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Table 4. ESTIMATED COST OF HYDROPOWER DEVELOPMENT PROGRAM

R TOTAL TOTAL TOTAL

ACTIVITY - YEARS : 1975 1976 1977 . 1978 1979 1980-84 1985-89 1990-2000
L[4
1. RESEARCH, EXPLORATION AND DEVELOPMENT :
A. Research - - " TECHNOLOGY AVATLABLE ' - - -
B. Exploratioa - - $ 32,250 § 34,185 $ 36,249 § 216,527 $ 51,407 -
C. Development . -= -- WORKABILITY PROVEN . - - -
i, .
II. ENGINEERING DESIGN OF COMMERCIAL : .
PLANTS : - ©o-= L 322,500 341,850 362,490 2,165,265 514,065 -
III. LAND ACQUISITION . . - - STATE LAND = - =T -
IV.  CONSTRUCTION OF COMMERCIAL PLANT - .- 3,000,000 3,180,000  3,372,q00 20,142,000 4,782,000 ==
V.  TRANSMISSION AND STORAGE EQUIPMENT - - 225,000 238,500 252,900°, 1,510,650 358,650 -
VI.  COMMERCIAL OPERATIONS : ‘. .
A. Water Rights - - 9,600 ° 19,200 28,800 . 288,000 432,000 § - 950.400
° B. Operating Costs OP&M . - - 40,015 84,832 134,919 1,670,664 3,246,500 11,500,843
ADM - - 10,004 21,208 33,730 417,666 811,625 2,875,211
C. Operating Revenues - - 1,097,453 2,194,906 3,292,358 32,923,584 49,385,376 98,770,752
VII. PHYSICAL OUTPUT .
XINSTALLED GENERATING CAPACITY (KW) - - 24,434 . 28,434 32,434 52,434 56,434 56,434
6 BTU/BBL EQUIV.) - - * 84,740 98,613 - 112,486 181,850 195,722 195,722
A. Energy Produced (€ / Q . ' (1584) 1%89)
B. By-Product VAlue -- -- - - - - - --
) ¢
C. Efficiency -- - 85y 85% 8s% 852 85% - 85%
D. Share ot State Energy Requirements - - 0.22 -- ' - - 0.30
(%X including existing) (1985) 0.20
: . (1990)

5

*existing 'plus potential capacities
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INCREASING WATER SUPPLY BY DESALTING

One well recognized alternative to transporting
water from water-rich areas to water-short areas is the
desalting of brackish water sources or seawater. The
potential role of such desalting to solve water supply
problems in the Hawaii Region was explored in a recent
(June 1974) study commissioned by the Hawaii Department
of Land and Natural Resources under a grant from the
Office of Saline Water, U.S. Department of the Interior.
The study was performed by the consultant firm of Holmes &
Marver, Inc.

The study provides the first realistic, in-depth
look at desalting costs in Hawaii. With prior knowledge
that desalting seawater is more costly than desalting
less saline water, the study focused on those methods
most suited to the desalting of brackish waters. The
comprehensive cost data developed will be of value in
the continuing process of planning the most economically
feasible water supplies for water-short areas in the
Hawaii Region.

The executive summary of the study report (Water

Desalting in Hawaii, State Div. of Water and Land Develop-
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ment Report R50) is presented herewith to provide a
capsule look at the water desalting alternative in

Hawaii.
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EXECUTIVE SUMMARY

WATER DESALTING IN HAWAII

When considering Hawaii and its sources of water
supply, a picture is immediately formed of its
unique geographical features; the isolation of these
tiny islands more than 2,000 miles from the
nearest point of the American mainland or the
nearest major island group to the south totally
surrounded by the largest single feature of the
globe, a body of water called the Pacific Ocean.
One can’t help but be intrigued by the possible use
of this overwhelming resource as a source of water.
And, of course, were it not for the high average
annual rainfall over the State of 75 inches and the
relatively good groundwater retention capacity of
the islands, indeed it would be necessary to look
to the sea as a source of water supply. Presently,
the principal source of fresh water (approximately
90 percent) in Hawaii is the lens-shaped basal
groundwater body (the porous, underground
water-bearing basalts) called the Ghyben-Herzberg
lens, which floats on denser salt water under the
islands. The ultimate source of water which feeds
this basal lens is of course evaporation from the
ocean and the subsequent abundant rainfall (some-
times more than 300 inches per year) occurring
mostly at higher elevations on the windward side
of the volcanic mountains. The high purity rain-
water rushes down the steep slopes of the
mountains to the sea or percolates into the porous
geologic formations. There it is either trapped by
steeply dipping dikes which cut through the lava
flows or continues down to the basal lens and
eventually migrates to the sea.

In spite of the abundant supply of very high
quality fresh water on most of the islands, there is
need for long-range planning to assure continued
water availability. Therefore, in addition to the

- current use of surface and groundwater, future

planning must consider other sources such as
recycled waste water and the desalting of saline
water. Fortunately, should freshwater supplies
dwindle, which is not likely to happen, there turns
out to be large quantities of low concentration
saline water (brackish) on the fringe of the basal
lens as a result of the mixing of ocean and
groundwater. Brackish water provides a much
more attractive feed to desalting plants than the
high salt content ocean water. This study focuses

on the determination of realistic water desalting
costs in Hawaii to assist in the overall planning of
water supplies for municipal, industrial, and
agricultural purposes throughout the State.

A fundamental consideration in the study was that
water desalting, to be viable, must be competitive
with other means of obtaining fresh water with
respect to costs and feasibility. The study
approach was to:

e Survey the State of Hawaii to identify and
rank locations having significant problems in
developing water supplies to meet increasing
demands.

o Identify desalting methods most suitable for
areas selected.

e Perform cost analysis on the more promising
desalting methods, based on field conditions
for the areas with the most severe problems.

e Present conclusions regarding water desalting
in Hawaii.

The three primary considerations in surveying the
State for priority locations to study were water
resources, growth potential, and timing. Water
resources considered include rainfall, surface
water, groundwater, and existing and planned
water systems. Growth factors studied include
climate, topography, proximity to population cen-
ters, and existing or planned infrastructure. Fin-
ally, timing was considered an important ranking
factor in instances where water shortage precluded
an otherwise immediate growth potential for an
area. The map below shows the location deter-
mined to have the highest (1) and second
highest (2) priority for cost studies of desalting in
Hawaii.

