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Executive Summary

Purpose

Consumptive use estimates from the 1985 International Joint Commission (IJC) report
on Great Lakes Diversions and Consumptive Uses have been extensively quoted

and have significantly influenced Great Lakes water resources policy. Uniil now,
however, the bases for those estimates of water withdrawn from but not returmed to
the Great Lakes hydrologic system lacked thorough, documenied Investigation,

Precurser to the |JC 1985 consumptive use estimates were 1981 findings of the
Intemational Great Lakes Diversions and Consumptive Uses (IDCU) Study Board.
IJC had appointed IDGU to develop consumptive use estimaies for seven sectors:
municipal water use, rural domestic water use, manufacturing water use, mining
water use, rural stock water use, irrigation water use and thermal power water use,

This Analysis of Existing Models summarizes the models, examines the assumptions,
and discusses the techniques underpinning IDCU and IJC estimates of Great Lakes
water consumption. Based on this investigation, we recommend more rigorous
uncertainty analysis of the consumptive use estimates and sensilivity analysis

of the models used.

Approach

This report focuses on the 14 models IDCU developed to estimate water consumption
for seven water use sectors in the United States and in Canada. These models often
include subcategories within the sectors and geographic units for data aggregation.
Woe discuss the methods, assumptions and implications of each model, and offer many
sector-specific suggestions on how hest to address inconsistencies and uncertainties.

We have constructed consumplive use equations for each water use sector from the
disparate information available on past methods. These equations are fundamentally
linear, with nonlinear and logarithmic funclions embedded in certain variables. Qur
notation system assigns specific parameters to model variables and constants.
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Major Issues and Findings

B In general, the IDCU consumptive use estimates were obtained by multiplying a
"drive” variable by a consumptive use coefficient for each of the seven water use
sectors. The drive variable was usually population. Therefore:

®  U.S. consumplive use esfimates, though seemingly based on various
socioeconomic parameters, were driven by population estimates from
the Bureau of the Census.

m  Canadian consumpfive use estimates were similarly driven by population
forecasts derived specifically for IDCU.

Thus, consumptive use estimates are very sensitive to assumptions regarding
population change.

H IDCU examined population changes in the Great Lakes basin only. However,
population changes {and economic demand) outside basin boundaries could
aiso affect consumptive use, and need to be considered.

B The general structure of IDCU models is consistent across sectors and regions,
but some aspects of the models hinder direct comparison. Problems result from:

8 mulliple and varying data sources, including data from different base years

@  assumptions that are not always specified or that are buried in data sources

B Accuracy of data, assumplions and forecasting methods that most influence
the consumplive use estimates should be reevaluated, taking into account
the effects of ongoing changes in technology and regulations on water use.

viii
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Chapter

Purpose

The waters of the Great Lakes basin — which comprises five subbasins draining to
Lakes Supericr, Huron, Michigan, Erie and Ontario — provide myriad benefits.

Although large quantities of water are withdrawn from the Great Lakes hydrologic
system to sustain various human aclivities (approximately 75,000 cubic feet per
second, cfs, in 1975), an estimated 95% Is returned (International Joint Commission,
WC, 1985). Water not returned and assumed "los{” from the system (largely due to
evapotranspiration) is consumplive use.

This report evaluates the methods used in [JC's 1985 report Great Lakes Diversions
and Consumptive Uses to estimate and forecast consumptive use. The purpose here
is to consiructively examine the data bases and underlying assumptions that affect
the development of consumplive use simulation models. Some background on UC
and how it has evaluated consumptive use in the Great L.akes basin is appended.

The methods used to estimate consumplive use for IJC's 1985 report were developed
by the IJC—appointed International Great Lakes Diversions and Consumptive Uses
Study Board (IDCU) in response to increasing U.S. and Canadian concern over

water use issues in the Great Lakes basin. For iis 1985 report to the governments,
IJC also incorporated estimate modifications based on public input and additional
studies. This report focuses on the IDCU models but does not compare these models
with other consumptive use models. Detailed analyses of alternative models and
cross-comparisons among models could further refine consumplive use forecasting.

The IDCU study covered seven water use sectors in the Great Lakes basin —

the municipal, rural domestic, manutacturing, mining, rural stock, irrigation and

thermal power generation seclors — with separate analyses for U.S. and Canadian
portions of the basin. This report parallels the format of IDCU’s report (1981) to IJC.
Information on how the separate sectors funclion in the Great Lakes region as a whole
can be found in Institute for Environmental Studies Report 131 (David et al. 1988).



Estimating Great Lakes Water Consumption

IDCU completed and submitled estimates and forecasts of consumptive use in the

Great Lakes basin to IJC for review in 1981. Upon review of the repont, IJC altered
certain IDCU consumptive use estimates and forecasts based on revised assumptions

pertaining to the manufacturing and thermal power seclors. These {(aggregated)

estimates are shown in Table 1. This document evaluates initial IDCU methods, which
lead to their 1981 figures, but the withdrawal and consumptive use estimates displayed
and discussed in this document are those that appear as final estimates published by

MC in 1985 and, thus, they rellect the alterations made in the manufacturing and
thermal power seclors.

TABLE 1: Estimated Consumplive Use of Great Lakes Water and Average Annual Change

Manufact- Thermal Rure] Rural
uring Municipal Power Irrlgation Domestic Mining | Steck Totel

Usa
1975(cts) 2,270(53%) 680(16%) 420{10%) 260(6%) 300(7%) 250(6%) 130{3%) 4,310
2000{cls) 4050(48%) | 870(10%) | 2.26027%) | 500(6%) 330{4%) 320(4%) | 130(2%) | 8.460
Avg.Annual

Change 2.3¢% 1.00% 8.96% 2.65% 0.36% 0.9%% 0.00% 2.7%%
CANADA
1975{cts) 220{34%) 150(23%) 60(9%) 160{16%) | 30(5%) 0 80{13%) | 640
2000{cts) BO0{42%) 200(14%) 310(22%) 130(8%) 60(4%) 10(1%) | 120{8%) | 1.430
Avg.Annual

Change 327% 1.16% 6.79% 1.05% 281% - 163% | 3.2™%
BASIN
1975{cts) 2,490(50%) | 830(17%) 480{10%) | 360{7%) 330(7%) 250(5%) | 2t0t4%) | 4950
2000{cfs) 4650(47%) | 1,070{11%) | 2570(26%) | 630(6%) 390{4%) 330(3%) | es0(4%) | 9,890
Avg Annual

Change 2,53% 1.02% 6.94% 2.26% 0.67% 1.11% 0.70% 281%

Source: JC 1985

Each section of this document is intended to accomplish the following goals:

® Summarize clearly the methods used to determine current and future withdrawal

and consumptive use rates;

m |dentify the assumptions on which these methods were founded;

8 Discuss the methods and assumptions in terms of clarity, defensibility and
accuracy,;

w Identify options for further study that would update and potentially enhance
the reliabllity of the estimates and forecasts.



Purpose

For the purpose of illustration, equations have been developed and are provided for
each of the 14 model methods used to complete the IDCU study. These equations
help to identity the driving components of the model, the variables that are highly
sensitive 1o changes In underlying assumptions and the comparability among models.
For a detailed crientation to the format of the equations, see Chapler 3.

Each model is discussed in five categories: methods, assumptions, results, general
critique or discussion, and options for further study. It shouid be noted that the options
for further study proposed in this document are of a preliminary nature and are not
necessarily recommendations for future study. The suggested options range widely
from requesting simple clarifications to proposing large-scale research and monitoring
programs. Often the suggestions simply call for updating IDCU-employed statistics.
However, several options involve revising IDCU analytical assumptions and methods.

It is again emphasized that the options for further study should be considered by
policymakers but should not be viewed as recommendations to "correct” the estimates
and forecasts adopted by 1JC. First, there is no correct prediction for the future, as
social, economic, technological and climatic trends that appear likely now could not be
realized 10 years from now.

Second, it is uncertain how significantly the consumptive use estimates might change
as a result of the suggested options for further study. Although the suggestions are
intended to increase the reliability of the consumptive use estimates, in certain sectors
the change would be too small (especially with respect to total consumptive use) to
justify the effort. Analysis of sensitivity and uncertainty should help show which options
deserve attention with respect to the relative amounts of water use involved.

Chapter 2 will discuss the concept of consumptive use in detail and will further oulline
the importance of assessing the role of consumptive use in the Great Lakes basin.



Purpose
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Chapter

Consumptive Water Use

Consumptive water use occurs in several ways. Water is consumed as it becomes pan
of a manufactured product, such as canned vegetables, or as it becomes resident in
living plant or animal tissues.

Most consumptive use, however, results from evaporation, Increased evaporation
potential is normally associated wilh Increased withdrawals to supply water for cocling
in thermal power plants, food processing, households, irrigation and other widely
varying uses. Increased evaporation often occurs with increased withdrawals because
larger water surface areas are exposed to the atmosphere (irrigated cropland,
evaporation ponds) than if the water remained in lakes and rivers.

Consumptive use is very difficult to measure and quantify, mostly because of its
nonpoini or dispersed nature. In frrigation, for example, there is a great deal of
uncertainty in estimating evapotranspiration over large geographic areas. In contrast,
the intake and outfall of one particular water system is often monitored to estimate
manufacturing and consumplive use. Interpretation of the measurements is problematic
because multiple sources or exiractions of water for different purposes can occur in
one main system. In addition, because consumption generally constitutes a small
percentage of withdrawal, consumptive use estimales could be on the same order of
magnitude as the measurement error associaled with estimating water withdrawals.

In spite of these difficuities, it is important that efforis continue toward achieving an
understanding of consumptive use so that we can better predict the impact of human
activity on water supplies. As a first step, lt is critical 1o define accurately the purposes
and magnitude of water withdrawals. However, cerlain types of consumptive use are
defined and eslimated more easily than others.

For example, the physical processes of thermal cooling (which removes water) are fairly
well defined by the laws of thermodynamics and plant efficiencies. Other water uses
occur under widely varying condilions such as climate, popuiation density and so on.
The uncertainty assoclated wilh estimating water use should be approached using
explicit procedures for error analysis and stalistical methods to help determine probable
ranges of consumptive use for each sector of concemn.



Estimating Great Lakes Water Consumption

in the International Joint Commission (IJC) report, Great Lakes Diversions and
Consumptive Use (1985), consumptive use is defined as "that portien of water
withdrawn or withheld from the Great Lakes and assumed to be lost to them due to
evaporation during use, transpiration from irrigated crops, leakage, incorporation into
manufactured products, or similar occurrences during use.” Total consumptive use in
1975 was estimated at about 4,950 cubic feel per second (cfs). As a porlion of
withdrawal, consumptive use estimates among the five Great Lakes subbasins ranged
from 4.8 to 10.4% with approximately 75% of total consumptive use occurring in the
subbasins of Lakes Michigan and Erie (Inlernational Great Lakes Diversions and
Consumptive Uses Study Board, IDCU, 1981). The United States is responsible for
87% and Canada 13% of total consumptive use in the Great Lakes basin.

In terms of overall water budget, consumptive use is no ditferent from deliberate
waler transfers out of the lakes. Ardificial transfers can also add water to the system.
The principal diversions, as these transfers into and out of the Great Lakes are termed,
include Long Lac, Ogoki, Chicago, Welland and New York State barge canals, as well
as two small diversions from Lake Huron and Lake St. Lawrence (Loucks et al. 1987).
Long Lac and Ogoki diversions Increase the supply of water to the lakes and have
resulted in Increased lake levels of about 0.25 ft for each lake (IJC 1985). The
Chicago diversion draws from Lake Michigan, and water is diverted from Lake Erie

to Lake Ontario via the Welland Canal. These withdrawals have caused lake levels
to fall an average of 0.07 and 0.06 ft, respectively. According to IDCU, the effects

ol these diversions on Great Lakes mean water levels have been minimal compared
with natural fluctuations of the lakes. To date, total consumplive use caused by
human activity has not significantly influenced the Great Lakes basin water supply.

Nevertheless, the impacis of withdrawals and consumptive use on the Great Lakes
hydrologic system remain an issue of concern for two reasons. First, water avaiiability
is becoming increasingly iImporiant in regions outside the Great Lakes basin where
current and/or projected water demands far exceed sustainable supplies. In many
arid and semiarid regions of the United States, surface water is over-allocated and
ground water is pumped at far greater rates than aquifers can naturally recharge.

In spite of political, environmental and economic obstacles, large-scale water transters
from the Great Lakes could be perceived as necessary in times of regional or national
water shortage.

