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classical optimization method, the technique of Lagrange multipliers,
The general maximization case of this technique, utilizing inequality
constraints, treats problems of the form7

1) max Z = £ (x), satisfying
g; (x) & b, T T et
2) 8, (x) » by I g O S
By (%) == by =V LY e ey T
where X 18 an n-component vector., Adding slack and surplus variables,

the original constraints are equivalent to

Bi (x) + Xag = bi 2l L S
3) &y (x) - Xgy = by I 2w U o 5 o VU,
g, () o R e L

The corresponding Lagrangian function is

0
4) R xssk)“_‘f(x)"'f;‘l li [};i-xsi-gi (X):]'+'
m

v
2 Xyfby + xgq - gy ("_)] i [bi - gy (0)] .

i=u+l
In order for f (x) to take on &8 maximum at X, the following necessary

conditions must hold:

m

5)_33%3?:331%.:)_ -}I';l)\ia_aaié’:_ﬂ_ = 0 g
3§51= Ai=0 i = u+l, AT
%—%= P T Bl T B RBISEE 5 g
%%E; = bi + Xgqy - By (x) =0 i=u+l, . . ., v
é;;ﬁ_= by - g4 (x) =0 Lom Uil o u0sl NS

?Equations (1) through (5) are taken from the excellent discussion
of constrained optimization in (41, pp. 69-71).
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The aforementioned single-year approach notwithstanding, multi-
year applications can be made with relative ease. This could be done
either by solving the model once for each year in the interval considered,
or by solving the model for the first and last years of the interval,

In either case, changing conditions would be denoted by corresponding
changes in the model's coefficients and parameters between solutions.

The form of the model is as follows:

maximize Z = c'XP

subject to - 7
P
A o Sk
xr
. p—
xP ¢ Xp
x8 & X8
Xt » Xr

[XP, X s X?J # 0.
The variables have the following dimensions:
1) ¢ is a p-vector;
2) XP is a p-vector; X8 is an s-vector; X' is an r-vector;
P+ 8 +T =n;

3) A is an m X n matrix;

4) b 1is an m-vector,

The primal form of the model is composed of four components: a
set of activity variables, [XP, X Kﬁ]; a matrix A of technical
coefficients; a set of constraint parameters, [b, XP. X& ff?; and
an objective function, c'XP, The dual form, which generates the shadow
price of each primal input, is determined once the primal is defined.
The structure of each of the model's components 1s dictated in part by
the type of information the model is intended to provide. The model is

constructed to find the optimum level of water using activities

in an area. No attempt is made to specify the optimum combination of
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subclasses used i8 determined by the amount of detailed information
desired from the model. A shadow price is generated for each resource
subclass delineated, but more detailed input data are required as the
number of subclasses increases,

Consistent with this relation between input data and output
information, the water and land resources in the model are differentiated,
while the labor resource is considered homogeneous. This is done for
the water resource because information is desired concerning the

differential value in use of various water supplies. Land is subclassified

because there is evidence® that some agricultural activities have a

(footnote continued from previous page)

n
844 X b, express the area water use constraints;
j=1
n
du+l j xj Pu+1
J=1
n
a . X
u+2j 43 b
j=1 ] u+2
n
am=-1j Xj bp-1 €Xpress the area land use constraints; and
j=1
n
o 83 Xy b, express the area labor force constraint.

1n Arizona, where water is generally scarce, Young and Martin
( 122) showed personal income generated per acre foot of water used to be

approximately 1000 times higher in manufacturing than in the highest-
valued crop use,
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succeeding time periods by this secured amount. The model also shows
which activity will have the greatest direct increase in output and
employment from the use of additional water.

Investigation of the effect of permit security could take the form
of a constraint representing, in successive iterations of the model, the
amount of water secured from reallocation by permits in force. Under
each different assumed permit duration, the model could be reiterated
yearly for a specified time period, and the present value of each year's
production computed. These present values could then be summed over
the time period for which the model was run, and compared with the

present values associated with each assumed permit duration.
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Figure 2. Spatial Arrangement of Activities in Application I
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Table la. Seasonal resource requirements per unit of output in agricultural activities, appli-

cation I
Period 1
X1 X9 X3 X4 X5
Resource Cattle Corn Corn Soybeans Soybeans
feed lot I II I IT
(per head) (per 100 bu.) (per 100 bu.) (per 100 bu.) (per 100 bu.)
Land I (acres) 0.0042 0.0P 2 0.0 -
Land II (acres) - - 0.0P - 0.0P
Labor (workers) 0.60° 0.18° 0.18€ 0.25% 0.29€
Water (gallons) N
d e e e e o
below normal rainfall 1,810.0 0.0 0.0 0.0 0.0
normal rainfall 0.0 0.0 0.0 0.0
above normal rainfall 0.0 0.0 0.0 0.0

957, Table!'5.3, ‘p. 146)
b(57, Table 1.10, p. 15)
€(57, Table 3.1, p. 93)
d(57, Table 5.4, p. 147)

(90, Table 11, p. 237)




Table la. (Continued)

Period /Z
X25 26 X27 X28 X29
Resource Cattle Corn Corn Soybeans Soybeans
feed lot 1 II I Jik
(per head) (per 100 bu.) (per 100 bu.) (per 100 bu.) (per 100 bu.)
a b b
Land I (acres) 0.004 1.02 =~ 2 9 -
Land II (acres) - - 1.1P . 3 4b
Labor (workers) 0.28° 0.20° 0.23¢ 0.66C 0.78¢
Water (gallons)
below normal rainfall  0.09 29.0° 31.6° 83, 7° 98.1¢€
normal rainfall 0.0 0.0 0.0 0.0
above normal rainfall 0.0 0.0 0.0 0.0

9




Table la. (Continued

Period 3
X X X X X
49 50 3. 52 53
Resource Cattle Corn Corn Soybeans Soybeans
feed lot I 11 I ET
(per head) (per 100 bu.) (per 100 bu.) (per 100 bu.) (per 100 bu.)
Land I (acres 0.0042 1.02b E 2.9b -
Land II (acres) - - 1.1P - 3.4P
Labor (workers) 0.25% 0.06° 0.06° 0.25° 0.29°
Water (gallons) 3 o
below normal rainfall  0.09 161.5¢ 175.9¢ 465.5 545 .8€
normal rainfall 90.1 98.1 259.6 304.4
above normal rainfall 50.9 55.4 146.7 172.0




Table la. (Continued)

Period 4
X73 X74 X75 X76 X277
Resource Cattle Corn Corn Soybeans Soybeans
feed 1lot j b 3| I IT

(per head) (per 100 bu.) (per 100 bu.) (per 100 bu.) (per 100 bu.)

Land I (acres) 0.0043 1.02b : 2.9P I
Land II (acres) . J 1.1° . 3 4b
Labor (workers) 0.12° . 11° 017" 0.50° 0.58€

Water (gallons)

below normal rainfall 300.0% 17.6° 19.1¢ 50.6€ 59.3€
normal rainfall 0.0 0.0 0.8 .0
above normal rainfall 0.0 0.0 0.0 0.0

£9



Table 1b. Capital requirements and net revenue per unit of output for any period in
agricultural activities, application I

X1,X25,%49,X73  X2,X6,X50,X74 X3:X27,X51,X75 X4,Xpg,%52, X76 X5,X29.%53,X75

Resource Cattle Corn Corn Soybeans Soybeans
feed lot I I1I I IT
(per head) (per 100 bu.) (per 100 bu.) (per 100 bu.) (per 100 bu.)
Capital 33.20f 45 .418 48.558 113,770 132,570
(dollars)
i
Net revenue 36,251 58.00 58.00" 153.00" 153.00
(dollars)

79

£(39, Table 9, p. 47) .
g(57, Table 8.1, pp. 213-214)
h(57, Table 8.2, pp. 215-516)

igSee text for sources and derivation,

|
b
















Table 2. Resource requirements and net revenue per unit of output for any time period in
non-agricultural production activities, application I

Activity
X61> X309, X7, X371,  Xg, X33, X9, X33, X10, X34>  X11, X35,
X54, X78,  Xs55, X79  X56, Xgo  X57, X8 X585, Xg2 X59, Xg3
Pork Pork Other Food Other Farm Other
Slaughter Slaughter and Kindred, Non- Machinery Machinery
I 11 (exc., meat Durables
products)
(1000 hogs) (1000 hogs) ($1000 VA) (S$1000 VA) (S1000 VA) ($S1000 VA)
Labor .1380 1241 1319 .1346 . 1448 .1598
(workers)
LandP = - - s " -
Water o
O
(gallons)
stream I 8700 239,000
stream II -232,000
treated water 119136.0  96970.3 59281.7 121852
waste water -5170.0 =90109.3 -59281.7 -11216.4
Capital 1572 .2 1364 .4 946, 2 870.6
(dollars)
Net revenue 13,130 13,130 1000 1000 1000 1000
(dollars)

dfor sources and derivation of data, see text,

bthe quantity of land used is invariate with the volume of production. Therefore no
coefficient need be included in the model,