As seen from the map, there are two top priority
regions, or sectors, in the State. One is in the
central part of Maui Island and another in the
western part of the Island of Hawaii. These two
locations were selected for in-depth studies and are
called the Kihei-Makena sector and the Kiholo
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sector, respectively. Characteristic of these two
sectors is the availability of large quantities of
brackish water, i.e., water in which the total
dissolved solids (TDS) is less than 3,000 parts per
million (ppm).

Desalting methods considered were variations of
the three basic approaches; phase change, mem-
brane separation, and chemical reaction. The
membrane methods, electrodialysis and reverse
osmosis, become more economical as the feed
water salinity decreases. This is due, in part, to the
fact that membrane processes use energy propor-
tional to the amount of salts to be removed, while
the energy requirement for phase change methods
is high and independent of salt content. Thus, the
availability of brackish water in Hawaii enabled
elimination of seawater (35,000 ppm TDS) for
consideration in the foreseeable future as feed
water for any desalting plants in Hawaii. In
locations such as the Kihei-Makena and Kiholo
sectors, electrodialysis and reverse osmosis become
candidate processes for study. In fact, electro-
dialysis proves to be the most promising process in
terms of cost based on a wide range of desired
plant capacity (0.5 to 3.0 million gallons per day)
and available feced water (800 to 1,600 ppm TDS).
In electrodialysis an electric field is imposed in a
salt solution in which the salts are decoupled or
ionized into positively charged and negatively
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charged elements or groups of elements called
ions. Under the influence of the electric field, ions
migrate through selected membranes and out of
the solution.

Cost calculations were made for desalting by the
electrodialysis, ion exchange, and reverse osmosis
processes. Total costs are expressed in cents per
thousand gallons of water produced and delivered
to the point of distribution but do not include
distribution costs. The cost studies assumed 1974
dollars and covered a wide range of operating
conditions.

Feed water compositions anticipated at the Kihei-
Makena site range from 800 to 1,200 ppm TDS,
while at Kiholo, 1,100 to 1,600 ppm TDS. Two
qualities of product water were assumed; one
being the U.S. Public Health Service recommenda-
tion of 500 ppm TDS and the other being the
water typically available from existing Hawaiian
water supplies, i.e., less than 100 ppm TDS.
Considering the feed water available and assuming
that a first desalting plant would have a capacity
of about one million gallons per day, the electro-
dialysis process showed the least cost. Therefore,
while all the desalting processes were considered in
the study, only the results for the electrodialysis
plant process are summarized here. The influence



of plant size, plant factor,* and product water
quality on desalting cost is illustrated in the figures
below. The cost characteristic curves illustrate the
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Cost characteristic curves showing estimated water desalting costs per 1,000 gallons versus
plant capacity for the electrodialysis method in Kihei-Makena and Kiholo areas, Hawaii.

economy of plant size and provide basic data
useful for planning staged water desalting
programs.

It is observed that a one million gallon per day
electrodialysis plant producing 500 ppm TDS
water from 1100 ppm TDS groundwater in the
Kihei-Makena sector delivers water at a cost of 78¢
per thousand gallons at 90 percent plant factor
and 117 cents per thousand gallons when operat-
ing at 50 percent plant factor. As a comparison,
present water rates in the Kihei-Makena sector are
of the order of 40 cents per thousand gallons.

While the assumptions have had to be many and
the data has been limited, there are some definite
conclusions resulting from the study. They are:

1. Seawater desalting as a supplemental source
of water is less attractive economically than
desalting less salty (brackish) water which is
abundantly available in many areas of
Hawaii.

2. It is unlikely that desalting brackish water
even at top priority locations will provide an

*Percent of time plant actually operates at design
capacity.
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treatment and costly impounding facilities
must be provided for the source.

3. The Kiholo sector is a priority location for
future studies of brackish water desalting asa
part of the development of a plan for pro-
viding an adequate water source for thisarea.

4. In situations where no freshwater resources
are available and small demands with little
growth potential exist, desalting brackish
groundwater may offer an attractive source.
An isolated resort or village would be an
example of this situation.

This report is limited generally to the economics
of desalting for selected areas. The Cooperative
Agreement between the Office of Saline Water and
the State of Hawaii under which this report was
prepared provided that the parties to the Agree-
ment would subsequently review the need for
follow-on work to more fully assess the short and
long term potentials of desalting in Hawaii. Due to
lack of funds in the Office of Saline Water there
has been no discussion between the parties relative
to further work. However, the Water Resources
Regional Study can utilize the information on this
report and determine what need there is for
further studies.
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WATER QUALITY*

Quality determines the usefulness of water and is therefore vitally
important. Enough water may be available to permit the economic growth
of an area, but unless the quality of that water is reasonably satisfactory
for the intended use, the anticipated benefits will go unrealized and public
health may be endangered. But it is difficult here to characterize quality
generally, because water acceptable for one purpose may be unsatisfactory
for another. Domestic use demands water which is free from bacteriological
and toxic contaminants and taste- and odor-producing materials. Industrial
quality analysis is concerned with several chemical consituents which may
cause processing difficulties. Water for irrigation should be free of damaging

quantities of chemicals or salts harmful to plants.

SURFACE WATER QUALITY

In 1970, the U.S. Geological Survey, in cooperation with the Division

of Water and Land Development, State Department of Land and Natural
Resources, began collecting surface-water samples for mineral analyses.
Data are being collected during high- and low-flow periods to help define

the baseline chemical quality of surface-water streams.

*Certain sections of this chapter have been excerpted from the draft paper
of the Surface and Ground Water Study Element, HWRRS.
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The Hawaii State Department of Health has broad responsibility over
the health and sanitary conditions of Hawaii's waters and has monitored
over many years the usability of the waters from the bacteriological, as well
as the chemical, standpoint. Coliform data are available for many potable
and coastal water bodies, but are limited for fresh-water streams. Some
other data are available from special-purpose investigations and research

projects.