Second, human activity has a direct and indirect impact on water quality, which

in tum affects water supply and the valuable resources that depend on constant
supplies of high-qualily water. Chemical and nutrient pollution have had detrimental
effects on fisheries and other blota supported by the lakes. The level and distribution
of consumptive use influence water quality by reducing the system capacity to dilute
or flush contaminants. The adoption and enforcement of water quality regulations
could result in an effective loss of water supplies where contamination is a problem.
Water users could be forced to obtain supplies from other sources or to pay for
increasingly costly treatment and cleanup of contaminaled surface and ground water
in the Great Lakes region.

6



Consumptive Water Use

It is also advisable to consider the potential effects of global climatic change on human
activities and water supply in the Greal Lakes basin. Although the consequences of
increased CO, in the atmosphere are currently subject to debate, it is conceivable that
total net basin water supply could be significanily reduced by dramatic increases in
evapotranspiration. It this occurs, then the absolute and relative influence of human
consumplive use on basin water supply could change substantially {as a resuit of
increased cropland irrigation).

It is not the purpose of this report to resolve these concerns or to recompute 1JC
estimates and forecasts of water use in the Great Lakes basin. Rather, the report
attempts to analyze the existing consumptive use models and identify the underlying
assumptions. With further clarifications, future research can be designed speciftcally
to provide the most important information and te aveid costly duplication of research

eftorts.

Chapter 3 presents general notation conventions for use in this report that will allow
ready discussion of each consumptive use sector.
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Chapter

Introduction to
IJC Consumptive Use Models

Consumptive use models for the seven water use sectors in both the United States
and Canada were developed by the International Great Lakes Diversions and
Consumptive Uses Study Board (IDCU 1981} and subsequently adopted by the
International Joint Commission (IJC 1985). In this report, the models are represented
by equations given early in each chapler. In general, the models consist of a "drive”
vartable (population, gross product value, energy production, acreage) and a water use
factor (a constant value of withdrawal rales and/or consumptive use rates or ratios).
The drive variable (current or future) is mulliplied by the water use constant to derive
the consumptive use (CU) estimate.

Below are the basic relationships for the models in each sector:

Municipal CU = {population) « {water withdrawal / unit population)
+ (% wilhdrawal water consumed)

Rural

Domestic CU = (population) « (water withdrawal / unit population)

* (% withdrawal water consumed)

Manufacturing CU {Gross Product Value, GPV) » (water consumption / GPV)

Mining CU

(GPV) « {(water consumption / GPV)

Rural Stock CU

]

(animal population) + (water withdrawal / animal)
* (% withdrawal water consumed)

Cropland

Irrigation CU = (irrigated cropland acres) « (water withdrawal / acre)
*+ (% withdrawal water consumed)

Golf Course

Irrigation CU = {golf course acres) - (waler withdrawal / acre)

* (% wilhdrawal water consumed)



Estimating Great Lakes Water Consumption

The remaining sectors recelved different treatment in the United States and Canada.
The U.S. analysis included a consumptive use estimate for public lands imigation;
the Canadian analysis did not. Also, calcufations for estimating consumptive use

by the thermal power industry differed for the two nations. These diflferences are
listed below:

Public Lands

Irrigation CU = (population} = {(water withdrawal / unit population)

{U.S. only) * {% withdrawal waler consumed)

Power CU = (plant capacity in energy produclion) « (% water

(U.S.) consumptive use / unit energy production)

Power CU = {plant capacity in energy production) « {water withdrawal
{Canada) / unit energy production) « (% withdrawal water consumed)

These basic equations were applied over the entire Great Lakes basin to estimate
consumptive use. Many assumplions were made to oblain the estimates, in part

due to the lack of necessary data. The chapters covering each sector discuss these
assumplions and include a more detailed analysis of the equations used. It is important
to note that the value of intermediate variables and constanis is not known in all cases.
Therefore, the discussion of each model cannot always follow item by item with the
equations as listed. The known parameter values are stated in the chapter discussion
of each specific model.

Throughout this report the use of "US" in a variable name denotes United States and
"CN" denotes Canada. For example, CUUS(t), represents the consumptive use
estimate for sector 2 in the lime period 1 in the United States. CUCN(t), would
represent the same variable but as applied to Canada.

The variables and constants in the equations used are subscripted by up to three
letters. In the first space following the variable, the subscript letter ™i" represents
a water use sector as defined by IJC {1985). Following "i" in the second space is
the letter a, b, ..., g, denoting a particular water use sector parameter that varies
among the seven primary water use sectors. The third subscript, |, describes the
geographic unit of data aggregation for a particular variable {or constant) used in
a model. Listed below are the various subscripts.

Subscript #1 ... | = water use sectors (i applies to both U.S. and Canadian models),
where =1, 2, ..., 7, 1 = municipal
2 = rural domestic
3 = manufacturing

4 = mining
5 = rural stock
6 = hrrigation

7 = thermal power

10



Introduction to IJC Consumptive Use Models

Subscript #2 ... a-g = water use parameter (a, b, ¢, ..., g):

a = supply source/use (used only in sector 1), wherea =1, 2, .., 4,
1 = lake-supplied domestic
2 = lake-supplied commercial
3 = nonlake-supplied domestic
4 = nonlake-supplied commaercial

b = types of private water systems (used only in sector 2), where b = 1 and 2,
1 = households with pressurized private water systems
2 = households with nonpressurized private water systems

¢ = industry groups (used only in sector 3), wherec =1, 2, 3, ..., 6,
1 = primary metal
2 = food and kindred
3 = paper and allied products
4 = chemical products
5 = petroleum and coal

6 = others
d = mining industry groups (used only in sector 4), where d = 1, 2 and 3,
1 = metal
2 = nonmetal
3 = fuels

e = livestock types {(used only in sector 5), wheree =1,2, 3, ..., 6,
{Note that the number of livestock type in U.S sector is unspecified.)
f = irrigated land use (used only in sector 6), where f =1, 2 and 3,
1 = irrigated cropland
2 = irigated golf course
3 = irrigated public fand
g = power plant type (used only in sector 7), whereg=1,2, 3, ..., 5,
1 = nuclear once through
2 = nuclear closed
3 = coal once through
4 = coal closed
5 = hydroelectric

Subscript #3 ... j = geographic units for data aggregation, where j = 1, 2, 3 and 4,
1 = U.S. Water Resources Council (WRC 1978) assessment sub-areas
(United States)
2 = 42 counties (Canada)
3 = Ontario province {Canada)
4 = |ake subbasins {United States and Canada) —
Superior, Michigan, Ontario, Erie and St. Lawrence River basin

Although the equations are dimensionally consistent, conversions of measurement units
(such as from gallons to cubic feet) are not explicitly indicated,

We begin our discussion of the models with the municipal water use sector.

1"



Chapter

Municipal Water Use

The International Joint Commission (IJC) report (1985} refers to municipal water use
as "all water uses supplied by ceniralized water distribulion systems throughout the
Great Lakes basin except for manufacturing uses.” These municipal systems supply
water to sustain residential, commercial, institutional and certain recreational uses.

According to the IJC report (1985), for the Great Lakes basin as a whole, the municipal
sector ranks third in terms of water withdrawal (10% of the total) and second in terms
of consumptive use {16% of the total) for 1975. By 2000, this sector is projected

to rank third in terms of both withdrawal (7% of the total) and consumplive use

(11% of the total).

Municipal water use estimates include withdrawals from the Great Lakes, as well as
ground water and upland surface water sources within basin boundaries. In 1975,
the portion of municipal water supplied by the Great Lakes ranged from 40% in the
Lake Ontario subbasin to 85% in the Lake Erie subbasin, with an average of 80%
throughout the region. According 1o the IJC report {1985) the portion of municipal
supply from the Great Lakes is expected to remain constant or increase slightly
over the forecast peried for all but the Lake Michigan subbasin.

The commercial portion of total municipal consumplive use in 1975 ranged from
a low of 11% in the Lake Ontario subbasin, to a high of 54% in the subbasins of

Lakes Michigan and Huron. Municipal water use estimates ¢onsist of the sum of
domestic and commercial water use subsectors.

Municipal Water Use — Uunited States

Methoids

1. The most likely projection (MLP) of total consumplive use in the municipal water
use seclor is the sum of four individua! supply source and/or end use projections of

13



Estimating Great Lakes Water Consumption

consumptive use as shown by the equalion below. For two source/use projections
(CU(t),: lake-supplied domestic, CU,: nonlake-supplied domestic), specific details
were published in the International Great Lakes Diversions and Consumplive Uses
Study Board (IDCU) report (1981), and those resulis are summarized by equations
in this section. For two other source/use profections (CU,: lake-supplied commercial,
CU,: nonlake-supplied commercial), IDCU did not publish specific methods, which
therefore are not covered in this report. The four supply source and/or end use
projections are described separately in sections 1.1—4, which follow. Estimates are
summed over eight assessment sub-areas (ASAs) from the U.S. Water Resources
Council {WRC) 1978.

CUUS(t), = CU{t),+CU,+CU,+CU, (4.1)

where:
CUUS({t), — total municipal consumptive use (cubic feet per second, cfs) at time t =
1975, 1985 and 2000 in the U.S. municipal sector {i = 1)

1.1 Consumptive use (cts) for the domestic subseclor of the lake-supplied population
at time t:

CU(t), = {WUS(),+P[1+r()]*MLSP (1) CURUS, }+{P[1+1()'MLSP(t)*NLL}  (4.2)

The variables are explained in tum:

WUS(t),, — per capita withdrawal rate (gallons per capita daily, gpcd) for the
domestic subsector of lake-supplied municipal water systems, where
j=1 (IDCU modified the WRC rate by assuming a 10% increase,
WRC had predicted a 27% increase nationwide, by the year 2000.)

P, — population estimate, where j = 1 (U.S. Depariment of Agriculture,
USDA, 1975)
[14r(t)] — growth multiplier (dimensionless) for population at time t = 1975, 1985

and 2000; where r = [P(t+n), - P(1)]/P(t), where j = 1 (USDA 1975)

MLSP() — municipal lake-served population as a fraction of total population
at time t, where j = 1 (USDA 1975)

CURUS, — U.S. municipal water use sector consumptive use ralic {(dimensionless)
of consumplive use rate / withdrawal rate (WRC 1878)

NLL — net leakage loss assumed to be 2 gped (IDCU 1981)
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1.2 Consumptive use for the commercial subsector of lake-supplied population
(constant over projeclion period} (WRC 1978}

CU, = rate of commercial consumptive use (cfs) (4.3)

1.3 Constant consumplive use rate {(cis) for the domestic subsector of nonlake-served
population with assumed conservation:

CU, = {CURUS,*WUS(t);*Pp[1+r(t)]+(1-MLSP(1))}-CON(1) (4.4)

WUS(t); — per capila withdrawal rate (gpcd) for the nonlake-supplied
domestic subsector (WRC 1978)

CON(ty -~ unspecified conservation rate (cfs) that varies in an unknown way
so the consumplive use in this subsector is constant through time
(IDCU 1981)

The remaining factors of the equation have been defined previously.

1.4 Constant consumplive use for the commercial subsector of the nonlake-served
population (WRC 1878):

CU, = rate of commercial consumplive use {cfs) (4.5)

2, IDCU developed four alternative scenarios to the MLPs chosen:

Projection 2 -— Great Lakes Basin Commission {(GLBC 1974)
Framework Study (high projection)

Projection 3 — unmodified WRC (1978) estimates developed for
the Second Naliona! Water Assessment Study (NAS)

Projection 4 — calculated using state census rather than
USDA (1975) Series E population projections

Projection 5 — modified MLP with conservation as a 10% reduction
in wilhdrawals
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Assumptions

B MLP chosen by IDCU (1981) incorporates the assumplions made by WRC (1978)
with two exceplions:

1. WRC (1978) expected that future increases in municipal water use wouid
be equally offset by increased conservation. IDCU (1981) assumed ditferent
water use trends for lake- and nonlake-supplied municipal systems for the
domestic subsectors; no conservation was assumed for lake-supplied systems,
which results in a 10% increase in wilhdrawal and consumptive use rales
between 1975 and 2000.

2. WRC (1978) assumed no net leakage loss from municipal systems while IDCU
(1981) assumed a net leakage loss ot 2 gped from lake-supplied municipal systems
in the domestic water use subsector.

= [DCU {1981) assumed that 100% of net leakage was lost to the hydrologic system.

= Withdrawal and consumplive use rates for commercial users are expected
to remain constant throughout the forecast period.

Results

TABLE 2: U.S. MLP of Municipal Withdrawal and Consumptive Use

1975 1985 2000
Estimated Service
Population (millions) 25.3 28.0 32.0
Withdrawal (cfs)
Lake 4890 5500 6420
Nonlake 1240 1400 1630
Total 6130 6900 8050
Consumption (cfs)
Lake 550 600 720
Nonlake 130 150 160
Total 680 750 880

Seurce; WC 1985
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Discussion

Although the U.S. model for municipal water use is straightforward in concept,
the presentation is unclear and no reasoning is provided for several assumptions.