Table 2, (Continued

Activity
XIZ: x36: X13l X3?1 xlﬁ: X}B: xljl X39! Xlﬁr X401 x171 Xals
X60> X84 Xp1> Xg5s  Xg2, Xgg  Xg3, Xg7 X64s Xgg X655 Xgg
Other Regulated Wholesale Finances, Other Construction
Durables Indistries and Retail Insurances Services and Mining
Trade and real
estate
($100C VA) (S1000 VA) (S$1000 VA) (S$1000 VA) (81000 VA)  ($1000 VA)
Labor L1343 .0819 .2100 .0510 .2021 L1412
(workers)
Land - - - - - -
Water
(gallons)
stream I
stream II
treated water 80268 .2 522,978.4 8276.8 2608.2 31667.3 1,261,768.9
waste water -7Q668.7 -108,312.7 -7357.2 -2412.6 -10050.5 -883,582.8
Capital 1024 .3 3,266.9 857.0 L706.9 1273.5 506.0
(dollars)
Net revenue L000 1,000 1000 1000 LO0O 1,000

(dollars)

0L










Table 3. Resource requirements and net revenue per 1000 gallons of water or waste water treated

Resource X18> X42> Xe6r X90 X195 %43, Xp7, X9 X20+ X445 X685 X92
Water Treatment I Water Treatment II Waste Water Treatment
a
Land (acres) 0 0 0
Labor (workers)a 0 0 0
Water intake (gallons) 1,138.6b (Stream I) 1,138.6b (Stream II) 1,000.0
Capacity (gallons) 1,000.0 1,000.0 1,000
Net revenue (dollard) 0 -, 175 0

4The quantities of land and labor used are invariate with the volume of water heated.
Therefore, no coefficient is required.

bpased on 12.5 per cent loss between intake and distribution (88, p. 1509).

CSee accompanying discussion for source and derivation.

L







Table 4. Resource parameters, application I.
Available amount
Resource
Annual Period 1 Period 2 Period 3 Period 4
b; stream 1 (gallons)
above normal rainfall 1,453,525,336  1,161,429,336 462,485,334 406,848,000
normal rainfall 952,789,336 760,840,534 303,918,934 367,059,200
below normal rainfall 315,046,400 254,540,800 100,530.934 88,324,266
by stream II (gallons)
above normal rainfall 1,453,525,336  1,161,429,336 462,485,334 406,848,000
normal rainfall 952,789,336 760,840,534 303,918,934 267,059,200
below normal rainfall 315,046,400 254,540,800 100,530.934 885324 ,266
b3 labor (workers) 1,427
by reservoir (gallons) 252,896,964 252,896,964 252,896,964 252,896,964
bs land I (acres 500
.'j.
bg land II (acres) 500
ii feed lot capital ($) 32,200
X, corn capital ($) 44,330
ié soybean capital ($§) 39,620
iﬁ pork slaughter I
capacity (carcasses) 478,400

6L



Table 4. (Continued)

Resource
Annual

Available amount

Period I

Period 2

Period 3

Period 4

X5 pork slaughter II
capacity (carcasses) 166,900

Xg non-durable goods

capital ($) 1,005,422
E} durable goods
- capital (§) 866,810
!é regulated industries
capital ($) 3,743,972
X wholesale and retail

9 trade capital ($) 3,904,438

Eio finance, insurance and
real estate capital 4,705,960
(%)
E' other services
11 capital ($) 4,991,927
212 construction and

mining capital (%) 928,240

313 water treatment
capacity (5311°“ﬁl43 950.000
: .

-
el e . s Ll L b ..

9L




Table 4. (Continued)

Available amount

Resource
Annual Period 1 Period 2 Period 3 Period 4

X14 waste water treatment
capacity (gallons) 381,279,000

residential use

X15
(gallons) 266,862,000

X1 protected low
flow (gallons) 6,300,754 12.563.779 3,150,377 2,527,847

ol

17 recreation in
reservoir (gallons) 12,650,000 12,650,000 12,650,000 12,650,000

LL

Ps|

treated water

kS (gallons) 0

all

waste water

13 (gallons) 0




























Table 5. Resource requirements and net revenue per unit of output for activities, application II

Activities
X X9 X4 Xy, Xs
Por& Other Food Other Non- Farm Other
Slaughter and Kindred durables Machinery Machinery

(1,000 hogs) ($1,000 VA) ($1,000 VA) ($1,000 VA) ($1,000 VA)

Labor 1241 .1319 .1346 . 1448 . 1598
(workers)
Water
(gallons)
from aquifer 239,000
treated water 119,136.0 96,970.3 59,281.7 12.135.2
waste water -5,170.0 -90,109.0 -59,281.7 -11,216.4
Capital 1.572..2 1,364.4 946 .2 870.6 o
(dollars)
Net revenue 18,130 1,000 1,000 1,000 1,000

(dollars)




Table 5. (Continued)
Activities
X6 X Xg Xg XlU X11
Other Wholesale Finances, Other Construction
Durables Regulated and Retail Insurances, Services and Mining
' Industries Trade & Real Estate :
($1,000 VA) ($1,000 VA) ($1,000 VA) ($1,000 VA) ($1,000 VA) ($1,000 VA)
Labor .1343 .0819 .2100 .0510 .2021 L1412
(workers)
Water
(gallons)
from aquifer
treated water 80,268.2 522,978.4 8,276.8 2,608.2 31,667 .3 1,261,768.9
waste water -70,668.7 -108,312.7 -7,357.2 -2,412.6 -10,050.5 -883,582.8
Capital 1,024.3 3,266.9 857 .0 1,706.9 L 2435 506.0
(dollars)
Net revenue 1,000 1,000 1,000 1,000 1,000 1,000

(dollars)

L8
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Table 6, Resource parameters, application i

Resource Parameter Value
bj aquifer (gallons) 2,372,500,000
by labor (workers) 2,014
ii pork slaughter capacity (carcasses) 644,800
X,  manufacturing capital (dollars) 2,669,952
§3 regulated industries capital (dollars) 3,896,166
i; wholesale and retail trade capital 2,348,734
(dollars)

ES finance, real estate and insurance 3,991,953
capital (dollars)

ib other services capital (dollars) 2,182,688

E; construction and mining capital 616,640
(dollars)

ié water treatment capacity (gallons) 365,000,000

Xg waste water treatment capacity (gallons) 182,500,000

X109 residential use (gallons) 133,431,000

&Refer to text for sources and derivation,
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Table 7a. Initial solution of application I, seasonal resource use

Objective function value: $17,480,639.99

——

Resource used

Resource
(gallons)

Period 1:
Stream I 267,339,726
Stream II 229,913,857
Reservoir Capacity 12,650,000

Period 2:
Stream I 90,240,024
Stream II 77,764,735
Reservoir Capacity 12,650,000

Period 3:
Stream I 100,404,934
Stream ITI 95,823,946
Reservoir Capacity 12,650,000

Period 4:
Stream I 88,324,266
Stream II 76,656,645

Reservior Capacity

12,650,000

Unused Resource

Shadow Price

(gallons) (dollars)
47,706,674 0
85,132,543 0

0 0.00015
164,300,775 0
177,676,065 0

0 0.00015

0 0.00015

4,670,988 0

0 0.00015

0 0.00015

11,667,620 0
0 0.00015
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Table 7c. (Continued)

Seasonal Activities:

Activity Level Reduced Revenue
Period &4:

Corn I (bushels) 0 364 .00
Corn II (bushels) 0 504 .66
Soybeans I (bushels) 0 2,191,38
Soybeans II (bushels) 0 2,566.48
Pork Slaughter I (carcasses) 76,584 0

Pork Slaughter II (carcasses) 26,886 0
Water Treatment I (gallons) 71,122,650 0
Water Treatment II (gallons) 709,350 0
Waste Water Treatment (gallons) 42,145,810 0
Recreation (gallons) 12,625,000 0.00015
Residential Use (gallons) 56,829,164 0.00015
Low Flow (gallons) 251,890 0
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Table 7c. (Continued)

Non-Seasonal Activities:

Activity Level Reduced Revenue

(dollars) (dollars)
Other Food & Kindred 639,500 0
Other Non-durable Goods 0 41.41
Farm Machinery 0 44,66
Other Machinery 995,646 0
Other Durable Goods 0 48 .24
Regulated Industries 0 15,19
Wholesale and Retail Trade 781,400 0
Finance, Insurance, and 2,757,000 4.82
Real Estate
Other Services 3,919,848 0

Construction and Mining 0 1,807.22
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Table 9a. Second solution of application‘I; seasonal recource use

