND HEAT EXCHAf\lGE r: 

c 
C**** c 

:oMMON/SOLAR/ N~ZCNE,JWZONE(5,2l,PAD(l01),HfATll00),EVAPA, 
lEVAPB,STf24,5),Q~{24,5),QNS(24,5),AP(24,~l,QBT{24,5),EAt24,5), 
2WS(24,5),QATC24,5) 

HYDRA~LIC PARAMETERS 

• • 

00'1;1')()4<1 
000010'5() 
00000051 
(')0001it157 
00000053 
()0000054 
()0010<1'35 
000~100'56 
00000057 
1jQQ100'5q 
1)0000 oc;o 
o 00 no 06 0 
00000()61 
00000 06 2 
00000063 

:OMMON/HYD/Qf5~),QIN(50),QOUT('51),VQLM{50),VEl(50),0EPTH(50), 00000064 
lWIDTH(50)fSAREA(50J,LINK(50,3t,Hl(50l,H2(50J,Vl(50),V2(50) ,~1(50),0000006~ 
2W2l50),NQ N(5Q),XLNGTH(50),NSEG,NREACH,NBRNCH(5G),Q~0(50), 00000066 
3VOLM2(50J 00000067 c 

f.*~** REAERATION,QUALITY INDEX,OTHER c 

c 

CJMMDN/OTHER/REA02(50,,NHYDRO,IHVORO,RSCOUPC~O),SCCUR(50), 
2TAVGt 50) ,TAVSC 50) 

COMMON/SOLAR1/HEAT1(50,30J 
COMMONITSTEP/STEP 

C**** INDEXI~G VARIABLES 
c 

f. 

DIMENSION YY(50,24t,YYP(50,22) ,YYT(50r22) ,YYIN(50,22) 
JIMENSID~ PNA~l(25J 
DIMENSION MONTH(l0) 

C**** EQUIVALENCE r. 

00000068 
0000006q 
000.')0070 
000()0071 
0000007~ 
00000073 
000001i74 
00000075 
00000076 
00000077 
0000007A 
00000079 
00000 080 
00000081 
00000082 
10000083 

EQUIVALENCE (YY(l,ll,WTEMP(l)),(YYP(l,lJ rWTfMDTtl)J, 00000084 
lCYYT(l,l),WTEMPT(l)J,(YYIN(l,lJ,TEMPIN(l J) 00000085 

(. 00000086 
C**** DATA STATEMENT 00000087 
C OOOOOO~R 

DATA PNAMl/4HTEMPt3HTSS 4HCOLF,3HB00,3HD G,3HTIC 3HP04,4HALKA, 00000089 
1 3H~H3,3H~02,3HN03,3HTD~,4HTBTY,4HHARD,4HCHRM,4H1INC,4HCOPR,4HV~~OC000090 
2~,3HCDM,4~ARSC,4HORGN,4HTOKN,2HPH,3HCP2,3HSAT/ OOOOOOQl 

OJ 7001 K~=l,25 ~0010092 
P~A~E(KKI=PNAMl(KK) 00000093 

7nnt :oNTIN~E 00000094 
DATA NP/21/,NADVEC/21/ 00010095 

)> 

w 

• 
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[ 

P[AC('::, 11"') (r--H~NTH( I t,I=l,:-) ,~~'.JV.f3Ft:' 
110 FORMAT(544,12) 

C****(~ll DATt T( ~EAD ;[NEPAL Cl~TRrL CAROS,SYSTf~ GEOMETRY,fTr. c 
C~LL PATA 

r 
r 

r.~~*** STAFT MAJOR COMPUTATIONS 
r 

r ,. 

~ E A 0 ( I .-! T A P E ) iJ P E P 0 0 , "J W l GN E , J w l r 'J E , N D A V S , f V ~. fl t\ , r V A P Q 
K'JDE=l 
KDAY=NDAYl 
NOR=NPFRDY 
NFRFO=l 
Jr::' 4~t) T=l,NSEG 
~J 400 K=l,~P 
YYT(!,J<)~YV(!,K) 

1+n1 : GtJT I NUE 
STEP=l. 

r: t\ l l F t C r! 

f**** ~AlLY (VCLE LGJP 
r 
'"~*** DIUPl\lAl. SnLAF ENERGY l~~PIJT fRO~' IWTAPE r 

Al r· r.: 1\ 0 { I \-J T 1\ P r-: ) ( ( ~ N S ( J , K ) , QAT ( J , K ) , A P ( J , K ) , f) F T LJ, K ) , E A ( J , f( ) , 
1 ~S(J,~l, J=l,NOB), K=l,NWZONC) 

( 
I P G I ~~ T = !'~ 
LDC!INi=O 
JJ 1000 ~T= l ,\JOAY 

r**~:t: DIUPNAl TT'-'E STEPS 

,-.-~,.._ ..... 
J ~ •.• _......,.... --~ 

r ,, 
0? 

• 

DC? 500 ~";=1 ,NPEFOY 
~~r = NC 
~·A= .. J C 
i-i F A T [ X r H ,t ~< G r: A ~~ C S P 'W T W ~ 'l F F N E P G Y F C' F A L l J UN C T I f' N S 

SC' bQ := 1 (N. \-.ZC~,~E 
J 1 = J r! Z · ", c: ~.; , 1 ) 
J 2 = J w l - ~! != U·1 , 2 ) 
Jt'""1 B" ==Jl,J2 

• • • • • • • 

10.JO·JOq6 
~ 00 1() ;)9 7 
100"ltj('98 
'H)O ():J ()qq 
onoaatJI) 
00"')01"1 
()000()102 
001001()3 
0001010'• 
00('H)r)l()Ci 
'1 n o ";) U1 c. 
10(')')01')7 
000'1010R 
0111·10 1 •)9 
l')f1f)f){)ll0 
')0~) :1f) 111 
)Q~i)Qll2 
00f100113 
{)(' fH)'lll4 
00000115 
~1")0:1.Jll6 
00!"'1!1117 
nooaJll8 
00000119 
)f);)')Ol2') 
0!10'10121 
()00<')0122 
00000123 
0000'll24 
')()()!)() l;? 5 
00000126 
01)0()()127 
.., ,') () 10 12 8 
00000120 
000001?..0 
0()()()1"}131 
(),0').113? 
"'001013~ 
00noo134 
10rHVll3 ~ 
1~(H)f111f: 
"110')01~7 ., n o 0 o 1 3 Q 

01')0'101~ 0 

:) 0 a <~ o 1 4 ·'.:' 
:)'J!')·1(1l41 
., ,, ') 1 :') 1 4 ? 

• 

l> 

.:::. 

• 
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c 

• • 

EVAPA=1.405 E-9 
EVAPR=l.308E-9 
TA=WTE\1P(J) 

• • • • 

ES=EXP(2.3026*( 7.'5*TA./( TA+237.3)+.7858)) 
HV=598.1-.57*TA 
ROS=lOOO.-(((TA-3.98)**2*lTA+283.))/(503.57*fTA+67.26))) 
EV=(~S(NF,Nl*EVAPB+fV~PA)*CES-EAfNF,NJ) 
IF(EV.LT.O.l EV=O. 
QE=ROS*HV*EV 
~B=6.1E-4*AP(NF,N)*(TA-DBT(~F,NJ J/(ES-EA{NF,N)) 
QC=OE*RB 
Qn=l.305~E-ll*(TA+273.)**4. 
HEATlCJ,~O)=QAT(NQ,N)+QNSCNQ,N)-QW-QE-QC 

80 :JNTINUF 

C**** ~UALITV AND ECJLOGIC SIMULATION c 

• • 

t1cnoo 1 '~3 
100'10144 
00000145 
r)f)()00146 
00000147 
0000014~ 
0000014Q 
('}0010150 
00100151 
00000152 
()0000153 
(')00!10154 
0001)0155 
00000156 
00000157 
0001015~ 
0()0')015? 
OOOOOlf.O c --. -· !)00(}0161 

C**** WRITE ANSWERS AS THEY ARE CALCULATED no000162 

CALL ECCSYS(NAi 

c 00000163 
IF({ND.Lf.NPRNT).CR.(MOD(NQ,NPHQUPJ.NE.O)) GO TO <191 000')0164 

1 TIME=FLOAT(NQ) 000J~165 
WPITEC6,2) 00000166 
FORMAT('!') 100~nl67 2 
WRITE(6,321) (MONTH(J),I=1,5),TIME 00000168 

321 FORMAT{T6, 1 TABLE - 1 00000169 
1 'WATER QUALfTv SIMULATJONS FOP UPPER ALACKFCnT RIVE~ RA00000170 
2SI~- ',5A4,3X,f5.1,1X, 1 HOUP'////) QOOOJ17l 

WRITE(6,323) 00000172 
1?3 FORMAT( 00000171 

1' SEG TFMP TSS COLIF BOD 0 0 D 0 P H C02 PD4P NH3N N03N AL00000174 
2K~ TDS TBTY ~ARD CHRM ZINC CQPP VNOM COM ARSC GRGN 1 // no'1nC175 
3' C ~~/L MPN/00 MG/L MG/l 0/0 ~G/L MG/L MG/L ~G/L M~ryQOOOl76 
4/L MG/L MG/L ~G/L MG/L MG/l MG/L MG/l MG/l MG/L MG/L 1 //) 00000177 
~C 142 J=l,NSEG 000~0178 
T=WTEMP(J) 00000179 
JOS=l4.5532-0.38217*T+0.005~258*T*f 00000180 
DOS=DOS*OSMLT 000001~1 
DCS=l00.*~02(J)/DOS 000~0182 
~RITE(6,324) J,WTEMP(J),WTSS(J),~COLif(J)tWB00(J),WC?(J),DOS,WPH(J0001~18~ 

11 .~C02( J) ,,JPC4( J) ,WNH3(J) ,W'J03(J) ,WALKA( JJ,WTOS(J) ,WTBTY(JJ, <10000184 
2~~ARD(J),WCHRM(J),WZINC{J),WCOPR(JJ,~VNOM(J),WCDM(J),~APSC(JJ, 00010185 
3~8RGN(J) 00000186 

324 FORMAT(I4,F7.1,2F5.0,F6.l,F5.l,F6.0,F4.1,4F5.2,2F5.0,F5.l,F5.0, 00000187 
lL(lX,F4.3),F5.2/) o~n~Ol88 

142 CONTINUE 000JOIR9 

)> 

(.71 

• 



• 

,.. 
t**** ST8PE ANS~EPS rrR TI~F HISTnGRAPHS r 
-9Ql IF{ND.LT.NOAY-1) GC TQ lJO 

IF(M00(NQ,NfR[QJ.~E.0) GO TC 10~ 
00 IDOINT=IPPINT+l 

H~UP(JPGINTJ=FLCAT(KDAV)+FLOAT(~Q)/FLCAT(NPFROY) 
J~ o2 K=l,JHISTC 
I ': D = J 1 ~H) ( X I K ) 
D~ 9? "·~=1,3 
J = J S T AT ~l ( t< , N ) 
Jr(J.E0.0) Gr TC 92 
HIST~G(K,N,IPCINTl=YV(J,INDJ 

~ 2 C J \ T [ N IJ E 
c 
C~***S fC::i<E N·JS\·.IFf.i S FC F PR!lF ILF PLOTS 
r 

-· l 0 0 I f ( ~,: 0 • "J f- • N 0 A Y ) G 0 T C 1 0 R 
Ir(MOr(NQ,NPERDY/3).NE.OJ GO TO 108 
L P!JI"'JT=l Pfil NT+l 

r 

I F ( l P 0 1 "l T • G T • 3 J G n T 0 1 () 8 
P i-i f: U R ( L PC I N T ) = F l 0 A T ( ~,r 0 J 
DC 102 ¥=l,NPROFl 
I ~-! [ = N I N 0 E X ( K ) 
J :- t :12 L = 1 , 9 
J =- ~·J S T " T f\l ( I< , L ) 
l~(J.EQ.n) GO TO 102 
P~QFll(K,L,LPOINT)=VV(J,IN9l 

1~2 :o~JTINUf 
lt18 CCNT!NIJE 

C EN!J r,F filliPNAL LOCP 
r 

c::0o cenT H11Jf-,.. .J 
r E~G QF DAILY LGCP 

<OAY=KOAV+l 
c 

l "'·"'0 CrNTI"J~E c 
r 

c ,. 

C t L l P l ~, T F f:' ( I P J I N T ) 

S T ~jp 
Ef\,D 

S : J f F.:· I ! T T ~-! F CAT A 

• • • • • • • • 

1 '"' · ") 1 ~) 1 9 I 
,1f).J-10 191 
~J")!)IJlO? 
r ~~ "')! 9:-
0;)01Qlq4 
')()'1001Q'5 
:J \}")I') 1196 
:1 0 !) !) -~ 1 q 7 
~~n~1f1lqR 
f'H)00!) 1 oq 
()f\ tV)Q 20 :! 
i) r. 1 :"' :J 2 0 l 
t'\i)f10020? 
')')!)'}0203 
no a,, a ?04 
1nooo2ns 
f) '1 (H)i120 6 
100"0207 
()0000208 
'1()0()t12()9 
oon"021o 
onnrH) 211 
:)0000? 12 
·111001) 213 
l"l'\0 00 214 
00n1n215 
')1)()'1')216 
00000217 
000·10218 
'1000:121 9 
1c"\00122() 
00:"1)()221 
1')'):)1'1222 
10ri!(l223 
OOCV)02?4 
·"' f) '1 '1 0 2 2 5 
00()'10226 
00000227 
'1n0 1)11 ??R 
0~0:10229 
"'-1010230 
000 1;) .?31 
(~Q(1f"H'l232 
.::""')"')("I 23:\ 
.~,,I') .)(123 4 
001'1" 7315 
ljt"~')f"\?36 

• 

l> . 
0"1 

• 



• • • • • • 

~ 
c 
c SUf,RD!JTJNE DATA PEADS BASIC I~!PUT DATA 

C**** MULTIPLJrRS 
~ 

COMMQ~; /AMULTP/CSMLT 
C**** ENVIRQN~E~TAl QUALITY PARAMETEPS c 

• • • • 

00()00217 
OOOrJ021Cl 
nnono23Q 
'1000024" 
00000 241 
Of100024? 
00000243 
00000244 

CO~MON WTEMP(50),~TSS(50),WCOLtF(50),WPOD{50J,~02(50),WTIC(50), 0000024~ 
l W P 0 4 ( 50 ) , ~:A l KA ( ~ Q ) , t.; N H 3 ( 5 0 ) , W N 0? ( '5 J ) , w N 0 3 ( 50 I , W T 0 S ( 5 J J t W T P. T Y ( 5 (} J , 0 n 0 0 0 2 4 6 
2 W H A R D ( 5 0 ) , W C HR M ( 50 ) , 1H l I NC ( 50 ) , W C G P R ( 50 ) , ~\ V NO M ( 50 ) , W C 0 M ( 5 rq , 0 0 n 0 0 2 4 1 
3WARSC{50),~0RGN(5C),~TOTKN(50),WPH(50J,WC02(50) 00000248 

c 00000249 
C**** CHANGI~G RATES OF ENVIRONMENTAL QUALITIES 00000250 
c 00000251 

COMMON WTEMDT(50),WTSSDT(50),WCOLOT(50) WBODDT(50),WQ2DT(5Q), 00000252 
l~TICDT(50),WPJ4DT(50),ALKADT(50),WNH30T(56J,WN020T(50),WN03DT(50),00000253 
2~TDSDT(50),WTBYDT(50),WHROOTf50),WCRMOT(50),WZNCDTt50J,WCPROT(50),00000254 
3~VDMOT(50J,WCDMDT(50l,WASCOT(50),WONDTt50),WTKNDT(50) 00010255 

c oooryn2s~ 
C * * * * E 'J V I P C ~: M E t--'T A l QUA l I T I f S A T T + 0 E l T 0 0 0 0 0 2 5 1 
c 00000?58 

CO~MON ~TEMPT(50),WTSST(5JJ,WCOLT(5Q),WBOOT(50),W02T(50) WTICT(5QOnoozso 
lJ),wP04T(50),4LKAT(50J,WNH3T(50. ),WN02T(50) 1 WN03T(50),WTDSTI50), 00000260 
2~TBYT(50),WHRDT(50J,WCRMT(50),WZNCT(50J,WCPRT(50),WVDMT(50), 00000261 
3WCDMT(5n),WARST(50J,WORGNT(50l,WTKNT(50) 00000262 c 

C**** A'JSWERS STORAGE roR PPINTING AND PLOTTING c 

c 

:OMMnN PNAMf(25),JHISTO,JINDEX(lO),JSTATNtl0,3J,HGUR(5lJ, 
l~ISTOG(l0,3,5l),NPRQFL,NINDEX(l0),NST~TN(l0,ll),PHOUR(3), 
2PROFIL(l0,11,3) 

C**** TI~E c 
:oMMON/FCOTIM/DELT,9ELT2 1 DELT6,NO,NQ,NOAYl,NDAY2,NPERDV,NDAYt 

1 INTAPE,~~PFNT,NPHOUR,NDHisT,KDAY, METHOD, IPUOA, IPUHP., IOTAPE~ ITSCH c 
C**** INPUT WATER QJALITIES r: 

r: 

CCMMON/FC~IN/TITLC2n),TEMPINC50J,TSSI~C50J,COLIN(50),BODIN(50), 
1G21N(5~),TICIN(50),P041N(50),ALKAIN(501,WNH31N(50J,WN021N(5~), 
2WN031N(50),TDSIN(50l,TBTYINC50),HARDIN(50),CHRMINC50J ,ZINCIN(50), 
3CJPRI~(50J,VNJMINI50J,CDMIN(50),APSNI~(50),0RGNIN(50J,TKNINf50) 

C**** CJEFF'IC Irt-;TS ,. 
'"' 

00000263 
00000264 
I')QQ;')Q265 
00000266 
00(')10267 
t')00J026R 
00000269 
OOOOOl7r') 
00!)00 271 
000'>0272 
0001)0273 
00000274 
00000275 
00000276 
00000277 
00000278 
00000279 
onnoo28n 
(')0000281 
00f1'l0 28 2 
rynrvln ZB 3 

• 

)> 

"""J 



• 

r 

C C: \1f_, L~~~ I C r' [ r I WB J C K, ~ C rn_ I K, V4 r !!~ 3tt , ~, r~ C?. K , Q 1 0, S 2 ~i H~, C 2N U 2, CfJ 2 3C !J , 
1VCl,VC2,VC3,WO~K,hP04K 

e**** SJLA~ ~~fFGY A~D ~EAT ~XCHANGF r 

r 

CLM~CN/SOLAR/ ~~ZONE,JWZ0~~(~,2J ,RA0(100),HFAT(ln0),fVAPA, 
lEVAPE,ST(24,5J,0~:(24,5),QNS(24,~),APC24,5J,DqT(24,5),[A(24,S), 
2WS{24,~),QAT(24,5) 

E•*** HVOP4ULIC PARA~ETEPS 
r 

00.~002~4 
!')"('i)Q 28 5 
0 ·~ ')") >) 2 8 I) 
100:10?.37 
OJ00')28P 
00010 2R<:> 
II)()"') ?90 
000Q12Cl 
:JOOJ0ZQ~ 
nnotV" 29 3 
()('H) 1()2~4 

C r ~v~ 0 rJ/ HV D I Q (50 ) , Q IN (50) , OCIJT ( 50 ) , V :J L H ( ~) 0), VEL (50) , DEPTH (50) , n 00 ~0 ?95 
1 \t.; I DTH( 50 J ,SAt-E h {')I"\), L I'\~ ( 5r., 3) ,~i 1 (50), HZ (50), VI ( r:;r J, V?( '50 l ,tr,l { 5')), 0000J29f.. 
2W2f50),NQIN(5J) rXLNGTH(50J,NSE~,NREACH,NGRNCH(50),QNC(50), nQ0002Q7 
3VCLM2(50) 1QnOJ29B c 

r:**";:~: 
r 

r 
r:*~:)':* 
r 

c 
c 
r:~~** 
r. 

r. 
c 

**t.~ :f;. 

Q[~,fRi\Tlf 'J,QJALITY P1JEX,CTHFF 

CCMMCN/DT~:ER/~[Ar?(50J,NHYORO,I~VDRO,RSCOURf50),SCGUP(50), 
?TAVGf50l,TAVS(50) 

INDEXI~G VARIAPlfS 

Q I M E rJ S I r ~ J ~ L NT~ ( 1 0 ) 

)J~:ENSIPt·! YY(50,?4),YYP(50,22) ,YYT(50,2?),YVIN(50,?2) 

EC:UIVALENCf 

f ~ 'J IV AL [ r-' C F. ( Y V ( 1, 1 J , ~ T F M P ( 1 J J , ( YYD ( l, 1 ) , ~~TE MDT ( 1 ) ) , 
1 ( y y T ( 1' 1 ) 'w TEMpT ( 1 ) ) ' ( yy IN ( 1 ' l j' T FM pIN ( 1 ) ) 

J~TA TE~Pf/20J.l5/,PK1/4.45E-07/,PK2/4.7E-ll/ 

DJFlf(Y.,Y)=([XP(X*Y)-1.}/DELT 

DfAD GE~rFAl CPNTROL CAR~S 

f' f AD ( '5 , 6 IJ ) N l H·18 E R , ( M r:-' r T t-4 t I ) , I = 1 , 5 ) 
~, FOPMATCI?,5A4) 

o::AD(5,2f0) (TITt { T), I=l ,20) 
? f 1 F ~-, P M t. T ( 1 r! l'· 4 ) 

• 

F' F t C { ~ , ? 3 C ) f\1 D A Y 1 , ~. D 1\ Y 2 , r'J ~ PY T , UP H r U r , I H Y f'l D r , I v' T t, P f , !~.1 F T H [l f' , fY. ':'. t\ y , 
1 ~JP[RJY, JPI'i'/-\ 1 1 PUHF, f!Tf\pr:, JTSC~ 

~ ~ 0 F r· p '"1 /~. T r l b I 5 ) 
J::: 2 I=l,'· 
~ F /\ ::; ( ') , ?_ l f' ) J J "' n F- X ( ·y ) , ( J S T A T f\; ( I , J ) , J = l , 3 ) 

• • • • • • • 

1~010299 
00000300 
'Hl01130 1 
CI10003C2 
n1oo~J 303 
Of'0003n4 
)()()0130'5 
"'1~'10!131)6 
'"'')1)!)0307 
()('f'\'")0.308 
00010309 
10~00310 
000(}0311 
ooonn 312 
f'l00::10 313 
nnron314 
0000131~ 
000()0316 
'100l)f11l7 
')0');)0 31 ~ 
000 "):) 31 q 
')f1(1\1'),?!1 
o~ooi3?1 
"'00'10322 
1•1'100323 
0000·'1324 
nn0t'):1~.,c; 

tl~00'J3?i1 
"'l00nn3?7 
o) CL) J "' ~ ? ~ 
{'\(1('1')')3?(') 
'}f'\f"'\f)·')~"10 

• 

):::o 

co 

• 



• • 

r: 

? 

'+ 

c... 
Q 

~10 

**** 
*~** 

• • • 

J1=(JINDFX(I ).E~.C')CC TO 4 
J~ I STr'=! 
C C "! T I ~ 1 U f 

• 

)::: 6 tJ=l,lO 
PEA0(5,710) NINOEX(~l,(NSTATN(N,J),J=l,9) 
IF(Nl~8EXfNl.EQ.OlGO TJ B 
NPROfl=N 
: DNT I ,..,~UE 
:C'NT!"JI'f 
F [' R,_. AT ( 1 6 I 5 ) 

I~ I T I AL I Z AT I C \! S 

• • 

I'JITIALIZE DAILY CYCLE LOClP AND OI.JR"JAL TIMf STEP f'APt\"'fTEP.S 

Jfl T=Rt-400./FlOAT( ~!PEP9Yl 
C)ELT2~!JELT/2.0 
)EL T6=QEL T/6.0 

• • 

000·1()31! 
!"1!),')~11~? 