First, while population projections and withdrawal rates could be well known, the
consumptive use ratio is not. The consumplive use ralio will have an important effect
on final consumptive use projections, and it should be explicitly stated along with the
assumplions on which it is based. For completeness, all withdrawal and consumptive
use rates should be published even where there are no deviations from WRC (1978)
report assumptions, The labeling of lables in the text is also not clear. For example,
Table 5 on page F-13 is labeled as "MLP PER CAPITA WITHDRAWAL RATES"
when, based on the text, what is really meant is per capita withdrawal rates

for the domestic fraction of lake-supplied population. This can be determined

from the text, but for clarity, the table should be distinctly labeled.

Second, it appears that municipal per capita demand is assumed constant within each
of the five subbasins, while it varies ameng subbasins. According to the report, a city
of 100,000 residenis in the Lake Huron subbasin would demand enly about 60% of
the water that a city of the same size would demand in the Lake Michigan subbasin.
The reasons for different per capita demand among subbasins were not specified

in the IDCU report {1981).

Third, there is no discussion or substantiation of the assumed 2 gpcd leakage factor.
It is not certain why the leakage factor was applied only to lake-supplied municipal
syslems. Perhaps it is assumed that conservation is a more important concem
where the water source does not possess the perceived infinite quantity provided

by the Great Lakes. The cost of obtaining and treating water could also vary
between lake and nonlake sources.

Qptions for Further Study

Where available, recent information on municipal water use in the U.S. portien of the
Great Lakes basin could be collected and compared with frends projected in the IDCU
report (1981). In particular, given the significance of the consumptive use ratio, a more
detailed analysis based on current water use trends within the basin couid be useful.

Further review could provide substantiation and discussion of the per capita leakage
coefficient. The development and implementation of a leakage monitoring program
in Great Lakes regional municipal areas could contribute to better quantification

of leakage from centralized water systems.
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Municipal Water Use — Canada

Methods

1. The Canadian model focuses on estimaling residential and commercial-institutional
water uses. Populalion forecasts were obtained from the province of Onlario, and two
population growlh projeclions were developed based on low and medium fertility rates
and a constant level of migration.

A demographics-based medel consisting of a rolling three-period average was
constructed te compute the following for any year within the forecast period:
® {he population of 42 Ontario counties located partly or entirely within one or more
of the five Great Lakes subbasins
m the proportion of each county's population residing in a particular subbasin
= {he propontion of each county’'s population served by municipal water supply systems

The Canadian model made no distinction between lake- and nonlake-supplied
municipal systems. Also, all necessary model parameters were published in the
IDCU report (1981). Therefore, the methods used 1o derive MLP of consumptive use
in the Canadian report can be written as one equation as contrasted with the U.S.
report where not all of the model parameters were published. The methods employed
in the municipal sector consisted of multiplying a per capita withdrawal rate times

a population projection limes a consumplive use ratio as summarized by the equation
below:

CUCN(t), = CURCN,*WCN(t),,-P(t)=M(1}, {4.6)
where;

CUCN(t), — total municipal consumplive use at time { = 1975, 1980, ..., 2000
in the municipal sector (i = 1}, Canadian pertion of the Great Lakes
basin (cis)

CURCN, — consumptive use ratio (dimensionless) : {consumptive use rate /
withdrawal rate), assumed to be 20% of municipal withdrawal

WCN(t),, — per capita withdrawal rate (gped) for the domestic (combined a = 1
and a = 3 U.8. sector parameters) and commercial (combined a = 2
and a = 4 U.S. sector parameters): these represent the mean water use
coefficients at the county level for a given subsector in each basin
as calculated in Table 14 of the IDCU report {1981)

P(), — population of each county residing in each basin at time t
(IDCU 1981)

M(t), -— fraction of county population served by a municipal system
(IDCU 1981)
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2. Information on municipal water demand was obtained primarily from the 1975
Inventory of Municipal Waterworks and Waste Treatment Systems (IDCU 1981).
The inventory consists of survey responses from individual municipalilies throughout
the province of Ontario. The data from this report were used to develop per capita
water use coefficients.

3. The 42 counties are aggregated into 11 groups containing at least 15 municipalities
each. This step was deemed necessary to reduce the influence of variation and
inconsistencies in individual survey responses. Water use coefficients for domestic
and commercial-institutional subsectors were then derived for each of the 11 groups
by excluding values above the 90th perceniile and below the 10th percenlile. Mean
and median coefficient values were derived for use in the regional forecast.

4. System losses are estimated at 10% of the residential and commercial water use
coefficients. Although the IDCU report (1981) does not define "loss,” presumably
this term refers to loss from leakage. Consumptive use is defined as a percentage
of residential plus commercial water use plus "estimated losses” and is estimated

fo conslitute 15% of total municipal withdrawals.

5. MLP was computed using the mean water use coefficient with the medium
population forecast. A high projeclion was developed using a water use coefficient
value two standard deviations above the mean and the medium population forecast.
A low projection was developed using a water use coefficient two standard deviations
below the mean and the low population forecast.

Assumptions

a Per capla rates of withdrawal are assumed to remain constant throughout the
forecast period with separate eslimates for MLP, high and low projections.

® The migration rate into Ontario is assumed constant at 50,000 persons per year.
Geographic distribution is assumed to be directly proportional to existing population
distribution.

®  Projected trends related to the ralio of municipal {o rural domestic water users are
assumed o reflect 1951-71 trends.
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Results
TABLE 3: Canadian Municipal Withdrawal and Consumptive Use
1975 1985 2000

Estimated Service
Poputation {millions) 6.1 7.2 8.6
Withdrawal (cis)
Lake 720 840 1030
Nonlake 210 250 320
Total 930 1090 1350
Consumption (cfs)
Lake 110 130 160
Nonlake 40 40 40
Total 150 170 200

Source: MC 13885

Note that although withdrawals from nonlake sources are expected 1o increase over the
forecast peried, expected consumption figures do not change. There is no explanation
for this trend in either the IDCU (1981) or the JC (1985) report.

Discussion

The Canadian model differs from the U.S. model most significantly in the use of primary
data and statistics to develop the bounds for MLP and the high and low aiternative
scenarios. The model retains as much disaggregation of data as possible.

The model does not, however, provide any explanation or substantiation for figures
used to define losses 1o municipal systems and consumptive use ratio to withdrawals.
A different approach was used later in the report in which a 20% consumptive use
coefficienl was applied with no additional losses to the system.

Options for Furthier Study

Apply recommendations made in the municipal water use section for the United States.

A comparison of recent statislics on migralion to Ontario with the projected rate
of 50,000 persons annually could be useful.
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Chapter

Rural Domestic Water Use

The Intemational Joint Commission (IJC) report (1985) defines the rural domestic sector
as "private water uses, usually associated with rural populations and ground water
sources.” This sector accounis for about 7% of total basin consumptive use and is the
fifih highest water-using sector in the basin. The U.S. and Canadian models assume
that water used by this sector is supplied by sources other than the Great Lakes.

International Great Lakes Diversions and Consumptive Uses Study Board {IDCU)
study results {1981} indicate that the Great Lakes region's rural domestic sector

is expected to increase its water withdrawal and consumptive use over the forecast
period. However, growth in rural domestic water demand Is not expected to keep up
with other, faster growing economic seclors,

The basic methods used to derive consumptive use estimates for the rural domestic
sector consist of applying per capita withdrawal and consumptive use coefficients

to the population served by private, non-centralized water systems. A more detailed
discussion follows.

Rural Domestic Consumptive Water Use — United States

Mcethods

1. The U.S. model bases its estimates and projections of rural domestic water use
on the methods employed by the U.S. Water Resources Councii (WRC 1978) in
producing the Second Nalional Water Assessment Study (NAS). IDCU (1981)
developed a most likely projection (MLP) with no alternative scenarios for this sector.

Water sources for the rural domestic sector are generally individual ground water
wells serving as many as five households; other sources include inland springs,
creeks, rivers, lakes and ponds. Because self-supplied systems are not generally
metered, few data are available on water use rates, Average per capita water use
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estimates were derived using data from the U.S. Environmental Protection Agency
(EPA), the United States Geological Survey (USGS), and olher sources. Withdrawal
rates were determined to be 40 gallons per capita daily {gpcd) for those with water
pressure and 10 gpcd for those without. IDCU (1981) applied a consumptive use ratio
of 60% of withdrawal.

Basicaliy, the model summarized by equation 5.1 multiplies values for projected rural
population in the Great Lakes basin by a consumplive use coefficient. Incremental
consumplive use estimates are summed over two private water system types. The
estimates are also summed over eight assessment sub-areas (ASAs) as delineated
by WRC (1978).

CUUS(t), = Resb,-h -q,)'-P]-[1 +r(t)l] *WUS,, -CURUS,*WUC {5.1)
where:

CUUS(t), — total consumptive use (cubic feet per second cfs) at time t = 1975, 1985
and 2000 in the U.S. rural domestic sector {i = 2)

F!eshl — the (dimensionless) ratio of residences served by private water systems
to total residences in base year 1970 for the b water system, j = 1;
where b = 1, private water systems are pressurized; where b = 2,
private water systems are not pressurized

(1-q|), — average annual rate of decline in the proportion of total residences
served by private water systems from 1960 to 1970 at time t = 1975,
1985 and 2000; where j = 1

P -— poputation estimates, where j = 1 (U.S. Depariment of Agriculture,
USDA, 1975)
{1+1()]  — growth multiplier for popuiation at time t = 1975, 1985 and 2000,

where r = [P(t+n); - P()J/P(t); where | = 1 (WRC 1978; USDA 1975)
WUS,,  — withdrawal rate per capita in the U.S. rural domestic sector (i = 2)

for the b private water system type; where b = 1, W is estimated

at 40 gpcd; where b = 2, W is estimated at 10 gped (IDCU 1981)
CURUS, — consumptive water use ratio (consumptive use rate per capita /

withdrawal rate per capita) for the U.S. rural domestic sector

(i = 2), assumed to be a constant of 0.60 {IDCU 1981)

wucC - water use conversion factor {cfs/gal/day)
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2. Census of Housing (IDCU 1981) data were used to calculate an historic rate
of decline In the proportion of residences served by private water systems to total
residences. Estimates were computed separately for each of the eight ASAs
incorporating individual basin characteristics (WRGC 1978). This rate of decline
was used to establish a mulliplier that was applied to USDA (1975) population
projections to obtain estimates and forecasts of rural population.

3. Rural population estimates were separated into those served by pressurized vs.
nonpressurized self-supplied water systems. Different water withdrawal rates per capita
were then applied to these population projections.

Assumptions

® Water supplied to the rural domestic sector was assumed to be from sources
other than the Great Lakes.

m The rate of decline in self-supplied systems (in tavor of connections to central
or municipal systems) is assumed to remain consistent with the rate of decline
observed between 1960 and 1970.

Results
TABLE 4: U.S. Rural Domestic Withdrawal and Consumptive Use
1975 2000
Withdrawal (cfs) 500 550
Consumption (cfs) 300 330
Sourca: [JC 1985

Discussion

U.S. methods are strong in that they attempt to track the relevant technological and
socioeconomic frends in centralized {public) vs. decentralized (private) residential water
systems. Projected rural domestic water use is a function of the regional farm economy
and urban vs. suburban demographic trends. Due 1o the instability in these areas, it is
likely that the assumed rate of decline will not be applicable over the forecast period.

There is also a great deal of uncertainty associated with estimating private, unmetered

water use, and the analysis was lacking in terms of discussion and substantiation of
withdrawal and consumptive use rates.
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Qutions for Further Study

Recent economic trends in the regional farm economy, urbanization and shifts

from decentralized to centraiized water systems in the Great Lakes basin should be
compared to those used to develop IJC (1985) eslimates. Revisions in the model
should be made if and where appropriate.

Further investigation and substantiation of withdrawal and consumptive use coefficients
would clarify the model.

Investigation of the relative proportions of surface vs. ground water supplying the rural
domestic sector would clarify demands on the Great Lakes hydrologic budget.

Rural Domestic Water Use — Canada

Methods

1. The model depicted by the equation below was used to generate medium and low
rural domestic water use forecasts. The scenarios reflect two population projections
based on two levels of fertility and two levels of water demand. In contrast to

the Canadian municipal consumplive use model {(where different water demand
requirements were developed for different gecgraphic areas), the "medium” rural
domestic water demand forecast uses a constant daily mean water demand value

of 35 gpcd, while the "low™ demand uses a value which is two standard deviations
below the mean. The ratio of consumptive use to withdrawal is .60. Incremental
consumplive use eslimates were developed and summed over 42 counties.