Objective function value: $14,407,348,93

S == —= —

Regbufge used Unused Resource Shadow Price

xEdoREes (gallons) (gallons) (dollars)
Period 1:
Stream I 269,149,726 45,896,674 0
Stream II 231,723,857 83,322,543 0
Reservoir Capacity 12,650,000 0 .00015
Period 2:
Stream I 90,268,624 164,272,176 0
Stream II 77,793,334 176,747,465 0
Reservoir Capacity 12,650,000 0 .00015
Period 3:
Stream I 100,494,934 0 .00015
Stream II 95,823,946 4,670,988 0
Reservoir Capacity 12,650,000 0 .00015
Period 4:
Stream I 88,324,266 0 .00015
Stream II 76,656,646 11,667,620 0

Reservoir Capacity 12,650,000 0 .00015
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Table 10a. Initial optimum solution of application II (original constraints)

Objective function value: $18,997,170.20

Activity Optimum Level Re?gg??aggyenue
Pork Slaughter (carcasses) 644,800 0
Other Food and Kindred 0 666 .54
Products (dollars)
Other Non-durable Goods (dollars) 0 1,236.84
Farm Machinery (dollars) 0 521.62
Other Machinery (dollars) 3,066,753 0
Other Durable Goods (dollars) 0 707.19
Regulated Industries (dollars) 15,926 0
Wholesale & Retail Trade 2,845,722 0
(dollars)
Finance, Insurance, and 2,338,714 0

Real Estate (dollars)

Other Services (dollars) 1,713,830 0
Construction and Mining (dollars) 0 15157.70
Water Treatment (gallons) 263,484,232 gal. 0
Waste Water Treatment (gallons) 180,000,000 gal. 0

Residential Use (gallons) 133,431,000 gal, 0




S
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Table 10b, 1Initial optimum solution of applicationIl (original constraints)

— B — = T EE

Resource Level of Unused Shadow
Resource Use Resource Price
Labor (workers) 1,635 379 0
Aquifer (gallons) 417,591,432 1,954,908,568 0
Pork Slaughter 644,800 0 1 e g (5
Capacity (carcasses)
Manufacturing 2,669,952 0 1.03
Capital (dollars)
Regulated Industries 52,030 3,844,086 0
Capital (dollars)
Wholesale & Retail 2,438,733 0 1.09
Trade capital (dollars)
Finance, Insurance and 3,991,953 0 057
Real Estate Capital (dollars)
Other Services Capital 2,182,688 0 0.71
(dollars)
Construction and Mining 0 616,640 0
Capital (dollars)
Water Treatment Capacity 263,484,232 101,515,768 0
(gallons)
Waste Water Treatment 180,000,000 0 0.009

Capacity (gallons)
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Table 11, Revised resource parameters, application II

— = -

Resource Parameter Value
b1 Aquifer (gallons) 2,372,500,000
b Labor (workers) 4,028
X1 Pork Slaughter (carcasses) 1,289,600

Capacity
X2  Manufacturing (dollars) 5,339,904
Capital
X3 Regulated Industries (dollars) 7,792,232
Capital
X, Wholesal & Retail (dollars) 4,877,466
Trade Capital
X5 Finance, Insurance, (dollars) 7,983,906
and Real Estate Capital
Eﬁ Other Services (dollars) 4,365,376
Capital
X7 Construction and (dollars) 1,233,280
Mining Capital
Xg Water Treatment (gallons) 365,000,000
Capacity
ié Waste Water (gallons) 180,000,000

Treatment Capacity

Xi0 Residential Use (gallons) 266,862,000
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Table 12a. Initial optimum activity levels, application II, using
revised constraint parameters

Objective function value: $41,081,687.60

— e e —— ey e —— — -

Activity Optimum Level Reduced Revenue

(dollars)
Pork Slaughter (carcasses) 1,289,600 0
Other Food and Kindred (dollars) 0 882.59
Products
Other Non-durable (dollars) 0 628,75
Goods
Farm Machinery (dollars) 0 123,22
Other Machinery 6,133,506 0
Other Durable (dollars) 0 228,64
Goods
Regulated Industries (dollars) 2,385,223 0
Wholesale and Retail (dollars) 5,691,445 0
Trade
Finance, Insurance (dollars) 4,677,428 0
and Real Estate
Other Services (dollars) 3,427,661 0
Construction and Mining (dollars) 1,833,977 0
Water Treatment (gallons) 365,000,000 -0.00079
Waste Water Treatment (gallons) 180,000,000 -0.00079
Residential Use (gallons) 266,862,000 0.00079
Additional Water Treatment 1,699,285,600

Capacity Required (gallons)

Additional Waste Water Treatment 2,055,370,640
Capacity Required (gallons)

= z—— e i — e S S—
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Table 12b. 1Initial optimum levels of resource use, application II,
using revised constraint parameters

— ~ - = e

Resolrce Level of Used Shadow Price
Resource Use Resource (dollars)
Labor (workers) 351741 307 0
Aquifer (gallons) 2,372,500,000 0 0.00079
Pork Slaughter Capacity 1,289,600 0 12,94
(Carcasses)
Manufacturing Capital 5,339,904 0 ) W
(dollars)
Regulated Industries Capital 7,792,232 0 0.18
(dollars)
Wholesale & Retail Trade 4,877,466 0 1.16
(dollars)
Finance, Insurance, & Real 7,983,906 0 0.58
Estate Capital (dollars)
Other Services Capital (dollars) 4,365,376 0 0.76
Construction and Mining Capital 928,055 305,225 0
(dollars)
Water Treatment Capacity 365,000,000 0 0.00079
(gallons)
Waste Water Treatment Capacity 180,000,000 0 0.00079

(gallons)
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Table 13 Distribution of labor force among producing activities;
output bounds used in application II
Activity Labor used Output with

(workers) Maximum labor use® Maximum output
Pork slaughter 160 1,289,600ccarcasses 644,800 carcasses
Other Food & 124 $ 943,000 $ 603,800°
Kindred Products
Other Non-durable Goods 154 $1,150,000 $ 866,400°
Farm Machinery 92 $ 638,200° $ 744,600
Other Machinery 142 $ 893,600c $1,252,800
Regulated Industries 256 $3,076,800 $2,385,800°
Wholesale and Retail 1,238 $5,876,000 $5,798,000°
Trade
Finance, Insurance and 246 $4,784,200 84,679,800
Real Estate
Other Services 1,066 $5, 264,600 $3,430,000°
Construction 376 $2,634,600 $2,437,200°
Other Durable Goods 186 $1,379,000°¢ $1,380, 200

P p——

4This output would result if all the labor allocated to any activity
were used,

bThis is the maximum output which the given capital stock will allow.

CThese output limits were used as output bounds in the second solution.
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Table 14a Optimum activity levels second solution of application 1I

- M—

Activity Optimum Level Reduced Revenue?

= e S — -

Pork Slaughter (carcasses) 1,289,600 -13,130.00

Other Food and Kindred 603,800 - 1,000.00
Products (dollars)

Other Non-durable Goods (dollars) 866,400 - 1,000.00

Farm Machinery (dollars) 638,200 - 1,000.00

Other Machinery (dollars) 893,600 - 1,000.00

Oother Durable Goods (dollars) 1,379,000 - 1,000,00

Regulated Industries (dollars) 2,385,800 - 1,000.00

Wholesale and Retail 5,798,000 - 1,000.00
Trade (dollars)

Finance, Insurance and 4,679,800 - 1,000.00
Real Estate (dollars)

Oother Sources (dollars) 3,430,000 - 1,000.00

Construction and Mining (dollars) 2,437,200 - 1,000.00

Residential Uses (gallons) 266,862,000 0.00079

A
Negative Reduced Revenue values indicate that the objective function

value would increase 1f any activity with a negative coefficient
were increased,
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Table 14b Optimum levels of resource use, second solution of application II

Objective function value: $39,919,0?0:00
Shadow
Resource Resource Unused Price
Used Resource (dollars)
Labor (workers) 3,442 586 0
Aquifer (gallons) 2,372,500,000 0 0.00079
Pork Slaughter 1,289,600 0 12,94
Capacity (carcasses)
Manufacturing Capital 4,922,735 417,169 0
(dollars)
Regulated Industries 7,792,232 0 0.18
Capital (dollars)
Wholesale and Retail 4,877,466 1,16
Trade Capital (dollars)
Finance, Insurance & Real 7,982,906 0.58
Estate Capital (dollars)
Other Services Capital 4,365,176 0.76
(dollars)
Construction and Mining 1,233,671 99,609 0
Capital (dollars)
Water Treatment Capacity 365,000,000 0.00079
(gallons)
Waste Water Treatment 180,000,000 0.00079

Capacity (gallons)

Additional Water required 241
(aquifer overdraft -gallons)

,022,003
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dollars of value added per units of 1,000 dollars value added,

The units of the activities in the x° and X" activities
entering the objective function are in units of 1,000 gallons of water
used or processed. The C vector coefficients for these activities are
in terms of dollars of value added (in this case, the value added is

negative because it is actually the treatment cost) for every 1,000

gallons of water processed or used.

No LP problem is complete without a set of restraining equations,

and in the general model these constraints are of the form:
AX < b

% = 0,

where A is a matrix of coefficients of size m x n (m equals the number of

constraints, and n equals the number of activities), b is a unit vector

of constraint parameters of length m, and x is any single activity. This

last constraint is the non-negativity condition that insures against un-

real negative activity levels entering a solution.