Chemical Quality

The chemical quality of streams is excellent. It generally follows a
pattern of dilution brought about by rainfall. No significant levels of pesti-
cide or toxic chemicals have been detected.

The dissolved-solids content of stream waters seldom exceeds 200 mg/1
(milligrams per litre) . Concentrations range from less than 50 mg/1 at head-
waters to greater than 200 mg/1 near the stream mouth. The increase is due
primarily to ground-water discharge, and usually occurs at lower reaches.
Irrigation-return flows and urban activities also add to the dissolved-solids
content.

Hardness of water can be attributed to the presence of dissolved
calcium and magnesium. Water is commonly classified as hard or soft. It
is considered soft when the hardness value is less than 60 mg/1 expressed
as calcium carbonate. Most surface water in Hawaii is soft, except for

streams fed principally by basal ground water or irrigation-return flows.
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Physical Quality

The physical quality ¢f stiream water is characterized by its "flashy"
conditions. H.gh turbidity and suspended-sediment co::centrations occur
during periods of heavy precipitation. Storm durations are short, and most
streams rever: to baseflow and clear conditions within a few hours. During
baseflow, stream turbidity seldom exceeds 5 JTU (Jackson Turbidity Units);
but, during storm runoffs, readings greater than 100 JTU are common.

Surface waters in different areas contain different amounts of color.
The color bodies are predominantly organic in origin. They often taste
peaty, and the water is esthetically unsuitable for domestic use. Streams
in the south Kchala area on the island of Hawaii have reported values of
22 to 320 color units.

Stream temperatures do not vary significantly. They generally
fluctuate with ambient conditions. Recorded temperatures have ranged from

14 to 30 degrees centigrade.

Biological Quality

Bacteriological data for surface streams are sparse. There has been
no systematic monitoring of bacterial densities, and meaningful interpreta-
tion cannot be made. But, research data and grab-sample analyses from
Oahu streams .n their lower reaches generally indicate poor bacterial quality.
Total coliform counts often exceed 1,000 colonies per millilitre of water. The

counts are generally higher during wet-weather conditions. Both total- and
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fecal-coliform densities on many Oahu streams exceed Hawaii's Water-Quality
Standard. Treatment is necessary to lower the bacterial densities for domestic
uses.

Streamwaters in the restricted watersheds of the islands are of better
quality; but they, too, at times contain bacterial densities higher than that

considered acceptable for domestic use and must be treated for such use.

GROUND-WATER QUALITY

In general, good quality water is available in Hawaii's major basal-,
dike-, and perched-water bodies. All waters developed for public and
domestic purposes are chemically suitable for use without treatment. The
concentrations of all constituents are within the limits of drinking water
standards recommended by the U.S. Public Health Service. No significant
levels of organic contaminants, pesticides, or toxic chemicals have been
detected.

Waters containing more than 500 mg/1 of dissolved solids are plenti-
ful. They are not currently considered suitable for domestic use, but may
be important for future needs. These fresh-to-brackish water bodies are
located in permeable sediment deposits of coastal plains and valley-fill areas.
They are presently used as sources by agriculture and industry, and are

highly susceptible to contamination.
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Geology and hydrology are the two main controls on the chemical
quality of ground water. In an island environment, sea water can freely
penetrate basal aquifers, unless they are capped by low-permeability
material, or unless fresh-water head is sufficient to "block-out" the sea-
water intrusion.

Man's activities oftentimes change the geohydrologic environment,
and alter the chemical character of ground watr. Overpumpage can cause
upconing of saline water. Irrigation practices can leach fertilizers and
other soluble chemicals into the aquifers. Indiscriminate practices of
subsurface disposal could also change the quality of Hawaii's ground water.

Chemical quality varies considerably among sources of ground water.
Generally, dissolved-solids concentrations are higher in basal waters than in
perched or dike-impounded waters. Silicate concentrations are lowest in
perched waters. Hardness of water ranges from less than 60 mg/1 to more
than 1,000 mg/1.

Nitrate and sulfate concentrations are good indications that irrigation
water may be reaching basal aquifers. Ground-water bodies underlying
irrigated lands accumulate significant nitrates and sulfates. The reported
concentrations, however, are not yet at the level of public~-health hazard.

The physical quality of ground water is excellent. The water is

usually free of color and contains little or no turbidity. The pH values
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range between 6.8 and 8.4 units. There is no offensive taste or odor
reported in potable ground-water sources.

Incidences of bacterial contamination in ground waters are low.
Excessive coliform counts are generally traced to local contamination, bad

sampling techniques, or faulty distribution systems.

QUALITY REQUIREMENTS FOR MUNICIPAL USE

In establishing water quality criteria for domestic use, the quality
of water at the source of supply and its quality at the house tap must be
considered. The quality of water as delivered to the customer is of interest
in this paper only insofar as the quality of the source affects the potability
of the water at the source of consumption.

The surface waters of Hawaii are chemically suitable for most use.
All the streams for which data are available are suitable for domestic and
municipal use. Treatment may be required to remove bacterial and organic
contaminants. In some areas, removal of color and turbidity may also be

required to meet recommended standards.

U.S. Public Health Service Standards

The Hawaii State Department of Health, as well as the various county
water boards, have adopted for use in the State the recommended standards
of the U.S. Public Health Service. The Public Health Service standards were

formulated initially to apply only to waters used on interstate carriers. They
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have been adopted by many states, however, since they represent the con-
sidered judgment of a large number of public health officials.

The provisions of the drinking water standards which are of interest
in considering quality of source waters are as follows:

Bacteriological characteristics: The USPHS standards set forth the

number of samples to be analyzed. In effect, these requrements limit the
average monthly coliform concentration to 1 per 100 milliliters. While
chlorination of water for bacterial control now is accepted popularly, and
pursued by the public water agencies in the Hawaii region, there remain
isolated public and non—puialic water systems which have not yet realized

the benefits of disinfected supplies. Interestingly, many ground-water
supplies are not presently chlorinated, owing to their excellent natural quality.