000'10 333 
! 00 ,)f) 3 3 4 
01)00()335 
1"\()0003,6 
10()()')3~7 
0'10'V)~38 
0000'1330 
!"\ o, oo 34n 
t"'l00'10341 
00010342 
00~')0~41 
nl1nn'1-:l.44 

~***~ fiR ITF GF~!FJ<~'\L CGNTPnL 1 NFORMATICN 

('()()()0345 
('300034 6 
0000')'347 
i100()')34q 
000'1034Q 
oon1015f"\ 

r 
"-

~RITE!6,~01) (TITL{Il,I=l,20) 
"ll)t FCRMtT(2X,lOA4,50X, '\•IATfR QUALITY STUDY'/ 

12X,10A4,50X, 1 P~8SPHATF ~~~lNG I~PACTS'//) 
y, R I T F ( f: t 3 1 5 ) r·~ D A Y l t ~ J DAY 2 , N P E P D Y , I W T A P E , !·l P R N T t N PH n ' f F , 

liHYOPr 
11~ FCRMAT(lHC,Tl5, 1 BEGINNING FROM DAY',IlO/ 

1 1HO,Tl5,'ENDING 0~ CAY',IlC'/ 
2 1HO,Tl5,'CC~PUTAT!ONS PfR DAY',IlO/ 
31HO,Tl5, 1 f'TTHCD GF INTEGRATION-MULTIPLE X-STEP, SINGLE TIME 

()()()()0351 
noo.:n 35:' 
() 0 ::)(10 3 '5: 
0000')3'51.. 
0001)0?55 
·) f)() 0 ') 3 5 6 
00000357 
'1000()35~ 

ST E~' /1(H)')') 350 
~ 1HO,Tl5, 1 WEATHER TAPE NO.',IlO/ 
5 lHO,Tl5, 1 DAYS rF SIMULATION BEFORE PPINTCUT BfGI~S',Il0/ 
6 1HO,Tl5, 1 PRTNT FREQUENCY,HrJR INTERVAL',IlO/ 

100 i)Q 360 
'100 "):) 361 
1010()362 

7 lHO,Tl5, 1 HYDRrLOGIC CYCLF',IlO,' DAYS'/) 
W~ITE{6,22) 

~? FCRMAT('l',E(/J) 
000 00 36 ~ 
100 ()!') 36 4 
0001t1365 
000')0~66 W~ITE(6, 2 40) N~MBER,(MJNTHCI),I=l,5) 

~40 FDR~AT(T3C,'TABLE',I3, 1 - WATER CUALITV 
156.4////) 

PLOTS FOP STUDY Pr..Sii',- •, 00()10367 

WPITE(6,341) 
341 FORMAT(T20, 1 A- TI~E HISTOPY PLGTS'//) 

WRITE(6 342) 
342 FORMAT(f25, 1 PLJT 1 ,12X, 1 PARA~ETEF',l6X, 1 NCDES 1 /) 

OJ 3 I=l,JHISTC 
J=J I \iDE X (I) 
~ P IT E (f., 3 4 3 ) I , J, P NA "'1E ( J) , ( J S T ~TN (I , f<_ J , K= 1, 3) 

341 FOR~AT(23X,I4,12X,I4,3X 1 A4,8X,lli5/) 
3 :ONTJ~'UE 

10010368 
00010369 
OOQt}O ~70 
000()0371 
!)()0')0 17 2 
00000373 
nn1l)r')374 
00Qt')fl~75 
00'1;')0376 
()();')•)() 377 

);::. 

1..0 

• 



• 

r 
c 
r 

r: ,.. 

~,JRITE(6,~45) 
~ 4 5 F C: R M A T ( I IT 2 0 , 1 B- C f' N C E NT P. t\ T I 0 N P P f!F I L F S ' I I ) 

wPITE(f..,1lt6) 
~ 4 6 c D RY A T 1 T 2 5 , • P L :J r • , 1 2 x , ' P A R " ~· r: T E P • , 3 'J x , • :-; t o E s • 1 ) 

) fl 7 I = 1 , t, P P 0 F L 
J=NINOEX( II 
W q IT F ( t, 34 3) I, J, D~JA ME ( J), ( NS T J\.T N (I , K) , K.= 1, o J 

7 ':0"!TINJ1= 

C~Ll ~FATHR(NPEPDY,IWTAPE) 

C * * )}: :.~t : G NnE C T J V I T Y 1\ N D S Y S T E r1 r; E C s.~ F T RY ,.. 

,.. 
\. 

~-

?'jl"\ 

4.' 

?. ~" 

·'t ~ 
' "l .... 
., :'t 1 

REi\D{ 5,250) NSFG,~JPf:=t,CH 
r nRYAT{ 2I 5) 
DrJ 40 I=l,NSEG 
P. E AD ( 5 , :? 4 0 ) ~ll , ~; 2 , N 3 , N 4 , X L r '':; T "'i { ~' 1 ) , R S C CJt J R U' 1 ) 
LINK{ iJl, J l=N?. 
L I~,Jt<. f ~:1, 2 )=:~3 
L INK ( ~: 1 , 3 ) = N4 
Yl~GTH(Nl)=XL~GTH(Nll*52BO. 
t\12 A~~ 0 r·; 3 R F P ~ E SENT UPS T t:?, E' A \1 S J: G i'1 E '4 T S
'J4 FEPPESFNTS DC~lNSTP[~r-~ SEG\1E"!T 
C CNT I ~!U F 
FJRMAT(4!~,2F5.0) 
D:J 42 · I=l NP.EACH 
REA0(5,?4{) ISEGl,JSES2,HHl,HH2,VVl,VV2,~hl,WW2 
J~ 43 J=ISEGl,lSEG2 
Hl(J)=~Hl 
H2(Jl=HH2 
Vl(J)=VVl 
V?(J)=VV2 
~~ 1 ( J ) = \·H·J l 
v1 2 ( J, =!·d·:? 
: C',JT I N!Jr 
:J'lTit4UC 
FJPMAT{2!5,6F5.r) 

r * ~ * ~ ~. E t, D C r [ F F r C I f- ~J T 5 

;. ') r.: c 1\ y A ~' r_; T p., p E ;:.' 1\ T IJ ;:· F (., r [ F f I ( I F ~! T ~ 

~ J :.( r :~ ~ ( 5 , ? '" 0) 1
·' t' ~~ 'J l\, J [ Tr: It , \t'C '-~ l ! !<,, \·: :: rd<, l-; ~ ,JJ-; 3 K , ·~Tr 2 K , \F' P r~ 4 i< , 

• • • • • • • • 

""'i"'•"'()')~ 18 
0<"·1'10 370 
0:.)"1"3~~ 
0 "l()!)t') ?81 
00•,103~2 
>10t1003R? 
'1 "' 'j ., '" 3 3 4 
')0·1)03"5 
0()0)0336 
:'\11 f1 ~'VY~ B 1 
Or10r1'138~ 
11f1'1J~A9 
)():).103911 
'10JC>J 3Q l 
(H"\;')0:J3Q2 
000·1)3Q1 
10010394 
')('0;)0395 
f')f)0101q6 
0001:1397 
(H)0·1:J"lQg 
f}()0-1030<} 
"0 0 ;)') 4n ') 
001100401 
·')i)Q()0402 
") " !V) '14 ;) 3 
110J·10 4J4 
00!1.10405 
000004()6 
{\I')Q.')04"l7 
nn ':1 104 1'H3 
:");Jt)I1QI+;)q 
')"\110411 
l~J'11'14ll 
nn.'!00412 
()f)t)f)1413 
" !) 1 ,, " 4 1 4 
0001.) 41 r; 
0'100"416 
10')()'11~17 
f"\''V111Lt l P 
'!:)')'1'1ltl c 
'):'H) 1 \1 4 2 •J 
1')()!)')')4?1 
'/"'" 1 'V) l .. 2 ? 
~('')'1""4?1 
;;:10 1·1424 

• 

):::o 

1-l 
0 

• 



• • 

r 

~ 
r ,_, 

,.. 
.... 

• • • • • • • • 

l~lO,VCl,VC2,V~3,~S~LT ~00014?5 
IF(VCl.~~.O.O) VCl=3.~3 ~~~10426 
I F < v c 2 • F n • o • en v c 2 = l • ? 3 0 'J 1 ·1 ,1 4 2 7 
IF(VC3.Fn.o.O) VC3=1.0 100,042~ 
I F { c s ~~ L T • E Q • G. C• ) c s IJ L T = ') • 9 0 9 1 () ;) ·1 .) 4? q 

201 FJR~AT(l6F5.0) 00010430 
~RITE(6,10") ~~010431 

1 "' 'J F G R ~-1 ~. T ( 1 r 1 , T 5 , ' S Y S T f r.~ C C ~ F F I C I f t J T 5 ' ) 0 ') 0 :) ;14 ~ ? 
W R I T E { 6 , 1 1 0 ) ~.· B C 0 K , \" C 0 l I K , ~· C N f<'. , t.; N H 3 K. , V.. N r: :2 K , \ .. J P fl4 K , 0 0 0 1 0 4 3 3 

1Ql0,V(l,Vf2,VC3,CSMLT 10~~~4~4 
11 :) F r. P. ~ fl T ( I I , T t 1 , ' C f CAY T F M PEP l\ T U q E /\'F) P E A L RAT I Ct~ C f1 E F F • ' I I ') 0 :J ·1 0 4 3 '1 

1Tl5,'BJT"'l, PER JAY',T40,Fl0.3,/ noo:J0416 
2T15, 1 COLIFCr:tw, PfR f1/IV',T40,Fl~.3/Tl5, 1 0PGtHJIC NITPnGE~J, PER fJ\Y',0000')437 
2T40,Fl0.3/Tl5, 1 ~H3-N, PER OAY 1 ,T41,Fl0.3/ 1001J43q 
3 T 1 : t ' N 0 2- ~.; , PER 0 A Y ' , T 4 0 , F 1 0 • ? I T 1 c; , ' PC 4 n E PC S I T I or.· , P EP DAY ' , T 4 0 , F :1 0 :1 '10 4 3 9 
3 1 0 • 31 T 1 '5 , ' T E ~~ P C C E F , Q 1 0 ' , T 4 0 , F t 0 • '3 I ') 0 0 <1 0 44 0 
4 T 1 5 , ' R f A f: F A T I C "J C C E F F - V C 1 ' , T 4 0 , F 1 ·) • 3 I ;-, f) 0 1 0 4 4 l 
5 T 1 5 , ' PEA EPA T I C '-J C G E F F - V C ? ' , T 41 , f 1 ;) • 3 I '1 :"l "·1·14 4 2 
6Tl5,'REAERATICN CCEFF- VC3',T4J,Fl0.3/ nn100443 
7T15,'f!XYGFN SAT. Cr·EFF• ,T40,Flrl.3.) nnnon444 

00000445 
S T r I C H I C t.A E T f< I C F C U ! V A l E i J C E 0 F C H E ~ . .q C A l T F A T'J S f= C P ;.;. h T T C '4 S n n 0 ') 0 4 4n 

!)()000447 
R E A C f 5 , 2 0 0 ) C 2 ~,J H 3 , r 2 N C 2 , C 0 2 B 0 D 0 ;'HI 0 ') 4 4 R 
~PITE(6,320) C2NH3 U2NC?,Cr2Bnr Jn000449 

1 2 () F C R ~~ AT ( I I T 1 1 , ' S T U I C H I C "'1 E T P I C [ r U I VA L EN C E 0 F C H f. r-1 I C A l T c A r J Sf C R M A T I 0 1 0 n l 0 4" t1 
1 'I ' I I T 1 5 , ' 0 X Y G E i'-J I N ~.t 3 ' , T 6 0 , F 1 0 • 3 I 1 0 1 0 0 4 5 l 
2 T 1 5 , ' n X Y G EN 1"1 C 2 ' , T t 0, F 1 0. 3 IT 1 5 , • C C2 I B G 0 ' , T 6 0 , F l 0. 3 ) n 0 0 '"'!) 4 52 

C**** r RfAD INITIAL ~ATER QUALITY CONDITIO~S IN THE ~COSVSTFM BY ZONF 
:~ }0 J·')45 '3 
00000454 
')(1{"\1')!)455 

,.. 

0~ 10 I=l 1 ~SCC 
READ(5,22U) Jl,J2,TE~,TSS,CGLIF,BCJ,C2,PU4,ALKA,XPH,XNH3, 
lX~02,XNr1,TOS,TBTv,H~PJ,CHP~,ZINC,CCPP,VtiO~,CD~,ARSC, 
lTOTP,T~TKN 

?20 FJRMAT(2!5,12f5.Q/(10F5.0t) 
IF(Jl.EO.n) GC TO 500 

C**** r C A L C U l A T E T C T A l I N 0 P G A t JI C C A P 8 n N , A r~ 0 C 0 2 

TEMP=TE~+273.15 
I F ( A 8 S ( T E r.• P- T E \1 PC' ) • L F • l • 0 ) G C T r 1 6 
Z=-3404.71/TE~P+l4.8435-0.032786*TEMP 
Ri<l=l0.**7 
Z=-2902.3G/TE~P+t.40R-0.0237g*T~MP 
P.K2=1Q.**Z 

l 6 H = 1 0. * * ( - XP J-1 ) 

')0010456 
:"li10'V)45 7 
')01)0"45 8 
()nQf)f'l45q 
')1')!')00460 
roq •),J46l 
10r')1462 
()() () 00 46 3 
') ()., i)i) 46 4 
00010465 
')0~ '10 46 t~ 
~10~0467 
0')110468 
!')."' 11'l46q 
11;)Cl:10470 
1(')()')()4 71 

)::a 

..... ..... 

• 



• 

A L P HA. : ( 1 • + 2 • *F: K 2 I H ) I ( H I R t<. l + 1 • + f: K 2/ H ) 
;\ L PH A 1 = l ./ ( 1 • + R K 1/ H + R K 1 * R K 2/ ( H *H ) ) 
ALK=ALKA/t:;OOOJ. 
TIC=ALK/ALPHA*l2QOO. 
C 'J?=ALPHAl *TIC 
DO 11 J=Jl,J2 
r' Tf fJ!P t J) =TE M 
vJTSS(J)=TSS 
W C r l I F ( J ) = C Cl I F 
v1 8 f D ( J l = B f!D 
V/l:2(J)=02 
~4T!C(JJ=TIC 
.,: c (' ~· { J ' = c (' 2 
w P u 4 t J ) = P r4 
WALKf, I J J =ALKA 
~ i·J H 3 ( J ) = X t·: H 3 
~·t'J02tJ )=XND2 
W N 0 3 (" J ) = X r-.t C 3 
WPH(J)=XPI-' 
WTDS(J).::Tf:S 
W T B TY ( J ) = TP T Y 
H4AP.D(J) =HA~ D 
,.,; : H R M ( J ) = (. H PM 
\.J l I ~J C ( J ) = Z I Nf 
,;:CPR (Jl=CC:PF ,. , v ~; n ~l ( J 1 = v r.; orA 
>'~:CD~( Jl =CDr-~ 
r: A F, S C ( J ) = A R S C 
v.!TCTKN( J) =TCTK~-.! 
~·rRG"H J J = \o;TOTK ~-1 ( J t -W\ll-43 ( J) 

11 :CJ\TINJF 
10 :: OP~T I ~JUE 

r:;nr: ~n":rr~.,~Jr 

r_ t:.. ·/d" t-: J 1\j. ! T C C ~.' V [ F S I C N 
r 

,-

v = n £ L ·r I '? 1. 4 I' 0. 
~B00K=-P0[LT(-~BCCK,Y) 
~.; C J L I It =- P Q E l T ( - lr' C C l I¥ , Y ) 
\rJfJ~;K=-R r;c l T (-WCNK, Y) 
=,i\!P3F=-P"'EL T(-~~iH3K,Yl 
\·! ~.:r 2 K =- P Q f l T { - W N C?. K , V ) 
~PC4k=WPr4K/86400 

':".~~*t.~ ~cirr !~ITIJ\L crrciT~r·'S 
c 

kF!T~(h,~l) 

• • • • • • • • 

'i0()1'1472 
001)00473 
00CV)')4 74 
(H)'):1()475 
000;)0476 
"HH)'i0 4 77 
Ot')!'l")f'\478 
00·1'1() 470 
0 (}"\ ·JJ 48 r) 
')(H1f104~1 
010:"'0482 
00(V)04E ~ 
·1 n =1 .1 o 4 8 '~ 
'10000485 
Qf')t)()f)436 
01"ll"0049 7 
:100")04R~ 
OOn0048Q 
1nono4oJ 
00000491 
'i0'1'1•)49? 
10"1')04°1 c·n 1 ·1o4q4 
1001)049':> 
J00104t'J6 
000')f14Q7 
J00'1049P 
00010499 
~0()()('\15')0 
000()()5()1 
110000'512 
()0()10 50 3 
J00,105(')4 
10')'1050'5 
'i'):)O;J5;]f-
000...,1507 
·101nnc;og 
oo·v,:J soq 
]t"H110510 
)01'1'10511 
(')0'100512 
'1('!t)f)')513 
;i'J010 514 
000():151 ') 
')(";")()()C::16 
,,,.,('')') ~l 7 
:)!1(';')')':)11 

• 

)> 

~ 

N 

• 



• • 

c 
c 
r: 

• • • • • • • • 

-~ 3 F c p MAT ( ' 1 ' } """)0 ') •J s ~- C) 

?. r :., o < 5 , f ~ > i, u f~ -1 E r , < ~ · r r · T H ( I 1 , r = 1 , '5 l ,." :-· :"' 1 ') t) ~ ; 1 
...:~ ITE ( 1 , '·?~) t;Ur'EE:R, (~-~Lt·TH( I), I= 1 ,·~~) lC'11r)5?l 

~?2 F:1R~AT{T2l,'TAElf',T~,•- ItdTIAL W:\Trc· -~iJ.\L!TY CC~t,..ITTCrS F[:r ST!If)!/0()0052? 
1 Y B A S I ' · - • , t:; ~. 4 I I I I ;! 0 n :} C' 5 2 :.:, 
1 • t.l o o E T ~ ~) P T s s r r L I F B c D or A L " \ P H r c 2 P c ~ P ~. · 1-1? ~ ' r. G 3 '-~ T n s il '1 ° '1'1 5 ? 4 
2 TBTY ~.\f:J (1-q~.-. Z~'l: C:PR VNf)v (~\1 AFSC C:R(';'J'/1 0il•'"'0052S 
3' C r-1C/L r--1P~iiCO ·~G/L r-F~I l ~'-H-;Il '~G/L ~~GIL f.' GIL t'G/L '1G/L •li'f'").J57f, 
4 F T U lr C I L ~ G I L M ':: /l ~··~;:; I L ~ G I l •v; I L i--1 G ll ~~ GIL ' I I ) 0 0 "n 0 5 2 7 

)::-' <JO ~'=1 ,~-, SEG f)r'H!~'!n5?q 
r. P. I T [ ( c , 4? 0 ) N, ~- T E ··~ r ( ~: ) , ~ T S ~ ( N ) , \- C:-~ L I F- { ~: ) , \,.: 3 OD ( N ) , ~·· r~ 7 ( t\: l ., ~··A L Kt ( r-.J , , :"' 0 0 •) J 5 ~ c 

1 ~! P 1 ( 'l ) , ~ ( [ 2 ( i Jl , f. P Cl4 ( "• ) , V-1 N H 3 { N ) , ~ N G 3 ( tn , ~< T ~ S ( N ) , W T R T Y ( t: l , ~ .. ~ H /\ ;:- ) ( ~-~ ) , r f'H) 10 53 :J 
2,; C HR M ( ~, ) , \--l I ~~C ( ~n , wC r• Pt.: ( N) , ~iV ND ~1 ( tD , y! C 0-., ( ~n , H f! P S C ( ~~) , ~r P G"' ( ~~ l n() n ')0 5 ~ 1 

t+ ~ 0 F- G F M .\ T ( I 4 , F 6 • 1 , F 5 • 'J , 1 X , F 4 • 0 , 1 X , F ~ • 1 , 1 X , F 4 • 1 , F 5 • (; , F 4 • 1 , 1 X , F 4 • 2 , 1 v , n n !') 0 ') 5 3 2 
1 F4.2,2F5.2,F5.0,F5.l,F6.0 1 1X,F4.?,2X,f4.3,4(1X,F4.3) ,F5.?/) ~00015?~ 

GO :=NTINUE JOCOD534 
FETURN OO~n0515 
E~D ~0010536 

SliPErUT I',:F: Wf:ATHP. ( ~JPEROY, I\.JT f,PE) 

'"""~00 '3 ~ 7 
000·'10 5? q 
0"'1"0S39 
')~ 1 ,)() ')4 ;; 

C ] H f-1 0 N p,J DE X ( 7 ) , A l P H l1 ( 2 Q ) , I 0 A Y { 1 0 l , f) 1\ T A { 5 tJ , f· , 2 ) 0 0 n ') 0 5 4 l 
:rv~JNISAVEI ~:SEAS, ~JJBS, ITAPE, LAT, L'"J~~G, [PRT,NI~·!T 1C000~42 
DIMENSION JWZC~E{5,2) 00000~43 
J!MENSinN MONTH(l0l 0"010~44 
JOUELE PPFCISJO~l JE{8) f10~"0(')S4~ 
0 ~ T A J e I ' l - 3 ' , ' 4 - 6 ' , ' 7- 9 ' , ' 1 0 - 12 ' , ' 1 3- 1 5 ' , ' 1 6- 1 8 • , ' 1 o -2 1 ' , ' 2 2 - 2 4 ' I !l n n I) n t; 4 6 
REAL LAT, LONG 00000547 

C ** INITIALIZE NECESSAPv VARIABLES 00000548 
ITAPE=IWTAPE 0000054q 
Nf8S=~1PEP..f'Y liQtH)n550 
DJ 7 J = l, 5 ~"010551 
I~DEX(J) = 1 OOn10552 

7 :rNTI~Uf ~0100553 
r~;oEX(7l = o ooo10c:;rs4 

C ** ~EAD AND WRITE ~UN DATA 0000055~ 

c 

REf,0(5,4f"'0) NU~18FR,(~G~TH( I) ,I=l ,5) 1')('')'11"\556 
400 FORMAT(I3,5A4) 000005~7 

RfADI5,501) ALPHA 10000558 
QEA0(5,509) EVAPA,FVAPB 001~o~c:;o 

~og FCR~AT(2Fl0.0) n0000560 
R E A 0 ( 5 , 5 0 3 ) N Z C ~a= , N S E ~, S , N D A Y S , I P P T , r l S E T , I ~~ D F X ( 6 ) ·"" " t; '1 n Sll 1 

lf100056Z 
tr( ITAPE .GT. 0 ) PE~INQ ITAPF 800~n561 
J ~ 2 0 0 l = l f ~! Z (! ~' r: () l r; ) 1') 5 6 4 

131 wRITE(6,f01) ALPHA 000JQ5AS 

)::> 

...... 
w 

• 



• 

~:['IITE(E: 603) ~:zor~f,~:~E4S,NDll.YS,"!~flS, !TAPE, If.'~T 
115 REAors, sn51 NZ, (Jh'ZC",Jf(NZ,JJ> ,JJ=l,2>,LAT,tr:Nr 
1 16 w F! I T E ( f. , 6 06 ) N Z , ( J w Z 0 t·1 E ( 'J l , J J ) , J J = l , ? ) , L 1\ T, l 'l r: c; 
1 3 7 '~ ::- 0 

r~K=rJOt:S/NSET 
~· r;. I T E ( 6 , 2 ) 

2 F !J f\M AT ( ' 1 ' , 8 ( I) ) 
~ P I T F ( 6 , 6 04 ) ~·HJ M G f P , ( ~ 0 NT H { I ) , I = 1 5 ) 

A14 F~CMAT(T20 9 'TA3LE',I?,•- hEATHEP bATA FOP STUDY GA~IN
nRITF{6,605) 
~~ 150 J = 1, NSEAS 
J':'! 14!" K=l,NSET 
RfAD(5,507) I1AY{J),CC,AP,n8,QP,WS 
AP=4P*33.864 
h'S =O. 44 70*w s 
JB=(DB-32.)*5./9. 
DP=(OP-3?.)*5./9. 