The b vector includes the constraints for the four assumed

resource inputs (water, labor, land, and capital) plus some physical

capacity restraints on the public use activities, the pork slaughter

Plant, and the available stream flow. The components of these groups

can be seen in Fig, 4

The coefficients of the A matrix are the real source of the

activity level units. In the case of the individual production activities

in XP, these coefficients represent the amount of resource consumed in

i e

i P —
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Figure 5. A TYPICAL DISOLVED OXYGEN PROFILE ALONG A STREAM
RECEIVING A BIODEGRADABLE WASTE DISCHARGE.
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discharges behave differently than the uniform natural waste seepages
along the stream. One or more of these factors can be evaluated jin-
dividually with the balance being treated as a unit, or the entire
group of factors can be simultaneously evaluated in any real situation.
Normally, the effect of this group of variables is represented by a
'deoxygenation coefficient.'

Oxygen is continuously entering the water resource as deoxygena-
tion takes place. Some of the variables affecting this phenomena are
stream flow characteristics, stream temperature, and the presence of
algae during sunlight hours. These factors are usually summarized as
the 'reoxygenation coefficient.'

For the purposes of this work these two coefficients are
assumed to include all variables and to be constant. The Ffirst assump-
tion may be possible, but the latter one is never true for more than a
short period of time. One major reason for this is the role of algae.
During the day, these organisms produce oxygen, thereby aiding the
reoxygenation coefficient; however, at night the algae can only respire,
thereby transferring their effect to the other side of the ledger.

These river coefficients were estimated from the data presented

by Dougal, et. al. (29). A value of 0.400 per day was assumed for the

reaeration coefficient, and a value of 0.200 per day was assumed for
the deoxygenation coefficient. These values would be typical of a
large stream with a low flow velocity. In an application to an actual

fact situation, these values would be determined from observations taken

on the stream.

p.
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CORN AND
SOYBEANS

CORN AND
SOYBEANS

(TAMA SILTY CLAY LOAM)

CORN AND
SOYBEANS

(CLARION LOAM)

CORN AND
SOYBEANS

(TAMA SILTY CLAY LOAM)

15 (NTAKE | CATTLE
EFFLUENT, FEED LOT
PORK INTAKE
SLAUGHTER PLANT|_EFFLUEN
20 INTAKE MUNICIPAL
. WATER TREATMENT
. TOWN .
291 =
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WASTE TREATMENT
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Figure 7. SPATIAL ARRANGEMENT OF ACTIVITIES IN APPLICATION I

WITH STREAM DIMENSIONS ADDED.
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m302/1 of BOD which is a typical municipal waste of intermediate strength.
This number is converted to a value of 2.9 1bs. oxygen demand/1,000 gal.

of waste.

This discussion has reached the point where the Tandem Program
System can be assembled into an operating model. Chapter Ten discusses
the assembled model in detail, using the program listings as guides.
This application of the TPS required four component programs, (a) the
control program, (b) the optimization program, (c) the communications

program, called READCOMM, and (d) the river model program called the

Water Quality Program, WQP.
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However, the variables F and JP have been omitted from pre-
vious description because the need for them first arises in the Water
Quality Program. Withdrawals and discharges to a waterway often are
related. For instance, the pork slaughter operation can be expected to
discharge about the same volume as it takes in; and, similarly, the
municipality will discharge less than its intake volume. Coordinating
these intake and discharge quantities does not occur naturally in the
TPS so these two variables have been added to correct this problem.

The variable JP identifies the location of any intake that is related

to a particular discharge. 1In this application, JP is a vector array
because there is only one intake point for each discharge source; but

in a more complex application a JP matrix array could be used to handle
multiple interdependent intakes and discharges. The variable F describes
the quantitative relationship between the discharge and intake volumes.

The variable is: Volume in — Volume ouf

Volume out
Using these two variables, the WQP can assure that the model will not
permit an unrealistic disappearance of quantities of water.

In section 3, statements 29 through 39, the names and the
values of all of the model's activities are read into the WQP from the
disc data sets created by the READCOMM program. The names are stored
in the array IN and the values in the array X.

In section 4, statements 40 through 85, the data which may be

modified during the execution of the TPS are read into the WQP in MPS
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The last statement, 417, tells the compiler that the end of
the WQP has been reached. ‘

A set of input procedures is also needed for this program,
and these statements are listed in sectionll. These procedures are
identical to the input procedures for the READCOMM program described
previously, with the exception of the program name. The WQP uses the

DSNAME of PROG.U3583.H, and the KREADCOMM name HUBLY.

Section 12 of Appendix 6 contains a listing of the various
codes used in the WQP and units of the variables. The flow chart
mentioned previously appears in section 13.

This discussion of the TPS has been directed towards those
readers wishing to apply this technique to their own problem areas;
and, at this point, that mission has been fulfilled. However, Part
ITI continues in Chapter 11 with a closing discussion of the analysis
results obtained in this application and a discussion of a few expansion

possibilities for the TPS.
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The development of a system for utilizing this data would not
be inordinately difficult. Linear programming routines have been developed
and can be made an integral part of any computer installation. Data
files could be established in some form of computer storage, such as
magnetic tape or magnetic disc, and the required coefficients would be
a part of the model's solution system.

It is apparent, therefore, that models such as those developed
in this study, when utilized with the appropriate data, could be of
continuing value in the administration of Iowa's permit system. It is
not improbable that models and data systems such as those suggested
here could be easily maintained and updated once the data files had been
established, thus providing an analytical tool which could be used to good
purpose in more efficiently administering Iowa's water resources.

Suggestions for Further Research

As the conclusions of this study indicate, further research
in at least three specific directions is required in order that the
models developed in this study can be of maximum usefulness to those
who are responsible for water quality management in Iowa. The tirat,
and most urgent, direction is the development of more accurate information
from which the coefficients and parameters of the models can be estimated.
A data bank could be developed, in which production information could be
stored. This information would be more specific than that derived from
the aggregate sectors used herein. The increased specificity
could come through subdividing sectors into a number of more narrow
industry types and sampling within those types to derive more complete
and representative descriptions of these production functions. With

these data on file, a decision maker faced with determining a question
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disciplinary field of endeavor. The inherently hybrid nature of the
tools which will be needed for water resource management in the future
requires that research efforts be conducted in the multi-faceted inter-

faces of economics and such disciplines as the physical sciences, law,

and engineering.
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APPENDIX A




Table 19. Fertilization rates and expected crop yields on soil types used in application I

Soil type

Corn

yielda fertilization rateb

(bushels/acre) (1b./acre)

Soybeans
yielda fertilization rate®
(bushels/acre) (1b./acre)

I. Tama silty
clay loam
Fertilizer:

Nitrogen
Phosphorus
Potassium

II. Clarion loam

Fertilizer:
Nitrogen
Phosphorus

Potassium

98

100
18
15
90

80
36
15

34

18

29

26
35

2(50, Table 1.10, p. 15)
(50, Table 1.9, p. 14)

£0c
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Table 20. Rainfall and runoff by time period for three levels of rainfall

— 3 - = —= == e =3

Runoff
(gallons per
Rainfall? Runof f square mile
(in) (in)b drainage area)
Average rainfall
annual 3251 6,572 62,105,173.4
period 1 9.37 2.74 47,639,466.8
period 2 8.60 2,188 38,042,026.7
period 3 7.46 0.874 15,195,946.7
period 4 6.69 0.768 13,352,960.0
Below normal rainfall
annual 21.47 2,172 37,763,840.1
period 1 6.06 0.906 15,752,320.0
period 2 6.08 0.732 12,727,040.0
period 3 4.90 0.289 5,024,746.7
period 4 4.43 0.254 " 4,416,213.3
Above normal rainfall
annual 37.79 10.02 174,214,400.3
period 1 11.11 4,18 72,676,266.8
period 2 10.52 3.34 58,071,466.8
period 3 8.89 133 23,124,266.7
period 4 e 1.17 20,342,400.0

—

a(80, p. 6)

blog (annual runoff) = -3,1 + 2.6
log (annual rainfall):
runoff in period 1: 41.7% of annual total;
period 2: 33.3% of annual total;
period 3: 13.3% of annual total;
period 4: 11.7% of annual total.
See Bennion (6, p.ll).