Physical characteristics: Drinking water should contain no impurity

which would cause offense to the sense of sight, taste or smell. Turbidity
should not exceed 5 units; color should not exceed 15 units (a color of less
than 10 generally passes unnoticed); nor should ~the threshold odor number
exceed 3. The surface waters in the Hawaii region have a characteristic
color, taste, and odor attributable to concentrations of organic compounds
from the forest watersheds,

Chemical characteristics: The limits for chemical elements or com-

pounds in water are divided into those which constitute ground for rejection
of the supply and those which preferably should not occur in excess of the
specified concentrations.
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The presence of the following substances in excess of the concentra-

tions listed constitutes ground for rejection of the supply:

Substance Concentration in ppm
Arsenic (As) 0.05
Barium (Ba) 1.0
Cadmium (Cd) 0.01
Chromium (Cr+6) 0.05
Cyanide (CN) 0.2
Fluoride (F) 1.41t0 2.4%*
Lead (Pb) 0.5
Selenium (Se) 0.01
Silver (Ag) 0.05

*Depending on temp.

The recommended limits for less critical substances are as follows:

Substance Concentration in ppm
Alkylbenzene sulfonate (ABS) 0.5
Arsenic (As) 0.01
Chloride (Cl) 250
Copper (Cu) 1.0
Carbon Chloroform Extract (CCE) 0.2
Cyanide (CN) 0.01
Fluoride (F) 0.8tc 1.7*%
Iron (Fe) 0.3
Manganese 0.05
Nitrate (NO3j) 45.0
Phenols 0.001
Sulfate (SOgy) 250

*Depending on temp.
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At present the State is currently drafting drinking
water regulations to supplant the above standards of
U.S. Public Health Service. The Counties have principal
responsibility for the quality of municipal water supplies

through their respective Boards of Water Supply.

Hawaii Water Quality Standards

As the State's designated water pollution control
agency, the Department of Health administers the Hawaii
Water Quality Standards (Chapter 342, Hawaii Revised
Statutes). Essentially, the Standards is composed of
two parts: (1) a summary of the public hearings held
to determine the uses of, and water quality criteria for,
the waters of the Hawaii region and (2) an implementation
plan to achieve the desired water quality.

The regulatory aspects of the above Standards are
embodied in the State Department of Health's Public Health
Regulations. The portion of the Public Health Regulations
that has significance to this discussion is Chapter 37A,
which classifies the various uses of State waters,
delineates water areas where the uses would apply,
establishes water quality criteria, and provides for the
establishment of "zones of mixing" for controlled effluent
disposal. The Standards cover surface and coastal waters;

it does not apply to ground waters.
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All fresh waters of the State are presently classi-
fied in accordance with the uses to be protected, as
follows:

- Class 1 waters: Drinking-water supply food
processing, the support and propagation of aquatic
life, and compatible recreation.

- Class 2 waters: Bathing, swimming, compatible
recreation, support and propagation of aquatic
life, and industrial and agricultural water supply.

Water quality criteria applicable to the foregoing
classes of freshwater consist of two types of standards:
(1) a basic set of Standards that state that all waters
should be free of substances attributable to discharge
or wastes that settle; float; cuase objectionable color,
odor, taste, or turbidity; are toxic to humans and agquatic
organisms, or produce undesirable aquatic life and
(2) specific standards which are applicable to particular
water areas. The basic standards, because they are
subjective, are somewhat difficult to interpret, particu-
larly as design criteria. The specific standards concern
themselves to a limited set of water quality parameters.
Insofar as freshwater for municipal uses is concerned
(Class 1 waters) the specific standards shown in the

accompanying table apply.
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Table 1. CLASS 1 WATER QUALITY STANDARDS, State of Hawaii

Parameter : Standard

L9T

l. Coliform Bacteria The medien coliform bhacteria shall not exceed 1000 per 100 ml, nor
shall more than 10% of the samples exceed 2,400 per 100 ml during
any 30-day period.

2. Fecal Coliforms Fecal colif~rm content shall not exceed an arithmetic average of

200 per 100 ml during any 30-day period nor shall more than 10% of
the samples exceed 40C per 100 ml in the same time period. For such
portion of Class 1 waters from which water is withdrawn for distri-
bution for drinking water or food processing following simple chlor=-
ination, the fecal coliform content shall not exceed an arithmetic
average of 20 per 100 ml during any calendar month.

3. PH Not more than % unit difference from natural conditions but not
lower than 7.0 nor higher than 8.5 from other than natural causes.

4. Nutrient Materials| Total phosphorus, not greater than 0.20 mg/l; except not greater
than 0.0S{mg/l for waters entering lakes or reservoirs.

5. Dissolved Oxygen Not less than 6.0 mg/1l.

6. Temperature Temperature of receiving waters shall not change more than 1.5°
from natural conditions.

7. Turbidity Secchi disc or secchi disc equivalent as "extinction coefficient"
' . determinations shall not be altered from natural conditions more
) than 5%.

8. Radionuclides Concentrations of radioactive materials shall not exceed minimum
concentrations which are feasible to achieve. In no case shall
such material exceed the limits established in the 1962 Public
llealth Service Drinking Water Standards (or later amendments) or
1/30th of the MPCw values given for continuous occupational expo-
sure in the National PBureau of Standards Handbook No. 69. The
concentrations in water shall not result in accumulation of radio-
activity in plants or animals that result in a hazard to humans or
harm to aquatic life.




The Safe Drinking Water Act (PL 93-523)

This Federal Act, signed by the President on
December, 1974, is the first Act dealing in depth with
providing safe drinking water for public use. The
Environmental Protection Agency is charged with the
responsibility of administering the new environmental
legislation, and has just published (March 14, 1975) a
set of proposed interim primarg drinking water standards
as required by the Act and is asking for comments. After
consideration of all comments, the interim standards will
be issued in mid-June. These Standards will then take
effect 18 months later. Also, the schedule calls for
the development of proposed national secondary regulations
by September, 1975.

Chief benefits of the Act will be the establishment
of regulations on what constitutes safe water, research
into water quality problems, and new water treatment
methods. The Act contemplates that the States, rather
than the Federal government, will have primary responsi-
bilities for carrying out the purposes of the legislation.
But, a principal concern of EPA in determining the scope,
stringency, and timing of the proposed standards is the
burden they will impose and its implications for the
workability of the standards. The proposed standards

are based largely in the above-discussed 1962 Public
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Health Service Drinking Water Standards and EPA's review
of this Standards in Sept. 1973.