1 3 8 \·! P I T E ( 6 , 6 0 7 ) J B ( K ) , I D t Y ( J ) , A f> , C C , W 5 , !:1 P , D P 
139 JD 140 Ll=l,NK 

H = M + l 
CATA(~,l,lt = AP 
[lt:,TA(M,2,1) = CC 
DATA(M,3,1) = ~S 
J A T /4. ( ,_, , 4 , 1 ) = G B 
DATAU-1,5,1) = ~1 B 
DATA(V.,f,Jt = JP 

140 C]f1TINUr 
15() :rr-~TINUE 

~INT = ~QPS * ~SFAS 
CALL ~FAT 

? 0 1 C 0 NT I r~ U F "** E\10 OF ~A'tr! DATA INPUT 
If( ITAPf .L[. 0 J R[TURN :- ~* HEFCf'~~A1 DATA FC'F lf-IP'JT TP ~~AI~l DF·nGR/,~·1 
~ t:: \.J I ~J C T T l\ P E 
DG 21n l = 1, NZO~f 
F.Ft,Q(ITAPE)( ( OtTA(J,K,Ll, K = 1, L ), J = 1, ·~ 

'J 1 c~ C C ~.~ T I t··J U f 
Q.EWINn ITAPE 
WRITE{ITAPEJ NSfAS,~7rN[,JWZON~,NDAYS 

*: , EVAP/1 ,~VAPU 
0 :: 2 2 0 r-! = 1 , '~ I H T , " ! r· B S 
~t.X = ~, + ~·10ES - 1 

"};)!"'156(~ 

0J010 567 
0("")r"''"''')(,q 
";') () 1 ,') r:; 6 Q 

') D'1ln5 7 0 
'1"'n'l'l 571 
'1 1)0"0 572 
o n r: ~1 !1 5 1 3 

',5t4////JOOrJ0~74 
onn,l057'5 
"\0·') ')1'):')76 
0\"0 ')."" s 7 7 
<)00 )'] 5 78 
0'1" "0 S79 
000'JO')B1 
000(}0581 
00011')'5R? 
1"'01005R3 
(')r)t)nn5q4 
onn.Josp.c; 
00•) '105R6 
1')011')'587 
1"Q;')"'')5P,B 
i)Q:) 1'15 ,q 9 
C01005QJ 
!1('1!)10501 
() •) 0 1')1') '59 2 
')0:10,) c:;q 3 
0001059'+ 
')0 '")I)') ')q c::; 
JOOtV) 59~ 
()()'}f)il')97 
10r1'1f'\.tiG8 
•J {" ,") () l ') G q 
00()0'16C l 
0, f'LV) 601 
C'10r10602 
'} 0 ;')f)o') 6"' 3 
000'11604 
0f1(l'1')6()S 

~ P. IT r ( I T !\ r F ) t ( ( ')AT/!. ( J , K , l) , K : 1 , f. ) , J ="I , 'i :A, X ) , L = 
"'7() CC'"1TINJF 

1()r "11 (:0 6 
00"'1:)(')7 
(\ j 1·'"' 1 h "\ l 

l , :~ l f ~ \J ~ ) .j :') :} 10 A;"\ 9 

P, r ~: n· ~ r T ~' P e: 
,.. 'f: ~ I I\. I D I 'T F ~ t' .,4 J~ T s T A T E ~/ E ~. T ~ 

• • • • • • • • 

() i1 I') 1 ,, f 1 ' 
"'"' 0 ,\ {"\ ~· 1 l 
")!'~1JJ~l? 

• 

):::. 