206

Table 22. Definition of aggragate sectors by Standard Industrial
Classification code

== — = P — e, 2 S E—— ——

a Standard Industrial Classification
Sector codes included

s == =

1. Livestock agriculture

2. Crop agriculture

3. Meat products 201
4. Other food and kindred products 20 (except 201)
5. Other non-durables 22-.23. 26 = 31
6. Farm machinery 352
7. Other machinery 35 (except 352), 36
8. Other durables 19, 24, 25, 32 - 34, 37 = 39
9. Regulated industries 40, 42, 44 - 47, 481, 482, 49
10. Wholesale and retail 50 - 59
trade
11. Finance, insurance, and 60 - 67

real estate

12, Other services 70 - 89 (except public education),
483,0722
13. Construction and mining 15 - 17, 12, 14

8(66, Table 1, 8 - 32)
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Table 23, 1960 capital-output, output per worker, and capital-labor
ratios by sector
1960 1960 1960 1960
Sector capital per output capital per
dollar output® per worker per worker® Employedd
l. Livestock agriculture 0,6295 G S 9,930.4 140,394 -
2. Crop agriculture 1.6114 16,274 $26,233,9 75,473
3. Meat products 0.1423 52,455 $ 7,464.3 27,313
4. Other food and
kindred products 0.3497 32,898 $11,504 .4 29,731
5. Other non-durables 0.5389 15,766 S 8,496.3 36,999
6. Farm machinery 0.4150 15,838 $ 6,572.8 22,060
7. Other machinery 0.4945 11,361 $ 5,618.0 34,133
8. Other durables 0.5015 12,745 $ 6,391.6 44,259
9. Regulated industry 2.2621 13,456 $30,438.8 66,016
10. Wholesale and retail 0,6523 5,817 $ 3,79 .4 203,648
trade
11. Finance, Insurance, 1.0471 30,995 $32,454 .9 37,492
and real estate
12. Other services. 0.9451 4,333 $ 4,095.1 161,906
13. Constructing & mining 0.1909 17,102 $ 3,280.0 56,770
(3, Table 8, p. 53)
(66, Table 29, p. 127)
C
Capitalfdollara of output : oUtPUt/worker capitalfwarker

(66, Table 31, p. 129)
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Table 24. Direct purchases and imports per dollar of gross output by
sector, 1960

Direct purchases

per dollar of
gross output?

Imports Total materials
per dollar of cost per dollar of
gross output gross output

Sector

1. Livestock agriculture 0.364713 0.174749 0.539462
2. Crop agriculture 0.540987 0.001549 0.542536
3. Meat products 0.131098 0.000902 0.132000
4, Other food and kindred
products 0.231319 0.008886 0.240205
5. Other non-durables 0.411381 0.016417 0.427798
| 6. Farm machinery 0.,560502 0.121950 0.682452
7. Other machinery 0.639259 0.061198 0.700457
8, Other durables 0.588157 0.090549 0.686706
9, Regulated industries 0.689875 0.011813 0.701688
10. Wholesale and retail 0.765675 0.004516 0.770191
trade
11. Finance, insurance, 0.613211 0.004679 0.617890
12, Other services 0.745066 0.002981 0.748047
13, Construction and 0.421439 0.044192 0.465631

mining

(66, Table 26, p. 124)

b(3, Table 22, pp. 95-96)
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Table 25. Capital per worker and estimated capital stock by major industry
groups, application I

—

Major industry Activities Capitalb Estimated Capital
group® included worker emp loyment® stock

—_— ==

Non-durable goods

manufacturing XB,XQ $ 3,373.9 128 $ 431,859.2
Durable goods

manufacturing xloixll,xlz S 3,186.8 116 $ 369,668.3
Regulated industries X13 $30,438.8 123 $ 3,743,972.4
Wholesale and

retail trade Xl4 $§ 3,794.4 438 $ 1,661,947.2
Finance, insurance,

and real estate X15 $32,454 .9 62 $ 2,012,203.8
Other services x16 $ 4,095.1 439 $ 1,797,748.9

Construction and
mining X179 $ 3,280.0 121 $ 396,880.0

=

These mdjor industry groups are defined in U. S. Census of
Population (96, Table 70, p. 17-199).

b = -
CapitHI/Worker CapitalfOutput % Oucput/Worker &4 PEE

output ratio from Barnard (3, Table 8, p. 53); output per worker from
MacMillan (66, Table 29, p, 127).

“Total model employment was allocated among major industry
groups in the same proportions in which total state employment is
divided among the same major industry groups in urban places of 2,500
to 10,000 population,
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Table 26. Actual 1960 county and municipal employment, by sector and estimated 1967 county and
municipal employment, by sector

19602 1960b percentage of 1967¢ 19674
ma jor county employ- estimated estimated
industry county municipal ment located county municipal
group employment employment in municipality employment emp l oyment

Agriculture 2,368 85 3.6 2,002 72
Manufacturing 213 120 56.3 448 351
Regulated Industries 251 121 48.2 273 128
Wholesale and Retail Trade 1,000 544 54 .4 1,112 619
Finance, Insurance, and

Real Estate 163 102 62.6 195 123
Services 971 385 39.6 1,326 533
Construction 292 150 51.4 351 188
Total 2,014

|8 4

%(96, Table 85, p. 17-268)
®(96, Table 81, p. 17-234)

CDr. Marvin Julius, Department of Economics, Iowa State University, Ames, Iowa. Data
from a study in progress of employment and output in Towa counties, June, 1969.

dMunicipal employment by sector is assumed to be in the same proportion to total municipal
employment as county employment by sector is to total county employment.
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Table 27. Capital per worker and estimated 1967 capital stock, by
ma jor industry groups

212

. e e
B &

! —

— ==

ma jor capital per estimated estimated
industry 1967 1967
group worker?® employmentb capital stock
Agriculture $15,620.3 72 $1,124,662
Manufacturing $ 7,606.7 351 $2,669,952
Regulated Industries $30,428.8 128 $3,896,166
|
. Wholesale
Retain Trade $ 3,794.4 619 $ 2,348,734
Finance, Insurance
and Real Estate $32,454.9 123 $3,991,953
Services $ 4,095.1 533 $2,182,688
Construction $ 3,280.0 188 $§ 616,640
a
Capital = Capital X Output . Capital-
£ /Worker g /0utput i /Worker ¥

output ratio from Barnard (3, Table 8, p. 53); output per worker from
MacMillan (66, Table 29, p. 127).

bFor sources and derivation, see Table 26, Appendix B.
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APPENDIX D




Statement
No,

[
QWO WMo -
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Optimization Program

Control Program Cnmpilef - MPS/360

Statement
Address

MORE

SKIP

QUIT
ITR

JUMP
L1

L2

L3

L4
IDEX
[STOP

PROGRAM( 'ND ')
INITTALZ

MOVE (XDATA, 'DAVE')

MOVE (XPBNAME , "MAY ')
CONVERT
ASSIGN('COMMFMT','FTOBFOOI','COMM')
PREPOJT (' COMMFMT"')
BCDOUT

XFREQ2=50

MVADR (XDOFREQ2,ITR)
SETUP( '"BOUNDS', 'XMAX', 'MAX')
MOVE (X0BJ, 'C'")

MOVE (XRHS, 'B1')
IF(L3,EQ.1,SKIP)

RES TORE

PRIMAL

SOLUTION('ACTIVE')
SOLUTION('FILE', 'COMMFMT')
SAVE

FREECORE

DAVE

FREECORE

IDEX=L3

HUBLY (IDEX,ISTOP)
IF(ISTOP.EQ.L1,QUIT)
L3=L3+1

MOVE (XOLDNAME , "MAY ')
REVISE('FILE', 'FT11F001"')
SETUP( 'BOUNDS' , 'XMAX', "MAX')
MOVE (X0BJ, 'C")
IF(L3.NE.L4 ,MORE)

EXIT

L1=L1+50
IF(L1.LT.L2,JUMP)

SAVE

g L=l

CONTINUE

DC(1)

DC(50)

DC(1)

DC(4)

DC(1)

DC(0)

PEND
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READCOMM Program and Input Procedures

L

1. The READCOMM Program

Statement
No.

1
2

O n =~ W

O 00~

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

22
24

41

42
44

25
26

66

3

Statement
Address

INTEGER FILE,INDIC,N, TYPE(30)
DOUBLE PRECISION NAME,COLUMN(30),VALUES(30)

REWIND 9
REWIND 10

FILE = 8
CALL POSITN ( FILE,INDIC )

CALL ARRAY ( FILE,INDIC,NAME )
CALL COLNAM ( FILE,TYPE,COLUMN,NUMBER )
CALL VECTOR ( FILE,INDIC,VALUES )

CALL ARRAY (FILE,INDIC,NAME)
IF(INDIC-1) 31,31,22

CALL COLNAM(FILE,TYPE,COLUMN,NUMBER)
CALL VECTOR(FILE,INDIC,VALUES)
IF(INDIC-1) 41,41,24

CALL ARRAY(FILE,INDIC,NAME)
IF(INDIC-1) 31,31,42

CALL COLNAM(FILE,TYPE,COLUMN, NUMBER)
CALL VECTOR(FILE,INDIC,VALUES)
IF(INDIC-1) 31,31,25

WRITE(9,26) VALUES(3)

FORMAT(D15.8)

WRITE (10,66) VALUES(1)

FORMAT(A9)

GO TO 44

RE TURN

END
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2. Input Procedures

Statement
No.

a. Job Card
I //C428V83 JOB 'U3583,REGION=128K,TI1=4',VINCE,CLASS=D

b. Scratch Procedure

2 //STEP 2 EXEC MOD
3 //MOD.SYSIN DD *
4 SCRATCH DSNAME=PROG.U3583.D,V0L=2314=LIBPAK, PURGE
5 %
c. Catalogue Procedure
6 //S1 EXEC FORTGCL,REGION,LKED=128K
7 //FORT.SYSIN DD=*

The READCOMM Program is read and the compiler outputs the
program as read at this point.