The impact of this new legislation on public water
systems will be significant. For one thing, it will
bring the present municipal water systems under State
surveillance, and may require costly improvements in some
of the smaller systems to assure a higher quality of water.
Hawaii's basic program on domestic water quality surveil-
lance, administered by the State Department of Health in
cooperation with the county water agencies, won't change
because public water supplies already undergo routine
laboratory analyses for bacteriological and chemical
quality. The more complex tests are done less regularly
because of the State's lack of laboratory facilities, but
will need to be done on a larger scale and more frequently
under the new Federal Act. Research grants would be
provided by the Federal government to study methods to
produce safer water.

Further, the new Act requires more public involve-
ment in cases where quality of drinking water is in
question. Public hearings will be required and consumers
must be notified about system failures to meet standards.
Hawaii does not now levy fines for the dispensing of poor
quality water by the public systems, but the new law will

provide for stiff penalties of up to $5,000 a day for
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PROPOSED RULES

NATIONAL INTERIM PRIMARY DRINKING WATER STANDARDS

Sec.

141.1  Applicabiiity.

1413 Definitions,

141.3 Coverage.

141.11 Maximum contaminant levels for in-
organic chemicals.

141.132 Maximum contaminant levels for or-
ganic chemicals.

141.13 Maximum contaminant levels for
pesticides

141.14 Msximum contaminant levels for
surbidity.

141.15 Maximum microbiological contami-
nant levels.

141.16 Substitution of residual chlorine
measurement for total coliform
measurement.

141.21 Micrchiological contaminant same-
pling and analytical requirements,

141.22 Turbid:ity sampling and anaiviical
reguirements.

141.23 Inorganic chemlcal sampling and
analytical requirements,

i41.24 Pesticide and organic chemicals sam-
pling and analytical requirements.

141.27 Laboratory certification.

141.31 Reporting requirements.

141.32 Pubiic noufication of variances, ex-
emptions and non-compliance with
standards.

141.41 Siting requirements.

141.51 Effective date.

AUTHORITY: Secs. 1412, 1414, 1415, 1450 of
Pub. L. 93-523.

§ 141.1  Applicability.

This subpart sets forth the interim pri-
mary drinking water standards required
by section 1412 of the Safe Drinking
Water Act (Pub. L. 93-523).

§ 111.2 Definitions.

As used in this subpart the term:

(a) “Act” means the .Safe Drinking
Water Act, Pub. L. 93~523.

(b) “Community water system’ means
a3 public water system which serves a
population of which 70 percent or greater
are residents.

(¢) "Contaminant”" means any physi-
cal, chemical, biological, or radioclogical
substance or matter in water.

(d) "“Maximum contaminant level”
means the maxunum permissible level of
a contaminant in water which 1s deliv-
ered to the free tlowing outlet of the
ultimate user of a public water system.

(e) "Person” means an individual, cor-
poration, company. association, partner-
ship, State, municipality, or Federal
agency.

({1 “Public water system™ means a 3ys-
tem for the provision to the public of
piped water for human consumpuon, if
such system has at least fifteen service

connections or regularly serves an aver-
age of at least twenty-five individuals
daily at least three months out of the
yvear, Such term includes (1) any ¢oilec-
tion, treatment, storage, and distiibution
facilities under contsel of the operator
of such system and used primarily in
connection with such system, and (2)
any collection or pretreatment storage
facilities not under such control which
are used primarily i connection with
such system.

(g) “'State” means the agency of the
State government which has jurisdiction
over public water systems. Durnug any
period when a State does not have pri-
mary enforcement responsibihity, the
term ‘State’ means the Regional Ad-
ministrator. Environmental Protection
Agency.

th) “Supplier of water” means any
person who owns or operates a public
water system,

§ 141.3 Coverage.

The interim primary drinking water
standards under this subpart shall apply
to each public water system ni a Stale,
except that such standards shul! not ap-
ply to a public water system whicii—

ta) Consists only of distribution and
storage facilities and does not have any
collection and treatment facilities) ;

¢b) Obtains all of its water from, but
is not owned or operated by, a public
water system to which such regulations
apply;

(¢) Does not sell water to any person;
and

id) Is not a carrier which conveys pas-
sengers in interstate commerce.

§ 131.11 Maximum contaminant levels
for inorganic chemicals.

(a) The following are the muaximum
contaminant levels for inorganic chem-
icals:

Level
Contaminant: (mg/1)
Arsenic ... ... .. ...... ... ..... 0.U5
Barium .. . 1.
Cadmium . - 0.010
Chromium .. -~ - 0.05
Cyanide .. ___._ .. _...... .. 0.2
Lead __.. - . 0.05
Mercury ... .. .. 0.002
Nitrate iaas N).. . 10,
Selenlum . L. e 0.01
Silver . .._........... ........ .. U.N5

(b) When the annuul uverage of the
maximum daily air temperatures for the
location in which the jublic wuter sys-
tem is situated 1s the following, the cor-



responding concentration of fluoride
shall not be exceeded:

Temperature (C) Level (mg/1}
(in ¥°) )

50.0 to 83.7. 2.4
83.4 to 58.3 3.2
5M.4 to 63.R 2.0
63.9 to 70.5 1.8

1.6

L4

The requirements of this paragraph (b)
do not apply to public water supplies
serving only educational institutions.

§ 141.12 Maximum contaminant levels
for organic chemicals.

The maximum contaminant level for
the total concentration of organic chem-
icals, as determined by the carbon chlo-
roform extract method set forth in
§ 141.24(b), is 0.7 mg/1.

§ 141.13 Maxi contami levels
for pesticides.