""""" ~ 

• 



• • • • 

C1"'1 FC?.'Jf\T( ;:>r{\4 ) 
~~~ F:R~AT{ lli5 ) 
~ ·'"! C) F- =:· R~ A. T { ·3 I 5 , 1 3 F 5 • C ) 
~ "1 7 r L P ~~. A T { I 5 , 1 5 F 5 • f' l 

• • • • • • 

~ ~~ JUTPUT r=cMAT STATEMENTS 

/]("\(' "'lA 1? 
('\()()"1·1614 
10~')0615 
)r)f'')f)61A 
'10010617 
"''1'110618 
')'1())()61° 
nf)!J:1062 n 
:)(')]1)621 
n 'VV)Q £--? 2 
;) n 1\ ·116 2 3 

r: 
r 

c 

611 f=[RMAT(l~l,4CX,' E=~·'[PGY INPUT ANALVSIS'/I3'5X,20A4) 
f-,..., ~ F C PYA T ( Ill T ll , ' f'!!.U·1 REF r F Z C "~ F S ' , T? 5 , I 5 I 

l T 1 1 , ' ~< l 1 '-1 5 E R C F P r P I 0 D S ' , T 3 5 , I 5 I 
2 T 1 1 , • ~~ C DAYS P [ P P F 0 I 'J 0' , T 3 5 , I 5 I 
? Tll, •rr~PUTflTIG~jc) PER OAY',T35, 15 I 
4 Tll, •ct•TPUT TAPf 1JNIT 1 ,T35, I5 I 
: Tl1, 'P!='I~1TING GPTif)~J' T3S, I5 ) 

6! 6 (:' ~) R MAT ( I I I T 11 , ' I rJ PUT l 0 t JE 1 , T 3 0, I c; I T 11 , 'S [ GM f "l T S' , T J 0, 2 I ~ I 
")()I'").'),.,? 4 
0·"'"'o62s 
000 1n6?A l T11, 'LATITU)[',T?:J,F5.1 I Tlt., 'L[~CGITUOE',T~n,FS.l) 

1_1 i1 5 F C R ~ A T ( 
2 T 1 1 , ' P ~ P I OD f1AY ['F AT MO SP HF~ E 
'"} ) E ~ P C I NT ' I 
4Tll,' YE/IR PPfSS'JRE 
5~~ TFMP~P~TUPE'/1 
~ T36, • ,.,r TE "'TH s M,f SEC 

A17 CJR~AT(l2Y,A6,I8,5Fll.l/) 
f::'[TURr' 
E~.tD 

SUBFClUT Tt. 1 E HEAT 

C t OlJQ w I '!J 

COVER SPf:~'l 

f: C'll) 

"00'10627 
iJDY P'JLR:)Qn00628 

0')()"'1()6:?G 
Tf~PEQ6T~00'100630 

norv)()63l 
10010632 
00000633 
1"\()1]"'\!')6'34 
r'lnooo~35 
:')() :") ')() 6 3 h 
,'i'"'l0')0f<~7 
()fl0)r')63P 

: C M ~~ [H J I~·~ f"'E X ( 7 ) , AlP r ~A ( 2 0 ) , IDA Y ( 1 r: ) , A P ( 5 ') ) , C l ') ( 50 ) , ~~ S ( ~ '1 ) t DB T ( 5 ,) } , 
1 IIi S T ( 50) , D P T (50 } , E A ( 50 ) , QS ( 50 ) , Q \' S ( 50 ) , QAT { 50 ) , "'![ ( '5 ') ) , K_ l ( 5 () l 

t")Qf"'10639 
n,;n'"(1640 
()•)() 10 641 
J00•)')642 

117 

11° 
121 

C 0 ~ M 0 N I S 1\ V E I ~ S F /' S , r .! r B S , I T A P F , t A T , l CH; G , I P R T 
~fAL tAT, LDNG 
P [ A L A l P H ( 6 ) , e F T l\ ( 6 } , A T W 0 ( 4 } , B T ~..J J ( 4 ) , 0 US T ( 4 , 2 ) 
)ATA ALPH I 5.701 4.00,0.757,-5.41,-15.29,-V1.4'2.1, 

t-.. BETA/ fi.620,0.842,1.107,1.459, 1.898,2.44<11, 
P ATWO/ 1.18,2.20,C.G5,0.35 I , 
C BTWC /-P.77,-0.97,-0.75,-0.45/, 
D DUST I0.06,0.06,0.05,0.07,0.0q,o.10,0.07,0.08 I 
VPS(THA)=EXP(2.302l*l7.5*THA/(THA+237.3)+.7~58)) 
~INT=NOBS*NSEAS 
DC 119 J = 1, NJ~T 
EA(J) = VPS( DPT(J) ) 
~C{J)=.8~*EXP(.ll0+.0~14*DPT(J)) 
C::NTINUE 
~J H R S = 2 4 I N 0 B S 
H~S = FLrAT( ~HFS ) 
SP.D = n.o 
SS'J = 0.·1 

(10Q1()#S43 
00J00644 
•lfl"')')645 
10;):1()646 
00t)10647 
f)f'H:>)0648 
00J10649 
001')00650 
'"!,)0006'51 
10000652 
')f'0')0653 
')()010654 
00010655 
')t'l()1()f.5t 
~0')t')f)f57 
001"'!10t'58 
~·I~"V)')6C)Q 

:::z::. 

...... 
0'1 

• 



• 

:<1 tJf = 3.l415S * Lf.T I 180.0 
TC = FLOAT( ( IFIX(LONG) I 15 ) * 15 ) 
T: = t LO~G - TC ) I 15.0 

,.. "~-'* ELTFq '~AlN CALCLJL;\TICf\.i LOOf' 
Lt. = a 

125 )J 135 JK = 1, NSFAS 
l = IDAY(JK) 
LL = LL + 1 
KK = l I C2 + 1 

C ** SET UP DAilY VALUES 
k = 1.0 + 0.017 * CGSC 1. 72[-2 * FLOAT( 181 - t ) ) 
0 E. l = n • 4 0 9 * C C S ( 1 • 7 2 E- 2 * F l C AT ( 1 7 2 - l l ) 
:TWO= SI~(CC\[) * SJ~(DEL) 
CTPI = COSICCNE) * COS(OEL) 
HSP = - 3.82 *r.FCCS( ( SIN{Sf!G) - CTWO ) I CTRI ) + TC 
;ss = ~.P2 *A~'::tS( ( SIN(SSCJ) - CT~O ) I CTPT ) + TC 
T!~1F = -12.0 
JC.NE = 0.0 
P Cl\J E = 0. 0 
N!i = NC' 8 S ~~ ( L L - 1 ) 

r ~ * E 'J T E F T "! T E F V .~ L L (i C P 
J~ 133 K = 1, ~CGS
S 'J''1 Q = o • n 
:;; S U!~ = 0. f' 
r·1 = ~Hl + t< 
~-~ = l 
IF { C f D ( N ·) • i T. 0. 1 } GO T r 12 7 
v = 2 + I t · T ( { C L .') ( t ~ l - 0 • 1 0 1 

1?7 :~ = l.C - 0.65*CLD{N) ** 2 ,.. ;~* [NT fF HGllP L COP 
r;c 131 J = 1, NHFS 
TIME= TI~E + 1.0 

I 0.40 ) 

Ir( TI\1[ .LE. HSP. .CP. TI~t .C:f. PSS) Gf' rr 131 
LU = A P S P·J ( S It H C G ~ 1 E ) * S It-' ( J E L ) + C C S ( C 0 t·H::: ) * C C' S ( f) E L 1 * 

r., CCSt r.262 * TI'<1E l) 

• 

I~ ( AL .Lf. 0.0 .CR. AL .Gf. 1.57 ) Gr T:' 131 
r F- ... P = A P n,l ) 1 1 o 1 3 • 0 
r~ = TrMP I ( SIN{All + 0.15 * ( 57.3 * Al + 3.~R5 

A ( -1.?53 t ) 
T MP = n.17 * EXP{ -0.88 * CM ) + 0.]?9 
A = EXP( - ( 0. 1t65 + 0.134 * \·.'( (~') ) * TE'~P * C M ) 
T ~r = n.42l * EXP( -n.121 * [~ ) + 0.179 
t\ I = f X P ( - ( ·J • 4 f 5 + ·J • 1 3 4 * 1.: C I ~_; ) ) * T ~ v n * C r. • ) 
:J =.3233*SIN{Al )/~:**2 
:: C = ~ T ~·I r ( 1 ) ;;~ ( 5 7 • ? * ,. L ) * * P T "' fJ ( 1 ) 
r r - = fl. T •...; ( ( ~· } If ( 5 7 • ? * !\ L ) * ~ P T ·~~ C ( '1 ) 
~ ( ~rr .GT. l.G ) PFr = 1.00 

• • • • • • 

......... 
'(' ..... 

• 

~GJ )t\f f·O 
'iCHJ:)l') 661 
0:1'110662 
j(j('\i)') 66~ 
1r''1'1n664 
'10()r)0665 
•! 0 1 t'H) 6 6 A 
(')()(' 10 66 7 
/") 1) i_lo") •1 6 1-, H 
0;"').J;).Jf.69 
):)1')!);')670 
":)''! -10 6 7 1 
f')()Q-1')~72 

'"H'\0')06 7~ 
')0000 6 7 4 
0!"10')067'5 
~ ();""H) 0 6 7 6 
•J ;') 0 ')t)6 77 
"''()Q-1067? 
(),J')'1'16 79 
"' ('! (') ·) 0 f, 8 ,, 
0'10JJ6Bl 
'"H)0"iJ69? 
"\ "'') J•) 68 3 
•1G0J06R4 
")(V'\ '1Q 68 5 
'1000()6 q 6 
10G1r)687 
:JC01068g 
1;"')1)·'106~9 
!)():)'10690 
').'1/'\ ):J6C, l 
~ 'i ')00692 
~ ..... ")(){)69~ 

0i):l'l0694 
1():\00695 
;''\:"'\("\ :):1 f,Q6 
~1')')():lt,97 
')r,'!nn~q;q 
,'1 1"H1 '"'\()A o q 
~f10-)J 70:1 
'"' n n ) ;) 7 f) l 
'"'10')")()702 

n q ·"' o 1) 7 n ~ 
l '} () () 1 7 •) 't 
l .'V){) ,1 7 () I) 
"')t!<');l '7·"6 

• 

::z::. 
..... 
0"1 

• 



• • • • • • • 

~\A = 1 
[ F { C ~,4 • ·~ T • l • 5 ) ·~ M = ? 
T~~p = ~II + ~.5 * ( 1.0 -AI - nuST(KK,M~) ) 
T F f'J.P = T E V F I ( 1. J - 0. 5 * R SL * ( l. 0 - A I 
~T~C = Qn * Tf~P * CS 
S1JMG = SIJP~C + 0. 5 t.' ( CCNE + QT\T' 
F T l.oJ C = C T ,,._·r * ( 1 • ~1 - R F C ) 
~SUM = f'Sl'~ + J. 5*( PONE + I= T\..-!0 ) 
QON E = QT v.:o 
~ CNE = R T\t1C 

l~l :C:NTit--,;UF 
~TE~P = 0.0 
IF( SU~O .GT. J.n ) PTFMP = RSUF I SUr-'Q 
l F ( I \1 f"l E X ( 7 ) • L E • C ) Q S ( r>-I ) = S U t•~ Q I H P S 
Q'lS(~J) = FTEMP * CS(~.') 

133 :ONTI~,UE 
135 C:NTINUf 

• • 

+ DUST(KK,v.~q ) ) 

• 

(') .J ('II)•) 7 ')7 
r;ni)IJ'i1':;? 
ti(IQ1()700 
')()()0')71'1 
00000711 
1"\()("00712 
~"~A()qf) 713 
f\().Jt))714 
OOO:J07l5 
~r"\0107ln 
t1;'1·')nQ717 
100')i,71 q 
10:'1()0719 
OO~rl0720 
00010721 
000·1!17? / 

C ~* t!ET AT~~JSPhERIC 
!")()()')0723 
il ')() ') ') 7 2 4 

D:' 149 J = 1, N 
QAT(J)=l.236E-l6*(1.0+.l7*CLD(J)**2J 

A * ( DeT{J) + 273.0 ) ** 6 
l t., 9 : r NT I ~; IJ r 

0')Qi)')72c:; 
'1000fl72f; 
;)0') )07 27 
Q.~I'),..Hi72P 

C ** rJF<' I TE rJ!lTPUT S 0001107.?9 
n) RETUPN on0;)0730 
CJ1~S{J), QAT(Jl, AP(J), D~~T{Jl, f:AfJ}, WS(J), J=l,r·.J>00110731 

()('10:10732 

c 
r: 
,.. 
'-' 

1 7 S I f- ( I T f. P f • L f • 
~t<. ITF ( IT~Pf) ( 
::;: E TU Q r,1 
END 

SUBFC'UTI~· 1 f FLCW 

0000073"' 
00000 73'• 
0000073') 
1)()0 JJ 736 

": * ***f::~:.!~ FlfH~J FUUTI'.JE PERFnr.r1S tJYDr.CJr"'~Y~'Af·liC cr~~-iPUTI\TICl~'S 
01)000737 
noono738 
000·10730 
('HH)")0740 

r 

C~*** HYJRAULIC PARAMFTEPS 
00£111741 

C C' ~ M 0 t ~ I H Y D I Q { 0 ) , 0 I "-!{ 5 J ) , Q 0 U T ( S ::> ) , V C L ~1( 5 0 ) , V E l ( 5 1 ) , 0 C n T H ( 5 0 ) , 0 0 0 () 0 7 4 2 
1 w I D T H ( 5 0 ) , S AR A { 5 Q ) , t I N K ( 5 C , 3 ) , ~ 1 ( 5 0 ) , H 2 ( 5 0 ) , V 1 ( S n ) , V 2 ( 5 0 J , ~· 1 ( '3 0 ) , !) 0 n ;J 0 7 4 3 
21"42( 50) ,~·JQIN{5 ) ,X.Lt-JGTH(50) ,NSfG,NPEACH,NPRNCH(50) ,QNOf5"), J')l)')')744 
3VOL~?(50) 00000745 

,.. 

c 
C**** INPUT WATFP QUALITIES 
c 

00000746 
ooooa747 
')Qn')074~ 
n:J(''1")749 
000:)0 75n 
ono107'5l 
')rl () •) 0 7 5 2 
00() .'1() 753 c 

C C ''1 t-• C N I E C C It\ I T I T l ( 2 0 ) , T E M D P·; ( 50 } , T S S I \4 ( 5 n ) , C 0 l I N ( 5 ~ ) , B 0 D P·J ( 5 C ) , 
1 C 2 IN ( 5 a) , T I ( i ~ ( 50 l , Pn4 I N (50) , A LK A IN ( 50) , W NH3 l N (50) , W NC12 IN ( 5 Q) t 

2 ~~ ~~ 03 IN ( 5 f) ) , T D S I N ( 50) , T R TY IN { 5 ') ) , H AR 0 IN ( 50) , C HR M I ,_J ( 50) , l INC I N ( 50) , 
3:2PRI N( c:c), Vi~D\~U~( 5'"') ,fJ.'·-H t-d'5i:), APSN If\t(5r;) ,GPGf'Jlt..:( C:f1) ,Tl<NINC 50) 

)> 

....... 
-.....J 

• 



• 

r 
C r~ '-~ ~~ C ~j I C [' E F I W E L C K , ~ C ~ L I K 9t1 ~-J H 3 K , ~·' ": r~ 2 F. , C 1 J , J 2 N 11 ? , C Z t ~ fl ? , C r ? 8 r 0 , 
lVCl,VC2,V(3,WO~K,WP04K 

C * * * * ;-., E i\ E r: f\ T I 0 r' , C lJ A L J T Y I N 0 E X , r T H E R c 

,.. 
C C ~.~ ~, C '\1 I C T ~ 1 E R I R E f.. C 2 ( 5 ~ ) , f'H1 Y D R 0, T Y Y DR D , P' S (!J U R ( 5 n ) , S C 0 U R ( 50 ) , 

2TAVG(5~),TAVS(~0) 

C*-*'lln~~ I :-·P:JT Wf'- TfP CUAL IT I ES 
r. 

r 

c 

(. 

: r ·~~ M c ~~I Y ~' f·U Al 1 T r '·1 , T S ~ , C C' L I F , 3 c c , c 2.! T I c , P c 4 , A l K >''~ , x f'' H 3, x !-·~ r. 2 , x ~~ J 3 , 
l T :::' S t T q T Y , f lAP 0, C H H M, l J f\!C , C C P R , V f\! n ~ , L. 0 "·1, A R S C , 0 R G "'·! 

r G '~ !" ( ~ t,J I E C r T I t-1 I D f L T , D F l T 2 , f) E l T 6 , r 'C , N Q , ~.; 0 .A Y 1 , "-; f) A Y 2 , ~ H' E c OY , N D A Y , 
1 I v-; T A P E, ~: P ~ NT , N P H 0 IJ R , N D Y I S T , K D A Y , MET H 0 D 
C~~~UN/TSTEPIST[P 

D 1 M E f\1 S I L· N X I N { 2 2 ) , Y Y I ~-~ ( 5 n , 2 2 ) , P F T I M E ( 5 0 ) 
') I '"lENS I fHJ MONT -1 ( 1 0) 
f:: :J ! _, I 'I f\ L E f·; ( E ( X [ r. ( 1 ) , T F tl ) , ( Y Y I "l ( l , 1 ) , T E M P I ~I ( 1 ) l 

J r·, 41 I ::. ! , r: S E G 
~J C'UT ( I l = 0. 
~-l R RN C Y f I ) = ') 
·-;~~INCTJ=~ 
(;jir-.lti )=". 
:r'HH I) =0 

4n :nrJTI~;uF 
r 
,.. * * * * c~ r;: l\ ~) ~ ! J T r t f' 1,-j s b y s [ r, t~ E ~ T 
r 

• 

i<P!TE(6,?) 
.? F C' Q ~-~ AT ( • l ' f 8 ( I ) ) 

P F A. D { ') , 7 0 ) NUMB 1 , rdY~ r.- 2 , \ i FH2· 3 , ~-11J M P '~, ( 1'1 C i~ T H ( T ) , I = 1 , c; ) 
7n ~JR~AT(4f?,5~4) 

rl F I T [ ( f , 2 2 e t r ~ U H P. 1 , { '~ f t : T H ( I ) , I = l , 13 ) 
(I ? (~ r S R \~ .'\ T ( T ? 0 , ' T A 13 ll: ' , I ? , ' - r U T F L (. ~ f1 A T .ll r F t _I P P r F h L t\ C K r 0 c~ T F I V F ~) • I 

1T23,• B.4Sir - ',5t..4///l 
2 T ? 0 , ' F r..· r· ·-~ T C n t JT F l C w N u I" F ' I I T ' 7 , ' C r S ' I I ) 

I SF G= n 
~ ·, r~ '• r1 I = 1 t 2 (\ ,'! 
.: F '\ j r :. ' 2 ~ n ) IN T =-l ' I'; ~ ' n ':'. ' r :1 ' f'! 2 ' ~ j "l ' t • 4 ' f-J r, ' t\ ( 

'? ~ ) c C: I< ~·· 4 T { 2 J ~ , r 5 • 1 , 2 X , f· "· 4 ) 
Ir{~~Tn.fD.r} GC TO 47 
v: r; I T ~ ( f ' ? 3 2 ) ~' T r ' ~ ~ C1 

' :.: ~' ' t-.; 1 , t; 2 ' t: '), ' ~ll+ t q 5 ' • J f) 
) ~ ., F CJ ~{ ~,· l'· T t ? n x , I 2 , 6 x , I 2 , r x , F 4 • 1 , 4 x , t ft ~ 1 i 

I r { ~; :~ • -: T • r ) c r : r ( r\ c 1 = r: r 

• • • • • • • 

'1tl()'1"'7~4 

0·10~075'5 
r"j"''l"\')17c;f 
•'1·JOCIO 757 
f)Q('H)!)75 8 
0()() ')'175 9 
·i"lrtf' 'VI 760 
·1')0)[)761 
'}'101"76? 
0(llt')(l7(:.3 
')QQrY~7f4 
.)00')0 765 
000 1') 760 
JO.J'J.17f:.. 7 
rv) !') 00 76 fl 
0()0'1·17~9 
00,1YJ770 
00~')0771 
<101)J772 
:)Q(\')1')77 3 
1)-') 0 00 77ft 
()0111')775 
()1)(1)0776 
(H'\QI~177 

"F)0:1077B 
onJ'10779 
n()l) ·10 7A0 
10,·:10781 
() :1!) ')0 7R 2 
")~:"'\1178~ 
"''f'!')()Q 7B 4 
,r')QI)'V)785 
"'1,)0 ').') 7t1f; 
t)'):'))r)7P.7 
0;')'1')0788 
10"1'17i19 
101110700 
'):1.1')t)7G1 
;10') )')702 
0"\/)'1170,~ 
·";()·'1')()714 
()')(V'\()70lJ 

':i0G:!17"6 
0Q'))t)]'l7 
;') n ~"' ..., n 7 0 n 
·)f'\1 )~-169 
(i~110.P!l"' 

• 

> 
....,.a 
00 

• 



• • 

r 

4A 

4«=\ 
~7 

• • • 

l~(~TC.EC.ISfG) ~~ TO ~6 
! S [ C= '~T r~ 
C' c: U T ( I SF G)= DC U T { I S E r: ) + OC 
'\P.PNCf!( ISFG)=~JC 
= c N T ! ''"I J ~ 
C: r. ~.; T I ': ll [ 

• • • • • 

'} 0 l "" ('(~ ·') 1 
10J~j0')2 
~"HHV) :') 8 ti 3 

C * * * ~ :< [A G I ~-: Fl ~; \<• S l\ ~1 J T ~~ E I r -.,.,,AT F F: C Ut-i L I T I f S P. Y SEC ··1 r: r,; T 
r 

100}'"'18')4 
'"'10000 q0t; 
"'"'-11·180(: 
1"'1()")(')08')7 
000');)q"'p 
r;n n '"'~' 8'lq 

2~ 

45') 

? 4'1 

c 
C**** ,.. 
;_# 

W~ITf(f,?3) "'0010810 
c. o P '·1 A i ( • 1 • 1 n o 0 ~1 1 e 1 1 
w P I T E ( f: , 4 5 0 ) i·' U f.l B 2 , { ·~; r: 'l T H ( I ) , I = 1 , c: ) n f) 0 1 '"' 8 1 2 
FQR~AT(T24,•TASLE',I1, 1 - INFLO\-J QtJALilY DATt. OF UDPEt: BLACKrC'rT', ')0()10Rl3 

1' FIVE~ RASI~~- 1 ,5A4/I// 000'1"'814 
1' SEG ~-.11\f-,.,F r~:FLOh1 Tfr•:P T':S Ct:LIF RCD DO AU<.A PP TIC pr'OO"''),)f3J5 
24P NY3\l NC3~-J TDS TBTY HAPD CHR~ ZINC COPR VNOM C::lf'-1 AQSC Ot<G~''/ 000'J0316 
4' CFS C MG/l ~PNinn ~GILMG/L MGIL ~GIL ~~~~100817 
5 /l M :. I l : ... C /l ~·l G /L F T ! ! !~ G I L <'-1 G I L M(; I t ~ G /l ~~ G I L ~~ G I L M G /l M G /l ' I ) () 0 l 0 C' 9 l A 

ISEG=O OQQti0819 
"l=f"l 0;J')-""1t)R2f' 
JJ 5C K=l,200 00000R21 
R r A [t ( 5 , 2 4 0 ) N T u , f J 1 , t; ? , r 4 3 , C;_ 1 , T E r -~ , T S S , C Q L I F , R (i n , C 2 , P C 4 , t~. L K A , X P h , () 0 0 ·) 0 8 ? ? 
lX~H3,X~C2,X~G3,TDS,TBTY,HAPO,CH~M,ZINC,C0PP,VNDM,COM,~PSf,TUTP, 00000823 
2TrTK~ 001~08?4 
F~R~AT(1S,3A4,3X,2F5.1,2F5.Q,?F5.l,F5.2,~5.r,F5.1,?F5.?/f5.2,F~.~,onnl~qz~ 
lf5.l,r5.0,6F5.3,2F5.~) Qn100A26 

CRGN=TCTKN-XNH3 000108?7 
fF(NTr.EC.0) G1 Tr 54 OOOanezR 

C~tCULA Tf TLTAL r "JfiRGt..tH C CAPBf'\l 
00000829 
110010830 
t)0·110A3l 

TEMP:T[M+273.15 nnn0Q832 
IF(AES(TE~P-TF~Prl.LF.l.Q) GO Tn 56 ~r010R33 
TEMPC=TF~P oonJOA34 
Z=-3404.711TEMP+l4.P435-0.032786*TEMP 00000835 
RK1=10.**Z On~10R~6 
Z=-29C2.1~/TEMP+~.49R-0.023~Q*TE~P 00000837 
RK2=10.*-*Z roonn8'38 

~6 H=lO.**(-XPH) 0001083Q 
ALPHA=(l.+2.*~K2/H)/(P/RKl+l.+RK2/H) nnnJ0840 
ALK=ALKA/50000. nnn1~841 
TIC=ALK/~LPH~*l2000. 00010~42 
~·~ R I T E ( ~· , 4 3 5 ) N T C , r-,Jl , r-.; 2 , N3 , Q 1 , T F ·~ , T S S , C 0 L T F , B 0 0 , 2 2 , A L K A , X P ~ , T I l , PC 1~ 0 0 0 ') n 8 4 3 

1, XNH3, xr-;r~, TOS, TE TY ,HARD, CHRM, Z I ~IC, C: QPR, V NOi-J, COM, AP SC, rJRGP..! 00n1n A44 
F~PMAT(J4,lX,3A4,F6.l,F5.l,F6.~,F5.C,F5.l,F4.l,F5.0,F4.l,lX,F4.l, 000~C845 
l3~5.2,1X,r4.0,~5.1,1Y,F4.0,6flX,F4.3),F5.21 00~10146 
IF(~JTO.EQ.ISEG) CC TC 42 0~~11847 

4~1) 
:x:o 
....... 
\.0 

• 



• 

41 
.~? 

"~ = r ~ + 1 
I~EG=rJTO 
'! C ! r J ( I S F G l = t J 
JL' 43 J=1,21 
YYI~HN,J)=O. 
:tifH ISEG)=QIN( ISFG)+f:'l 
or- 44 .J=l,21 

~4 YYIN(N,J)=YYI~(~,J}+YJ~(J)*0l*DFLT*STfP 
r:; n C ~ t'-' T I N!J f 
') 4 : C r< T I ~!U E 

t,!r:(~~ E V ..\ L lJ A T :: H Y G ~ t. U L I C P A R A ~·~ E T E r S 

wDITf:(6,2) 
WFITEf6,o9<;) ~)UMB"3,("1ClNTH( I) ,I=l 1 5) 

99Q FJRMAT(Tl5,'TABLE 1 ,J1, 1 - ~Lr~ CALCULATIONS 
l E P B A S Tr< - ' , 5 A 4/ II I 

·II"'~ l ·l R 4 3 
00100849 
r 11 !"! ;1o R 50 
.~()'""~.J8'51 

~"~00')1r,S2 
('-1 () ) Q q '5 3 
J(l)·}') 854 
00()~0P55 
11110)'1B56 
00")108~7 
QOt11QR58 
.)·"!)"';")qc:;q 
,Qf1'):JB(;t) 
01010861 
f"'f)l') 1(") Sf..? 
() ;J f) :1 Q 8 6 3 

FG~" 11PPEP PLACVFr;r 1 T R IV000<10864 

1 Tl2,'SEG UPPER UPPfP S~~-A 
2<A~ rt r~ FF'C~' FLf'V fPr~.~ TrT !NFLJ\oi flC~! 'I 

0')1')10q65 
I NFL Ov' OUT FLG00000866 

3Tl7, 1 SEG-1 SE~-2 RfC.FLOW SEC-! 
4 INTO SEr THRCUGH 1 // 

~: T 't 2 , ' C r ~ C F S C F S 
DG c:;s I=l ,~ 1 SEG 
\;UP 1 = l ! ~· K { I , l ) 
".; :.J P 2 = L I t~ K ( I , 2 ) 
~![:= ~P3 P~'( H ( J) 
IFC~J.GT.0} CIN(NQ)=QI~(N~J+QNO(NO) 
~,nt r 1 =1. 
;.:,UP2=0. 
I F ( ~·! J P 1 • f C. • 0 ) 0 U P 1 = :) • 
lf(NUP2.E0.0) QUP2=0. 
l r- { ~·i•JPl .r:.T .C) QUPl=O(NtJPl, 
TF(~iUP2.rT.O) QUP2=Q(l"tJD2) 
I r ( NO • F 0. n) Q"J= 0. 
I F { ~ l 0 • G T • (' l Q ~~ = Q N 0 ( t·. ·" ) 
C( I l=QUPl+fJUP2+CIN( I )-·~nUT(!) 

5EG-l 

fFS CFS 

:)!V)-1() 86 7 
SFG-? '"'001n8t-A 

'}()Cl')0869 
rF~'''' ~~nnryp7n 

!')0000871 
0()0')()872 
000-10873 
•'"'0010874 
000!')0875 
Ol1000A76 
0;")001877 
f"l.Jr)i)!)878 
.''H)i)Q::)f.79 
()(),')'10880 
nn J·)OP8l 
0010()'3~2 
~-}')()0A8"· 

.-i P I T E ( 6 , 9 c 9 q ) 1 , rJ UP 1 , ~. :J P 2 , ~: C 1 
, Q f\J , 0 :-; U T ( I ) , Q UP l , '.~ 1J P 2 , Q Ir·H I ) , C ( I ) 

o '19 g t C R ~AT ( ! 1 X, I 3, I 5 , ~X, Y 2, 6X , 12, 5 X, r 5. 1 , 3 X, F 5. l , f X, F 6. 1 , t. X , F f. 1 , t' X , 
1F6.1,5X,F6.1) 

·":~')')GqR4 
nl();JQqos 
1"'1!)1')1~~8(, 