8 //LKED.SYSLIB DD DSNAME=MPS360.SUBRINES,DISP=SHR,UNIT=PACK,
VOLUME=( PRIVATE , SER=MPS002)
9 // DD DSNAME=SYS1.FORTLIB,DISP=SHR
10 / "LKED.SYSLMOD DD DSNAME=PROG.U3583.D,UNIT=DISK

VOLUME=SER=LIBPAK, DISP=(NEW, CATLG),
SPACE=(1024,(100,1,1) ,RLSE) , LABEL=RETPD=100

11 / /LKED.SYSIN DD*
12 INSERT READCOMM
13 ENTRY MAIN

14 NAME DAVE(R)

1 5 /'.'a'
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Water Quality Program and Input Procedures

Statement
Addr.

No.

-

DEFINITION STATEMENTS

~SN oy B =

IMPLT
REAL*
DOUBL
DIMEN
CTL2(5
G CSA(
DIMEN

FIXED RATIOS

8

9
10
11
12
13
14
15
16
167
18
19
20
21
22
23
24
25
26
27
28

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
RR= 0
RK= 0
DB= 0
DC= 3
DT=0.
QMIN
CTI =
TA
TB
TC
TD

Il

o

CIT REAL*8(A-H,0-Z2)

8 JX,JXMAX

E PRECISION V,IN(200)

SION RL(50),QRIV(50),QIN(50),Q0UT(50),BOD(50),JX(50),TL1(50),
0),TL3(50) ,JXMAX(50),CS(50) ,KT(50),TLIC(50),TL2C(50), TL3C(50)
50), D(50),X(200),XMAX(200),C(200),DTR(50),F(50),JP(50)

STON XBOD(200),TKT(200)

AND CONSTANTS

F/27%0.D0,0.33D0,22*0.D0/
JP/14%0,14,2%0,17,9%0,20,22*%0/
QIN/14*0.D0,7.44D0,2*0.D0,202.5D0,9%0.D0,1.D0, 22*0.D0/
QOUT/13%0.D0,15.D0,2%0.D0, 225.D0, 2*0.D0,1.D0, 30%0.D0/
TL1/17%*0.D0,.023D0,9%0.D0, .33D0,22*0.D0/
TL2/17*0.D0, .024D0,9*0.D0, .05D0, 22%0.D0/
TL3/17%0.D0, .028D0,9*0.D0, .063D0, 22*0.D0/
TL1C/27*0.D0, .025D0,22*0.D0/
TL2C/27%0.D0, .083D0, 22*0.D0/
TL3C/27*0.D0, .03D0, 22*0.D0/

400

.200

.0

o
0
= 103367.0

0.10

181

61
62

61

TRANSFER ACTIVITY LEVELS FROM OPTIMIZATION PROGRAM

29
30
31
32
33
34
35
36
37
38
39

66
67

68
69
26
27

REWIND 9
REWIND 10

DO 66
READ (
X(I)=
DO 68
READ (
CONTI
CONTI

I=1,200
9,26,END=67) V
\

1=1,200
10,27,END=69)  IN(I)
NUE
NUE

FORMAT(D15.8)
FORMAT(A9)
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4. VARIABLE RATIOS AND CONSTANTS
Statement
No. Addr.
40 CALL GETARG(IDEX,ISTOP)
41 IF(IDEX.GT.1) GO TO 9971
42 DO 11 I=1,200
43 XMAX (I) =1.E7
44 XBOD(1)=0.0
45 IKT(I)=0
46 C(1)=0.0
47 11 CONTINUE
| 48 XBOD(1)=0.062
49 XBOD(21)=0.062
| 50 XBOD (45)=0.062
51 XBOD(69)=0.062
52 C( 1)=36.25
53 €(21)=36.25
54 C(45)=36.25
55 C(69)=36.25
56 XBOD( 2)=2.0
57 XBON(26)=2.0
58 X50D(50)=2.0
59 XBOD(74)=2.0
60 c( 2)=13130.0
61 C(26)=13130.0
62 c(50)=13130.0
63 Cc(74)=13130.0
64 XBOD (14)=2.90
65 XBOD(38)=2.90
66 XBOD(62)=2,90
67 XBOD (86)=2.90
68 C(16)=-0.0001
69 C(40)=-0.0001
70 C(64)=-0.0001
i 8 c(88)=-0,0001
72 XMAX(13)=222630.
73 XMAX (14)=189072.6
74 XMAX (37)=75030.
75 XMAX (38)=63720.6
76 XMAX (61)=76260.
77 XMAX (62)=64765.2
78 ¥MAX (85)=75030.
79 XMAX(86)=63720.6
80 9971 IF(IDEX.EQ.1l) GO TO 9975
81 DO 9972 1=1,200

82 9972 READ(12,9973)XBOD(I),IKT(I),C(T),XMAX(T)
83 9973 FORMAT(F12.6,16,F12.6,E20.12)
84 REWIND 12

85 9975 CONTINUE
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INITIALIZE WORKING VARIABLES

OPTIMIZATION PROGRAM FORMAT TO WATER QUALITY PROGRAM FORMAT

Statement
No. Addr.
86 KOUNTA=0
87 DO 1100 K=1.4
88 DO 10 I=1,50
89 JX(1)=0.0
90 JXMAX(1)=1.E7
91 D(1)=0.0
92 QRIV(I)=0.0
93 KT(I)=0
94 DTR(1)=0.0
95 BOD(1)=0.0
96 CS(1)=0.0
97 CSA(1)=0.0
98 10 CONTINUE
99 N1 =1
100 N2 = 2
101 N3 =0
CONVERT
102 IF(K.EQ.1)GO TO 110
103 IF(K.EQ.2)GO TO 120
104 IF(K.EQ.3)GO TO 130
105 QRIV(1) =1447938.8
106 JX(14). = X(69)
107 JX(15) = X(69)
108 JX(17) = X(74)*1000. /1D
109 JX(18) = X(74)*1000./TD
110 JX(20) = (1/TD)*(X(85)+X(87))
111 JX(28) = (1/TD)*(X(86)+X(88))
112 JXMAX(15)=XMAX(69)
113 JXMAX (18)=XMAX (74)*1000./TD
114 JXMAX (20)=(XMAX (87)+XMAX(85))/TD
115 JXMAX (28)=(XMAX (88)+XMAX(86))/TID
116 BOD (15)=XBOD(69)
117 BOD (18)=XBOD(74)
118 BOD (28)=XBOD(86)
119 CS(15)=C(69)
120 CS(18)=C(74)/1000.
121 CS(28)=C(86)
122 CSA(28)=C(88)
123 KT(15)=IKT(69)
124 KT(18)=1KT(74)
125 KT(28)=1KT(86)
126 GO TO 140
127 110 QRIV(1l) = 1740587.8
128 JX(14) = X(1)
129 JX(15) = X(1)
130 JX(17) = X(2)*1000./TA
131 JX(18) = X(2)*1000./TA
132 JX(20) = (1/TA)*(X(13)+X(15))

- -
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Statement
No. Addr.
133 JX(28) = (1/TA)*(X(14)+X(16))
134 JXMAX (15)=XMAX( 1)
135 JXMAX (18)=XMAX( 2)*1000./TA
136 TXMAX (20)=(XMAX (15)+XMAX(13))/TA
137 JXMAX (28)=(XMAX (16)+XMAX (14))/TA
138 BOD(15)=XBOD( 1)
139 BOD(18)=XBOD( 2)
140 BOD (28)=XBOD (14)
141 CS(15)=C( 1)
142 CcS(18)=C( 2)/1000.
143 CS(28)=C(14)
144 CSA(28)=C(16)
145 KT(15)=IKT( 1)
146 KT(18)=IKT( 2)
147 KT(28)=1KT(14)
148 GO TO 140
149 120 QRIV(1l) =4172800.0
150 IRCLEY = X (21)
, 151 JX(15) = X(21)
152 JX(17) = X(26)*1000./TB
153 IX(18) = X(26)*1000./TB
154 JX(20) = (1/TB)*(X(37)+(39))
155 I%(28) = (1/TB)*(X(38)+(40))
156 JRMAX (15)=XMAX(21)
157 JXMAX (18)=XMAX(26)*1000./TB
158 JXMAX (20)=(XMAX (39)+XMAX(37))/TB
159 JXMAX (28)=(XMAX (40)+XMAX (38)) / TB
160 BOD (15)=XBOD(21)
161 BOD(18)=XBOD(26)
162 BOD( 28)=XBOD(38)
163 CcS(15)=C(21)
164 CS(18)=C(26)/1000.
. 165 C5(28)=C(38)
| 166 CSA(28)=C(40)
167 KT(15)=IKT(21)
; 168 KT(18)=IKT(26)
| 169 KT(28)=IKT(38)
r 170 GO TO 140
1 171 130 ORIV(1l) = 1620886.0
| 172 JX(14) = X(45)
| 173 JX(15) = X(45)
| 174 JX(17) = X(50)*1000./1C
1595 JX(18) = X(50)%1000./1C
| 176 IX(20) = (1/TC)*(X(61)+X(63))
| 177 IX(28) = (1/TC)*(X(62)+X(64))
r 178 JXMAX (15)=XMAX (45)
» 179 JXMAX (18)=XMAX (50)*1000. /TC
| 180 TXMAX ( 20)= (XMAX ( 63)+XMAX(61) ) / TC
“ 181 JXMAX (28 )=(XMAX (64 )+XMAX (62) ) / TC
182 BOD (15)=XBOD (45)

* 183 BOD(18)=XBOD(50)
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Statement

No. Addr.