CUCN(t), = [P(t)-P,"M{t)]*WCN,*CURCN,*WUC (5.2)
where:

CUCN(t), — consumptive use (cfs) at time t = 1975, 1980, ..., 2000 in the rural
domestic sector (i = 2), Canadian portion of the Great Lakes basin

P, — eslimates and forecasts of total population in base year 1975,
wherej=2
M(b), — municipal population as a fraction of total pepulation, forecasted

at time t = 1975, 1980, ..., 2000; where j =2
See Chapter 4 for detailed methods.

Note: P-Ps[M(t)} = Rural Population(t),
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WCN, — water withdrawal rate for the Canadian rural demestic sector (i = 2),
assumed 1o be a constant of 35 gped {IDCU 1981)

CURCN, — consumptive water use ratio {consumptive use rate per capita /
withdrawal rate per capita) for the Canadian rural domestic sector
(i = 2); assumed to be a dimensionless constant of 0.60 {IDCU 1981)

wuC — water use conversion factor {cfs/galday)

2. The Canadian rural domestic sector is defined in the 1JC report (1985) as farms
plus communities with populafions <1,000. Rural domeslic population was determined
along with derivation of municipal population for the Canadian portion of the basin
{rural population = total population - municipal population). The municipal water use
model (Chapter 4) used data on municipal and rural populations recorded since 1951
and projected observed trends over the forecast period. A three-period "rolling
average™ method was used to extrapolate population growth in perlinent counties

and to identity demographic frends in urban and rural populations.

Assumptions

w  Withdrawals for rural domestic purposes were assumed to be from sources
other than the Great Lakes, such as surface tributaries and ground water.

= The ratio of municipal and rural populations was assumed to be ¢onsistent
with trends observed between 1951 and 1971.
Resnlts

TABLE 5: Canadian Rural Domestic Withdrawal and Consumptive Use

1975 2000
Withdrawal (cfs) 60 90
Consumption (cfs) 30 60

Source: WG 1985

Table 5 indicates water demand will increase about 50% by the year 2000. Nole

that the ratio of consumptive use to total withdrawal appears to change and deviate
from the 60% estimate outlined by IDCU (1981). This can presumably be atiributed to
the rounding of figures to the nearest 10 cfs. Also, there seems to be an error in
Table 17 of the report: Figures for the medium and low forecasts are ldentical.
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Discussion

The Canadian model is fundamentally strong and conceptually identical to the
U.S. model. However, the accuracy of consumptive use projections for the
Canadian rural domestic sector will rest on future trends in agriculture and
urbanization in the basin. Again, assumed withdrawal and consumptive use
rates deserve further investigation and substantiation.

Ouptions for Further Study

See options for further study earlier in this chapter, under the U.S. rural domestic
consumpiion section.
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Chapter

Manufacturing Water Use

Manufacturing water use in the International Joint Commission (1JC) report (1985)
includes both self—supplied water users and those supplied by central water distribution
systems, This seclor alone accounted for about half of total consumplive use in the
Great Lakes basin in 1975 {IJC 1985}.

The manufacture of primary metals ({those previously extracted and refined from ores)
consumes considerably more waler than any other single industry in the Great Lakes
basin, and it accounts for nearly 70% of manufacturing consumptive use in the U.S,
portion of the basin. The paper and the chemicals indusiries are the second and
third largest water—consuming industries. The chemicals industry accounts for

most of Canadian manufacturing consumptive use in the basin.

IJC (1985) based its decision to adopt low consumptive use estimates by the
International Great Lakes Diversions and Consumplive Uses Sludy Board (IDCU 1981)
on two factors. First, the low projections of IDCU (1981) were more consistent with
USGS estimates. Second, current information indicated that the primary metal industry
would continue to produce below historic levels instead of experiencing moderate
growth as IDCU (1981) most likely projections {MLPs) assumed.

The complex modeling approaches used by both the United States and Canada share
several similarities. Both are based on surveys of manufacturing sector characteristics,
and both use the value of manufacturing output as the sole driving variable to forecast
water use demand (U.S. Depariment of Agriculture, USDA, 1975). Also, both studies
assume a correlation between output value and industrial water use, and both consider
the following industry groups most important for water consumption in the basin: (1)
primary metals, {2) paper, (3) chemicals, {4} food and kindred, and (5) petreleum and
coal products.

The studies differ In several respects. Canadian MLP assumes constant withdrawal
and consumption rates. The U.S. model assumes changes in these parameters based
on: (1) growth in the primary metals industry, and (2) industry compliance with Public
Law {PL) 95-217, the Walter Pollution Control Act of 1972, and its 1977 amendments.
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PL 95-217 mandates that industries incorporate best available technology (BAT), which
would in theory achieve maximum water recirculation and zero pollutant discharge

to the nation’s waterbodies by 2000 (Reznek 1976). Further, the U.S. model initially
relies on national estimates for manufacturing economic growth and shift—share
analysis and later separates the data to reflect regional trends (USDA 1975).

Theretore, U.S. projections implicitly reflect nationwide trends. The Canadian model, on
the other hand, uses data specific to Ontario, which accounts for 95% of total Canadian
manutacturing water withdrawal.

Manufacturing Water Use — United States

The model for estimating water use in the manufacturing sector was developed by
modifying forecasts published by the U.S. Water Resources Council (WRC 1978)

in the Second National Water Assessment Study (NAS). To prepare the NAS,

WRC (1978) used a survey of 10,000 large manufacturing piants, which provided

a 3% sample of 312,000 manufacturing plants operating in the United States in 1975.
Each of the 10,000 plants withdrew an estimated 10—million gal/year of water (28,000
gal/day), totaling about 99% of all manufacturing water use in the United States.

A computerized forecasting model containing a comprehensive industrial data base
for each state, region and subregion was used to provide national future projections
for manufacturing water requirements., A more detailed discussion follows.

Methods

1. Four alternative water use scenarios were prepared (MLP, 2, 3 and 4)

based on modified WRC (1978) forecasts. |JC {1985) selected scenario 2,

which gave the lowest consumptive use projections. Scenario 2 is based on
projecting gross product values (GPVs) of manufacturing industry groups and
multiplying this projected value with a consumptive use coefficient as summarized
by the following equation:

CUUS(t); = CURGPV,[145(t)], (6.1)

where:

CUUS(t); — total manufacturing consumptive water use (cubic feet per second, cis)
at time t = 1975, 1985 and 2000 in the U.S. portion of the Great Lakes
basin; | = 3 {manufacturing sector). Consumptive use is defined by
WRC (1978) as the ditference between total water withdrawal and
effluent discharged
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CURy,, — consumplive water use (cubic feet / GPV in dollars) in 1975
for the U.S manufacturing sector in the cth industry group in
the jth assessment sub—area (ASA) where ¢ = industry groups:

¢ =1 (primary meial)
¢ = 2 {food and kindred)
¢ = 3 (paper and allied products)
¢ = 4 {(chemical products)
¢ = 5 (petroleum and coal)
¢ = 6 (others)
and j = 1 (WRC 1978 ASAs)

GPV — GPVin dollars in 1975 of the cth industry group in the jth ASA
(USDA 1975)

(1+r(t)]y; — growth multiplier of the cth industry group in the jlh ASA af time
t = 1975, 1985 and 2000, where r represents incremental growth in
GPV eslimated for 1975, 1985 and 2000. These values were derived
for functional economic subareas for the USDA (1975) study using
shift—share analysis and a linear growth rate. However, IDCU (1981)
considered the decline of the metal industry in the Lake Erie subbasin
when using the growth multipliers

2. As stated in the overview, the U.S. model is heavily based on NAS methods,
assumptions and results (WRC 1978).

3. Based on USDA {1975), the trends in manufacturing GPV (termed "earnings” in
USDA 1975) were projecled for the major industry groups represented in the sampie
from 1975 1o 2000 for each ASA.

4. The projected GPV for each ASA was multiplied by a consumptive use coefficient
derived by a WRC (1978) survey of industries.

5. With the exclusion of projection 4, each scenario assumes some level of
compliance with PL 85-217 and, therefore, the implementation of BAT to maximize
water recirculation. To develop the MLP, IDCU (1981) multiplied 1975 consumptive use
estimates by a fraction 1o determine the percentage of water savings attributable

to new industry using BAT for maximizing recirculation.

Only projection 4 assumes noncompliance with PL 85-217 and, therefore, water use
estimates are not allered to account for water savings from use of BAT.
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Assumptions

30

As previously mentioned, the reliance of the U.S. model on NAS water use
forecasts (WRC 1978) implicitly incorporates those assumptions. Of particular im-
porlance to manufactluring sector forecasting are WRC (1978) assumplions

of a 4% annual increase in GNP (doubling by 2000), an annual population growth
rate <1% and compliance with PL 95-217 mandates.

Each of the four scenarios developed by IDCU (1981) assumes that water use
to sustain the manufaciuring sector is directly related to sector GPV.

Except for projection 4, IDCU {1981} assumes that each major industry group will
uniformly adop! the highest recirculation rate recorded for that group in 1975.

Projection 2 incorporates NAS projections and represents the low water use
scenario for the manutacturing sector. This scenario assumes that an eventual
phaseout of the primary metals industry will occur.

Projection 3 dilfers from projection 2 only in that it assumes a 28% growth rate
in earnings rather than an eventual phasecut of the Lake Erie subbasin primary
melals industry.

Frojection 4 is founded on the assumption that manutacturers will not comply
with the mandates of PL 95-217, which call for the implementation of BAT
to attain maximum water recirculation. Noncompliance would result in
increased withdrawal rates, causing the ratio of consumption to withdrawal
o be lower than in the alternative scenarios.

The MLP incorporates the water use estimates of projeclion 3. However,

rather than assuming implementation of BAT by afl industries in the basin,

the MLP assumes that only new industrial plants (established after 1975)

will recirculate water at high rates using BAT. Water withdrawals for industries
established after 1975 are assumed to decrease in direct propoertion to increases in
consumptive use.

Under the MLP, plants exisling betfore 1975 would continue to recirculate water
at relatively low rates using besl practical technologies (BPTs). The relationship
between water withdrawals and consumptive use for industry existing in 1975 is
assumed to remain constant throughout the forecast period. All firms, whether
using a BAT or BPT base, are assumed to be operaling at efficient levels for both
water use and oulput under the MLP.
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Results
TABLE 6: U.S. Manufacturing Withdrawal and Consumptive Use
Withdrawal (cis) Consumption (cfs)
Projections 1975 2000 1975 2000
MLP 20,450 22,800 2,280 4,040
Projection 2* 20,450 4,360 2,280 3,180
Projection 3 20,450 5,740 2,280 5,120
Projection 4 20,450 33,000 2,280 3,530

*selected by NC for use in Great Lakes Diversions and Consumptive Use {1985)
Source: IDCU 1961

Table 6 shows a wide range of water use estimales, with projection 2 producing the
lowest; projection 3, the highest; expected consumplive use by 2000. After reviewing
public input on the IDCU report (1981), IJC deemed projection 2 most likely, as

it most closely represented trends indicating a prospective decline, rather than
moderate growth, in the basin's primary metals industry. |JC (1985) published a
consumplive use estimate of 3,500 cfs by 2000 — revised upward from the 3,180 cfs
predicted by IDCU (1981).

Discussion

The U.S. model incorporates an extensive data base and is based on sound principles
and logic. However, some concern arises over several assumptions embedded in the
maodel. First, it Is uncertain whether or to what extent the nation can expect industries
to implement technologies allowing maximum water recirculation as required by PL
95-217. To dale, there has been little monitoring and enforcement of compliance
with PL 95—-217, and no significanl changes are expected.

The economic variable (GPV) used in the projection of consumptive use presents
additional ltmiaftions. This index is used in water use estimates as a proxy for output
to provide comparison belween firms of heterogeneous product mix, However, GPV
as a proxy for output is a poor index where the bulk of a firm’s output is left unsold
or where inventories vary over time.
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The assumption of a direct linear relationship between manufacturing GPV and water
consumption presents another limitation. For example, where economies of scale exist,
one could observe a nonlinear response in water demand as output increases or prices
change. Similarly, where system output is reduced, or inefficiencies exis!, decreased
manufacturing GPV could be accompanied by relative increases in water consumption.

Qutions for Furtirer Study

Actual trends in industrial development since 1975 should be evaluated and compared
with trends as projected by IJC (1985), with particular attention to the primary metals
industry. Among the five industries examined, the original (IDCU 1981) projection

for the primary metals industry was least valid, and was already lowered in 1JC's

1985 report. This projection should receive further scrutiny.