~ c:; 

• 

) [ P 1 H { ! ) = ~ 1 ( T ) * ~, ( J ) * *~? ( I ) 
fJ I :) T f-J f ! ) -= '.-- I ( Y ) l}: r { I ) * * t·: 2 { I ) 
IFlDFPTt-HJ).GT.C.8) C! Tfl f5 
D~=OE- PTY ( I) 
DE~THf I )=0.B 
r\ I DTH {I) =DO*wJ =>TH( T) 
V ~: L "' ( r ) = ~· I C T H { I ) * fl F P T w ( I ) * Y L ~·! G T P ( I ) 

• • • • • • • 

'1·"010PB7 
f'\'):)10888 
f"'.tj')')QPqq 
~l')()t"!').Of)fl 

"VV)"''f'B9l 
00)')i)Q9.? 
)0 100893 
·'l:'o'100q94 

• 

)> 

N 
0 

• 



• • • • • • 

'' ::- L { I ) = \' 1 ( I ) * 'J ( J ) * * V Z ( I ) 
~ A P E A ( I ) = ~-.· 1 r. T H ( T ) * X L ~ .. ' C T H ( I ) 
f:; CA02 {I)= (VCl*( VEL (I }**V:: 3)) /QrDT!-1( I) **VC 2 
P E T I '~ F ( I ) = V C L ~ { I ) I ( t) { I l * ~. 6 0 0 ) 

r:: c: :: Q NT I r ~ L' r 

f*~**~PITE T~F ~YDPA~LIC (0N1TT!ONS 
r 

~-J P I T E ( 6 , 2 3 ) 

• • • 

,.; R I T F ( 6 , f. 2 ) NU i1 P '+ , ( '., C NT H ( I ) , I = 1 , 5 ) 
f. ., ~ ~ P \.1 AT ( T 1 P, 1 T A L' l f ' , I 3 , ' - H Y OR AU l I ( C 01\: D I T I G 'J S ] F !.J P P ~ c ~~.Lt. C K ~ L ~ n T 

liV~q PAST~- •,5A4//// 
l T l 1 , ' S E G T r--J F L r \a! 0 U T F L r ~· F l 0 \-< V f l r C I T Y 

r:: 
c 
r 

2 lEN r: T ~' C: E P T 1 \.-1 I C T H SA R E A VJ l t J ~· E REA C' ? R F T [ t: T I 0 '1 ' I 
3T32 1

1 THP[UGH' 64X,'TI~E'// 
4Tl9, 1 CFS ~FS fFS FPS FT FT FT S~ rT 
5 CJ FT 1/JAV YPS'//) 

nr; 65 I=l ,r\SEG 
W.! R I T E ( f , 6 3 ) I , C Jt,d I ) , C r IJ T ( I ) , Q ( I ) , V E l ( I l , X L N G T H ( I ) , n E P T H ( I ) , 

1 t4 I J T H ( I ) , SA R E A { I ) , V 0 l ~· ( I ) P E A 0 2 ( I ) , R ET IfJ E ( I ) 
61 FOR~ATClOX,I3,F8.l,F9.l,r~.l,F9.?,lPE12.3,0PF5.l,rf.l,lPF11.3, 

1ElQ.3,0PFQ.3,F7.2/t 
r:<EAC2 {I l=PEI\02( I) /8f.400. 
HQLM2 (I )=VCLM{ I)+( Q (I )+QOlJT( I) )*DEL T*STEP 

A t; : 'J N T I t·HJ r 
(.)rUT ( t! S f G ) = Q O·j S E G ) + Q OUT C "l S E G ) 
R E TUP "! 
E~!J 

SUBRCUTINF ECGSYS(~A) 

~********** ECr SYS SIMULATES THF DY~AMIC ECOLGGIC PRCCESSES 
r 
c 
r:**** MULTIPLIERS 
( 

C 0 M M C N I /\ i'A lJ L T P I 0 S ,.~ l T 
c 
C**** ENVIR.ot·,.q:~JTAL ~Uht !TV PARAVETEPS 
c 

r 

C G ~·P-1 Q N W T EM P ( 5 0 ) , W T S S ( 5 0 ) , w C 0 L I F ( 5 0 ) , W 8 0 D ( 5 0 ) , w 0 2 ( 5 0 l , V.' T I C ( 5 0 , , 
1 ,., P D 4 ( 5 0 ) , ~· A l K A. ( 5 ,) ) , W N H 3 ( 5 0 ) , W 'J J 2 ( 50 l , W N ~ 3 ( 5 J ) , \._J T f) S ( 5 0 ) , i><f T R T Y ( 5 J l , 
2 _.; ~ A E D ( 5 0 ) , W C HR ~H 5 () ) , W Z I t : C ( 5 0 ) , \.J C 0 P ~ ( 5 0 ) , W V "! 0 '-1 ( 5 0 ) , '..1 C D M ( 5 0 ) , 
3 "'"' D s c ( '5 (i ) ' w 0 P. G N ( 5 ") ) ' w T 2 T K ~d 5 0 ) ' l·i pH ( s 0 ) ' lrJ c 0 2 ( 5 0 ) 

C**** :H:\NGllJG PATES (,f [r·:vrr:·n~~"'1E~·JT1\l 01_!1\L IT IF-S 

• 

!')0·1i)qO':\ 
") t1 ') ') f) g 9 ~ 
,101 ') ') 8 9 7 

'"" 0 " '1 'H~ q 8 
00001)801 
0000090:1 
'}:"H)')() Q ') 1 
~(')Q:')Q902 
OOOOQO!i3 
'10]')()9;')4 

f:>')f"'f'\)f'10'jf3 
"00009:16 
:'):)()~:"'<;'H)7 

')(H) JO 90 B 
nr·'10oqnq 
OOOOOG10 
f)r")() :):'1911 
') C'~J r, ') q 1 2 
00()()Q9l'l. 
"'1('.()"0914 
•')00'!0015 
'10"'00916 
001J<)Gl7 
')f"H1I)I')Olo 
~"H)()')!ql9 

0 rt ') 00 q 2 :1 
:''H) 0 ·"'\() Ci 21 
;)0')'10922 
00')()0921 
0:')0009?4 
t)l)()l')t')925 
')t)!')Q()92t-
000')-1927 
)li')()')C)28 
J0100929 
f)01'V)93·1 
')Q!") ·)1~31 
'10()01932 
onon:1933 
!);)1)Qq34 
0<')000935 
0':'~3~93A 
rt(}Q()Q937 
')')1')().')91R 
000t')()03q 
'") 0 I') f) q!+ '} 
l'j"'~'))<i41 

)> 

N 
~ 

• 



• 

c 10'"V)f)')4? 
C ,-! ·i v C N \-.' T E '·1 0 i ( 5 0 ) , v/ T S S D T ( 5 C ) , W C CL 0 T ( 5 ~1 J , W F n Dry T f '5 n I , \-1 f? D T ( 5 ~"" ) , 0 :'H) ~·v') 9 4 3 
l~TlCDT(~0),~P~4DT(50J,ALKAQT(501,W~H3CT(50,,WN02DTC5C),~N03QT(501,00,1n944 
2 ~ T J S ~ T ( 5 f) ) , W T E Y C T f 5 0 ) , W H R J D T ( 5 .J J , W( P r~ D T ( 5 0 ) , W l N C [) T ( c:; t; ) , W C P F ~ T ( '5 0 ) , 0 0 0 J 0 q 4 5 
3 ri V 1M D T ( 5 n ) , W C c~ ~~ D T ( ')') ) , w AS C n T ( 5 0 ) , \-i 0 N I) T ( 5 0 ) , ~' TK N f) T ( 5 0 ) 0 0 0 1 ') q 4 6 c 

C**** E~VI~C~~FNTAL QUALITTFS AT T + rEtT 
( 

~"L1:1>'1094 7 
~'1'1tl094R 
oon:1.1949 

C ( '·1 ~~ C N W T E 1'-1 P T ( 50 ) , W T S S T ( '5 ~J ) , ~ C 0 l T ( 5 0 ) , \ ! 8 0 D T ( 5 0 ) , t.J r? T ( 5 0 ) , h' T l C T ( 5 0 C) 0 10 9 5 0 
1 1 ) , h P 0 4 T ( 50 ) , A LY t\ T ( ~ 0 ) , W N H 3 T ( 5 1 ) , w N 0? T { 5 0 ) , f'1 ~~ 03 T ( 5 Q ) , W T f) S T ( 5 0 ) , ') 0 0 1 !l 9 5 1 

( 

C**** c 

2~TBYT(50},WHRrTt50),W[RMT(5J),WZ~CT(5~) 1 WCPPT(~Q),~VD~T(50J, 0.Jn .. n.00.Q52 ... 
1 # C !J f·~ T (50) , w AP S T ( '3 0 ) , wr R G~!T ( S J ) , L-t T KN T ( 50 J 0 (Y) ~" 0 9 5 ~ 

r 

A\iSWERS STOEAGE FGR PPI.'·JTING AND PL:JTTING 

: C' t1 r-1 L N P \J A~ E ( 2 5 ) , J H I S T 0, J I "-! 0 E X { 1 0 ) , J S T AT'· I ( 1 ~1 , 3 ) , H n UP ( '1 1 ) , 
1 rl I S T J G { 1 0 , 3 , 5 1 ~ , t·J P R. r F L , H I N D E Y ( 1 'J ) • N S T ll T ~...: ( 1 r'l , l 1 l , P H 0 U ~~ ( 3 l , 
?.PFDFIL( l0.,11,3) 

r ~ ~ * * T I ·~ f: 
r 

r- c; ~-H1 r • t·' 1 E c r T I M 1 o E L T , o F L T 2 , D E L T 6 , N o , \J o , 'J D ;\ v 1 , ~ J r:> A v 2 , f'' P E F 9 v , N s A v , 
J IIIIT.'\PF,NPPf;T,":PHCUP,~JDHTt;T,K.fJf.,Y, MFTHOO, TPU('If,, I;> 1JHP, H1T,~r>E, ITSC4 

[ 
~***~ INPUT WAT~F QUALITIES 
r 

r 

C C '1M r N I E f r H" I T I T L ( 211 ) , T E 'vi P I N ( 50 ) , T S S 1 N ( 5 Q ) , f 0 l I N ( 5 !J ) y B n!) HH 5 11 ) , 
lJ2!N(50),TICIN(5Q) ,Pr4INf50},ALKhJN(50),~NH3IN(50),~MnzTN(50J, 
2 ~i t.~ n '3 I ~ 1 f 50 ) , T 0 S I N ( '> 0 } , T A T Y I t -1 ( 5 0 ) , H I'~ F' D I N ( 5 0 ) , C H P M I "~ ( ') a ) , 7 I N f I ~J ( 5 ,) ) , 
?1 : :J P R J ~ H ~i 0 ) , V f.; 0 M I N ( 5 (') ) , C 0 "'1 I ~i( 5 0 l , A R S N I ~J ( 5 0 ) , f' ~ r, ~ J 1 r.: C 5 0 } , T K N J N ( 5 f) t 

C~t*** !~[,~frAT I or·, OIJAL ITY J NDEX, OTHER 
r 
'-• 

r 
( r ~.~ M ;~ N I n T 1-' E F I R [ A r 2 ( 5 0 } , N H Y 0 R G , I H Y f) r r , r S C IJ U ~ ( 5 0 ) , S C 0 !J P { c:: 0 ) , 

2TAVG(50),TAVS(50) 

C*~** CC~FFJri~NTS 
r 
v 

r 

C ~: ~ ~~ C ~. ll C r f F I vJ 13 C D K , k' C !J t I K , h? ~ J H 1t< , "'H J n Z K , C 1 0 , C 2 ~~ H ~ , r ? ~·~ ~ 2 , C n 2 B r 0 , 
1 V C 1 , V C?. , V ( 3 , ~J 0 t J K , \-1 P n4. t< 

f. * r * * S C' L A r· F ~' F P G Y ~ \J [, H F /1 T r: XC ~A f' G E 
" 

r 

• 

C C: ~.1M r ~ : I S f: l A F I N ~·· l r~ "1 F ~ J lr~ 7 C . J E ( 5 , 2 ) , r;• A [] ( 1 0 0 ) , H f ~ T t 1 () C ) , r V r<, o A , 
1 r V j r> 0 , S T { 2 4 , 5 ) , \J r· • f ? 4 , ~ ) , .J \J S { 2 4 , ~ ) , A 0 { 2 4 t r. ) , r 3 T { 2 '+ , 5 ) , E f\. ( 2 4 , ::. i , 
2~S(?4,~),0AT(24,5) 

• • • • • • • 

n :) 1 o .1 9 '5 4 
(1,"'1q:)05c:; 
00fV)')<}'56 
00'11()9!)7 
no 1rH' 95 a 
00")<')09'59 
00:10Jq60 
·')01)00961 
"():')·1-1<::)62 
0()1')00963 
~. '10'10964 
JOG1.1~65 
f"()0i')0966 
()(){)f)f19b7 
(V)()')f1Q6~ 

1()0')0<)69 
()0:1:10970 
('()f}')097l 
00():)')972 
:')") lV)() 9 7 3 
'1()010974 
"){"\ (' }") 97 '5 
.'"1(');_)1,1<?76 
'")()())')971 
~:10 'I() q7 R 
0()0"11970 
OOJ Ot198Cl 
10;1 J,) 9R 1 
}'10·')()08? 
/11"1098~ 
''H)J'"I>J98 1-t 
'1()")]t)qQ5 
. ..-., " :') ") (! ') 8 6 
,I'V) ·1'1 G Q 7 
,, .,,.) 10 q .~ B 

• 

:X:. 

N 
N 

• 



• • • • 

c ;'t * ~, ),'!: rl Y ~ o ~c. u L r c P A r ~ ·~ E r c r s 
r 

• • • • • • 

')t)~~"C}PQ 

~')()')0-QQ') 

: ~~ :·~ M CJ ~ • I'"~ v r 1 c < 5 :; ) , ~~ I t . ( r:- " ) , c c u T < ~ '~ ) , v r L ~ t 5 0 ) , v E t ( :: n ) , ~J F :1 T H < ~ o , , 0 f') 1 n n g 9 1 
1 rl I D T H ( ~ t) ) , S At- [ l\ ( 5 0 ) , L I N K ( 5 f) , 3 ) , ~ 1 ( S ; ) , H 2 ( 5 0 ) , 'f l { S t1 ) , V ? ( c; 0 l , v.J l ( --: '1 ) , '1 0 n ') Q q o ?. 
2 "' 2 ( 5 0 ) t ~ ~ Q 1 N ( 5 0 ) , X L "J G T ~ 1 ( 5 0 ) , N S f r; , r ~ ("' [ h C H , i'-; e R "·l C H ( S r ) • C: ~4 0 ( 5 '1 ) , il 0 1 0 0 Q q 3 
3VCLM2(50) ,10JQGQ4 

r CrMMC~ISnLAFl/YEAT1(5r,3')) '1n~000Q5 

c C C :~ ~0 N I T S T E_ r IS T E P 

C*~** l~DEXING VAPIABLfS c 
~IMENSION YYC50,24),YVP(50,22) ,VYT(~0,22),YYINC5n,2?) 
DI~ENSIQN YYT1(5~,??l c 

C * * * * E 0 U I V AL EN C E r. 

r 

c 

10 
c:; 

E Q 'J I V A L [ fi C E ( Y Y { 1 , 1 l , v:T E M P ( 1 J } , ( Y v P ( 1 , 1 ) , 'tl T f ~ D T ( 1 l ) , 
1 ( Y Y T ( 1 , 1 ) , W TE ~ P T ( 1 ) ) , ( V Y I N ( 1 , 1 ) , T [ f-1 P f ~.; ( 1 ) ) 

J~TA NA~VFC/2li,~PI?l/ 
'i S T E P = I F J X ( 1 • I S T E P , 

QC 50 JA=l,NSTEP 
JO 5 I=l,t\SE3 
JC 10 J=l ,t•;AOVEC 
YYP(l,J)=0. 
:rNTINUE 
JO 30 I=l,NSCG 
\JUPl=liNK(I ,I) 
'! U P 2 = L T f'l K ( I , 2 ) 
rr 25 K=!,NADVEC 

C**** (L~f\N:;E ')!IF Tr Ii,!PUT 
c 1\t\JG (_) 1 I T P U T ( Q ! N ~ "'~ !J J C U T ) 

24 

N=NQ!N(I) 
I F ( N • L f • t) ) G r·J T 0 2 4 
Y Y P ( I , K J = YY P ( I , K) + YY IN ( rJ, K ) 
IF(NUP1.EQ.O) ;o TG 28 
Y Y D ( I , K ) = Y Y P ( I , K ) + Y Y T ( t-: U P l , K ) * 0 ( N UP 1 ) * 0 E l T * S T E P 

?B IF(NUP?.EC.O) ;c TG 29 

?O 
?6 

YYP( I ,Kt=YYP( I ,K)+YVT(NUP2,1<. )*OfNIJP2l*DEL T*STEP 
YYTl(l,K)=(YYr(I,K)+YV(I,K)*VClM(f))/VCL~2(!) 
'!O=NBRNC H( I) 
IFC~O.Lf.O) G:J TC 27 
T F A t\ = - Y Y T { I , K ) * (1 ~.~ r ( ~ J 0 ) * J [ L T * S T c P 
vyp(~O,~ l=YYP( 'JC,t< )-TPAt..t 

0 ~J {) '10 q q f-

1"'0'10997 
"""00099~ 
l~l')')f')qqc 

nnrH)l 'Jnn 
·10001 0;11 
tl()t)010·J? 
00101 f'~0'l 
00001'1'14 
000''1 Or\'\ 
'10001006 
;) () () f) 1 0 .'") 7 
OOO()l:)OP 
10J'ltnog 
'1000101 0 
00()')lllll 
0())]1012 
0·11")! 01., 
JOOt11014 
t"\f)01l01'5 
C1000l0l6 
!')(lt)Ql017 
•1000101 p 
'1001)lf')tQ 
"'1('\f)')l "21! 
00·101021 
Q(V)Jl 022 
00f'J1D23 
"'00()1024 
00001025 
)0001026 
'10001 ()27 
0"0'11028 
1100l02q 
()0001030 
0 00·11 '131 
0"H1'1l 032 
('I 11101 0'3 ~ 
l"~i)/}10'34 
)<')0!)1035 

)> 

N 
w 

• 



• 

77 zc: ,. 
C**** ,.. 
'·• 

,.. 
C**** ,. 

1~ 

*;'-** 

""' 
l ., "'! 

r 

r*t:-~* 

• 

VYP(I,K.l=O. 
C!"'NTINUE 

')l);){)l0~6 
00()01037 
"10"ll13CJ 

GECAV, CHEMICAL SUCCfSSIJNS, AND ASSOCIATED C N C P PUOGET 10001039 
00001040 AVF=3.281E-3*SAPEA(!)/VOLM(l) 10~11041 

FlO=Cln**fWTEMPT(!l-20.) 00001042 
~3JDQT(l)=-WRQDK*FlO*~BOOT(I)*OELT*STEP 00001043 
~:CLDT(J)=-kCGLir•Fin*WCOLT(I)*DELT*STEP 10011044 
WTICOT(l)=C02BDD*WBOODT(I)*STEP J0001045 
WU~OT(l )=-WONK*Fl1*WGPGNT(l)*DELT*STEP 00~1104f 
W~H3DTfiJ=-WNH3K*flO*~NH3T(Il*DflT*STEP-WCNrT(I) 10001047 
~~J2rT(IJ=-WNC2V*flO*VN02Tfil*OELT*STEP-WNH3DT(t) 100ry104q 
W~03DT(J)=~N02¥*flO*WN02T(I)*OELT*STEP 00001049 
\.1 02 0 T ( J ) = W B 0 DD T ( I ) + r 2 N H 3 * w N H 3D T ( I ) - 0 2 N 0 2 * Wt! C1 2K * F 1 0 * W N 0 2 T t I ) *) [ l T ~ S :J 0 () 0 1 0 50 

lT[P 00011051 
wPC40T( I)=-WP04K*WP04T(I)*OELT*STEP 000010~2 

FXCHANGE AT THE AIR-WATEP I"JTER.fACE 

F=SAREA(Il/VOL~2(J) 
T=WTfMPT(JJ 
Jt=l4.5532-0.38217*T+0.0054258*T*T 

Jl=Jl*CSVLT 
SAT07=01 
SATC02=0.~89l-3.3llf-2*T+4.354E-4*T*T 
WTE~DT(It=3.2BE-~*HEATl(I,NA)*F*DfLT*STEP 
W020T(J)=~02DT(I)+(SAT02-W02T(l))*PEA02(1)*Fl0*0FLT*STEP 
WTICJTC IJ=WTICDT(l)+(SATC02-WC02(!))*0.9*PEA~?(!)*,ELT*~l0*STfD 

scTTLINr VFLOCITY OF TSS#2*10-~ FT/SEC 

~=2 f-!;*f: 
ir(~*DttT.GT.l.)S=l./DELT 
SCfUP(!)=0. 
S=S*~TSST(I)*CELT*STE~ 
J=VEL(!J/P. 
IF(O.GT.l.C) J=l.O 
SCOUP (I )=D*RSCOUK( I) 
~'TSSDT( T t=-S+SCDUP( I I*,~VF*DFLT*STFP 
C G ~~ T I ,__. U E 
Jn 100 I=l,NSEG 
J: 100 K=l,NADVEC 
Y Y T ( I , K ) = vy T 1 ( I , K ) + Y Y P ( I , K ) 
C:.''JT JNt.'F 

tf"'·JAT~ C'J!tt ITY !\NO CfCLDGIC 

• • • 

VAR!t,~lt:S 

• • • • 

00001053 
00fl!)l054 
00001055 
oon11056 
00001057 
'100-Jl05A 
') orv) 1 rp;q 
10001060 
00001061 
''H')I"Hll 062 
"0<)01063 
00011064 
"0t1f'll0~~ 
')Qn<')l066 
()0001067 
00'10106P. 
nono106~ 
'10001070 
C'J00107l 
f)(')01l072 
10·101073 
() 01'·')1 074 
')f'H)•)l f')7J5 
010')1076 
00001077 
~1"')1107B 
"00')1079 
101'11080 
')0'1~'")1081 
n"'"'110P~ 

• 

)> 

N 
~ 

• 



• • 

,.. 

c 
c 
r: 

qc; 
'10 

"'" 

C**** 
r 

r 

• • 

J = q g ~ i = 1 , ~J S E::; 
~:: 95 L=l,N!1 
V Y ( N, l ) = VYT U .. , L ) 
~ J N T I ~., J r: 
CCNTl~:ur 
:4 Ll P~~ 
RE TUP ~.~ 
F ··JD 

S IJ B R ~ t; T I''H~ PH 

• 

rNVJRGNMf~TAL ~UALITY PARAMETEFS 

• • • • 

CO~~C~·.i \-.TEMP( 50) ,WTSS(50),\o-JCOL!F(50J ,WBOO( '50) hC2(50),'t\TIC(50), 
1 wP04 (50) ,WALKA( 50), \-.'NH3 (50) ,W~C2 ( 5;J), wNn" (51 J, wTOS (50), WTRTY( 5 n), 
2 w HAP. D ( '3 0 l , ~: C HR M ( 5 Cl } , ~ Z I NC ( 50 ) , ~' C C P~ ( 50 ) , W V NO ~-1 (50 ) , W CD M ( 50) , 
3 W i\ R S C { 5 0 ) , ~H1 P G \J ( 5 ~ J , \-1 T fJ T K t H 5 0 ) , V.! o 14 ( '5 0 ) , W C 0 2 ( 5 0 ) 

• 

'101•11~?'3 
10C'11!1Q'+ 
nOf11lo1A'5 
OOQ1118t:, 
0000l')Q7 
00'1"11Bq 
!1!10'110°0 
00001090 
00""'11 og 1 
'10111002 
()0")11093 
000.)1Qq4 
tV)()"H 095 
0 ') ') '11 09 6 
000010Q7 
0001l()OP 
Q(V)C)lQQ') 

C**** LHANGrr--~c Pt.TEs GF r~;vrr::oNMCNTAL cuAL !TIES 

0001110"' 
00001101 
000·11102 
() () f''l() 1 1 (' 3 ,.. 

c 

-'H''"'1ll04 
CC r~ ~·1 C' ~; WT EM D T ( 5 0 ) , f.' T S S 0 T ( 50 ) , ~J C Ql D T ( 5 0 } , w P fJ DOT ( 5 0 ) , \--1 r 2 0 T ( '3 0 l 0 0 0 0 1 1 0 5 
1WTICDT(50),WPJ4DT{~0),ALKAOT(50),WNH3DT(50),ANJ20T(50),WN03~T( 0),000Jll06 
2 w T uSC' "!" ( r. I') ) , \>-: T £3 V 0 T ( c:; Q ) , ~ H P D 0 T ( '5 J ) , \-J C R M 0 T ( 5 0 ) • W Z NC D T ( 50 ) , W C D F 0 T ( 0 ) , n 0 0 11 1 ! 7 
3~VOMOT{~0),~CDMOT(50),WASCDT(50),WONOT(50),WTKNOT(50) 00001108 

C**** E~VIP.U~l~E~~Tt\L ~UtHITI~S AT T +- DELT 
000011()9 
001')0111" 
no:J01lll r 

COMMC~ ~TEMPT(5Q),~TSST(50),WCOlT{50),WPrDT(50),wQ2T(50),~TICT(5000Q1112 
lQ),WPr4T(5n),ALKAT(50),W~H3T(50) ,WN02T(50),WNn3T(~G),~TnST{5~), 0001111~ 
2 vJ T f3 Y T ( '50 l t h HF D T ( 5o_. ) , WC R r-..t T ( 50 ) t W Z N C T ( 50 ) , W ( P R T ( 50 ) , W V D M T ( ') (' } , 0 0 0 '1 1 11 4 
3 w : D ~'1 T ( 5 0 ) , \-1 AP S T ( 5 0 ) , It! C' P G 'J T ( 5 .) I , W T K N T ( ~ "' ) 1 0 n 11 1 l c:: 

r: 
C**** A\JS\--JFRS STLRAGE rnF PPINTI~·JG A~'') PL.CTTIN:'; 

00'1'1lllf. 
f)Jt)01117 
00n0111R 
or,10tll'1 
001'101120 
00011121 
'10001172 
:)()()()1123 

,.. 
'. 

,.. 
r. 

: 0 ·~ ,,, C r,J P N A~~ t f ?. 5 ) , J ~-~ I S T 0, J I ~Dr: X ( 1 Q ) , J S T A P'H 1 Q , 3) , H 0 U F ( 5 1 ) , 
1 H I S T C G ( 1 0 , 3 , 5 l ) , ~~ P R 0 F l , r,; I r-~ D E X ( 1 0 ) , N S T A T N ( 1 0 , 1 1 ) , PH '1'J P ( ~ l , 
2PROFIL( 10,11,3) 

(" ~ * * * H Y 0 ?. ll "L I C P A R A ~4 E T E P S 001·11124 
0011111?5 

,.. 

: rH~ M r ~ I l-1 V r I f.' ( 5 C ) , Q I r-~ ( 5 0 ) , C C U T ( 5 ') ) , V C l ~ ( 5 r; ) , V E l ( 5 1 ) , DE P T H ( ~ fJ ) , I") f'H) "' l l 2 f 
l N I 0 T H ( c:: 0 ) , SAP E A (50 t , l T ~ K ( 5 :) , 3) , Y l ( 50) , H 2 ( 50 l , V 1 ( 50 l , V 2 ( 50 l , h 1 ( 50) , ') 0 '1 11 12 7 
2 h 2 ( 5 0 ) , ~ l a H ~ ( 'J ') ) , XL rJ G T H ( 5 f) ) , r i S E G , N P F A C f-.2 , N P R,. ~ C H ( 50 ) , C:H~ r· ( 5 0 ) , n 0 0 0 l 1 2 3 
3vrL"'12<5n) oJ~11129 

)> 

N 
(J"1 

• 



• 

r 

r 
;._, 

r 

~EAL*8 FXHC01,EXCr3 
JATA TfMP0/0.0/ 
J AT A U':"' /1 00 • 0 I 

JJ 1000 N:l,NSFG 
J=2. 5[- !)3 
Al K= A L KAT ( ": ) I 5. E + 04 
XC=WTICT(~)/12000. 

t***** TE~PEFATURE ADJUST~ENT ~(R Ttt~PMODYNAMIC Cr~STANTS 
c 

TE~P=WT~MfT(N)+273.15 
Ir(ABSITEPP-TEMPC).LE.l.OJ GC TO 20 
Z=-5242.3q/TEMP+35.3944-0.00835*TEMP-11.826l*ALOG10(T~~P) 
F~WO=tn.**Z 
Z=-3404.71/TE~P+l4.8435-0.032786*T~~p 
FKlC=lO.**Z 
Z=-2902.39/T£~P+6.498-0.02379*TFMP 
PKZO=lO.**Z 
TE~PO=TEMP 

'0 :J~TINU( ,.. 
(~*~* CtLCULATE THF UNCXTfNOEO DEBYE HUCKEL TEFM .... 
'· 

r 

C*~** 
r 

r 
c=~** 

r 

IF(ABSftJC-lJ).LT.O.l) GO TG 22 
QQ=SQPT(U) 
A=-2. 03 !')4~QQ 
B = - 0 • 50 8 r; *Q Q 
JH14=8/(1.+1.3l24*QQ) 
2H245=A/(1.+1.4765*Q0) 

C A L C U 1 t. T r T H F F X T EN 0 E 0 d f 2 Y f H U C K FL T E R t .. 1 

f X H C 0 3 = 4. 7 4 56 9 4 5 D- 0 3 +4 • 16 0 7 6 2 3 !1- 0 2 * U- 9 • 2 8 4 R 4 3 2 0- 0 3 * U * IJ 
~XCr3=1.2056f53D-02+q.715745D-02*U-2.06774t2D-J2*U*U 

L C G Cl f ACT 1 VI T Y C rEF F I C IE~· T S 

YGHC~3= 0 P.l4+EXHC03 
XGCD3 :['ILJ::-'~5 +EXCD3 
>-'rl?CC3=0. 07'5'.5*U 