184 BOD(28)=XBOD(62)
185 CS(15)=C(45)

186 CS(18)=C(50)/1000.
187 CS(28)=C(62)

188 CSA(28)=C(64)

189 KT(15)=IKT(45)

190 KT(18)=IKT(50)

191 KT(28)=IKT(62)

WATER QUALITY ANALYSIS

Control Module

192 140 CONTINUE

193 IF(N3.EQ.0)GO TO 9876
194 N1 = J

195 N2 = J

196 9876 CONTINUE

197 DO 9991 IKL = N1,50
198 RL(IKL)=0.0

199 9991 CONTINUE
200 15¢ DO 1000 I=N2,50

Check Flow Level and Organic Load

201 149 L = I-1

202 QOUTA=QOUT(T)

203 IF(QRIV(L).LE.QMIN)GO TO 160

204 QRIV (I)=QRIV(L)4QIN(I)*JX(I)-QOUT(I)*JX(L)
205 IF(QOUT(I).EQ.0.0) GO TO 159

206 IF (QRIV(I).LT.QMIN) GO TO 170

207 159 RL(I)=JX(I)*BOD(I)*10%*6/(8.33*QRIV(I))
208 IF(RL(TI).GT.0.0) GO TO 180

209 GO TO 1000

Low Flow Protection

210 160 QRIV(I) = QRIV(L) + QIN(I)*JX(I)

211 QOUTA=0.0

212 GO TO 159

213 170 KOUNTA = KOUNTA + 1

214 JXMAX (I)=(QMIN-QRIV(L))/(QIN(I)-QOUT(I))
215 QOUTA=(QRIV(L)-QMIN) /JXMAX ()

216 QRIV(I)=QMIN

207 JX(I) = JXMAX(TI)

218 GO TO 159
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|
| Statement
No.
| 11. INPUT PROCEDURES
a. Job Carcd
1 // c428V8 JOB 'U3583,REGION=144K,TI=2',VINCE,CLASS=D

b. Seratch Procedure

// STEP4 EXEC MOD
// MOD,SYSIN DD*
SCRATCH DSNAME=PROG.U3583.H,V0OL=2314=LTIBPAK, PURGE

[ %

wn B N

c. Catalogue Procedure

6 //S1 EXEC FORTGCL,REGION.FORT=128K,REGION.LKED=128K
7 //FORT.SYSIN DD*
(Water Quality Model Program Entered Here)
8 / /1LKED.SYSLIB DD DSNAME=MPS360 , SUBRTNES ,DISP=SHR, UNI T=PACK,
/] VOLUME= ( PRIVATE , SER=MPS002)
9 /] DD DSNAME=SYS1.FORTLIB,DISP=SHR
10 / /LKED.SYSLMOD DD DSNAME=PROG.U3583.H, UNIT=DISK,
UOLUME=RER=LIBPAK,DISP=(NEW,CATLG),
SPACE=(1024,(100,1,1) ,RLSE) , LABEL=RETPD=100
| 11 / /LKED,SYSIN DD*
12 INSERT READCOMM
13 ENTRY MAIN
14 NAME HUBLY (R)

15 %




12. DEFINITIONS OF VARIABLES USED IN WATER QUALITY PROGRAM

Code

BOD

CS

CSA

CTI

DB

DC

DT

DTR

IN

IKT

231

Definition

Biochemical Oxygen Demand generated

by each activity per unit of activity.

The objective function coefficients
in MPS format.

The objective function coefficients

in WQP format with the exception of the

values for additional waste water
treatment.

The objective function coefficients
for additional waste water treatment
in WQP format.

The cost of diverting the feed lot
waste to irrigation,

A working variable array used in
determining the river oxygen

demand at the various stations of the

river.

The oxygen demand of the river at
Station 1.

The maximum allowable oxygen
demand in the river.

Total oxygen demand at each station
of the river.

The storage array for all the DT's
along the river.

The ratio of the water withdrawn
from the river and not returned per
unit of water discharged.

An array used to store the MPS names
for the activities.

An array of integers indicating the
level of treatment called for by the
WQP,
0 =None

1 =Primary

2 =Secondary
3 or more=Tertiary

IUA

a unit of activity

Units

{0
ot

S Value added

$
/UA

liter

Mg O

liter

Mg 02

liter

Mg O

liter

Mg O

liter

None

None

None

f

Format

WQP

MPS

WQP

WQP

WQP

WQP

WQP

MPS

MPS
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Code

JP

JX

JXMAX

KOUNTA

KT

RR

QIN

QMIN

QRIV

QOUT

TA, TB,
TC, TD

TL1,TL2,
TL3

TL1C,
TL2C,
TL3C
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Definition

An array of integers that indicate
if an activity waste flow is linked
to an upstream river intake. The
integer gives the station of the
upstream link.

The levels of the various activities.

The maximum level of the various
activities that can be allowed.

A counter used to signal if a

change in a treatment level has been
made during each WQP run.

The same as IKT only in WQP format.

The river deoxygenation coefficient.

The oxygen demand load being added to
the river at each station,

The river reaeration constant.

The volume of water released by each
unit of activity at each station

per day.

The minimum acceptable flow in the
river.

The flow in the river at pach station.

The volume of water withdrawn for each

unit of activity at each station per
day .

The number of days in each of the
time periods.

The cost of providing each additional

level of treatment per unit of activity.

The cost of providing the additional
capital expenditures required for the
additional waste water treatment,

The levels of the various activities.

Units

None

Units/ﬁay

Unitq/day
None
None

days-l

Mg 02

liter

daysal

1000gal

(UA) (days)

1000gal

day

1000gal

day

1000gal

(UA) (day)

days

3/

“UA

Ja

Units

Format

wQP

WQP

WQP

WQP

WQP

WQP

WQP

MPS



Code

XBOD
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Definition

Biochemical Oxygen Demand generéted

by each activity per unit of activity.

The maximum allowable level for each
activity.

Format

MPS

MPS
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13. FLOW CHART FOR WATER QUALITY PROGRAM.

Define Voriables

1

Entar Fiwed Rotlos
and Constanhs

L

vla
Opl . f EDCOM Obtaln Activily
Prog. i Lavaly
Use for Use for Trigger Contral Madule ta Hesel Moxlmum Activity
Orlg. Inttlal Enter Vorlable Ratlos Subssquant | Stored = Recycle Low Flow and Waste Level, Coordingting the
Data S 'I-_'- ond Modiflable Comytanh === | Rota Dischorge Analysivio Dependent Intake and
Ot frecutisp Depandent Upstreom Intake Discharge
Bagln Anclyils for
MAppropriale Time
' \_ Period
Ves Is the Inteke
Diwchorge
Convart Approprlote Ralatiomhip
MPS Vorloblas to WGP Format Reoaonchle
Bagin of
Statlon |
Stort ot
Cantral Madule = Controls - on Upstreom
Baglinning Statlon for Analysis Stotlon
' Mo

!n" Bagin Appropriate Statlcn
Analysls for Low Flow
\ ond Woste Discharge

Ellminats Yas Reonalyxe for { Provide Nex! Lavel
- Wt e aly i Low Flow Problems Waoste jul Treoted == of Treatmant.
Caleulate Mew Flow Upstreom or Bounded Modify © Vector

Coleulate MNew

Rlver Flow S :
Con Additl ot Manliues: | ©
Triﬂnrm-dm ::ul Ma Activity Lavel
that will Consume
Set Activity BN et xad Avalldble Cxygen
Lorw Flosw Waoite Dischorge
Leval to Yau . Demand Cepocity
fst———— Ao b for Problems of Calculate Cxygen M i
Woter Avallable Subject Stotlon Damend for Woster s the O
xygen
S5et F‘“‘ o nﬂn. Dh.ﬂhﬂ‘ﬂ.d ot or Damand Toao