Research should address the status of industry compliance with PL 95-217 and
of any general technological advances related to water recirculation and recycling
in the manufacturing sector. New information should be included in a model update.

Manufacturing Water Use — Canada

Methods

1. The Canadian model includes the MLP, plus six alternative projections,

of which: three are based on high, medium and low economic growth projections;
one is based on historic economic irends; three are based on changes in technology
that will affect consumption rates; and one is a zero pollutant discharge projection
as included in the U.S. model. However, as with the U.S. projection, 1JC (1985)
selected the scenario with the low economic growth projections. The Canadians
first projected consumptive use for all of Ontario from 1975 to 2000. Nevertheless,
it Is uncertain how consumptive use figures were broken down among individual
subbasins. It is assumed this was done by finding the proportion of each subbasin’s
industries within Ontario, as shown by the following equation:

CUCN(t); = GPV,y * [1 + 1], * FGPV,, * CUR, (6.2)

where:

CUCN(t); — total manufacturing consumptive water use (cfs) at time t = 1975,
1985 and 2000 in the Canadian porlion of the Greal Lakes basin
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CUR — consumptive use {cubic feet / GPV in dollars} for the cth industry group

* where ¢ = industry groups:
¢ =1 {primary metal)
¢ = 2 {food and kindred)
¢ = 3 (paper and allied products)
¢ = 4 (chemical products)
¢ = 5 {peiroleum and coal)
c = B {others in the jih province)
and ] = 3 (Ontario). Consumplive use figures were obtained from a
survey conducted in 1972 by Environment Canada, while GPV was
based on the 1965 Ontaric input/output {-O) model (IDCU 1981).
GPVGI — @GPV in dollars of the cth industry group in Ontario, obtained from
the 1965 Ontario 1-O model (IDCU 1981)
FGPV,  — fraction of total GPV (above) for the cth industry group in the
jth province {} = 3, Ontarlo) in each of the five lake subbasins
1+ fy — constant annual growth rate of the cth industry group in the jth province

from 1975, 1985 and 2000

2. Canadian water use estimates for the manufacturing sector are based primarily

on the 1965 Ontario O model. An IFO medel attempts to simulate direct and Indirect
interactions between different sectors of an economy at a given point in time. The
model uses technical coeflicients to show the relationship in terms of input and oulput
flows between economic sectors.

The 1965 Ontario 1-O model consists of 25 economic sectors and uses manufacturing
water use data obtained from a survey conducted by Environment Canada in 1972,
According to that survey, total water intake for Ontaric manufacturing industries

in 1871 was 4,940 cfs, increasing 1o 5,870 cfs by 1975. Fims in the Great Lakes
basin accounted for 95% of the total withdrawal, or about 5,580 cfs.

3. The following steps describe the 1965 Ontario O model's development and use:

a) Total water intake by industrial groups for Ontario was collecled through a
survey of industries conducted in 1972 by Environment Canada.

b) Seven water use parameters were developed but only two were highlighted
— total water withdrawal and total consumplion. Withdrawal and consumptive
use coefficients for the manufacturing sector were developed to represent the
unit amount of water / day used to produce a unit worth of oulput in dollars.
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4. To develop variable economic growth scenarios, IDCU (1981) started

with real values of shipments data (in 1971 dollars} for Ontario from 1950 to 1975.
The 25-year period was split into 5—year increments, and compound annual growth
rates for each period were calculated. High, medium, and low growth scenarios were
formulated using the highest (5.9% / year), the median (4.4% / year), and the lowest
{3.3% / year) 5—year growth rates recorded.

5. For low growth scenario projections, which were finally adopted by WC (1985),
the lowest economic growth rate was mulliplied by each industry group's final demand
as derived from the 1965 Ontario I-O model,

6. For economic growth-based scenarios, the economic output or "final demand”
forecast for each industrial group was mulliplied by water use coefiicients to give total
water intake and consumplive use.

7. Technological change—based projections incorporated actual water use data

for the U.S. manufacturing sector for 1954, 1959, 1964, 1968 and 1973. By using
imensive, moderate and low water use dala, the Canadian model was able to account
for potential technological changes, although necessary historic data for Canada were
not available.

Assumptions

Projections based on variable economic growth rates assume that technologies
remain constant over the forecast period. To develop the "technological change”

as well as the "zero pollutant” based projections, it is assumed appropriate to apply
U.S. water use data to the Canadian manufacturing sector. Each scenario assumes
that the existing distribution of manufacturing sector water use among subbasins
and sources is constant over time,

Results

Like the U.S. model, the Canadian medel yields a wide range of water use estimates.
The MLP projects a consumptive use value of 600 cts for 2000 — a nearly threetold

increase from 1975. Low and high economic growth projections predict consumptive

use values ranging from 490 to 910 cis by 2000,

IJC {1985) selected the low economic growth scenario and used a consumptive use
estimate of 500 cfs for 2000 — reasoning for this decision was not discussed.
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TABLE 7: Canadian Manufacturing Withdrawal and Consumptive Use

Withdrawal (cfs) Consumption (cis)

Projections 1975 2000 1975 2000
MLP 5,570 15,200 220 600
High - 23,420 - 910
Medium 5,670 16,070 220 620
Low* - 12,120 -- 490
Historic -- 16,970 -- 660
Zero Population 6,820 1,870 450 1,370
Technological Change

Intensive - -- 12,050 760
Medium -- 5,570 13,520 650
Extensive = - 16,090 500

*scenario adopted by WC (1985)
Source: IDCU 1981

Discussion

The Canadian model for projecting water use in the manufacturing sector is complex.
However, using an O model for estimating current and future water demand has
several limitations. First, an I-O model assumes that industrial water demand rates

or "technical coefficients” are constant and linearly related with industrial output values
(in dollars). Actually, industrial water use depends on multiple factors such as the cost
of water, per unit operating rate, technological change in the production process,
effluent control, and alternative input prices.

In addition, an O model assumes a constant ratio between consumptive use and
water intake. This assumption cannot accommodate technological change, input
substitution, more efficient methods of production or economies of scale. The
1965 Ontario O model that was used had not been updated to reflect 20 years
of technological innovation in manufacturing.

Despite these limitations, an O model is a relatively strong tool by which to estimate
industrial water demand. Other methods, such as simple judgement, time extrapolation,
the per capita growth method and the single coefficient requirement method, do not
account for the indirect interactions that occur among different industrial groups.
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Qptions for Furtlier Skinly

Both economic and water demand technical coefficients could be updaled based on
more recent economic trends and in accord with technological changes based on
trend line evidence.

The development of a model that determines the functional relationship between
walter demand and units of output should be considered. An alternative technique,
such as the multiple coefficient requirement or the demand method, which estimates
coefficients by mulliple regression analysis (Davis et al. 1987), could be employed
rather than an I-O model. Although such technigues do not account for indirect
interactions between sectors, they do accommodate numerous factors {including
output values} that affect industrial water demand.

36



Chapter

Mining Water Use

The Intemational Joint Commission {IJC) report (1985) refers to mining water use as
"the water used for the extraction and reduction of metallic and nonmetallic minerals
and in the production of coal, petroleum, and natural gas.” Of these commodities,
only ore is mined In significant quantities in the Great Lakes region.

The KIC report {1985) estimates the mining sector accounts for 5% of total Great Lakes
basin consumptive use. By 2000, the mining sector is expsected to account for 4% and
1% of U.8. and Canadian consumplive uses, respectively, in the basin.

According to the International Great Lakes Diversions and Consumptive Uses Study
Board (IDCU) report (1981), water from the Great Lakes supplies about 80% of U.S.
mining water needs fn the basin, while Canadian mining water needs are thought to be
satistied primarily by nonlake sources in the Lake Huron subbasin.

The U.S, and Canadian models described below are based primarily on economic
growth projections with consumplive use derived per dollar of output produced by
the mining sector.

Mining Water Use — United States

Methods

1. Withdrawal and consumptive use rates for the mining sector were applied to

U.S. Department of Agriculture (USDA 1975) mineral earnings projections in a method
developed by the United States Bureau of Mines (USBM) (IDCU 1981) and described
by the following equation:
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CUUS(t), = WUS, JGPV, 4GPV, »[1+1(t)]*CURUS,, (7.1)

where:

CUUS(t); — total consumptive use (cubic feet per second, cfs) at time t = 1975,
1985 and 2000 for the U.S. mining sector (i = 4)

WUS,, — withdrawal volume (gallons) for the dth mineral group in base year

. 1972 where d = 1 (melals), 2 (nonmetals) or 3 (fuels)

GPV — gross product value (doilars) for the dth mineral group in base year
1972 (USDA 1975)

CURUS,; — consumptive use coefficient (dimensionless} for the dth mineral group
(IDCU 1981)

[1+r(ly — growth multiplier (dimensionless) for dih mineral group earnings at time

t = 1975, 1985 and 2000, where j = 1

2. The IDCU report (1981) estimated water use rates for mining activity to range from
52 gallons per production dollar {gppd) for fuel production to 82 gppd for metals
production to 163 gppd for nonmetals production. Consumptive use coefficients were
estimated to be 40%, 11.8% and 5.6%, respectively.

Mining use projection calculations used rates of incremental change as projected
by USDA 1975 for mineral earnings in each mineral group. Mineral indusiry water
withdrawals for 1972 were calculated by multiplying USBM withdrawal averages

in gppd by 1972 production totals for each mineral group.

3. No alternative projections were prepared for this sector.

Assumnptions

The medel assumes a direct, linear relationship between eamings in the mining sector
and water use.

Results
TABLE 8: U.S. Mining Withdrawal and Consumptive Use
1975 2000
Withdrawa! (cfs) 1,100 1,610
Consumption (cfs) 240 320
Source: 1JC 1985
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Discussion

Although the U.S. model uses a comprehensive data base, the correlation of water use
with earnings can be misleading. To the extent that water use can in fact be correlated
with earnings, the comelation would be nonlinear due to the influence of economies of
scale and physical start-up requirements. In addition, such a model cannot adjust for
changes in market prices for commodities directly and indirectly assoclated with mining.

Options for Further Study

The development of a model correlating water use with actual units of the various
goods produced by the mining sector is recommended. Information on economic
growth trends in the mining sector since 1975 shouid be collected and compared
with hypothesized trends used in this model.

Mining Water Use — Canada

Methods

1. Like the U.S. model, the Canadian model used economic growth projections
for the mining sector and waler use per production dollar to derive withdrawal and
consumptive use estimates.

2. Mining sector economic growth trends were determined using identical methods
as those for the manufacturing sector and include high, medium and low growth
projections of 5%, 4.5% and 3% per annum. (Refer io Chapter 6 for equations.)

3. Water withdrawal and consumptive use forecasts were derived for each subbasin
and were made proportional to each subbasin’s share of mining productivity by taking
into account the gecgraphic distribution of different mine types.

Assumptions

®  Refer to the first three assumptions in Chapter 6 for manufacturing water use
for Canada.

®  Mining technology involving water use was assumed constant throughout the

forecast period. Therefore, no technological change—based alternative scenarios
were developed for this sector.
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Results
TABLE 9: Canadlan Mining Withdrawal and Consumptive Use
1975 2000
Withdrawal {cfs) 130 370
Consumption (cfs) 0 10
Source: 1JC 1985

As shown in Table 9, a nearly three-fold increase in water withdrawal in the mining
sector is expected by 2000. No discussion of this trend is provided in IDCU (1981)

or JC {1985) reports. Consumptive use is shown to increase from 0 to 10 cfs over

the forecast period. Nowhere in the IDCU report (1981} was consumptlive use expected
to fall below 10 ¢fs. Therefore, the reason for the 0 cfs figure for 1975 as displayed by
KIC (1985} is unclear.

Discussion

Like the U.S. mining sector model, the Canadian model would be weakened
attempting to forecast water use by correlating withdrawal and consumption
with earnings projections.

Options for Further Study

See options for further study earlier in this chapter, under the U.S. mining water use
section.
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Rural Stock Water Use

The International Joint Cormmission {1JC) report (1985) defines livestock watering

as "animal drinking water, evaporation from stock water ponds, and water used

for cleaning.” The report estimates this sector accounts for about 4% of total basin
consumptive use, ranking seventh in terms of water use. The U.S. model assumes
rural stock water use is supplied solely by water sources other than the Great Lakes,
such as upland surface tributaries and groundwater. The Canadian analysis provides
no source specification. Both approaches attempt to determine an accurale demand
for a mix of livestock products, including beef and dairy cattle, pigs, sheep and poultry,
as summarized below.