E**** ACTivrrv rcE~FiriENTS 
r 

• 

~ ~~ C f? 3 = 1 ! • ~* XGHC 0 3 
GCC'3=lO.**XGCr3 

• • • • • • • 

0rl'1·)113 ·') 
C'00rlll3l 
!)()1')01132 
11'1001133 
00011134 
;1fV)'Jll35 
000'11 136 
Oi10·11137 
l"l011113>3 
000 1)1119 
000'11140 
()00 111141 
0()1101142 
anon 1143 
0000llA·4 
1)00~)1145 
()!)()!11146 
'10001147 
0 !1 0 () 1 1 '• 8 
0000114q 
nnn 'lll50 
()(V)l11151 
110')·111 '52 
00001153 
0t)O'Jll54 
'10~1)1155 
00001156 
, .. H10llC::7 
10011158 
'J0001159 
O<JOOllfO 
'100()1161 
'10 ()() 1 1 f. 2 
,) () ()!) 11 6 3 
'1(H)Ol 164 
·")'1()J llt. I) 
tlf'\0!11166 
1)0001167 
')0110llf:8 
:10'')/) l] 6q 
·1(1()1)117() 
00'1'11171 
" ·) () 11 1 7 2 
().)')"'1117~ 
")~'111174 
()()Q'1ll7~ 
·1(')0011 76 

• 

):::o 

N 
0"1 

• 



----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------~ • • 

~ 

• • 

~~2Cr3=11.~*X~2CC3 
G C H = G ~' C r ., 
UJ=U 

?? :c:r~Tit'Jt-

• • 

~*~** ~J1IFirn THERMJ~YNtVJC CONSTA~TS 
r 

,. 

PK\-;=PV~t-r/Gft-' 
R K 1 = P 1'. 1 r * C H 2 C J 3 I G 4 C fl "' 
FK2=~K?C*GHCC3/GCn? 

f**** FH EVtiLt:/\TIC~.' 
c 

c 

Y J = - vJ r ~ < ~ 1 J + 2. 1 
JC' 101 L=l, 150 
XJ=XJ-0.1 
H=IO.**XJ 
8ICARB=YC*~*RKl/(H*PWl+RKl*PK2+H*H) 
FF=8ICA.Pf3*(H+2.*Rt<.2)/H + FKW/H -f':.LK + H 
IF(FF)l01,102,102 

1'11 :n~JTir;uF 
102 XJ=XJ+O.l 

3 DC 303 l=lrllO 
XJ=XJ-0.01 
Y=lO.**XJ 
BICA~B=Xr~H*PKl/(H*RKl+PKl*PK2+H*Hl 
FF=8ICAPR*(H+2.*RK2)/H + RKW/H -ALK + H 
IF(FF) 30?,305,305 

303 CONTI HJE 
3n5 ~PH(~)=-XJ+O.Ol 

C**** EV6t.Ut;.TE CC2 CONCEf·'TP.ATifH' 
c 

~ 

.-
c 
c 

ALPHAl=l./{l.+R~l/H+PKl*RK2/(H*Y)) 
WC02CNl=ALPHAl*WTICT(N) 

10J0 CONTINJE 

R ETtJP t-l 
END 

SUE~CUTINE PLOTEP(IPOI~T) 

• • • 

C 0 M M C t ' ~ T : f-1 P ( 5 Q ) , ~~ T S S ( 5 0 J , \.; C [' l I F ( ~ t1 ) , ~ B 0 rJ ( 5 0 l w G 2 ( 5 0 ) , W T I C ( 5 I") ) , 

1 w P 0 4 ( 5 J ) , ~: A L K A ( 5 :J ) , h N H? ( 5 0 ) , ~i N n 2 ( 5 0 ) , r: N c 3 ( 5 o ) , w T D S t 5 0 ) , t.J T R T Y ( 5 ') ) , 
2 N H.'\ R D ( 50) , h C H~ ~-1 ( 5 ~ ) , ~,o; l I r~c { 50 ) , h C 0 PR ( 50) , \·i VND ~ ( 50 ) , \o-'C 0 f-1. ( '50 ) , 
3 W A P S C ( 50) , ~~ ( R G ~~ { 50 ) , W T C Tl( r, ( S 0 ) , \oi PH ( 5 C ) t rJ C Q 2 ( 50 ) 

0 "'f') ·11 1 7 7 
~"'01)ll7B 
f'HV)·111 7Q 
("()1"1')1 1811 
~"~1011181 
800•)1182 
"''in'"\llP~ 
i"'\ () .1') J 1 1 p 4 
(),1')·"1185 
J()"1ll86 
101 ·') 118 7 
!)(H)'lll8R 
')()i)1118Q 
1000!100 
1"\f)(\')llql 

• 

G')()011q2 
onorn 1 q3 
l')()()lllg4 
()0001105 
100.11196 
0Q()i)lJG7 
!"'\,) ]() 1 1 Q A 

0'10'11199 
10011200 
00001201 
"0001202 
0"'~001203 
()f"'\'1'11 2')4 
1JOOJ1205 
OOOJ1206 
f"''f)(l:)l207 
10~')1.208 
:')')0012t)q 
l"\f111l?l0 
000-Jl211 
100!)1212 
-)0()!)1213 
nno01214 
0'l!)0l215 
:);)QJl216 
00()01217 
')(10!"1218 
:);)0111219 
~l"'l'1l2?0 
1("'01221 
10;)f11222 
"0"'11223 

)::. 

N 
-....,J 

• 



r. 

,.. 

r: 
r 
r 

• • 

l 0 ') 

!:"() 

:o~~C~ ~TEMDT(50),WTSS)T(501,WCOLDTC50),~PGDrT(50),WG2~T(50), 0n001??4 
1 w T I C D T ( 5 n ) , t-; PC 4 D T ( 5 0 ) , W A l Y D T ( 5 n ) , W N H 3 0 T ( 50 J , ~ N 0 2 DT ( 50 ) , w NO 3 0 T ( ~ ·') ) , 0 0 '1 ·11 2 ?. 5 
2~TDSDT(5Jl,WT8VDT(50l,WHROOT(5n),WCPMDTf50),WZNCOT(50),WCPPDTt50),00n1t226 
?WVDMDT(50),~CDMOTf50),~ASfJT(50J,WONOT(5CJ,WTKNOT(~0) ~n~~l227 
CrMMO~~ WTE~PT(~Q) WTSST(50),WCOlT(~C),~BrQTf5~),WC2T(50),~TJ[T(500001228 
11),WPC4T(50),kALKT(~Ol,WNH3T(50) 9 WN02T(50),W~G?T(50J 1 WTDST(50}, 000012?9 
2 V-' T B Y T ( 5 0 ) , ~· HR D T ( 5 '"l ) , W C R 'J T ( 5 J ) , W l N C T ( 5 0 J , ~J C P F' T ( 50 ) , W V u ~·· T ( 5 '" ) , .1 0 !1 1'H 2"' 0 
3~CD~T(SOl,WARST(50),WrRGNTI50),WTKNT(50) 00001231 

:. J r<1 ~ CH : P 'J AM E ( 2 5 ) , J H I S T f1 , J I N.D E X ( 1 0 ) , J S T ~ T "H 1 0 , 3 ) , H CIt P ( 5 1 ) , a !') 0 0 1 2 ? 2 
1 HIS T 0 C ( l r 93 ,51) , NPR OFL , N I r!DE X ( 10 ) , NS TAT~; ( l 0, 11 ) , PHO UR { 3 J , 0!) 0012.3 3 
2PROFIL(l0,11,3) 00001234 

C' I t\1 E N S I 0 N H I S 1 ( A 0 ) , H P ( 6 0 ) , ~~ 0 0 E ( 1 5 ) , P F C f ( 1 ~ ) , A ~,! r:: r f ( l r; l 
JIMENSIG~ TITL£(20) 
DIMENSION TITLEl(?O) 

R[A0(5,180J CTITLf1(I),I=l,l0) 
FORrAT(l0A4) 
CALL PLnTS(O,O,lO) 
IF{JHISTC.~O.O) Gr Tr 501 

TJ~E HTSTrfY PLLTS 

CALL PL(Tft.~-15.,-3) 
C~Ll PLrTC0.,3.3,-~) 
0[ 5~ K=l,JHISTC 
c;c 56 '1=1,3 
D n 57 I = l , I POI r: T 

"()()01235 
0f'\O:Jl236 
0Q;)f')l 237 
I)Q(H) 123A 
'10001239 
(),1()!')1240 
00()11241 
:)0011242 
0,11)1243 
00r101244 
onon1245 
t')" !') rn 7.4 6 
nno11247 
J0101248 
00;1'll24Q 
f')t')f')i')l250 

-i?( It=HCIJf'(l) 
HIST(I)=HfSTOG(K,N,I) 

S7 :CNTI~JUE 
IF({N.~T.~).OR.(K.CT.l)) 
HRJV=151. 

cr rn lit" 

an011251 
ono11252 
O:'l00125~ 
!) () i)"' 12 54 
100:11255 
'}() 1'112 56 
00')·:)1257 
0 :1.) 112 SQ 
~f"')!'ll2~Q 

~tP OV=.? e::; 
1 1 G IF(N.CT.l) Gr TC 121 

30 TC (1,2,3,4),K 

4 

1 HISTIV=?.O 
H!STDV=?. 
r, ~ TC 1 ? '1 

2 HISTIV=5.C 
~·ISTJV=l.? 
:;~ T~ 120 

3 HIS T IV=~. 
HISTC'V=l. 
';C 1C 12"' 
hTSTIV=n. 
HI ST'"'V=7. 

• • • • • • • 

')0JJ1260 
()t')''):J 1261 
~1·111126? 
')!)0f'll?.63 
10'l112f,4 
"'")11112f>5 
!):j()f)l266 
00!1111267 
o~,J)l2fQ 

000'11?69 
"''""~ ·n :.1n 

• 

::t:o 
N 
00 

• 



• • 

c 

• • • • • • 

121 IF(~.rT.l} GC Tl 160 
1 c:; '"' ~ 4l L !- Y I S ( :"' • , ~ • , ' 0 ~ v:: ' , -4 , P • , '] • , t-' r) I V , t-: r. DV ) 

:ALL AYTS(r.,J.,•vG/L rF U~IT•,+l2,5.5,nn.,~!STIV,HISTnV) 
lfQ IF(~.f~.l) ~0=11 

IF { N. f r·. 2) Nn= 3 
IF ( N. F C. • ~ ) NO= 2 
H P ( I P r I ~: T + 1 ) =HR_ IV 
HR { IPri~'T+21=t-~POV 
-i I S T ( ! P ( T ~:r + 1 ) =HI S T I\' 
-! I S T ( I P rq L T + 2) =HIS T DV 
r .~ L L f l I ": F ( HF, , H I S T , - I PC I "l T , 1 , ? , \J 0 ) 

i:i6 : Ct-JT If· t 1r 
REA0('5,170) (TITLE(!),I=l,20) 

l 7 0 ;:::- C R~ AT ( 2 0 A4) 
CALL SY~RPL(0.5,-l.C,.l,TITLE,O.,BQ) 
CALL SY~RCL{0.5,4.q,.l,TITLE1,1.,40) 
CALL SY~;BCL (-1.5,-2.0,.14,13,0.,-1) 
CALL svMPCLC9.5,-2.o,.t4,13,o.,-tl 
CALL SY~BCL(-1.5,f.5,.14,3,0.,-l) 
CALL SY ~~ P. QL ( 9. 5 , 6. '5 , • 1 4, 3, 0. , -l ) 
:ALL SYMf'('L (4.5 ,4.9,.07, I OLOT NODES 6 = ..._ 
:t:.LL SYM8Cl.(999.,999.,.07,'13 = + 23 = ',0.,14} 
[All SYMPCL(99~.,qsq.,.07,2,0.,-ll 

13Q C~LL PLOT{l2.,J.,-3) s 5 c o~~r r f':,,_, r 

5~1 IF{NPRJFL.EQ.0) Gr rn 1000 
C :CNCENTRATICN PFOFTLF PLCTS 
c 

READC5, lRO) ( TITLFl( I), I=! ,10) 
:ALL PLOT(l2. ,-15. ,-::q 
CALL PL nT IC. ,3. 3,-'3) 
)J 203 K=l,~JPROFL 
J: 2"12 'J=l,3 
JJ 201 I=1,9 
At-.JC'DE( I )=FLCAT( I) 
PRCF(IJ=DPOFil(K,!,N} 

~'11 CJNTP:'Jf 
IF((f.GT.l).rF.(K.G1.1)) GC TO 310 
ANODIV=l. 
A'40DDV=l. 

~1~ IFCN.GT.l) GO TC 400 
:; 0 T C ( 1 1 , 1 2 , 1 3 , 1 4 , l 5 , 1 6 , 1 7 , 1 8 , 1 q , 2 ;) ) , K 

ll PRCFIV=?. 
PPGFDV=3. 
:;::; TJ 40'1 

l~ PRnflV=0. 

• • 

"·"' ·):] 1 2 7 1 
')1"1;')]1 ?72 
'V"\('))1:',7? 
1"'\ •) "' , 1 ? 7 {+ 

')0"'1!1127'5 
000·11 276 
)(\()l"'\1277 
')"t'l11278 
1'),1·111 27q 
'1)0}1280 
·~)(' ,.., ) 1 ?. 8 l 
)()!") 1282 
'100012 83 
000'11284 
:Jr)(L1128'5 
'1!)001236 
000!12B7 
000'') l 28~ 
f')(H)·J 1 ?89 
An0112q"' 

' f 2 • ' :; 3 ) ('I 0 0 11 zo 1 
1'1()1121? 
')i1Q' 1 ~93 
00001294 
i)(V)1120~ 

"'00112<1A 
'100)1297 
"'"' 11 2Q8 
000112.99 
() 0 0 t1l 3 0 () 
10001301 
00"'11302 
')1)0!')1303 
01')0.11 ~04 
noo01305 
11non1~06 
')00'11 3/)"7 
00001308 
:111n'"' 1 "l_.,q 
OOOJ13l,J 
"00")1311 
100)1312 
i"l00,11 '313 
"'~0"11314 
·"''1')11315 
~;1')'11316 
"''1'"'"11 ~17 

)::> 

N 
~ 

• 



• • 

PPCFDV=40. 
:;o rn 401 

13 PPCFIV=5. 
Pt<rfDV=l.3 
GD T:J 400 

14 PR 1~f'IV=O. 
PP'CFDV= .07 
~0 TC' 400 

15 PRCJFIV=O. 
PPOFOV-=.07 
GO TC 4nn 

16 PROFIV=!OO. 
PR:"lFDV=40. 
SJ TJ 400 

17 PRCFIV=O. 
PROFDV=.007 
:;o TJ 400 

18 PQCFIV=O. 
PROFOV=.004 
GC TO 40" 

19 PRCF!V=5. 
PRCFDV=l. 
Gr rn 4r-0 

2J PFCFIV=O. 
PR8FDV=?. 

400 IF(N.GT.l) GO TO 42D 
416 :ALL AXTS(0.,0.,'~00[',-4,8.,0.,ANODIV,ANODDV) 

CALL AXISfO.,O.,'MG/l CR UNIT 1 ,+l?,5.5,90.,PROFIV,PPOFOV) 
4? •) T F ( N • E Q • 1 ) NO= 1 1 

IF ( N. f Q. 2 I NO= 3 
I F ( "~ • F R • 3 ) N 0 = 2 
A~JDE(lO)=ANODIV 
A'·' r ~ E ( 1 1 ) =A NOD J V 
PPUF( In)=PRQFIV 
PPC:F( 11 l=PRCFDV 
:::: A ll r L I f' F ( AN CD E, P Q r r, -9 , 1 , 1 , N 0 ) 

2 1 2 : C :-4 T I N U E 
t<, [ A i) f 5 , 1 7 r ) ( T I T t. F t I ) , I -= 1 , 2 0 ) 
CALL SV~RPL(0.3,-l.O,.l,TITLE,n.,RO) 
S A L L S v ~-1 P C L ( 0 • 5 , 4 • '1 , • 1 , T I T L E l , 0 • , 40 ) 
CALL S v l~ E r L ( -1 • 5 , -2. 0, • 14, 13 , 0 • , -1 ) 
CALL sv~~fl(9.5,-2.0,.l4,13,0.,-l} 
CALL S"~PTL (-1.5,6.&:,.14,3,0.,-1) 
: 1\ L L ~y ~-1P rt ( 9. 5 , 6. 5,. 14,3, 0. , - 1) 
C t. L L S Y v P OL ( 4 • 5 , 4 • 9 , • 0 7, ' P L 0 T ~1 D UP S Q = * 
c A L L s v ~1 E r L ( 9 9 9 • , q o 9 • , • o 7 , • 1 6 = + 2 4 = • , c • , 1 4 ) 
C l\. l L ~ v "-' P r- L ( 9 9 9 • , So q • , • ;! ? , 2 , -") • , - 1 ) 

• • • • • • 

Jf)OJ1318 
f')(\001319 
~10001 320 
no·J:Jl321 
!1 11 () ·J 1 3 2 2 
00001323 
,()(11)13?4 
t10001325 
00001326 
')')0!)1327 
~"):1,1132A 
00')11329 
000{)1330 
000~1331 
noool332 
1111~~1333 
00011334 
00001335 
()f""'1l 336 
')00')1337 
!).J0')133R 
0000131<? 
()!VH)l340 
00'),')1341 
00001342 
1'10001343 
00001344 
fl·Jnn 134 s 
000013 1+f. 
f1000!347 
l')f"'()Ql~48 
000~')134Q 
Q ()0;)1 ':\ 5\J 
00001351 
00!)01352 
·10,'113"3 
00001354 
')f)Q01355 
.J00f113'56 
''V)001357 
~",00()1.]5~ 
t\f)()'Jl3'i9 
00')01360 
10001361 

• ,r.,33)0n!)rH36? 

• 

J()0')1363 
10'1"'1?~4 

• 

)> . 
w 
0 

• 
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• 

• 

• 

I. 

• 

• 

• 

• 

• 

• 
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C"C cccrcccr· 
ccocccccc-n 
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APPENDIX B 

Polynomial Equations Relating Weather Data of 

Diamond Creek Station and Pocatello 
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Polynomial Equations 

X - Value for Pocatello 

Y - Value for Diamond Creek Station 

A. Wind Speed 

i ) 1- 3 hours 
i i ) 4- 6 hours 

; i; ) 7- 9 hours 
iv) 10-12 hours 
v) 13-15 hours 

vi) 16-18 hours 
vii) 19-21 hours 

viii ) 22-24 hours 

B. Dry Bul~ Temperatur~ 

i ) 
i i ) 

i; i ) 
iv) 
v) 

vi) 
vii) 

viii) 

1- 3 hours 
4- 6 hours 
7- 9 hours 

10-12 hours 
13-15 hours 
16-18 hours 
19-21 hours 
22-24 hours 

C. Dew Point Temperature 

i ) 
i i ) 

iii ) 
iv) 
v) 

vi) 
vii) 

viii) 

1- 3 hours 
4- 6 hours 
7- 9 hours 

1 0-12 hours 
13-15 hours 
16-18 hours 
19-21 hours 
22-24 hours 

y :.: 5.4728 + .41542X - .02885X2 

y = 5.0277 + .15101X - .00691X2 
y = 3.5369 + .05513X + .01459X~ 
y = 3.9322 + .22950X + .00795X 
y = 4.6230 + .33783X + .00568X~ 
y = 4.9294 + .21915X + .00378X

2 y = 6.9687 + .35152X - .02831X
2 y = 6.7378 + .55399X - .04268X 

Y =-43.106 + 2.6810X- .02050X~ 
Y = 12.151 + .25519X + .00588X 
Y = 5.1350 + .38061X + .00460X2

2 Y = -101.39 + 3.9717X - .02397X 
Y = 242.25 - 5.0580X + .03565X2 
Y = 150.64 - 2.9408X + .02338X2 
Y = -102.71 + 4.2262X - .02754X2 
Y = -48.510 + 2.7605X - .02007X2 

Y = -41.062 + 3.3545X - .03916X2 
Y = -6.8711 + 1 .2010X - .00767X2 
Y = 4.6896 + .26299X + .00916X~ 
Y = 2.6931 + .72432X + .00124X 
Y = 6.6492 + .78423X + .00227X2

2 Y = -4.9152 + 1 .4376X - .01053X 
Y = 2.2767 + .88129X - .00219X2 
Y - -9.5226 + 1 .5884X - .01391X2 

B.2 
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APPENDIX C 

Computer Output from Water Quality Model Simulation for Upper 
Blackfoot River System for September, 1976 Resulting in Model 
Calibration . 
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Water Quality Study of Phosphate Mining Impacts, Upper Blackfoot 
River Basin, Southeastern Idaho . 

General Data for Model 

Beginning day of simulation 
Ending day of simulation 

Computations per day 

Method of solution of partial 
differential equations 

Weather tape number 
Days of simulation before printout 

begins 

Print frequency (hour interval) 

Number of weather zones 
Printing option 
Segments 

Latitude 
Longitude 

267 
273 

24 

multiple x-step, single 
t-step 

11 

6 

12 

1 

2 

1 to 23 

42.8° N 

111.3° w 

C.2 



TAELC Cl- w~'\TFR. QIL1LITY PLOTS FnR STUDY RAS!'J- 29-30 SFPTEr·'E'FR,l076 

A- T I r-.1F. HISTrf'V PlOTS 

PLCT PAPAMf=Tr.p ~''Jnf S 

1 1 T~P':P 6 13 23 
2 5 D 0 6 13 ?.3 
3 23 PH 6 13 23 
4 24 Cfl2 6 13 ~3 

n - r r' ~l C E r..J T P ,, T I n ~~ P P C F I l E S 

Ot_[T PAR Af'-H::TFF Nnr:rs 
l 1 T E~/ P 1 It (:: 8 1~ 13 lt- ?t 
? .., 

T ') S 1 t .. f R l 2 1 3 16 21 L. L 
":l 5 n c 1 4 6 ? ] 2 13 16 ~1 
_, 
4 7 pnt, 1 !t n 8 12 13 1 (, ?1 
5 1 1 r,J c1 -:1 1 4 6 0 1 2 1 3 l6 21 s 1 2 Tl) S 1 4 6 8 12 1 3 16 21 
7 lf: Z I t 1C 1 4 ( R l? 13 lf. 21 p, 1 7 r 0PR 1 4 6 8 1 2 1 3 16 21 <) ?3 PH l 4 6 8 1? 13 1 6 ~1 

lC• 24 r. r? l '+ 6 R 1? 13 16 ?1 

• • • • • • • • • 

2~ 
?3 
?3 
?3 
23 
?3 
?3 
':'";\ 

( . 

23 
71 

• 

(""') 

w 

• 



• • • 

DfqrrD 

1-1 

·+- ~ 
7- () 

10-12 

13-lS 

l~-1.9 

11-?1 

??-24 

• • • • • • • 
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TABLF. C6- FLOW CALCULATIONS FOR UPPER BLACKFOOT RIVER BASIN - 23-30 SEPTfMBER,l976 

UPPF R IJPPER SEG-A I t!F LOW OUTFL0\-1 FLOW FRC~1 FLO~~ FROM TCT INFLOW FLOI-1 SEG-1 SEG-2 R EC. Ft CW SEG-A SEG-1 SEG-2 INTO SFG THROUGH 
CFS CFS CFS CFS CFS CFS 

') 0 0 o.o o.o o.o o.o 5.8 5.9 1 0 0 1.0 o.o 5.8 o.o 1.0 6.B 2 0 0 o.o o.o 6.8 o.o 1.7 8.5 3 0 0 o.o 2.0 8.5 n.o 2.3 8.8 
'+ 0 0 o.o 2.0 8.8 o.o ~.1 14.9 5 0 (') o.o 2.6 14.9 o.o 0.2 12.'5 6 0 () o.o .1. J 12.5 o.o 4.1 16.6 7 0 0 o.o o.o 16.6 o.o 5.8 22.4 0 0 0 o.o o.o a.o n.o ?.4 ?.4 <1 n 0 o.o o.o 2. '• o.o 1.6 4.(} }.f) 0 0 o.o o.o 4.0 o.o 1.6 ~.6 8 11 0 :J.O o.o 22.4 5.A 11.1 41.1 I ;? 0 0 o.o o.o 41.1 :).() 15.4 ~6.5 ) 0 0 o.o o.o o.o o.o 34.4 ~4.4 t 3 111- f) o.o o.o 56.5 34.4 13.2 104. 1 lt'l 0 0 o.o o.o 104. 1 o.o 5.6 109.7 ') 0 0 o.o o.o o.o 1.0 1. 3 1.3 17 0 0 o.o 0.0 1.3 o.o 2.4 3.7 lB 0 0 o.o o.o 3.7 o.o 0.5 4.? 1(, 19 () o.o o.o lf'Jq.7 '+· 2 2.8 llf>.7 20 0 0 o.o 0.') 116.7 o.o 2.A 119.5 ?1 0 0 o.o 0.0 1 19. 5 o.o 0.2 11Q.7 

22 0 0 o.o o.o 11<J.7 o.o 0.3 120.0 

• • • • • • • • • 
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14 
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17 
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20 
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TAfH.F C7- HYDRAULIC CC'NDITIONS CF UPPE~ qlACI<.FCOT ~IVER BASI~- 23-30 SEPTFM8F.R 9 1976 

JNFL(IW 

CF~ 

r:;.A 

1 • I) 

l. 7 

2.3 

A.1 

li.:? 

'+. 1 

c;.A 

2.4 

l.A 

1.6 

1 ~. 1 

J 5. 4 

34.4 

1~.2 

5.6 

1.1 

2.4 

:'l.5 

z.q 
?.~ 

1).2 

0.'3 

0 U T F l 0 W F l C \.' 
HtRQlJGH 

CFS CF~ 

o.o 
o.o 
o.o 
2. ') 

2.0 

2.6 

o.o 
o.o 
o.o 
Q.l) 

o.o 
o.o 
o.o 
o. 0 

o.o 
n. ·J 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 

5.f' 

~.E 

8.5 

8.6 

14.G 

12.5 

16.t 

22.4 

2.4 

'•. 0 

5.fc 

41.1 

C::6.J: 

34.4 

104.1 

109.7 

1.3 

3.7 

4.2 

116.7 

119.5 

119.7 

12!'.0 

VELCCITV 

FPS 

1. 50 

1."~ 

1.63 

1.64 

1.84 

1.78 

1. 62 

1.83 

0.73 

o.oo 
1.03 

2. 3 5 

2.68 

?.18 

2.QO 

2.9'> 

0.78 

1. 07 

1.11 

3.00 

3.02 

3. 03 

3.03 

LENGTH 

FT 

6. Q 1 7[ 0 3 

7.33CJE 03 

6. 2 3 OE rq 

4.699E 03 

5. 1 74E 03 

7.075E 03 

7.498E 03 

7 .498E 03 

4.330E 03 

5.491E 03 

5.914E 03 

5.650E 03 

1.315E 04 

R. 448E 03 

7. l213E 03 

6.494E 03 

c,.072E 03 

7.3q2E 03 

1.1 14E 04 

7.445E 03 

R.395E 03 

6.600E 03 

6.864E 03 

DEPTH h'tOTH 

FT FT 

n. 9 

n.s 
0.8 

0.8 

1). Q 

o. 8 

O.A 

0.8 

0.8 

o.e 
0.8 

c.s 
0.8 

o.s 
l. 5 

1.5 

0.8 

O.R 

c. a 
1.5 

1. 5 

1. 5 

1. 5 

'•. () 

4.r:; 

5.4 

5.6 

C,.1 

8.7 

10.2 

12.2 

3.3 

4.4 

5.4 

17.4 

21.0 

15.7 

24.3 

24.8 

1. 7 

3.5 

3.R 

2 5.4 

2 5. 6 

25.6 

25. 7 

SAR EA VOLUI.\E 

so rr cu rr 