Above the Subject
Statlon

High

Mo

1 Colculets Oxygen
Demand of Dlschorge

Caleulote ond Analyre
the Cheygen Damand
Praflle of tha Entire Mo 1 Misd
Blwar Tor all Wertea Downifream Stallon
Prasantly Caleuloted.
Bagln ot Statlon 1 on
Initlal Entry

Hos the Cheygen
Demond Been

Colculoted for
All Station

Haa Entirs Rlver
Bean Analyzad for
Weata Dlschorgs ond
Low Flows

Mave to Mex!
Dowratracm Stotlon

ha Tell Opt.
Convert WOP = Prog. to ----—__--__.-__..-_,___.____j
Vorlables to Stop

MPS Formol

|
Frint WQF
Chitput for
Subsject Time
Purlod

Sel up Tell Opt. Prog.
Maove te Max) .r:lmi :"-:: %{T - Revived Dafo Stare WOP to Revisa Data, Cpt.
= Time Period i\ A Fila for Cpt = Data Reoptimize, ond [ | Prog.
: N ihol PN oo Prog Return | "hr’DP
- o

§
Stored
Diata
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APPENDIX G:

ORIGINAL INPUT TO OPTIMIZATION PROGRAM
EXECUTOR, UPS/360 V2-=M3

NAME DAVE
2RNWS

STR A
STRR
STRC
STRN
WTCA
WTCH
WTCT
ATCD
AWT CA
AWTCR
AWTC"
AWTCD
AWTCA
WWT CR
WWTCE
WWTCD
AWWTCA
AWWTC3
AdWTC?
ANWTCD
L FL WA
LELWR
LFLWE
LELWD
PSCA
PSCR
PSCC
PSCD
RES
RESID
EC
LAB
LND1
LND?
CFLC
SARC
NDC
DC
RIC
WRC
FIREC
NSe
cMC
LUMNS
CFLA "STALE? , 01700
CFLA ” 35,2523 @ ST 1581 3,032353)
“FLA LA3 1, 25200  LND! AL
CFLA CFLC 34, 20000
DSA r 12130, 00000  STRA 379,9939)

mrnr"v—r'r-_rnmmrnr'r‘r'r-r'r-r‘r-z

r-r'r'r""r'r"l—r'r"r"r"l—r'c';{nr-r'r"r—r'-nrnmrnm'n

-
-

J

PS A LAB ,12800  D§ZA 1099, 02007




JF-KA
AF=KA
NF=-KA
IN=DA
ON=DA
IN-DA
FMA
EMA
FMA
NvA
JIVA
NMA
DA
JDA
JDA
QT A
RTA
RTA
W=D A
A=R A
W=R A
FI2FA
FIREA
FIRPEA
1S4
1S A
154
CINA
"N A
CONA
WTA
WTA
WWTA
AWTA
AWT A
AWWTA
STNRA
STORA
RECA

=S5 TDA
RES IDA

LELWA
CFLR
CFLR
CELS
CELRB
CN1AR
CRN1B
CRN?R
CRN1R
CRN2R
CON2R
CRN2R
CRN28

EXEZUTOR,

rn

|
AWWTCA
NDC

C

LAR
AWWTCA
C
AWWTCA
DC

C
AWWTCA
NC

C
AWWTCA
D&

AWWTCA
R1C
i

AWANTCA
WRC

C

AWWT CA
FERELC

AWNATC A
(5:C

C
AWWTCA
CGMC

C

WTCA
WWTCA

AATC A
STRA
DB &

RQES
AWTCA
RESTD
STDA
1SCALE!
c

L AR
CELE
V57 R
e

LAR
"SCALE
C

LAR

cC
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MPS7360 Vv2-M3

1030,

=. 851 T0s
VBT 2
1000,
=901 09,
120D,
-‘-';132‘_1] L]
Q4s,
19070,
'1121 Fa
870,
1000,
=7T08&R
1024,
1000,

IO
0N0oo
20900
00790
12440
N0~
99900
N0
29030
0n32n
00000
60000
nneNe
732329
A T0.0
0007N

~ 108 3 25000

1000,

= ek
RR 7,
1NAN,

- 24172,
1776,
1000,
=1 3050,
)78 A RS
1000,
-RAR3E R
506
L ]
1133,
1 O,

= 10’]0-
1090
1000,
L QO
1010,
1000,
2 00,

?&:

1a

13'

AR,

59,
L

Qﬂ.

cnNnNnnN
andan
AQQAL
00020
no0no
I3
21 K e,
00990
alelaldle
EANAN
h%géf
o alsa
(QCAN2
LTEDD
629390
DD ST
21930
Q0090
(O H
DB I0
QODYN
DOERR
i fi Bl
280 19 B k0.
Q022
01900
757730
2 805
23T
Q1L oa0
0 I [0 )
23.0Jd
431000
@l Holale
2 6 o b0 e
7B
55020

AWTCA
LAR

CAWTCA

NDC

ANTCA
LAR

AWTCA
LAR

AWTrCA
_AR

AWTT A
LAS

AATCA
L AR

AWT ™A
AR

ANTC A
L &3

AWTCA
| &R

ST2A
ANT( A

AWNTCA

ST2A

AWl TCA

QTR

AET

e

ANWTCA

LELWA
ST

LNDY

STR
LN

ST2A
LND?

95 TN IRIID
1244 ,4309)

5G231, 70772

y 1 GR AR

RDT7T,NONAN
»170J2

2673, 3799)
S gh Ho

B (B ST N i [
g2 N2

} 251 TR0
ot %1 20)

8 R MRV s i 2

= L05F)e EFFID
LE 32 s 5000

1 D058 97353

= T332 DI

1 0%, 1 900
- 757,9000)

1170007909
3 X O Q0D

» D400

TG R £
R I 2 V6 Jo

T

-
=
o O

fo=t ===
-

) O

S [ s
) D)



S81R
S818
Sa18
CR1A
SR218
SR2AR
SR?AR
S328
NS A
PSR
NF =KPR
JF-KR
NF=KR
JN=-DR
N=-DR
N -NR
FMA
EVA
EMA
M
MR
JMB
INR
JNA
20AR
RTR
RTA
oIR
W=RR
Ve
W=RR
FIREAR
E1.9ER
FIRER
1SR
IS8

I SA
CONB
~ INR
CaON R
WTR
WTH
WANTHB
AWTR
AWTR
AWWTR
STNPR
CTORAY
2FECAH
RESTIDR
RE SR
LFLW?3
CFLC
GREG

FXECSJT IR,

"SCALE!
C

LAS

SBC
SSCALEN
LAS

SRE

C

LAR

#
AWATCR
MDC

r

LAR
AWWTCR
-
AWNTC3
DC

C
AWWTCR
pia

r

AWNT (R
nNe
AWWTZH
PIC

E
AWWTCR
WR "

0
AWWT R
FIREC
AAWTC3
NS C

C
AWWTC3
o e

e

F
|

ATZ8
WWTCR

AANTCHR

QTRA

O E S

DES
AWTZA3
OFSID
ST2R
Raaes

-~
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MDS /26N Y2=M2

153,

s 3 83
153

.

< N o B

) 9 B ¥ T
]

1000,

- (~8 70.
15672
10NN,

.
-3N1089,
1700,
=52 B 15
Q4t,
1000,
-1 71 A,
aTr,
17NCy
'735‘:{:1
1C24,
1000,
SULEME
2264

¢ Ty

- 7357,
es7,

B o IS

- "'JJ_'*'I‘]-

s
-10080,
174,

-Qa2cR2

506,

1138,
0 41 O

2o »
o= 10{:#'-
»

b B0 B0 TR
15 s o 8

1 000
1000,

1200

5 2.0

36,

0129
0aoap
54090
T7TN00
i i W 1 8
nopor
TRAN
Srddala
3opeDn
Y ARND
OO0
nnonn
20
e ann
12429
e b
0J00C
0CcoNN
20D
f_}“}"\'\"\
SlLIRERE
AQOCDE
o shald
TIGND
230170
1 i g

: ¥ a
o JOOL

+9372°

1 KO LR SR
RN
A% affe Lol
"\"]'J.'\f\
G RS
Q133N
Grale B lle
QEAle EARA
BN
A3 30
sk kA
AOOAC
L R
AN
182 1 2
DY ey
1o Falalla
ooNio
DY
90 b b L
AN
NG
i o 36 NI 1,
(IO
03 Haiele
2SN

3 g
LND

$T22
LAN?

2733
P
AWTCN
L AR

AWTTR
s

AWTZR
L AR

AJY( O
L AR

AWTC 3

-

ABQ

AAaTTR
AR

AT A

LA

AATT 3
LAR

ANTTH
L&

AATCR
LA

TR
AWTZ 3

AW AT CR

TR A

AW TR

S B

2=

""'LW.J-]TT:_I
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PROBEND MESSAGE

THE OPTIMAL SOLUTION NUMBER 2 ALSO ALLOWS ACHIEVEMENT OF
THE WATER QUALITY AND FLOW PARAMETERS SPECIFIED,

THIS IS PROBEND,
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