The following are the maximum con-
taminant levels for pesticides:

(a) Chlorinated Hydrocarbons:
Level mg/l

Chlordane (cis and trans) (1.2.4.5,-
6,788 - Octachloro - 3a,4.5.7a-
tetrahydro-4,7-methanoindan) _ 0.003
Endrin (1,2,3,4.10.1C0 - Hexachloro-
87 - epoxy - 144a56783a-
octahydro-1,4-endo. end 0-5.8-
dimethano naphthalene)_...__. 0.0002
Heptachlor (1456.788-Hep ta-
chloro-3a.4.,7,7a-tetrahydro  4.%-
methanoindene) ... _________ 0. 0001
Heptochlor Epoxide (14.5.4,7.3.8-
Heptachloro - 2,3-epoxy-3a.4.7,Ta~
tetrahydro-4,7-methanoindan) . 0.0001
Lindane (1,2.3.456-Hexachloro-
cyclohexane, gamma isomer) _.._ 0. 004
Methoxychlor (1,1.1-Trichloro-2.2-
bis {p-methoxyphenyl| ethane). 0.1
Toxaphene (C, H, Cl,—Technical
chlorinated camphene, 67-69°
chlorine) .o oo 0. 005

(b) Chlorophenoxys:
24-D  (2.4-Dichlorophenoxyacetic

aeld) Ll 0.1
24.5-TP Silvex (2,4.5-Trichloro-
phenoxypropionic actd) ... 0.01

§ 141.14 Muximum contaminant level
of turbidity.

The maximum contaminant level of
turbidity in the drinking water at a rep-
resentative entry point(s) to the distri-
bution system is one turbidity unit (T,
as determined pursuant to § 141.22, ex-
cept that five or fewer turbidity units
may be allowed if the supplier of water
can demonstrate to the State that the
higher turbidity does not:

(a) Interfere with disinfection:

(b’ Prevent maintenance of an effec~
tive disinfectant agent throughcut the
distribution system; and

(¢! Interfere with microbiological
determinations.

§ W1.15 Maximum microbiological con.
tuminant levele,

(8) The supplier of water may em-
ploy one of two methods to determine
compliance with the coliform maximum
contaminant levels.
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(1) When the supplier of water em-
ploys the membrane filter technique
pwsuant to §141.21(a) the coliform
densities shall not exceed one per 100
milliliters as the arithmetic mean of all
samples examined per month; and either

(1) Four per 100 milliliters in more
than one standard sample when less
than 20 are examined per month; or

(ii) Four per 100 milliliters in more
than five percent of the standard sam-
ples when 20 or more are examined per
month.

(2) (1) When the supplier of water em-
ploys the fermentation tube method and
10 milliliter standard portions pursuant
to § 141.21, coliforms shall not be pres-
ent in more than 10 percent of the por-
tions in any month; and either

(A) Three or more portions in one
sample when less than 20 samples are
examined per month: or

(B) Three or more portions in raore
than five percent of the samples if 20 or
more samples are examined per month.

(il) When the supplier of water em-
ploys the fermentation tube method and
100 milliliter standard portions pursu-
ant to § 141.21(a) coliforms shall not be
present in more than 60 percent of the
portions in any month; and either

(A) Five or more portions in more
than one sample when less than five
samples are examined; or

(B) Five or more portions in more
than 20 percent of the samples when
five samples or more are examined.

(b) The supplier of water shall pro-
vide water in which there shall be no
greater than 506 organisms per one mil-
liliter as determined by the standard
bacterial plate count provided in
§ 141.21(f).

§ 141.16 Substitution of residual chlo-
rine measurement for total coliform
measurement.

(a) The supplier of water may. with
the approval of the State, substitute the
use of chlorine residual monitoring for
not more than 75 percent of the samples
required to be taken by § 141.21(b}, pro-~
vided that the supplier of water takes
chlorine residual samples at points which
are representative of the conditions
within the distribution system at the
frequency of at least four for each sub-
stituted microbiological sample. There
shall be at least daily determinations of
chlortne residual. Measurements shall be
made in accordance with “Standard
Methods,” 13th Ed.. pp 128-132. When
the supplier of water exercises the op-
tion provided in this paragraph (a), he
shall maintain no less than 0.2 mg,1 free
chlorine in the public water distribution
system.

«b) For public water systems serving
4900 or fewer persons, the supplier may,
with the approval of the State, make a
total substitution of chlorine residual
measurement for the samples required to
be taken by § 141.21(b): Provided. That
the supplier of water takes chlorine re-
sidual samples at points which are repre-
sentative of the conditions within the
distribution system at the rate of one
per day for each microbiological sample
required to be taken per month under
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§ 141.21. When the supplier of water ex-
ercises the option provided by this para-
graph tb) he shall maintain no less than
0.3 mgyl free chlorine 1n the public water
distribution system. Measurements shall
be made in accordance with “Standard
Methods,” 13th Ed., pp 129-132.

§ 141.21 Microbiological contuminam
sampling and analvtical require-
ments.

«a) The supplier of water shall make
coliform density measurements, for the
purpose of determining compliance with
§ 141.15. in accoerdance with the analyti-
cal recommendations set forth in
“Standard Methods for the Examination
of Water and Wastewater,” American
Public Health Association, 13th Edition.
pPp 662-688, except that only a 100 muili-
liter sample size shall be employed in
the membrane fllter technique. The
samples shall be taken at points which
are representative of the conditions
within the distribution system.

«b1 The supplier of water shall take
coliform density samples at regular in-
tervals throughout the month, and .n
number propcriionate to the population
served by the public water system. In o
event shall the frequency be less than as
set forth below:

Mimamum number of

Population served: sampies per month

25 00 2,500 e eemecemeama e e 2
2,501 3
2.301 4
4,101 5
4301 6
5,801 7
6,701 3
7,601 9
8,501 10
9,401 u
10,301 , - 13
11,101 to 12,000._ 13
12,001 wo 12.900_. 14
12,901 to 13,700.. 16
13,701 to 14,600.. 16
14.601 to 15,500-. 17
15.501 to 16,300.. 18
16,301 o 17.200.. 19
17,201 w 18,100 20
18,101 to 18.900- 21
18901 to 19.800.. 22
19,801 to 20,7 2
20,701 to 21.500._ 24
21.501 to 22.300-. 25
22,301 to 23,200_. 26
23,201 to 24.000 27
24.001 to 24.900 - 28
24,901 to 25,000 .29
25,001 to 28,000 . 30
28,001 to 33.000 33
33,001 to 37.000 . 40
37.001 to 41,000 . 45
41,001 to 46.000 -
16,001 to 50,000 . s
50,001 to 54.000 . 60
54,001 to 59,000 - 65
59,001 to 64.000 . 70
64.001 to 70.000 .15
70,061 to 75.000 . 80
76.001 to 83,000 . 85
83.001 to 90,000 . 9
90.001 to 96.090 Y
96,001 to 111.000. - 100
111,001 to 130,000_ - 110
130,001 to 160.000- . 120
160,001 10 190 005 . 130
190.00: to 220,000. . 140
220,001 to 250,000. - 150
250,001 to 290,000. - 160
290,001 £0 320,000« - oo oee . 170