Rural Stock Water Use — United States

Methods

1. To generate a most likely projection {MLP) of consumptive use estimates
for the U.S. rural stock sector, a model was developed that basically translates
population projections into forecasted demand for livestock~related commodities
and mulliplies the demand forecasts by a consumptive use coefficient.

The modetl is summarized by the equation below. Note that total consumptive use
comprises consumptive use increments summed for an unspecified number of
livestock types over eight assessment sub-areas (ASAs) as delineated by the
U.S. Water Resources Councll (WRC, 1978).

CUUS(t) = Pelt +r(t);]-LCD,-L,/LCD,-WUSs,-CU RUS, (8.1)
where:

CUUS(t), — total consumptive water use (cubic feet per second, cfs) at time t =
1975, 1985 and 2000, in the rural stock seclor (i = 5), U.S. portion of
the Greal Lakes basin
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1+4r(t),

LCD

o

WUS,,

CURUS,

population estimates for j = 1 (WRC 1978; U.S. Departiment of
Agriculture, USDA, 1975}

growth multipiier for population at time t = 1975, 1985 and 2000
where 1 = [P{t+n)—P(t}]/P{t) and j = 1 (WRC 1978, USDA 1975)

livestock—related commodity demand {pounds per capita, ppc)
for the eth livestock lype and forecast years 1975, 1985 and 2000

ratio of livestock numbers (for the eth livestock type) to
livestock—related commodity demand (units unspecified,
assumed to be head of livestock / pound of livestock—related
commodily) where | = 1 (WRC 1978)

livestock water requirement (withdrawal by the U.S. livestock sector,
i = 5, per livestock unit) for the eth livestock type, includes both
drinking water and nondrinking water requirements {International
Great Lakes Diversions and Consumptive Uses Study Board,

IDCU, 1981)

consumptive water use ratio (consumptive use rate : withdrawai rate)
for the U.S. rural stock sector (i = 5}, assumed to be a dimensionless
constant of 1.00 (IDCU 1981)

Note: Geographic distribution of forecasted livestock production is apportioned
throughout the Great Lakes basin in accordance with forecasted distribution of
human population.

Assumptions

®  The model assumes that rural stock water comes from sources other than
the Great Lakes, such as surface tribularies and groundwater.

m  The geographic distribution of livestock production is assumed to colncide with
the geographic distribution of human population.

8 The proportional demand for livestock—related commaodities (cemmeodity mix)
is assumed constant over the forecast perlod.

®  The model assumes a linear relationship between livestock production and
population growih.

m  The mode! implicitly assumes that no livestock—related commodities are imported
or exported from the Great Lakes region.
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Results
TABLE 10: U.S. Rural Stock Withdrawal and Consumptive Use
1975 2000
Withdrawal (cfs) 130 130
Consumption (cfs) 130 130

Source: 1JC 1985

As shown above, no change in rural stock water demand or consumptive use
is expecled to occur in the U.S. portion of the basin between 1975 and 2000.

Discussion

While U.S. methods follow a logical progression, several aspects warrant critique.
First, as with all the U.S. models, population drives the model. Currently, U.S.
agricultural production is heavily influenced by federal and state price supports
and other incentive programs. Due to this influence, production levels are not
good indicators of demand generated by domestic populations. Second, the

lack of attention to agricultural import and export markets could be biasing

model results. Third, the model does not recognize changing demand for
livestock—related commodities.

Further, because livestock production generally occurs outside the urban areas

of the Great Lakes basin, it seems unlikely that geographic distribution of livestock
production would coincide with the distribution of human population as assumed.
Rather, one would expect an inverse correlation.

Again, there is no discussion or substantiation of withdrawal and consumptive use
coefficients. To assume that the two are synonymous could be invalid due to the
occurrence of runoff generated from stockyards and feedlots. Finally, it is unclear
why, given the projected growth in Great Lakes population and a constant livestock
commodity demand per capita, there is no change projected for livestock water use
over the forecast period.

Options for Further Study

Recent trends in demand for rural stock and related commodities could be compared
with those used to develop I1JC (1985) projections. Then, revisions could be made
where appropriate. Also, the geographic relationship between rural stock production
and regional population distribution could be investigated further. Water withdrawal
and consumplive use coefficients could be discussed and substantiated.
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Rural Stock Water Use — Canada

Methods

1. The Canadian rural stock sector consumptive use model is fundamentally similar to
the U.S. model in that population projections are transformed into projected demand for
livestock. The livestock demand forecasts are then multiplied by a consumptive use
coefficient to obtain total consumptive water use estimates for the sector. Incremental
consumptive use estimates are summed over six livestock types and 42 counties. High
and low estimates for this sector were calculated using meat and dairy consumption
values 20% higher and lower than those used for the MLFP, and using high and low
population projections. The model is represented by the equation below.

CUCNIt), = [MCF(t),-P(l)i-WMC,]/AAW,-WCNs,-CUFlCNS-WUC 8.2)
where:

CUCN({t), — total consumptive waler use (cfs} at time t = 1975, 1980, ..., 2000
for the Canadian rural stock sector {i = 5)

MCF(t), — meat consumption forecast (ppcfyear) at time t, developed using
separate linear regression equations for the eth livestock type
where e = 1, 2, ..., 6 (beef catlle, dairy cattle, pigs, lamb, sheep
and poultry). Regional statistics of per capita meat consumption
from 1945 to 1977 were used to prepare time series—based
estimators for future meat consumplion (IDCU 1981).

P, — annual population estimates and forecasts attime t, forj =2
{the 42 Canadian counlies)

WMC — weight {per head} to weight of meat (per head) conversion constant
(dimensionless) for the eth livestock type (Note: Though the factor
was not mentioned in IDCU 1981, it is implicit in the model.)

AAW — average animal weights for the eth livestock type (IDCU 1981)

WOCN,, — livestock water requirement for the Canadian rural stock sector {i = 5)
for the eth livestock type, In gallons/head/day (IDCU 1981)

CURCN; — consumptive water use ratio (consumptive use rate per livestock unit :
water requirement per livestock unit, withdrawal rate), assumed 1o be
a constant of 1.00 (IDCU 1981)

wucC — water use conversion factor {cfs/gallonsday}, implicit in the model
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Note: According to the IDCU report (1981), livestock production estimates
were disaggregated by the five lake subbasins based on a study of cattle and
poultry in the Great Lakes region containing information from 1931.

2. The Canadian model forecasted the numbers of livestock animals by category
(beef cattle, dairy cattle, pigs, lamb, sheep, poultry) using per capita meat consumption
statistics compiled since 1939 (no citation). A time series from 1945-77 was prepared
using linear regression analysis with time as the independent variable.

Logistic curves were developed to fit beef and poultry data and to project maximum
values. (Least squares applied to beef consumption resulted in unrealistically high
demand projections given 1975 consumption in pounds/year.) An exponential function

was developed for dairy cattle to fit a declining demand trend. A constant (mean value)
was used for pigs and mutton to represent a trendless distribution of demand over time.

Assumptions

® The model assumes no import or export of meat and dairy products to or from
Ontario markets.

® Trends in demand for rural stock and related commodities observed between 1945
and 1977 are assumed to continue throughout the forecast period.

Results

TABLE 11: Canadian Rural Stock Withdrawal and Consumptive Use

1975 2000
Withdrawal (cfs) 80 120
Consumption (cfs) 80 120

Source: WC 1985

Notably, while no change in livestock water use was projected for the U.S. portion
of the basin, livestock—related water demand in the Canadian portion of the basin
is expected to increase by 50% over the forecast period.
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Discussion

The strength of the Canadian model lies in its treatment of commodity demand
trends. However, the assumption of no import or export of livestock commodities
is questionable. In addition, the IDCU (1981) description of methods does not
adequately address withdrawal and consumptive use coefficients.

Options for Furtlier Study

Trends in livestock commodity demand since 1977 could be used to check the validity
of regression equations used in this model. Then, revisions could be made where
appropriate. Also, further elaboration on withdrawal and consumptive use coefficients

could be provided,
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Irrigation Water Use

The Intemational Joint Commission (IJC) report {1985) refers to irrigation water use
as the "watering of all lands except those supplied by the municipal sector.” The
report estimates irigation accounts for about 7% of total consumptive water use

in the Great Lakes basin, which is relatively small compared to more arid agricultural
regions. Irrigation ranks fourlh of the seven sectors in terms of consumptive use.
The Intemational Great Lakes Diversions and Consumptive Uses Study Board {IDCU
1981} includes irrigated croplands, golf courses and public fands in this sector.

For both the U.S. and Canadian models, the basic method involves multiplying
projections of irrigated cropland and golf course (and public land in the United States)
acreage by withdrawal and consumptive use coefficients to oblain total estimated
consumptive water use in the irrigation sector. For each category, irfigation water

is assumed to be supplied by sources other than the Great Lakes themselves.

Irrigation Water Use — United States

IDCU (1981) generated only a most likely projection (MLP) for this sector. The basic
model is as follows:

CUUS(t)s = CUUS(t)g, (9.1)

where:

CUUS({t);y — sum of consumptive water use (cubic feet per second, cfs) in the
irigation sector {i = 6) for parameters f =1, 2 and 3 where f = 1 is
imigated cropland, f = 2 is imigated golf course and f = 3 is irrigated
public land in the U.S, portion of the Great Lakes basin

Models for parameters f = 1, 2 and 3 are depicted separately by the following equations
and, where appropriate, with additional explanation.
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Methods — Irrigated Croplands

1. The basic model for imigated cropland consumpfive use is summarized in the

equation below:

where:
CUUS(t)G‘1 —

ICA —

WUS(t)gy

CURUS(t)g ,, —

M+ —

CUUS(1)g ; = IGAPWUS(t)s ,*CURUS(1)g 1,1[1+7{t)] (9.2)

consumptive use in the irrigation sector (i = 6}, cropland parameter
(f = 1), U.S. portion of the Great Lakes basin, where the U.S. Water
Resources Council {(WRC, 1978, U.S. Department of Agricuiture,
USDA, 1975} derived independent variables for an unspecified
number of irrigated crop types

irigated cropland acreage estimate by crop type where j = 1
(United States) (WRC 1978, USDA 1975)

crop imgation requirement (withdrawal rate per irrigated acre)

for the U.S. irrigation sector (i = 6), cropland parameter (f = 1)

at time t by crop type where j = 1. Crop irrigation requirements
were developed by subtracting total crop water requirements from
historic rainfall supply with consideration for future improvements
in irrigation system conveyance and on—farm efficiency. Estimates
assumed trends in irrigation water use would reflect technological
improvements such as lining or piping of canals and ditches, and
regulation of headgate operations (WRC 1978).

crop consumption requirement (consumplive use rate per acre /
withdrawal rate per acre, dimensionless} by crop type for the U.S.
irigation sector {i = 6), cropland parameter {f = 1) at time t where
j = 1. Crop consumption requirements were computed using the
Blaney Criddle method and ranged from 0.72 to 0.82.

growth multiplier for irrigated crop acreage (dimensionless)

by crop type at time t = 1975, 1985 and 2000 where j = 1.
incremental fraction of growth, r, can be represented by
[ICA(t+n)—ICA(t))/ICA(t), Distribution of projected national
output was used to obtain irrigated cropland acreage estimates
based on 1947-70 trends exiended over the forecast period
through regression analysis. A curvilinear Spillman-type function
was employed as a constraint to ensure that these projections
would not exceed linear projections to 1990 (WRC 1978,

USDA 1975).
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Methods — Irrieated Golf Coiutrses

1. The basic model for immigated golf course consumptive use is summarized in the
equation below:

CUUS(t)g 5 = GCA(l)l-WUS(t)slzl-CURUS(t)GIZ-PIHR (9.3)

where:

CUUS(t);, —  consumptive use (cfs) in the U.S. irrigation sector (i = 6)
for irrigated golf course parameter {f = 2)

GCA(t)‘ — projected golf course acreage demand {acres) through 2020 for
each of the five subbasins (j = 4) (Great Lakes Basin Commission,
GLBC 1975). Demand estimates for gelf courses were derived by
taking demand in base year 1970 and dividing by supply in 1970.
The resulting ratio was used to forecast supply through 2020.
{USDA 1975).

WUS(t)g; —  golf course withdrawal rate per acre at time t for | = 1 {(GLBC 1975)

CURUS;, — consumptive use ratio (dimensionless) for irrigated golf courses,
assumed to equal 75% of withdrawal (GLBC 1975)

PIRR —  percentage of all golt course acreage that is actually irrigated.

IDCU (1981} adjusted golf course acreage projections to reflect
USDA (1975} population projections along with the assumption that
only 75% of all golf course acreage fs actually irrigated (IDCU 1981).