2.7~1E 04 2.2n9r 04 

3.320~ 04 2.~63f 04 

3.381E 04 2.705E 04 

2.622f 04 2.0~8E 04 

4.7llf 04 4.407E 04 

6.165E 04 5.233[ 04 

7.667E 04 6.133E 04 

9.1JqE 04 7.311E n4 

1.425E 04 1.140E 04 

?.439E 04 t.9~1E 04 

1.199F 04 2.559E 04 

9.827[ 04 7.862( 04 

2.756E 05 2.205E 05 

1.324E 05 1.059E 05 

1.731E 05 2.55eE 05 

l.610E 0~ 2.417E 05 

1.1)13( 04 8.106E 03 

2.565E a4 2.052E 04 

3.845f 04 ~.076E 04 

l.P91E 05 2.894E 05 

2.152E 05 3.318E 05 

1.693E 05 2.611E ns 
1.762E 05 2.720E 05 

PEA02 RETFNTION 
TIME 

1/,AY HPS 

6.723 

6.06} 

7.310 

1. 365 

1-..714 

7.351 

7.240 

8.196 

3.251 

4.;)17 

4.617 

1 0. 53 A 

12.02? 

9.789 

5.749 

5.715 

3.490 

4. 777 

4.962 

'>.676 

5.661 

5.660 

5.65 8 

1 .n 6 

1. 0 c; 

1).88 

0.66 

().82 

1.16 

1.()3 

().Ql 

1.32 

1. v; 

1.?7 

0.5 3 

l. 08 

0.86 

0.68 

0.61 

1.73 

1.54 

2.03 

0.69 

0.77 

0.61 

0.63 

• 

(""') 

00 

• 
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10 
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1 2 

13 

14 
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1~ 

17 
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lq 

2n 

21 

2? 

2~ 

TA.Plr: CS-WI\TFR ')IJAlJTV SI~HILATJONS fOR Uf'PFR BLACKFOGT PIVER BASIN- 30 SEPTEM8ER,l976 12.0 HOUR 

T~~p TS~ C~lTF ~OD 0 0 n r P H CQ? P04P NH3N N03N ALKA TOS TBTY HARD CHRM ZINC CrPR VNO~ COM ~FSC rR~N 

C ·~:;/L r.oPN/11, ~GIL MGIL 0/11 MG/L ~'GIL MGIL '4Gil MG/l "1Gil MG/l t'Gil Mr,/t MG/l ~G/l Mr.IL tol;/l "'GIL ~~G/l 

r:;.7 

f..P 

"-.fl 

6.1 
c;.g 

1:;.6 

A.4 

o.6 

1?.~ 

l 3., 

}('.Q 

9.6 

1""~.5 

11.4 

1 n. 1 

C'!.6 

12•11 

1 2. 5 

1 2. A 

3. 

c;. 

,c.,. 

f-. 

5. 

7. 

7. 

7. 

2. 

2. 

1. 

6. 

7. 

'5. 

8. 

9. 

'5. 

b. 

1. 

9.4 1(). 

~. 1 1t. 

r~.o l?. 

n. P 1 4. 

• 

l. 

1 • 

l. 

l • 

1. 

1. 

1. 

l. 

n. 

"· 
n. 
o. 
o. 
2. 

1. 

l • 

?. 

2. 

2. 

l. 

1. 

] . 
1 • 

• 

0.3 9.6 

0.3 10.0 

,.3 10.3 

n.3 10.4 

').3 10.0 

0.3 10.4 

1).2 10.1 

0.2 9.8 

0.4 8.3 

0.2 B.'t 

84. 7.f: 3.76 (1.05 o.o4 o.n9 179. t<H. o.a 169 •• 001 .010 .001 .not .ont .oot n.ao 
9(1. 7.6 3.27 0.05 0.05 0.09 lPO. 193. 

9?. 7.6 3.ns n.os o.o5 o.09 teo. 193. 

92. 7.& 2.98 0.05 0.05 0.09 180. 193. 

A~. 7. 8 l • 8 4 (') • 0 6 0. (') 5 () • t:'9 1 7 2 • PH • 

9?. 7.9 1.61 0.06 o.a5 ~.09 172. 191. 

9 5. 8. 1 1 • a 6 0 • 0 5 0. 05 0. 09 1 76 • 2 0 5 • 

qe;. 3.2 0.75 0.05 0.04 0.09 180.217. 

9f. 8.7 0.7.3 0.04 0.03 0.10 1~7. 224. 

eP. 8.7 o.zs o.o4 o.o2 0.10 tee. 232. 

0.9 110 • • not .otn .on1 .001 .001 .001 o • .,q 

o.9 110 •• 001 .o1o .oot .oot .not .001 o.1~ 

o.9 110 •• 001 .a1o .001 .oot .orn .cot o.7e 
o.~ 168 •• oo3 .oto .no4 .ont .0('11 .oot o.~-; 

0.8 l6A •• 003 .n1n .("n&:; .Ot"ll .001 .001 0.04 

0.6 111 •• 004 .ots .oog .001 .not .C'Ol o.b7 

o.4 173 •• oot- .ot9 .011 .O'll .oct .001 o.54 
o.~ 174 •• rno .021 .o7o .oot .oo1 .001 o.11 

0.2 176 •• 010 .024 .020 .001 .001 .001 n.17 

1.2 e.6 Qo. o.6 o.21 o.o4 o.oz a.1o Iss. 236. 0.1 111 • • oto .r:>zs .o?o .oo1 .cot .not o.n 

n.z 9.5 qz. 8.3 0.60 o.o6 o.o4 0.10 178. 223. 0.3 174 •• nos .~'l21 .np; .('lOt .001 .not 11.51 

0.1 tJ.6 o~. 8.3 0.64 0.05 0.03 0.10 181. 22P. 0.3174 •• OOA .022 .016 .oat .001 .001 0.44 

0.5 8.5· Rl:. 8.4 0.45 0.06 0.12 0.10 175. 207. 1.0 140 •• 008 .005 .oaR .001 .001 .00~ 0.1l 

o.3 9.4 9?. s.o 1.14 o.o6 o.o7 0.10 teo. 220. 0.6 164 •• ooe .n16 .ntz .oot .nn1 .·102 o.6t 

1).3 9.6 

o. 5 8. 4 

').'; 8.7 

0.5 9.1 

l'l.3 G.O 

0.3 10.0 

0.3 10.1 

0.3 10.3 

o:. R.O 1.11 0.06 0.07 0.1a lPO. 221. 

BP. 7.5 3.58 o.c7 o.o6 a.13 196. zno. 

o(l. 7.6 1.33 0.06 0.01 0.13 200. 201. 

os. 1.1 2.e3 o.o6 o.o7 o.t3 zoo. 201. 

q~. A.o 1.11 o.o6 o.o7 o.ta 1~1. 221. 

~5. 8.1 1.09 0.06 0.07 0.10 181. 221. 

0.6 165 •• 008 .017 .01? .001 .001 .002 0.61 

1.1 112 •• no1 .~24 .101 .oot .oat .oat 1.11 

1.0 164 •• 001 .024 .001 .001 .001 .001 1.!4 

1.0 164 •• 001 .024 .001 .0111 .001 .0('!1 1.12 

0.6 165 •• 007 .1')17 .n12 .001 .nt')l .002 0.61 

o.t- 165 •• no1 .011 .012 .not .aot .002 0.60 

n t,. 8. 1 1 • o 1 o. o 6 o. o 7 o • 1 o 1 e 1 • 2 21 • o • r. 16 5 • • no 7 .o 11 • n 1 2 • n 0 1 • o o 1 • o o 2 n • 60 

97. B.1 1.02 n.o6 o.os o.to 1Bl. 221. 0.6 165 •• 001 .011 .012 .001 .not .002 o.6o 

• • • • • • • 

(""") 

\.0 

• 



• • • • • • • • • • 

T.ftAlE C9-WATF~ ;)~JftLITY SIMlJLATIQNS FCP UPPFQ. ~LA:KFOOT J.ifV[R CASI"''- 30 SEPTE"1f:ER,l976 24.n HOIJR 

SEG Tf~P TSS (OLTF ~OD D U ~ U P H CC2 P04P NH3N N01N ALKA TOS TBTY HARD CHrM ZINC CrPP VNOM COM ~PSC OP~~ 

1 

2 

3 

4 

5 
,., 

7 

8 

9 

10 

ll 

12 

1~ 

14 

15 

16 

17 

1R 

19 

20 

21 

22 

2'3 

C ~GIL MPN/00 ~G/L MG/L 0/0 ~G/l ~GIL MG/L MG/L MG/l MG/L ~G/L MG/l MG/L ~GIL MG/L MG/L ~G/l MG/l MG/L 

'· 1 
3.2 

3.4 

~. (: 

4.f\ 

4.4 

~-" 
7.3 

9.5 

o. 1 

Q.f\ 

1. 7 

3. 

5. 

6. 

6. 

5. 

1. 

1. 

1. 

?. 

?. 

3. 

6. 

B. 0 1. 

Q. 2 -';. 

9.4 8. 

8. 6 '1. 

9.~ r:;. 

~. 7 6. 

~. 2 7. 

R.fl 11. 

'l.1 ll. 

0.7 12. 

10.1} 14. 

1. 

. l. 

1. 

l. 

l. 

1. 

1 • 

1 • 

o. 

"'· 
n. 
o. 
o. 
l. 

1 • 

1. 

2. 

2. 

?. 

1 • 

1. 

l • 

1. 

fl.3 G. 7 

0.3 10. 1 

n.3 10.3 

0.3 lO.'t 

11.3 9.9 

0.3 10.3 

0.2 9.9 

0.2 9.7 

o. 4 a. 4 

"·2 8.5 

n.z 8.7 

0.2 9.4 

0.1 9.6 

'l.5 ~.6 

'l.3 9.~ 

0.3 9.4 

(').5 8.5 

').5 8.7 

0.5 9.1 

0.3 9.5 

1.3 9.6 

0.3 9.6 

().3 9.7 

7q. 7.f: 3.84 0.05 0.04 0.09 179. 191. 

83. 7.6 3.?5 o.o5 o.o5 n.o9 1eo. 193. 

PS. 7.7 3.06 0.05 0.05 0.~9 lflO. 193. 

8 t. 1 • 1 2 • 9 2 o. o 5 o. o s o. 09 1 eo. 1 93 • 

R 3. 7. 9 1 • 8 0 0. 0 6 0. 05 0. 09 172 • 191 • 

A7. 7.9 1.55 0.06 0.05 0.09 172. 191. 

PP. 8.1 1.00 o.o5 o.o5 o.oq 17f. 2ns. 

88. 8.3 0.70 0.05 0.04 0.09 180. 217. 

Pl. 8.7 0.23 0.04 0.02 0.10 187. 224. 

P 1. a. 1 o. 2 5 o. 0'• o • n 2 o • t o 18 FJ • 2 3 2 • 

?3. P..7 0.27 0.04 0.02 0.10 188. 236. 

87. g. 3 0. 57 0. 06 0. 04 0. 10 1 7 8 • 2 2 3 • 

89. 8.3 0.62 0.05 0.04 0.09 181. 22R. 

A?-. A.4 0.45 0.06 0.12 0.10 175. 207. 

87. e.a 1.12 o.o6 o.o1 o.1o uw. 220. 

8~. e.o 1.15 o.n6 o.o1 o.to teo. 221. 

Al. 7.6 3.62 0.01 0.06 0.13 196. 200. 

az. 7.6 3.44 o.o6 o.n6 o.13 200. 201. 

as. 1.1 2.8o o.o6 o.oa o. n .zoo. 201. 

91. 8.o 1.12 o.o6 o.o1 o.to tat. 221. 

92. s.1 1.05 o.o6 o.o7 n.to tst. 221. 

()3. s.1 o.98 o.o6 o.oa o.1o 181. 221. 

95. 8.1 o.93 o.o6 o.o8 ,.10 181. 221. 

O.R 169 •• 001 ~010 .001 .001 .')01 .001 0.811 

'J.Q 110 •• not .rno .l'lOl .001 .not .rot o.79 

o.q 110 •• 1101 .010 .001 .001 .t'n1 .n111 n.1a 

0.9 110 •• 001 .010 .nJt .oot .001 .ont o.78 

0.8 l6H •• 003 .o1n .004 .not .1101 .r·01 n.85 
o.s 168 •• oo3 .otn .oo5 .001 .not .cot o.B3 

o.6 111 •• 004 .015 .ooq .001 .101 .001 o.67 

0 • 4 1 7 3 • • (l 06 • 0 1 9 • 0 1 1 • f) 0 1 • 0 0, • 0 0 1 0 • 54 

0.3 174 •• 010 .021 .020 .001 .001 .001 0.17 

0.2 176 •• 010 .'l24 .020 .not .oot .001 o.l7 

0.1 177 •• 010 .025 .020 .001 .001 .COl 0.17 

o • ~ 174. • o o a • o 21 • o 1 5 • no 1 • o c 1 • o o 1 o. 51 

0.3 174 •• r.o8 .022 e\116 .001 .101 .'101 1).44 

1.0 140 •• ooa .nn5 .ocH .oot .001 .ooc:; 0.12 

0.6 1£-4. eCI08 .Olf• .012 .001 .001 .002 0.61 

o.6 165 •• ooa .011 .012 .n01 .nr.t .oo:? 0.61 

1.1 112 •• 001 .024 .nnt .orn .oot .not 1.34 

1.0 164 •• ~01 .024 .001 .001 .001 .001 1.14 

1.0 164 •• 001 .024 .001 .001 .001 .not 1.11 

0.6 165 •• 007 .01"' .012 .001 .01)1 .002 0.61 

O.f. 165 •• 007 .017 .012 .I'Ot .001 .r)02 0.60 

o.6 165 •• 001 .011 .012 .oot .oct .01"12 o.6o 

0.6 165 •• 007 .017 .012 .001 .OtH .002 0.59 

• 
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29-30 SEPTEMBER.1976 PLCST NCSDES 8 • • 13 • • 23 • • 
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FIGURE C3-TIHE PLOT Of PH, UPPER BLACKFOOT RIVER BASIN 
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FIGURE C4-TIHE PLOT OF C02CHG/LJ. UPPER BLACKFOOT RIVER BASIN 
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30 SEPTEMBEA.1976 rLIT"IftJIIS a. • 11. • n • • 
Observed value 1 

Node positions on this figure are not 
according to river mile locations (see 
Table 10). 
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fiGURE C5-LONGITUDINAL PLOT Of TEHPERATURE(C), UPPER BLACKfOOT RIVER BASIN 
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30 SEPTEMBER,1976 
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Node positions on this fiaure are not 
according to river mile locations (see 
Table 10). 

1 • • g • • • • • • . --
0 

1 4 6 8 NclOE 13 16 21 23 
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Observed value 1 

Node positions on this figure are not 
according to river mile locations (see 
Table 10) . 
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FIGURE C7-LONGITUDINAL PLOT OF OOCHG/L). UPPER BLACKFOOT RIVER BASIN 
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APPENDIX D 

Computer Output from Water Quality Model Simulation for Upper 
Blackfoot River System for May, 1976 Resulting in Model Verification 
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• 

• 

• 

• 

I. 
• 

• 

• 

• 

• 

Water Quality Study of Phosphate Mining Impacts, 
Upper Blackfoot River Basin, Souteastern Idaho 

General Data for Model 

Beginning day of simulation 148 
Ending day of simulation 152 
Computations per day 24 
Method of solution of partial multiple x-step, 

differential equations single t-step 
Weather tape number 11 
Days of simulations before 

printout begins 4 
Printout frequency (hour interval) 12 
Number of weather zones 1 
Printout option 2 
Segments 1 to 23 
Latitude 42.8° N 
Longitude 111.3° w 

D.2 



PER ron 

1-3 

4-6 

7-9 

10-12 

13-l'S 

16-18 

19-21 

22-24 

• • • 

TABLE 01- ~EATHER DATA FOR STUDY BASIN- MAY,l976 

DAY JF AT~DSPHERE CLOUD '-"
1 1 ~,!D DRY BULB OE\.J POI NT 

YEA~ PttESSURE COVEP SPEED TEMPER~TURE TEMPERATURE 

MB TENTHS M/SEC c c 

150 799.2 0.2 3.1 3.9 -2.2 

150 799.5 0.2 2.6 0.6 -3.3 

150 801.6 0.2 2.4 3.3 -2.2 

150 BD2.2 0.2 3.3 12.2 o.o 
150 801.9 0.2 4.3 17.2 o.o 
150 800.9 0.2 3.7 15.0 o.o 
150 79Cl.9 0.2 3.5 11.7 -0.'6 

150 799.5 0.2 3.4 5.6 -1.7 

• • • • • • • 

0 

w 

• 



• • • • • • • • 

ThBLFD2- OUTFLOW DATA OF UPPFR BLACKFOOT RIVER 
OASIN - 27-31 MAY,l976 

FPO~ ro OUTFLOW NAME 

CFS 

l 0 3.1 LOSS TO G\oJ 

2 0 5.1 LOSS TO GW 
'l 0 5.1 LOSS TO GW _. 

4 0 5.1 LOSS TO GW 
5 0 6.2 LOSS TO GW 
5 0 6.1 LOSS TO GW 
6 9 10.0 DIAMOND CR EAST BRANCH 
7 0 10.0 LOSS TO GW 
8 0 8.6 LOSS TO G W 

q 0 3.4 LOSS TO GW 
lf) 0 3.0 LOSS TO GW 
11. 0 1.6 LOSS TO GW 
12 0 4.5 LOSS TO GW 

• • 

0 

~ 

• 



• 

T4BLE 03- INITIAL WATER ~UALITY CONDITIONS FOR STUDY BASI~- 27 MAY,1976 

~J~E T~~p TSS COLIF BOD 00 AL~A PH 

C ~GIL ~PN/00 ~G/l MG/l MG/l 

C02 P04P ~H3~ N03N TOS TBTY 

MG/l ~GIL MG/l MG/l MG/l FTU 

HAPO CHRM 

MG/l MG/l 

ZINC CnPR VNDM CD~ ARSC ORGN 

MG/l ~G/L MG/L MG/l MG/l MG/l 

l 

2 

3 

It 

I§ 

6 

7 

~ 

9 

10 

11 

12 

13 

14 

1'5 

16 

17 

18 

lq 

20 

21 

22 

23 

• 

7.2 70. 

1. 2 70. 

7.2 71. 

1.? 11'}. 

7.2 70. 

7.2 70. 

8.9 140. 

R. q 140. 

8.9 140. 

~ .9 140. 

~. Q 14t). 

A.O 1'•"'· 
8.9 140. 

q.o 140. 

8.9 20. 

8.9 20. 

A .a '0. 
'3.9 ?f'l. 

SJ.9 20. 

q.o ?.D. 

q.q ?'1. 

R. o 2'1. 

8.'1 ?"'. 

• 

~. 

3. 

~. 

3. 

~. 

3. 

3. 

3. 

~. 

3. 

3. 

3. 

3. 

'3. 

4. 

4. 

4. 

4. 

4. 

4. 

4. 

4. 

4. 

n.7 9.~ 160. 7.5 3.77 o.o5 o.o7 0.10 zoo. 10.0 150 •• 003 

0.7 9.0 160. 7.5 3.77 0.05 0.07 0.10 zoo. 10.0 150 •• 003 

0.7 9.0 160. 7.5 3.77 0.05 0.07 0.10 zoo. 10.0 150 •• 003 

o.7 9.0 16n. 7.5 3.77 o.os 1.01 0.10 200. 10.0 150 •• oo3 

0.7 9.0 1~0. 7.5 3.77 0.05 0.07 0.10 200. 10.0 150 •• 003 

0.7 9.0 160. 7.5 3.77 o.os 0.07 0.10 200. 10.0 

1.0 9.0 165. s.o 1.18 0.03 0.10 0.1? 210. 15.0 

1.0 9.0 1b5. a.o 1.18 o.n3 o.to 0.12 210. t5.o 

1.0 9.0 lb~. a.o t.1A o.03 o.1o o.12 210. 15.0 

1.0 9.0 165. 8.0 1.18 0.03 0.10 0.12 210. 15.0 

1.0 ~.o 1e~. e.o 1.18 o.o3 o.to 0.12 210. 15.0 

1.0 9.o 165. e.o 1.1e o.o3 o.1o o.12 210. t5.o 

1.0 ~.o 16~. a.o 1.1s o.o3 o.1o o.1z 210. 15.o 

150. • 003 

160. .o 10 

160. • 01 0 

160 •• 010 

160 •• 010 

160 •• 010 

160 •• 010 

160 •• 010 

.001 .oo5 .on1 .ooo .oo3 o.o 

.no1 .oos .oot .o~o .~o3 o.o 

.~07 .005 .001 .ooo .003 o.o 

.oo1 .~o5 .001 .ono .103 o.o 

.001 .nos .ont .~0~ .,03 n.o 

.oo1 .oo5 .001 .noo .oo3 o.o 

.oos .010 .oo1 .001 .oct o.qo 

.OOS .010 .001 .001 .001 O.QO 

.nos .010 .oot .001 .001 o.9o 

.oos .oto .oot .oot .not o.90 

.oos .010 .oot .oot .oot o.9o 

.oo5 .')10 .001 .001 .oo1 o.9o 

.005 .010 ·"01 .001 .~01 0.90 

t.o .9.o 165. a.o 1.18 o.o3 0.10 0.12 210. 15.0 160 •• o1o .oo5 .010 .001 .not .001 o.9o 

2.0 9.0 165. s.o 1.18 0.06 0.07 0.11 230. 5.0 160 •• 005 .008 .005 .001 .001 .005 1.43 

2.0 ~.o 165. s.o 1.1e o.o& o.o1 0.11 230. 

~.o 9.0 1~5. a.o 1.1s o.o6 o.o7 0.11 230. 

z.o 9.') 1~~. e.o 1.1a o.o6 o.o7 o.11 210. 

2.0 9.0 165. 8.0 1.18 0.06 0.07 0.11 230. 

?.0 9.0 16'5. 8.0 1.18 0.06 0.07 0.11 230. 

2.0 a.o 165. e.o 1.18 0.06 0.07 0.11 230. 

?..0 ~.0 16~. 8.0 1.18 0.06 0.07 0.11 230. 

2.0 9.0 16~. 8.0 1.18 0.06 0.07 0.11 230. 

• • • 

5.0 160 •• 005 

5. 0 160. • 005 

5.0 160 •• 00'5 

5.0 160 •• 005 

5.0 160 •• 005 

-;.o 160 •• oo5 
s.o 160 •• 005 

5.0 160. • oos 

• • 

.ooa .~o-; .001 .not .oo5 1.43 

.oo~ .oo5 .oo1 .oot .oo5 1.43 

.ooa .:>o-; .oo1 .oo1 .oo5 1.43 

.oos .oo5 .oot .101 .~os 1.43 

.ooR .nos .not .oot .nos 1.43 

.onA .oos .not .001 .oo5 1.43 

• 0 0 8 • 0 05 • 0 0 1 • 0 0 1 • 0 0 s 1 • 4 3 

.ooa .oo5 .001 .oot .oos 1.43 

• • • 

a 
c.n 

• 



• • 

5E r, ~A'IF 

1 D lt. ..,~~1'1 r. Q 

1 sn=w~oT CR-
1 T! '1P,FP CD 
1 Ut-J">IA'If') 
~ UN"JA'-'FI1 
1 RFAR O~VOI\I 
~ IJIIJNII"t'"J 
4 1-ir"D ~JFT CJ:: 
4 I _Ill!~' A •.•e "I 
s c~vnTF r:~ 
Ci 1 J\J~A"lF"~ 1 
'i TfROA(!? (0 
r; CA~PAFLL Cl< 
'5 ll""l !\"' F r') 2 
6 YELLC'IJJ-\CI<H 
'> I.J'I\!A"1Fr) 
1 lJNNM~f'J 
IJ CA.~ t"' CR 
q UN~Id~FIJ 

~" 'J~~"i~Uf-D 
ll 1JN"JI\"1FD 
12 Kf'l'1Fll C R 
1' MOS Ctt I T'1 CR 
1?. 1JNNd 110 t:'1 
13 TJM~T4Y r:~ 
13 Glo/ GAfM 
14 LA•'F5 c~ 
14 IJN\11\'~ED 1 
14 IJ~J"II\"1~='1) 7. 
14 Ba\Cf"J~J C~ 
15 lo!JLL CR 
1 ') I}NN IH""'O 1 
115 UN"JfYFf) 2 
15 t;w Gttr'-~ 
1 6 I J~l ~l A" ~ D 
16 GW GAI•l 
11 ANr.•rc; c~ 
1 "7 W·'"lh"l:l1 1 
II! Uf..l"Jfllollf=:l) 1 
lq IJf-!'lA'-'F[) 7 
J g IJN"'A•1Ff) 3 
19 I.IH~!!\'-11=""1 1 
2'l IJN"-1.\"'':D 
21) t;lol ';A IN 
7.1 II'I~JA'-'E') 
21 GW Gt.t~ 
2 2 IIN'l r\"1H' 
23 IJN~Jr\MFf) 

• • • • • • • • 

TABLE 04- JNFlJ"" QJAL(TY f'AH OF UPPER BLACI<F(1QT PIVER BASI~ - 27-31 ~AY,l976 

INFLO\ol TE'IP TSS ULIF BQD or flli(A PH TfC Pr4P NH3N ~03N TOS TBTY HARD CHP)1 Zf~C COPR VnDM CO'A AP<;( QOI':"J 
r:Fs : ~1:; It "P~'IOO ~G/U'Gil 14~/L MG/L MG/L ~G/L ~G/l IIIG/L fTIJ 1-ll;ll ~G/l M~ll MG/L MG/l ~G/l '-'C/L ~'G/l 

4q.6 13.1 109. 2. 0.5 9.0 129. 7.0 4n.4 o.o9 0.10 0.20 2~1. 2n.5 130. .1)01 .'1?1 .'V')2 .!"'ot • not .001 1. '•2 9.13 6.9 72. ? • C>.5 9.0 163. 1., 51.4 0.05 ry.1~ 1.15 2:>!i. 13.5 157. .oo l .011 .103 .ant • orn .001 1. 13 lq.4 6.9 72. 2 • 0.5 9.5 163. 7.0 51.4 0.05 0.10 0.1'5 205. 13.5 157. • 001 • 011 • 1)03 • 001 .001 .0"1 1.13 '·" 7.8 lJO. 3. 0.5 9.5 1~3. 7.0 51.4 0.03 0.11) 0.15 220. 15.0 165. • 0 0 1 • 0 ll • r) 0 3 • OCll • 001 .0n 1 1. n 3.') 7.P 100. 3. 0.8 9.5 163. 7.:> 51.4 0.03 0.10 0.15 220. 15.0 1F>5. • 001 .1')11 .on3 .•'1')1 .001 . o~n 1. 13 c;.1 7.2 72. 3. 0.8 9.5 163. 7.0 51.4 0.05 0.10 0.1~ 205. P.5 157. • 001 .011 • ') 03 • no 1 • 0 f'l .01)1 1. D '·I) 7.A 100. 3. 0.8 Q.5 163. 1.0 st.~ o.o~ o.to J.t5 220. 15.0 165. .001 • <11 1 • o rn • oo 1 • 001 .01)1 1. 1 ~ 11., 6.::.1 72. 3. 0.8 9.S 163. 7.1') 51.4 0.05 0.10 0.15 205. 13.5 157. .001 .nu .1103 .not • 001 .nn1 1.\3 