Minimum number of

1,320,001
1,420,001
1,520.001
1,630,001
1,730,001 to 1,850,000-.
1,850,001 to 1,970,000.
1,970,001 to 2,060,000..
2,060,001 to 2,270,000..
2,270,001 to 2,510,000..
2,610,001 to 2,750,000. .
2,750,001 to 3,020.000-.
3,020,001 to 3,320,000..
3.320,001 to 3.620,000..
3,620,001 to 3,960,000..
3,960,001 to 4,310,000..
4,310,001 to 4.690,000..

4,690,000

(¢) (1) When the coliform colonies in a
single standard sample exceed four per
100 milliliters (§ 141.15(a» (1)), dalily
samples shall be collected and examined
from the same sampling point until the
results obtained from at least two con-
secutive samples show less than one coli-
form per 100 milliliters.

(2) When organisms of the coliform
group occur in three or more 10 ml por-
tions of a single standard sample
(§ 141.15¢a) (2) (i»), daily samples shall
be collected and examined from the same
sampling point until the results obtained
from at least two consecutive samples
show no positive tubes.

(3) When organisms of the coliform
group occur in all five of the 100 ml por-
tions of a single standard sample
(§ 141.15(a) (2) (ii) ), daily samples shall
be collected and examined from the same
sampling point until the results obtained
from at least two consecutive samples
show no positive tubes.

(4) The location at which the check
sample was taken pursuant to para-
graphs (¢) (1), (2) or (3) of this section
must not be eliminated from future sam-
pling because of a history of questionable
water quality. Check samples shall not be
included. in calculating thc total number
of samples taken each month to deter-
mine compliance with § 141.15.

(d) When a particular sampling point
has been confirmed, by the first check
sample examined as directed in para-
graphs (¢) (1), (2), or (3) of this sec-
tion, to be in non-compliance with the
maximum contaminant levels set forth
in § 141.15, the supplier of water shall
notify the State as prescribed in § 141.31.

(e) When the maximum contaminant
levels set forth in paragraphs (a) (1) or
(2) of § 141.15 are exceeded as confirmed
by check samples taken pursuant to par-
agraphs (¢) (1), (2), or (3) of this sec-

Population served: samples per month
320,001 to 360,000
360,001 to 410,000...
410,001 to 450,000...
450,001 to 500,000...
500,001 to 550,000-..
550,001 to 600,000...
600,001 to 660,000._.
660,001 to 720,000...
720,001 to 780,000...
780,000 to 840,000
£40,001 to 910,000.
910,001 to 970,000...
970,001 to 1,050,000.._

1,050,001 to 1,140,000..

1,140,001 to 1,230,000..

1,230,001 to 1,320,000-_

to
to
to 1,
to 1,

PROPOSED RULES

tion, the supplier of water shall report
as directed in § 141.32(a).

(f) When a particular sampling point
has been shown to be in non-compliance
with the requirements of § 141.16, water
from that location shall be retested
within one hour. If the non-compliance
is confirmed, the State shall be notified
as prescribed in § 141.31. Also, if the
non-compliance is confirmed. a sample
for coliform analysis must be immedi-
ately collected from that sampling point
and the results of such analysis reported
to the State.

(g) Standard bacteria plate count
samples shall be analyzed in accordance
with the recommendation set forth in
“Standard Methods for the Examination
of Water and Wastewater,” American
Public Health Association, 13th Edition,
pp 660-662. Samples taken for the pur-
pose of plate count analysis shall be col-
lected at points which are representative
of conditions within the distribution sys-
tem at a frequency at least cqual to 10
percent of the frequency for coliform an-
alysis as directed in paragraph ib: of
this section with the exception that at
least one sample shall be collected and
analyzed monthly.

§ 141.22 Turbidity sampling and ana-
lytical requirements.

ta) Samples shall be taken at a repre-
sentative entry point(s) to the water
distribution system at least once per
day (at least once per month for sup-
plies using water obtained from under-
ground sources) for the purpose of mak-
ing turbidity measurements to determine
compliance with § 141.14. The measure-
ment shall be made in accordance
with the recommendations set forih in
*Standard Methods tor the Examination
of Water and Wastewater,” American
Public Health Association, 13th Edition,
pp. 350-353 (Nephelometric Method) .

(b) In the event that such meusure-
ment indicates that the maximum allow-
able limit has been exceeded, the sam-
pling and measurement shall be repeated
within one hour. The results of the two
measurements shall be averaged, und if
the average confirms that the maximum
allowable limit has been exceeded, this
average shall be reported as directed in
§ 141.31. If the monthly average of all
samples exceeds the maximum allowable
limit, this fact shall be reported as di-
rected in § 141.32¢(a).

(¢c) The requirements of this § 141.22
shall not apply to public water systems
other than community water systems
which use water obtained from under-
ground sources.

§ 141.23 Inorganic chemical sampling
and analytical requirements.

.(a) (1) To establish an initial record
of water quality, an analysis of sub-
stances for the purpose of determining
compliance with § 141.111 shall be com-
pleted for all community water systems
utilizing surface water sources within
one year following the effective date of
this subpart. This analysis shall be re~
peated at yearly intervals.

(2) An analysis for communtiy water
systems utilizing ground water sources
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shall be completed within two years fol-
lowing the effective date of this subpart.
This analysis shall be repeated at three-
year intervals.