Note: The model appears to have used golf course demand estimates derived by
lake subbasin while applying withdrawal rates developed by WRC (1978) assessment
sub—area (ASA). It is presumed that an appropriate calibration procedure was used
to ensure the correct calculation of water demand for the various geographic units.

Methods — Irrieated Public Lands

1. In the IDCU report (1981) water required for use on public lands included water
used in national parks and forests and on lands administered by the U.S. Bureau
of Land Management (BLM) for timberland and watershed irrigation, human and
domestic/wild animal use, fire protection, and recreational and mining activities,

It comprised about 6% of total consumptive use in the U.S. irrigation sector

(IDCU 1981). The basic model is summarized in the equation below.
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CUUS{t)g; = Pp[1+r(t)){1+q{th]-WUS »CURUS y-a {9.4)

where;

CUUS(t)y; —  consumptive use (cfs) for the U.S. irrigation sector (i = 6)
public lands parameter (f = 3)

P —  population projections for an unspecified base year where j = 1
(WRC 1978, USDA 1975)

1+r(t), — population growth multiplier where r equals a linear annual growth
rate developed tor { = 1975, 1985 and 2000, and j = 1 (WRC 1978,
USDA 1975)

1+q(t), —  projected growth in irrigated public lands capacity (dimensionless)
for 1975, 1985 and 2000 where j = 1 (WRC 1978; USDA 1975)

WUS, 5, — imigation withdrawal requirement per capita (i = 6) in national parks
and forests (f = 3)

CURUS;; —  ralio of consumplive use to withdrawal

a — adjustment coefiicient based on expected administrative and

resources management plans for public lands

Assumptions (for all three U.S. irrigation water use parameters)
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Water is supplied by nonlake sources.

Withdrawal estimates will reflect ongoing improvements in on—farm conveyance
and irrigation 1lechnologies. This assumption was adopted based on a nationwide
increase In the lining and piping of irrigation canals, the use of computerized
imigation systems, and so on.

Distribution of national agricultural output wouid reflect irends observed
from 1947 to 1970.

Golf course construction will continue at a constant linear rate throughout
the forecast period.

Recreation and livestock aclivity will increase at a constant linear rate throughout the
forecast period.

Groundwater use will continue to increase.

Energy production on forest lands will remain constant over time.
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Results
TABLE 12: U.S. Irrigation Withdrawal and Consumptive Use
1975 2000
Withdrawal (cfs) 350 600
Consumption {cfs) 180 500
Source: HC 1985

In its 1981 report to WC, IDCU asseried that although irrigated cropland acreage
was expected to stabilize over time, a nearly three-fold increase in irrigation
consumplive use was predicted by 2000. However, as a percentage of iotal
Great Lakes basin consumplive use, this sector was expected to decline siightly.

Discussion

The U.S. model was developed using an extensive data base to evaluate trends in
irigated agriculture, irrigation technology, and the ratio between irrigation requirements
(or withdrawal) and crop consumption. However, several aspects of the model warrant
additional insight.

There is some question as to the appropriateness of applying the Blaney~Criddle
method to estimate crop consumption in the Great Lakes region. Because the
meihod was developed to evaluate evapotranspiration in arid western states
where nearly all agriculture is irrigated, it could be unsuitable for humid regions
such as the Great Lakss basin. Also, it remains unclear as to why the withdrawal
and consumplive use estimates for 1975 indicate a consumptive use ratio of 51%,
which is significanily lower than the 72% to 85% range applied in the analysis.
(This consumptive use factor can get as high as 95%.)

In addition, assuming widespread implementation of improved trrigation technology
could be misleading. While these trends are now occurring in areas of water scarcity,
the expense of replacing or installing new high efficiency irrigation systems could seem
unwarranted in agricuitural regions where conserving water is not a high priority.

As mentioned, to forecasi golf course water demand, IDCU (1881) assumed that

golf course construction would continue through 2020. Considering that GLBC (1974)
had assumed no golf course construction after 1980, the question of some maximum
golt course capacity arises.
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Oprtions for Further Study

Recent statistical information on irrigated acreage, commodity markets

and the application of new irrigation technologies in the Great Lakes region
should be used to evaluate IJC (1985} projections. Revisions to the model
should be made it appropriate.

Irrigation Water Use — Canada

The basic model is as follows:

CUCN(t)g = CUCN(t)g (9.5)
where:

CUCN(t); — sum of consumptive water use (cfs) in the irrigation sector (i = 6)
for parameters f = 1 and 2 where { = 1 is Jrrigaled cropland and
f = 2 is irrigated golf course. In contrast to the U.S. model,
the Canadian model did not consider irrigated public land,
and therefore there is no f = 3 parameter.

Models for parameters 1 and 2 are depicted separately by the following equations
and, where appropriate, with additional explanation.

Methods — Irrigated Cropland

1. Using the Canadian model, IDCU {1981) generated MLP plus high and low water
use forecasts for the irrigation sector. MLP uses medium population growlh projections
to deveiop irrigated acreage projections. High and low forecasts were prepared by
using estimates of irrigated acreage 20% higher and lower than those used in
developing MLP. The equation representing MLP is shown below.

CUCN(t)gy = ICAI-U+r]),-(1+q])l-W<3N5.1-CURCN&._1 (9.6)
where:

CUCN(t);, — consumplive use {cfs) at time t = 1975, 1980, ..., 2000
for the irrigation sector (i = 8), cropland parameter {f = 1)
in the Canadian portion of the Great Lakes basin

ICA, — imigated cropland acreage estimate for the base year 1970

for the entire Great Lakes basin as the sum of acreage in
42 counties
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(1+1), — growth multiplier used to extrapolate an irrigated cropland
acreage estimate for 1970 to 1975 (dimensionless) where
r = an average annual compound growth rate based on trends
in irrigated agriculture observed between 1960 and 1970
for Ontario j=3)andt=5

(1+q), —  population growth multiplier (dimensionless) developed
for each lake subbasin (j = 4) where t equals 0, 10 and 25
(IDCU 1981)

WCN —  crop irrigation requirement (water withdrawal rate per acre),

assumed a constant average of 5.87 inches of water/acre/year

CURCNg; — consumptive water use ratio (consumptive water use rate per acre /
crop imigation requirement per acre, dimensionless), estimated to
be a constant ratio of .50

The above equation shows that irrigated cropland acreage forecasts were apportioned
throughout the Great Lakes basin coincident with forecasts of regional population
distribution. In addition, growth in demand for irrigated crops is based on population
growth projections in the region.

Methods — Irrigated Golf Courses

1. Data on golf course irrigation were obtained from government and private sources.
The geographic distribution of golf courses is allocated among the five lake subbasins
based on information from the same sources.

2. No discussion of withdrawal requirements for golf courses is provided in the

discussion of this model. However, the ratio of consumptive use to withdrawal rates
selected by IDCU (1981) was 1.0.

Assumptions (for both Canadian irrigation water use parameters)

® Growth in demand for irrigated crops is linearly related to population growth.
That no export of irrigated crops will occur is implicitly assumed.

m All water is obtained from sources other than the Great Lakes.
m All irrigated acreage reported in counties either wholly or partially within the

Great Lakes basin was included as in the basin for the purposes of estimating
consumptive use.
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m Irrigated acreage will be apportioned throughout the five individual subbasins
in proportion to forecasted geographic population distribution.

® Potential reduced demand for certain irrigated crops (tobacco) will be offset by
increased demand for substitute imigated crops (vegetables} resuiting in consistent
water demand rates.

m Although not stated specifically, it appears that analysis assumes irrigation of
100% of estimated golf course acreage.

Results

TABLE 13: Canadian Irrigation Withdrawal and Consumptive Use

1975 2000
Withdrawal (cfs) 130 190
Consumption (cfs) 100 130

Source: 1JCs 1985

Discussion

First, the application of an average Irrigation requirement (5.87 inches/irrigated acre)
to all irrigated cropland acreage warrants substantiation. Second, the inclusion of
imigated acreage that is cutside basin boundaries could reduce the accuracy of
independent variable estimates. Third, appertioning irrigated acreage in direct
proportion to projected geographic distribution of human population could bias
regional estimates. Because most farmland is outside urban areas, it would be
more appropriate to assume an inverse relationship between these two variables.

In addition, it is unclear whether and in what proportions irrigation water is supplied by
Great Lake or non—Great Lake sources. IDCU (1981) does not address changing trends
in Irrigated agriculture or irrigation technologies within the basin, Nor does IDCU (1981)
identify irrigation requirement used to calculate water demand for irrigating golf courses.
No explanation or citation exists pertaining to consumption : withdrawal ratios used.
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Options for Further Study

A regional land use study should be conducted to determine the proportion of
inigated acreage actually within Great Lakes basin boundaries. Acreage eslimates

should be revised as appropriate.

The potential impacts on water use of recent trends in irrigated agricullure,
markets for irrigated crops produced in Ontario, commeodity composition, and
changing import/export relationships, should be evaluated and compared with
those used to develop WC (1985) projections. Revisions should be made as
appropriate.

Clarification and substantiation of the 5.87 inches/acre annual irrigation requirement
should be provided.

The assumed correlation between geographic distribution of irigaled agricultural
production and regional population should be investigated.

Although golf course irrigation comprises only a minute percentage of waler use
in the basin, irrigation requirements and consumptive use rates should be clarified.
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Chapter

Thermal Power Water Use

Thermal power generation is currently the third leading sector of consumptive use

in the Great Lakes basin, constituting 10% of the total. It Is expected to become the
second leading sector by 2000, when it could account for 26% of all use, according to
the International Joint Commission (IJC 1985). Wilhdrawals for thermal power plant
cooling represent the greatest single use of water in the basin, accounting by volume
for more than half of all withdrawals.

1JC {1985) considered only withdrawal and consumption of condenser (cooling) water.
Other use is negligible and not included in this section. Condenser water estimates are
based on projections of gross generating capacity for all thermal plants per subregion.
This capaclly is allocated among fuel types (coal or nuclear) and condenser designs,
Each combination of fuel type and condenser design has a particular water requirement
per unit of energy production,

Thermal Power — United States

Methods

1. The WC model for estimating consumptive use is represented by the equation
below.

CUUS(1); = CUR,~CON_+CMIX(t) »FMIX(1) s CAP(1), (10.1)
where:
CUUS(t}; — consumptive water use in the U.S. portion of the Great Lakes basin
at time t = 1975, 1985 and 2000 where i = 7 thermal power
CUR — consumptive use / unit production in cubic feet per second (cts)}-years /

’ gigawatt hour (GWH) (fixed at .0075)
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CON, — conversion from installed capacity in MW to annual production in GWH
{load tactor times hours/year divided by 1,000) where, when g = 1
and 2, CONg = 6,72, and when g = 3 and 4, CONg =4.15

CMIX(); — percentage of U.S. plant capacity employing cooling systems where,
when g = 1 and 3, cooling system = once through, and when g = 2
and 4, cooling system = closed

FMIX{t},; — percent of capacity produced in subbasin j = 4 (lake basins) where,
when g = 1 and 2, plant type = nuclear, and when g = 3 and 4,
plant type = coal

C/’-\P(t)l — installed thermal power plant capacity (MW) in subbasin j

2. Total power plant capacity within each subbasin was determined using data
from the Great Lake Basin Commission (GLBC 1975) and power pool reports
(IDCU 1981).

3. Installed capacities in each subbasin and the mix of fuel types (either nuclear
or coal) and cooling systems (either once through or closed cycle) were projected.

4. Water use rates for consumption and withdrawal are expressed as a rate of
water use per unit of energy generated in a year. These rates were estimated
using information from GLBC (1975) and the U.S. Water Rescurces Council
(WRC, 1978) Assessment Sub-Areas (ASAs). They represent averages
among plants with each type of fuel and cooling system, and are given In
Table 14.

TABLE 14: Water Use Per Unit of Energy Production*

Fuel Cooling System Withdrawal Consumptive Use
Fossil Once through 0.198 0.0021
Nuclear Once through 0.297 0.0032
Fossil Closed cycle 0.008 0.0054
Nuclear Closed cycle 0.011 0.0073

* In cfs-yaars / GWH

Source: IDCY 1981

5. Total power generation in each subbasin was determined by mulliplying tofal
fossil fuel plant capacity by 4.15 and total nuclear power plant capacity by 6.72.
These numbers were not justified by the International Great Lakes Diversions
and Consumptive Uses Study Board (IDCU 1981) but are recalculated here.
{See discussion section.)
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6. For each fuel-cooling system combination, consumptive use Is the product of
total power generation times the corresponding consumplive use raie from Table 14,

7. The proporiion of water obtained from lake and nonlake sources was estimated from
Federal Energy Regulalory Commission projections (IDCU 1981) of future

plant sightings, according to the expected location of demand centers and the
avallability of water supplies.