'1.~ ~. 1 100. 3. ~.8 9.5 163. 1.0 51.~ o.o3 0.1~ o.1s 22n. 15.0 165. .ora .o 11 .003 .on1 .01)1 .001 l. l, 
7.3 6.~ 12. 3. 0.8 9.5 163. 7.0 51.ft 0.05 0.10 O.lS 2J5. 13.5 157. .0'11 .o ll .1')03 .001 • 001 .001 1. 13 
o.~ 7. 5 35. 3. 0.8 9.5 136. 8.0 31.6 0.04 0.()7 0.10 2C5. 13.5 157. .f)')l .005 .()lf) .001 • () 1"11 • .. 1"1 1.1~ 1 • c; 6.9 2c:. 3. 0.8 9.5 136. B.o 33.6 o.o~ o.o1 0.10 205. P.5 157. • 001 • 0 05 • 0 1 0 • 1)0 1 • 0 01 .011 1.16 

?('I."' 6.1 1 c:;. 3. 0. B f?. 5 1 59. 7.7 40.5 0.03 0.05 0.08 205. 1.9 160 • • 002 .oor:; .010 .o .o .n 1.75 
1.5 6.9 20. 3. 0.8 9.5 13~. 1.1 34.6 ~.04 o.ns o.os 2n5. 1.9 160 • • 002 .005 .110 .o .o .n 1. 7'5 
~.1) 6.9 zr;. 2. 0.810.5 136. a.o 33.6 o.o4 o.o1 0.10 205. 13.5 157. .oot .oos .n1o .on1 • rt 01 .001 l. 16 
fl.2 7.9 30. 4. 1.o 10.5 136. 8.0 33.~ 0.04 0.07 0.10 220. 15.0 165. .001 .nos .010 .001 .o 01 .nrn 1.lf> 3.1 7.2 35. 4. 1.0 9.n 159. 1.1 4n.5 o.n3 0.04 o.oR 2os. 1.9 160 • • 002 .')0"\ .010 .o .o .o 1. 71' l • c; 6.9 12. 2. 0.5 9.5 191. 8.3 46.3 0.02 0.20 0.32 205. 13.5 157. .orn .005 .010 .001 .001 .001 1.03 1).4 7. 5 50. 3. o.s 9.5 191. 8.3 46.3 0.02 0.20 0.32 20~. 13.~ 1~7. • on1 .005 .fl1fl .001 • 0 01 ·~"~"I 1. rq 
"·~ 7.5 50. '· 0.8 9."i 191. 8.3 46.3 0.02 0.?0 0.32 205. 11.5 15 7. .001 .1)1"15 .010 .001 .001 .nn 1 1. '13 1'}.2 7.P: 71. 4. 1.0 9.7 179. 8.3 43.4 0.02 0.03 0.06 210. 14. 5 l 7 o • • oot .')05 .:no .001 • 0 01 .01)1 1. ?n 11').') 6. l 13. 2. o.51~.5 159. 1.1 40.5 o.o3 n.o4 o.on 205. 1.9 160 •• 1')()2 • 01")5 .010 .1) .o .o 1. 1f 
0.5 7.5 15. 2. o.s1o.~ 111. a.o 42.2 o.o2 o.o1 0.12 190. 1.7 163. .onz .005 .010 .o .o .o 1. l3 
1). 1 9.4 30. 4. l.O o.') 135. 8.3 32.7 0.02 0.03 0.06 210. 14.5 170. .or.t .11"15 .010 .'101 • not .orn 1.~"l F>.? 13.3 3:?. 4. 1.0 9.0 135. 8.3 32.7 0.02 0.10 0.1~ 170. 10.0 120 • • not .one; .tHO .001 .o 01 .onJ 0.55 3 s. 0 6.7 o. c. 0.210.0 112. 7.8 43.3 o.o3 o.o~ 0.11 196. 0.3 1~1) • • 001 .005 .010.001 • 001 .1")1)1 0.15 

160.& 12.~ 25. 26. 2.0 8.0 136. 8.0 33.4 0.04 0.10 0.\6 188. 11.0 lB. .nos • !12 0 • 00~ • C\01 .1)01 .011 O.A? 
1. 6 8.3 30. 2. 0.5 9.5 164. 7.2 4~.9 0.17 0.09 0.13 190. 1.7 163. .!101 .015 .Ctl')4 .001 .nnt .on1 1. 12 1. 4 9.3 3!"'1. 2. 0.5 9.5 164. 7.2 46.9 0.17 0.08 0.13 190. 1.7 163. • 001 .015 .1)04 .001 • Ol')l .ont 1.17 
9.2 8.9 35. 4. l.O 9.0 135. a.~ 32.7 o.o2 0.11 1.16 110. 10.0 121'J • • 1101 .on'5 .•Ho .1')01 .oot .orn 0.55 e:;.1 7.5 17. 2. 0.510.5 164. 1.2 46.9 0.17 O.OA 0.13 190. 1.7 163. • 001 .115 .004 .001 .0':11 .'>01 1.12 

lt .4 9.4 1~. 1. 0.210.0 164. 7.2 46.7 0.17 O.OA n.13 190. 1.7 16"3. .nnt .01" .'104 .ont • nnt .01')1 1. I 2 0.7 9. 4 30. 2. 0.5 ().5 l6'h 1.2 46.7 n.11 n.oa o.13 1()0. 1.1 16:3. .1')()1 .(11'5 .004 .~)01 .001 .nnt 1.12 13. () 6.7 o. o. 0.210.0 172. 7.A 43.3 0.03 0.08 0.11 196. o. 3 19•). • 001 • a o5 • IJ 1 o .,o 1 • 0 '11 .001 0.!5 
~.:! 1(}.() 17'. 3. J.sto.o 164. 1.2 46.6 n.11 o.o~ o.13 190. 1.7 163. .cot .o15 .no~ .001 .oo1 • (11) 1 1. 12 n.o 6.7 o. o. 0.210.0 172. 1.a 43.3 o.o3 o.oR 0.11 1116. 0.3 180. .not .005 .'110 .001 • 0 0) .001 0.15 
6.~ 11. ~ 19. 5. t.o 9.0 139. 6.8 4A.1 0.10 o.oa 0.13 190. 6. 0 1"38 • • no 1 .01.9 .10? .ern .nrn .01"11 1.r'l4 
").9 11.9 19. 5. 1.0 9.0 139. 6.8 48.1 0.10 o.os 0.13 190. ~.o 139. .001 .019 .J02 .001 .o 01 .not 1.~4 
5.5 5.:> 38. 4. 1.0 9.0 139. 7.0 44.3 0.10 O.OA 0.16 188. 11.0 133. .O'H .015 .')05 .001 .ont .0~'1 n.~9 4.1) 5.0 38. 4. 1.0 9.0 139. 7.~ ~4.3 0.10 0.08 0.16 1R8. ll.l) 13~ • • 001 .015 .0'15 .CI')l • 01)1 .orq 1).5o 
3.!» 8.4 29. 4. t.o 9.0 139. 7.0 43.4 0.10 ~-0~ 0.14 189. ~.5 135. .on1 .on .:J03 .101 .oo1 .0"1 O.A? 
2.3 5.::> 38. 4. 1.0 9.0 139. 7.0 4~.3 0.10 0.08 o.t6 188. 11.0 1'33. • ')01 .015 .oo5 .ont .on1 • on 1 o. 5Q 
?.c; 10.3 20. 4. 0.810.5 190. 7.0 58.8 0.1c; n.12 0.?4 2?0. 10.') 160. • l) 11 ·"'25 .:)01 .•)01 • on1 .0("11 1. l6 ... 9 6.7 o. o. 0.210.0 17?. 7.8 43.3 o.o3 o.oa 0.11 1q6. 0.3 lAO. .001 • oo 5 • :Jl n • "lfl 1 • n n1 .001 n.1" 
3. ~ 10.3 20. 5. 1.0 9.0 190. 1.0 58.8 0.15 n.12 0.24 220. 10.0 160 •• oot .025 .1')03 .r')Ol • 001 .n.,1 1. 16 '5.() 6. 7 o. o. o.21o.o 112. 7.8 43.3 o.o3 o.o~ o.t1 196. t8:6 fgg: :88l :8~~ :8bj :881 • 001 .O"t ~"~.15 3.Q tn.3 20. 5. 1.0 9.0 190. 7.0 58.8 0.15 0.12 0.24 220. .001 .not 1.1t. 
'5.~ 10.3 20. 3. 0.8 9.5 190. 7.0 58.8 0.15 0.12 0.24 220. 10.0 160. .('01 .025 .1)03 .001 .001 .oot 1.1f> 

c 
~ 

• 



TARLE 05- FLOW CALCULATIONS FOR UPPER BLACKFOOT RIVER BASIN- 27-31 MAY,1976 

SEG OPPF.P. lJ P.Pf R SEG-A I'JFLOW OUTFLOW FLOW FROM FLOW FROM TOT INFLOW 
SEG-1 SEG-2 REC.FlDW SEG-A SEG-1 SEG-2 INTO SEG 

CFS CFS CFS CFS CFS 

1 0 0 0 o.o 3.1 o.o o.o 78.8 
2 1 0 0 o.o 5.1 75.7 o.o 3.0 
l 2 0 0 o.o 5.1 73.6 :J.O 1.0 
4 3 D 0 o.o 5.1 75.5 o.o 11.2 
'5 4 0 0 o.o 6.2 81.6 o.o 30.2 
~ 5 0 9 1~.0 16.1 105.6 o.o 3.2 
7 6 0 0 o.o 10.0 C)2.7 o.o 3.0 
8 1 0 0 o.o 8.6 85.7 n.o o.o 
C} I) 0 0 o.o 3.4 o.o o.o 11.9 

10 9 0 0 o.o 3.0 8.5 o.o 0.3 
ll tn 0 0 o.o 1.6 5.8 o.o 0.2 
1? 8 11 0 o.o 4.5 77. 1 4.4 10.6 
13 12 0 0 o.o o.o 87.6 o.o 41.2 
14 0 0 0 o.o o.n o.o o.o 172.8 
15 13 14 0 o.o o.o 128.8 172.8 30.2 
16 15 0 0 o.o o.:> 331.8 o.o 16.2 
17 0 0 0 o.o o.o o.o 0.0 7.5 
1~ 17 0 0 o.o o.o 7.5 o.o 13.1 
lt1 18 0 0 o.o o.o 20.6 o.n 2.3 
?" 16 1<:) 0 :>.o o.o 34A.O 22.9 E'.4 
21 20 0 0 o.o o.o 379.3 o.o 9.0 
~2 21 0 0 o.o o.o 388.3 o.n 3.9 
23 22 0 0 o.o o.o 3c2.2 o.o 5.3 

• • • • • • • • • 

FlOW 
THROUGH 

CFS 

75.7 
73.6 
75.c; 
81.6 

105.6 
92.7 
85.7 
77.1 

A.5 
5.8 
4.4 

fl7.6 
128.8 
17 2. ~ 
331.8 
348.0 

7.5 
20.6 
22.9 

37Cl.3 
388. ~ 
3°2.? 
397.5 

• 

0 

""""-~ 

• 



• • 

SEG 

2 

3 

4 

I) 

6 

1 

8 

q 

1!) 

11 

1 ~ 

13 

14 

15 

1 "' 
17 

18 

19 

2') 

21 

?2 

23 

• • • • • • • 

TAI3LE 06- '-f'fDRA!JLJC CCrOITICNS OF IJPPER BLACKFOOT PIVER BASIN- 27-31 ~AV,l976 

HlFLO\ol 

CFS 

78.~ 

. 3. f) 

7.1 

11.2 

30.2 

3.2 

3.0 

0.0 

11.9 

0.3 

0.'2 

l 0.6 

41.7 

17?. B 

3 o. 2 

16.2 

7.5 

13.1 

2.3 

8. '• 

9.1) 

:3.9 

5.l 

OUTF L CW FLCl>' 
THPCUGH 

CFS CFS 

3.1 

5.1 

5. 1 

5.1 

6.2 

16.1 

10.0 

8.6 

3.4 

3.0 

1.6 

4.5 

o.o 
o.o 
o.o 
o.o 
o.o 
o. 0 

o.o 
o.o 
o.o 
o.o 
0.1') 

75.7 

73.t 

75.r::; 

81.6 

105.t 

92.7 

85.1 

77.1 

8.5 

5.~ 

4.4 

87.f 

12R.P 

172. 8 

331.8 

34P.C 

7.5 

20.6 

?2.9 

379. ;a. 

38f. 3 

392.2 

3q7.5 

VELCCITV 

FPS 

2.63 

2.62 

2.A3 

2.68 

2.R3 

2.75 

3.19 

3.05 

1.22 

1.05 

0.93 

3.22 

3.77 

4.26 

4.11 

4.17 

1.32 

1.76 

l.A4 

4.28 

4.31 

4.32 

4.34 

LENGTH 

FT 

6.917E ')3 

7. 339f 03 

6.230E 03 

4.699F. 03 

5. 174E 03 

7.J75E 03 

7.498E 03 

7.49~E 03 

4.330E 03 

5.491E 03 

5.914f 03 

5.650E 03 

1.315[ 04 

8.448E 03 

7.128F 03 

6.494E 03 

6.072E 03 

7.392E 03 

1. 0 14E 04 

7.445[ 03 

8. 395E 03 

6 .600E 03 

6.864E 03 

DEPTH WIDTH 

FT FT 

2.3 

2.3 

?..3 

2.~ 

2.8 

2.6 

o.a 
0.8 

o.a 
o.a 
o.a 
0.8 

o.q 
0.9 

?..1 

2. 1 

0.8 

0.9 

o.q 
2.2 

2. 2 

2.2 

2.2 

13.7 

13.6 

13.7 

13.9 

14.9 

14.4 

31.9 

30.4 

6.9 

5.5 

4.7 

32.3 

38.5 

44.1 

38.2 

3R.9 

5.7 

12.9 

13.5 

40.? 

40.6 

40.7 

41.0 

SAR EA VOLUME 

SQ FT CU FT 

q.454E 04 2.173E 05 

9.q61F 04 2.254E 05 

8.511E 04 l.053E 05 

6.545[ 04 1.568E 05 

7.687E 04 2.123E 05 

1.017E 05 2.615E 05 

2.395E 05 2.006E 05. 

2.281E 05 l.Ae6E 05 

2.9<}1E 04 2.393E 04 

3.032F 04 2.426F 04 

2.777E 04 2.222E 04 

1.823~ 05 t.531E 05 

5.063E 05 4.466E 05 

1.723[ 05 3.40qE 05 

2.721E 05 5.757E 05 

2.525E 05 5.4?.4E 05 

3.456E 04 2.764E 04 

9.544f 04 8.533E 04 

1.364F 05 1.260E 05 

2.994E 0~ 6.604E 05 

1.407E 05 7.570E 05 

2.689E 05 5.993E 05 

2.811E 05 6.291E 05 

REMJ2 RETE~'HION 
Tt'-'E 

1/0AY H~S 

2.900 

2.942 

2.904 

2.7<}0 

2.442 

2.612 

13.436 

13.0Cl2 

5. 48 8 

4.685 

4. 178 

13.508 

14. 84 7 

15.<}56 

5.047 

5.021 

5. 90 r; 

6.896 

6.615 

4.(H2 

4.95<} 

4.<}54 

4.946 

O.RO 

o.B5 

"'1.12 

0.53 

0.56 

1).78 

O.fl5 

0.68 

0.78 

1.16 

1.40 

0.49 

0.96 

O.'ll) 

0.48 

0.43 

1.07 

1.15 

1.53 

0.48 

0.'54 

0.42 

0.44 

• 

0 

co 

• 
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SEG 

1 

?. 

3 

4 

'5 

~ 

7 

B 

9 

10 

11 

12 

13 

14 

1'5 

1& 

17 

lR 

19 

20 

ll 

22 

23 

TA~LE 07-WATER Q 1J~LITY SIMlllATIONS FlJR UPPER BLACKFOOT RIVER BASJ"4 - 31 MAY, 1976 12.0 HOUR 

TE~P TSS COliF BOD D 0 D 0 P H C02 PP4P NH3"4 ~03~ ALKA TOS TBTY HARD CHRM ZINC COPR VNOM CD~ APSC OPGM 

0/0 MG/l MG/l HG/l ~G/l ~C/l ~GIL HG/l MG/L HG/l MG/l MG/l MG/l MG/l MG/L HG/l C ~G/l ~PN/00 ~GIL MG/l 

1!.4 94. 

8.9 93. 

9.0 01. 

R.7 BR. 

~.1 7?.. 

'l.l 7(). 

9. 1 6 9. 

9.9 68. 

C).! 61. 

1 o. 2 57. 

11.2 54. 

9. 8 6 2. 

10.1 44. 

2. 

2. 

2. 

2. 

'· 
2. 

2. 

2. 

2. 

2. 

2. 

2. 

2. 

13.6 28. 24. 

11.6 34. 13. 

ll.l 33. 17.. 

14.1) 19. 5. 

111.9 29. 4. 

11.8 29. 4. 

1().7 3l. 11. 

lr".3 34. tl. 

tn.t 35. 11. 

10.0 3-;. 10. 

• • 

0.5 9.3 

0.5 9. 5 

0.5 9.7 

0.6 9.8 

o.~ 9.B 

R7. 7.0 9.44 0.07 0.11 0.18 142. 206. 17.9 140 •• 001 .017 .002 .001 .001 .001 1.30 

90. 7.1 B.t-~ 0.01 0.11 0.18 142. 207. 17.8 141 •• 001 .()17 .002 .001 .001 .OOt 1.29 

92. 1.1 s.1e o.o7 0.12 o.t8 144. 201. 17.5 143 •• 001 .<H7 .ooz .oot .oot .001 1.21 

92. 1.1 7.~6 o.o1 0.12 0.11 147. 201. 11.0 145 •• oot .Olf, .ool .oot .not .not t.24 

91. 1.2 6.59 o.o~ o.11 o.t5 150. 206. t3.a 148 •• oo1 .01l .oo4 .oot .oct .oot 1.33 

o.6 10.0 o3. 1.2 5.99 o.o6 0.12 o.t5 149. 206. 13.A 149 •• 001 .013 .oo4 .orn .oct .oot t.:n 

n.6 10.2 97. 1.c. 4.25 o.o6 o.12 o.1s 149. zo6. 13.4 149 •• oo1 .013 .11o4 .oo1 .on .oo1 1.32 

o.~ 10.3 101. 7.5 3.te o.o6 o.13 o.14 149. 206. 13.4 149 •• oot .n13 .oo4 .oot .001 .oo1 1.:n 

0.6 10.0 C)f. 7.4 4.47 0.05 0.14 0.18 156. 206. 13.7 150 •• 001 .012 .005 .001 .001 .001 1.26 

o.6 10.1 100. 7.5 3.75 o.o5 o.14 o.1e 157. 206. 13.7 150 •• 001 .012 .oo5 .oo1 .on .oo1 1.25 

n.6 10.3 103. 7.5 3.26 o.o5 o.15 0.11 158. 206. 13.8 151 •• 001 .011 .oo6 .001 .oct .not t.?3 

0.6 10.5 102. 7.6 2.38 0.05 0.12 0.14 151. 206. 12.1 150 •• 001 .012 .005 .001 .001 .001 1.35 

~.5 10.4 102. 7.8 t.f6 n.o5 o.12 o.t3 156. 202. 8.8 157 •• 001 .otn .oo1 .nn1 .oo1 .001 o.os 
1.9 8.7 

1.2 9.6 

1.2 9.8 

1.0 9.1 

t.o 9.4 

1.0 9.7 

1.1 9.9 

1.1 10.0 

t.l 10.1 

1.1 10.2 

f)?. e.o o.s4 o.o4 o.1o o.t6 136. 187. 1o.a 133 •• oo8 .OlC) .one .001 .oot .oo1 o.62 

QB. 1.e t.4o o.o5 0.11 o.t4 147. t<n. 9.1 146 •• 004 .015 .001 .001 .oct .ont o.76 

9e. 7.8 1.3s o.o5 0.11 o.t4 148. 193. 8.7 147 •• oo4 .014 .001 .not .001 .not o.74 

9P. 6.911.12 o.to o.09 o.13 13~. 190. 6.0 t3e •• oo1 .019 .oo2 .001 .001 .oot 1.o3 

Q4. 1.1 e.1n o.to o.o9 n.1-; 13q. 189. 8.7 135~ .001 .011 .oo4 .001 .!'l01 .oot o.1a 

9". 1.2 6.34 0.10 o.o9 o.ts t39. taq. 9.0 135 •• oo1 .111 .oo4 .001 .not .001 o.76 

q('. 7.B 1.65 o.o5 o.tt 0.14 l4A. 193. 8.6 147 •• 004· .014 .001 .1)01 .not .not o.73 

99. 1.a 1.58 n.o5 0.12 n.14 149. 194. 

9~. 7.8 1.59 0.05 0.12 0.14 149. 194. 

99. 7.£ 1.59 0.06 0.12 0.14 150. 194. 

• • • 

8.5 14fl •• 004 .014 .007 .001 .001 .001 o. 72 

8.5 148 •• 004 .Ot4 .007 .oat .001 .O'H 0.72 

8.5 148 •• 004 .015 .007 .001 .001 .001 0.72 

• • • • 

0 . 
\.0 

• 



• 

(\EG 

2 

3 

4 

5 

6 

1 

8 

9 

10 

l 1 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

?.3 

• • • • • • • • • 

TA!3LE 08 -WI\TER Q'JALITY SIMULATIONS =oR UPPER BLACKFOOT RIVER BASIN- 31 MAY,l976 24.1 HOlt~ 

TE~P TS~ COLIF BOO 0 U D 0 P H CO~ P04fl ":H3N Nf13N ALKA TOS TBTY HARD CHPM ZINC ~OPR VNIV-t COM ARSC ORG~ 

c Mr,/L MP~/00 MG/l MG/L 0/0 MG/l MG/l ~G/L MG/L ~G/L MG/l MG/l MG/l MG/l MG/L MG/L MG/L MG/L ~GIL MG/L 

1. C) q 4. 

7.4 Q~. 

1.~ 91. 

7.4 8~. 

7.~ 72. 

7.'5 70. 

7. 4 6 Q. 

7.r:, (-8. 

7.1 61. 

7.? "7. 

7.2 '>4. 

7.4 62. 

7.2 ~4. 

?. 

2. 

2. 

2. 

2. 

?. 

2. 

2. 

2. 

2. 

2. 

2. 

2. 

11.o 213. 74. 

Q.P. 34. 13. 

9.9 33. 12. 

10.8 19. c;. 

7.2 29. 4. 

f-..8 29. 

10.0 33. 

U).3 34. 

}r).8 ?\'5. 

11.2 35. 

4. 

11 • 

1 1. 

10. 

1 o. 

o. 5 9. 3 

0.5 9.5 

0.5 9.7 

O.b 9.E 

O.f 9.8 

0.6 9.9 

0.6 10.2 

0.& 10.4 

0.6 10.0 

0.6 1n.1 

0.6 10.2 

0.& 10.5 

0.5 10.5 

l. 9 8. 8 

1.2 9.6 

1.1 9.7 

1.::> 9.3 

1.0 9.6 

1. 0 

1 .1 

1 • 1 

1 .1 

1.1 

9.Q 

9.7 

9.7 

9.7 

9.7 

Pt. 7.0 9.44 0.07 0.11 0.1A 142. 206. 17.9 140 •• 001 .017 .002 .f'lOl .orn .001 1.30 

87. 7.1 8.65 0.07 0.11 0.18 142. 207. 17.8 141. .001 .017 .002 .001 .001 .'J01 1.29 

88. 7.1 8.18 0.01 0.12 0.18 144. 207. 17.5 143 •• rH"l .017 .nnz .001 .001 .001 1.27 

B9. 7.1 R.11 0.07 0.12 0.17 147. 207. 17.0 145 •• 001 .016 .001 .001 .001 .001 1.24 

8<?. 7.2 6.5P 0.06 0.11 0.1'5 150. 206. 13.8 148 •• 001 .013 .004 .001 .001 .OC'l 1.32 

91. "7.3 5.97 o.o6 0.12 o.15 149. 206. 13.8 149 •• 001 .013 .on4 .001 .1')01 .not 1.31 

03. 7.4 4.24 0.06 0.12 0.15 149. 206. 13.4 149 •• 001 .013 .nn4 .001 .001 .001 1.32 

95. 7.5 3.14 o.o6 0.13 0.14 149. 206. 13.4 149 •• not .013 .004 .001 .001 .001 1.31 

91. 7.4 4.42 0.05 0.14 0.18 156. 206. 13.7 150 •• not .n12 .oos .o,t .nrn .not 1.26 

c2. 7.5 3.70 0.05 0.15 0.1A 157. 206. 13.7 150 •• 001 .012 .005 .001 .001 .001 1.24 

Q3. 7.6 3.16 c.os c.15 ~.17 158. 206. 13.8 151 •• 001 .011 .006 .not .nc1 .ont 1.23 

96. 1.12.35 o.os o.13 o.l4 151. 206.12.1 150 •• 001 .012 .ooc; .001 .001.001 1.3c; 

9f.. 7.8 1.64 o.o5 0.12 0.13 156. 202. 8.8 157 •• 001 .010 .on7 .001 .001 .. 001 0.9~ 

9(1. 8.0 0.85 0.04 0.10 0.16 136. 187. lO.A 133 •• r.OR .')1Q .008 .001 .001 .001 0.62 

04. 7.9 1.39 0.05 0.11 0.14 147. 193. 9.1 146 •• 004 .015 .007 .001 .001 .001 0.76 

94. 7.9 1.34 0.05 0.11 0.14 148. 193. 8.7 147 •• 0.04 .014 .007 .001 .001 .001 0.74 

9?. 6.911.55 0.10 0.09 0.13 139. 1on. 6.0 BB •• 001 .019 .onz .001 .001 .on1 l.n3 

87. 7.1 8.51 0.10 0.09 0.15 139. 18Q. 8.7 135 •• 001 .017 .004 .001 .001 .001 0.78 

pc. 7.2 6.'59 0.10 0.09 0.15 139. 18Q. 

95. 7.8 1.57 0.05 0.11 0.14 148. 193. 

Of. 7.8 1.47 0.05 0.12 0.14 149. 194. 
0 6. 7.8 1.44 0.05 0.12 0.14 149. 194. 

97. 7.8 1.44 0.06 0.12 0.14 150. 194. 

9.0 135 •• 001 .017 .004 .001 .001 .001 o.u. 

8.6 147 •• N'4 .014 .oo7 .001 .[)01 .not n.7~ 

8.5148 •• 004 .014.001 .orn .001 .001 0.12 

e.5 148 •• oo4 .014 .001 .001 .001 .001 n.12 

8.5 148 •• 004 .015 .007 .001 .001 .001 o. 72 

• 

0 

0 
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FIGURE 03-TIHE PLOT OF PH, UPPER BLACKFOOT RIVER BASIN 
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FIGURE 04-TIME PL~T ~F C~2(MG/Ll, UPPER BLACKF~OT RIVER BASIN 
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Observed value a 
Node positions on this figure are not 
according to river mile locations (see 
Table 10). 
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FIGURE 05-LONGITUOINAL PLOT OF TEMPERATURECCl, UPPER BLACKFO~T RIVER BASIN 
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fiGURE 06 -LONGITUDINAL PLOT OF TSSCHG/Ll. UPPER BLACKFOOT RIVER BASIN 
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Node positions on this figure are not 
according to river mile locations 

(see Table 10). 
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APPENDIX E 

Three Hourly Longitudinal Plots of Water Quality Simulations 
with Arbitrary Waste Inflows and Actual Inflows Combined for 
27 and 28 May, 1976, Upper Blackfoot River Basin . 
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