Assumptiois

m IDCU (1981) assumed that installed capacity would annually increase 4.7%
from 1980 through 2000. WC (1985) revised the annual rate of increase to
2.5% for this period.

= |DCU {1981) projected the percentage of nuclear—derived power would increase
from 20% in 1975 to 34% in 1980 and 39% in 2000. These are basinwide
averages,; each basin was assigned a nuclear~derived proporiion ranging
from O (Superior) to 63% (Ontario) in 2000. WC 1985 revised the projected
contribution of nuclear power in 2000 to a basinwide average of 28%.

®  Once—through cooling was used in 89% of plants, compared with 11% that used
closed—cycle cooling. IDCU 1981 assumed that in 2000, closed cycle would be
predominant with a 59% share,

Results

Results of the IDCU (1981) report clearly overstate withdrawals and consumptive use.
This is due to two dramatic changes in the electric power Industry around 1880 when
the report was being prepared. First, the industry abandoned construction plans for
nuclear power plants because it was impossible to control costs. Second, during the
1970s, Americans proved they could and would reduce their energy demand if prices
were high enough. IDCU (1981} data relating to energy use trends were oblained
during a period of strong growth in electricity demand and at a time when utilities
favorably viewed nuclear facilities. However, the projected installed capacity for nuclear
plants for 2000 cannot be realized because of curtailed construction. Furthermore, the
faciliies cannot be designed, built and licensed in fewer than 10 years.

IJC (1985) withdrawal and consumptive use estimates were recomputed using reduced

demand and nuclear contribulion. According to the report, the U.S. share of total
Great Lakes consumptive use is as follows:
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TABLE 15: U.S. Thermal Power Withdrawal and Consumptive Use

1975 2000

Withdrawal (cfs) 33,470 48,170

Consumption (cfs) 420 2,260
Source: NC 1985
Discussion

There are several problems with the U.S. model. First, the calculations should be
set up so the results are in units of water flow rather than annual water volume.
Withdrawal and consumptive use coefficlents are reported as cfs/GWH. Such units
are inappropriate because cfs is a flow rate, while GWH is a volume of energy.
What was meant In the report Is cfs/GWH/year, which is identical to cts—years/GWH,
as used in Table 14.

The unit conversion problem here is rather confusing, as exhibited by the errors in
describing the methods in IDCU (1981). On page 93 of Appendix F, the report states:
"... fossil fuel plant capacilies in megawatts for each lake basin were multiplied by
4.15 and nuclear plant capacities were multiplied by 6.72 to obtain GWH generation.”
No explanation of these constants Is put forth. If, however, a power plant operated

at full capacity throughout a year, the conversion factor would be:

8,766 hours 1 GWH
X

1000 MW

The multipliers used in IDCU 1981 yield total power production in GWH/year not GWH
as was stated. The units are inappropriate because three time measures are present:
saconds, hours and years. It would have been clearer to apply load factors to plant
capacities and obiain average rates of power generation, which lead direclly 1o water
use rates. The number of hours/year need not be employed. Therefore, the factors
4.15 and 6.72 represent load in terms of the number of hours plants operate per year.
Loads work out to 0.473 and 0.767 tfor coal-fired and nuclear plants, respectively.

= B.766 GWH/yr per 1 year MW of capacity

IDCU (1981) does not explain how current installed capacities were determined, nor
the basis for the growth rate used. On page F-84, the growth rate in power demand
is reported 1o range from 1% 1o 9% with a basinwide average of 4%. The report
estimates a 4.7% growth rate for 1980 to 2000. The latter is based on planned
construction, which would seem to indicate this figure is an estimate of growth rate
for installed capacity, not demand. Only installed capacity is of interest to estimate
consumplive use because some power demand could be satisfied using facilities
outside the Great Lakes hasin. In fact, this is likely, according to IDCU (1981},
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Options for Further Study

It seems as though the number of large thermal power plants in the basin (>100 MW)
is limited enough to enable a complete inventory of the facllities. A useful database
would consist of installed capacity, fuel type, condenser design, water source (lake

or inland) and subbasin. Such a database would provide reliable estimates of the

mix of fuels and cooling sysiems. The inventory could also be extended to Include
plants under construction or contemplation. Construction plans can provide information
about fulure installed capacity up to 15 years in advance. Perhaps these data can be
obtained from government documents, thus avoiding the task of making inquiries 1o the
utilittes. Appendix 10 of GLBC {1975) contains a complete inventory of plants >10 kW.

Consumpfive use is a fraction of total withdrawal. In IDCU (1981), the fraction

was 1.07% in the case of once~through systems and 67% for closed—cycle systems.
The latter covers a wide range of condenser designs that are from 30% to 100%
consumplive. Perhaps it would be appropriate to consider more condenser categories,

The prevailing methods to estimate ¢consumptive use rely on three parameters:
installed capacity, load factor and water requirement per unit production, The
installed capacity eslimates could be improved by inventorying existing facilities

and applying reasonable growth rates. Load factors vary from year to year, but

most utilities try to mainain a fixed amount ot excess capacity in the long run.

Water requirement per unit production can be determined thermodynamically as a
function of operating conditions and condenser design. For a given condenser type,
the withdrawal also depends on cooling water temperature, cooling water temperature
rise, and the amouni of heat the plant requires to generate a given amount of energy.
The latter ratio is the inverse of thermal efficlency. Thermal efficiency is primarily a
function of fuel type because nuclear plants are approximately 20% less efficient.

A suggested framework for computing consumptive use is based on the following
relationship:

CUUS(t), = C,rLF,*W,-CUR,

where:

CUUS({t), — average consumptive use (cfs) for | = 7, the thermal power sector
Cq — Installed capacily (MW) for power plant type g in lake basin j

LFy — annual load factor for power plant type g in lake basin j

W, — withdrawal requirement {cfs/MW) for power plant type g

CUR — consumptive use ratio for power plant type g

Table 16 shows values of withdrawal and consumptive use ratios vsed in IDCU 1981,

61



Estimating Great Lakes Water Consumption

TABLE 16: Water Use Coefficlents — Thermal Power*

Withdrawal Consumptive Use
Nation Fuel System (cfs/MW) (percentage)
US.A. MNuclear Once through 2,600 1.07
US.A, Coal Once through 1,700 1.07
US.A, Nuclear Closed cycle 0.095 67.0
US.A, Coal Closed cycle 0.070 67.0
Canada Nuclear Once through 2.000 0.75
Canada Coal Once through 1.200 0.75

* Empleyed either directly or indirectly by [DCUF 1661

Thermal Power — Canada

Moethods

1. The model for estimating consumptive use is represented by the equation below.

where;
CUCN(t),

CUR

WR

LF
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CUCN(t); = CUR_*WR LF FMIX(t) *[1 2-Demand(1)] (10.2)

total manutacturing consumptive water use at time t = 1975, 1985 and
2000 in the Canadian portion of the Great Lakes basin, where i =7
is thermal power

consumptive use ratio which is fixed at CUR_ = .0075 where g =
powar plant type: 1 = nuclear once through, 2 = nucdlear closed,
3 = coal once through, 4 = coal closed and 5 = hydroelectric

water requirement (or withdrawal) for power plant type g in cfs/MW:
when g =1 and 2, WR_ = 2.0 cfs/MW, when g = 3 and 4,
WR, = 1.2 cfs/MW; and when g = 5, WRg = 0.0 cfs/MW

load factor of plants using fuel g: wheng=1and 2, LF, = 0.70;
when g = 3 and 4, LF, = adjustable (per note below); and when
g=>5LF, =075
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FMIX{t}g — percentage of projected capacity for power plant type g

DEMAND(1) — projected total demand for power (MW) from Ontario Hydro plants
in year t. Since 25% overcapacity Is assumed, 1.25-DEMAND
represents profected system capacity.

Note: In a given year t, LF, is adjusted to assure demand is met; this is expressed as:
DEMAND(Y) = LF +FMIX(t},[1.25-DEMAND(1)]
which is equivalent to: 0.8 = LF -FMIX(t);. The equation is solved for LF.

2. Consumptive use was estimated for the entire basin and was subsequently
disaggregated Into individual subbasin use rates.

3. Demand for energy was projected through 2000. Speculation was used
to identify a likely power network to meel the needs.

4. Forecasts of peak energy demand were obtained from Ontario Hydro {IDCU 1981),
the only electric utility operating in the Canadian porlion of the Great Lakes basin.

For each five—year period between 1975 and 2005, installed generating capacity

was assumed to exceed the peak demand by 25%.

5. With installed capacity known, the number of plants and the mix of plant types
{(hydro, fossil and nuclear) were specified through examination of current trends
and informed speculation.

6. Load factors of 0.70 for nuclear plants and 0.75 for hydro plants were used.
Load factors for fossil plants varied year-to—year to meet the remaining demand.
The product of capacity times load factor is the average power output for the year.

7. Withdrawal and consumplive use rates were computed by multiplying average

power by a water use coefficient. These were 2.0 cfs/MW for nuclear plants and
1.2 cis/MW for fossil fuel plants. Consumption was taken as 0.75% of withdrawal,

Assumptions

= All thermal plants in Ontario will employ ence-through cooling, hence
the single relationship between consumptive use and withdrawal.

m  Nonconventional sources (other than hydroelectric, fossil or nuclear)
will provide <10% of total energy production.

63



Estimating Great Lakes Water Consumption

Results

TABLE 17: Canadian Thermal Power Withdrawal and Consumptive Use

1975 2000
Withdrawal (cfs) 6,600 41,270
Consumption (cfs) 60 310

Source; NG 1985

Reported values reflect the assumption that consumptive use is 0.75% of withdrawal
for every facility in Ontario.

Discussion

The Canadian approach to estimating water use from plant capacily is straightforward
and incorporates the recommendations outlined above for the U.S. power industry.

Canadian-installed capacity for the current year was determined using a
comprehensive inventory of all plants in the region. This was possible because
Ontario Hydro is the only producer operating thermal plants in the region. (The
ulility’s name dates from early in the century when it operated hydroselectric facilities
exclusively.) Because of its monopolist status, it has less design variability, and
characteristics such as load factors are easier to estimate.

Ontario Hydro has only once—through cooling systems, which provided the average
walter use rates shown in Table 16. Note thal L.S. withdrawal rates are 33% greater
than those reporied for Canada, and the fraction consumed is 43% greater in the U.S.
procedure. As a result, U.S. methods generate consumplive use estimates that are
almost twice as big as what would be obtained using the Canadian numbers. Because
U.S. and Canadian reports were prepared independently, this potential discrepancy is
not noted.

The assumption that all plants will employ once—through cooling is in opposition to the
U.S. projection that nearly 60% of production will occur at plants using closed—cycle
cooling. Neither report gives any basis for these projections. It is likely that the

U.S. forecast is based on federal polictes that aspire to eliminate industrial thermal
and chemical discharges to surface waters. The Canadian projections seem o reflect
the fact that most plants are located at lakeshore sites and once-through cooling is
used in all cases. The significance of environmental impacts is uncertain because the
Great Lakes have tremendous assimilative capacities for heat.
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Options for Furtirer Study

The Canadian methods are strong, but the projected increases in generating capacity
seem unrealistically large. The installed capacity in Ontaric would have to increase
from its 1975 level of 11,000 MW to 45,000 MW by 2000. The Ortario Hydro system
has traditionally expanded faster than its own demand so that it could sell power to
users oulside its service district, including on the U.S. side of the Great Lakes basin,
Perhaps a general review of trends in energy generation capacity in both Canada and
the United Stales is necessary now that these systems are connecled.
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Conclusions
and Future Directions

w  Considering only consumptive use quantity as a fraction of nct

Great Lakes basin water supply, coustraints do not appear immninent.

Earlier estimates of Great Lakes water consumption appeared substantial. Many
consumptive use models were not clearly delineated; underlying assumptions and
attributes were obscure and difficult to quantity. By collecting and synthesizing the
available information on past models, we have attempted to illuminate the models

on which current consumptive use estimates are based. These we have presented
in a consistent notation, allowing ready comparison among them. Even under varied
parameter refinements, estimated consumplive use is a small fraction of basin supply.

Water quality implications have generally not been acknowledged,

in the past, water consumptlion was estimated for each of the use sectors, by country,
over all the Great Lakes. This aggregation obscures differences between on-lake
users, who take water directly from one of the Great Lakes, and off-lake users,

who draw on other surface water or groundwaler supplies in the Great Lakes basin.
For off-lake users, both quantity and quality constraints could socn be important issues.
These constraints would be compounded by drought and/or economic development.
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