«3) Analyses for public water systems
other than community water systems,
whether supplied by surface or ground
water sources, shall be completed within
six years following the effective date of
this subpart. These analyses shall be re-
peated at five-year intervals.

th) If the supplier of water determines
or has been informed by the State that
the level of any contaminant is 73 per-
cent or more of the maximum contam-
inant level, he shall analyze for the
presence and quantity of that contami-
nant at least once per month following
the initial analysis or information. If,
alter conducting monthly testing for a
period of at least one year, the supplier
of water demonstrates to the satisfaction
of the State that the level of such con-
taminant is stable and due to a natural
condition of the water source, he may re-
duce the frequency of analysis tor that
contaminant consistent with the require-
ments of paragraph (a) of this section.

«¢) II the supplier of water determines
or has been informed by the State that
the level of any contaminant listed in
§ 141.11 exceeds the maximum contam-
inant level for the substance, he shall
confirm such determination or informa-
von by repeating the analyvsis within 24
hours following the initial analysis or 1n-
formation, and then at least at weekly
intervals during the period of time the
maXimum contaminant level for that
substance has been exceeded. or until a
monitoring schedule as a condition to a
variance, exemption or enforcement ac-
tion shall become effective. The resuits of
such repetitive testing shall be averaxed
and reported as prescribed in paragraph
(d) of this section.

(d) To judge the compliance of a pub-
lic water system with the maximum con-
taminant levels listed in § 141.11, aver-
ages of data shall be used and shall be
rounded to the same number of signifi-
cant figures as the maximum contam-
inant lcvel for the substance in question.
Each average shall be calculated on a
past 12-month moving average basis if
iess than twelve samples per vear are
analyzed, and on a past three month
moving average basis if twelve or more
samples per year are analyzed. In cases
where the maximum contaminant level
has been exceeded in any one sample, thé
average concentration shall be calcu-
lated on a one-month moving average
basis and reported pursuant to § 141.31.
If the mean of the samples comprising
the one month moving average exceeds
the maximum contaminant level, the
supplier of water shall give public notice
pursuant to § 141.32(a).

(e) The provisions of paragraphs (¢)
and 'd) of this section notwithstanding,
compliance with the maximum contami-
nant level for nitrate shall be deter-
mined on the basis of individual analyses
rather than by averages. When a level
exceeding the maximum contaminant
level for nitrate is found. the analyses
shall be repeated within 24 hours, and if
the mean of the two analyses exceeds the



maximum contaminant level, the sup-
plier of water shall report his findings
pursuant to §§ 141.31 and 141.32(a).
(f) Analyses conducted to determine
compliance with § 141.11 shall be made
in accordance with the following meth-

(1) Arsenic—Atomic Absorption Meth-
od, “Methods for Chemical Analysis of
Water and Wastes,” pp. 95-96. Environ-
mental Protection Agency. Office of
Technology Transfer. Washington, D.C.
20460, 1974.

(2) Barium-—Atomic Absorption Meth-
od, “Standard Methods for the Exam-
ination of Water and Wastewater.” 13th
Edition, pp. 210-215. or ‘**Methods for
Chemical Analysis of Water and Wastes,”
pp. 97-98, Environmental Protection
Agency, Office of Technology Transfer,

. Washington, D.C. 20460, 197+

(3) Cadmium—Atomic Absorption
Method, “Standard Methods for the Ex-
amination of Water and Wastewater,”
13th Edition, pp. 210-215. or “Methods
for Chemical Analysis of Water and
Wastes,” pp. 101-103, Environmental
Protection Agency, Office of Technology
Transfer, Washington. D.C. 20460. 1974.

(4) Chromium-—Atomic Absorption
Method, “Standard Methods for the Ex-
amination of water and Wastewater,”
13th Edition, pp. 210-215. or ‘“Methods
for Chemical Analysis of Water and
Wastes,” pp. 105-106, Environmental
Protection Agency, Office of Technology
Transfer, Washington, D.C. 20460, 1974.

(§) "Cyanide-~Titration or Colorimet-
ric Methods, “Methods for Chemical
Analysis of Water and Wastes,” pp. 40-
48, Environmental Protection Agency,
Office of Technology Transfer, Wash-
Ington, D.C. 20460, 1974.

(8) Lead—Atomic Absorption Method,
“Standards Methods for the Examina-
tion of Water and Wastewater,” 13th
Editlon, pp. 210-215, or *“Methods for
Chemical Analysis of Water and
Wastes,” pp. 112-113, Environmental
Protection Agency. Office of Technology
Transfer, Washington, D.C. 20460, 1974.

(7) Mercury—Flameless Atomic Ab-
sorption Method, “Methods for Chemical
Analysis of Water and Wastes,” pp. 118~
126, Environmental Protection Agency,
Office of Technology Transfer, Washing-
ton, D.C. 20460, 1974.

(8) Nitrate—Brucine Colorimetric
Method, “Standard Methods for the Ex-
amination of Water and Wastewater.”
13th Edition, pp. 461-464. or Cadmium
Reduction-Method, “Methods for Chemi-
cal Analysis of Water and Wastes,” pp.
201-206, Environmental Protection
Agency, Office of Technology Transfer.
Washington, D.C. 20460, 1974.

(9)  Selenium—Atomic  Absorption
Method. “Methods for Chemical Analysis
of Water and Wastes,” p. 145, Environ-
mental Protection Argency, Office of
Technology Transfer. Washington, D.C.
20460, 1974.

(10) Silver—Atomic Absorption Meth-
od, “Standard Methods for the Examina-
tion of Water and Wastewater.” 13th
Edition. pp. 210-215, or “Methods for
Chemical Analysis of Water and
Wastes,” p. 146, Environmental Protec-
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tion Agency, Office of Technology Trans-
fer, Washington, D.C. 20460, 1974.

(11)  Fluoride—Electrode Method,
“Standard Methods for the Examination
of Water and Wastewater,” 13th Edition.
pp. 172-174, or “Methods for Chemical
Analysis of Water and Wastes,” pp. 65—
67, Environmental Protection Agency
Office of Technology Transfer, Washing-
ton, D.C. 20460, 1974, or Colorimetric
Method with Preliminary Distillation,
“Standard Methods for the Examination
of Water and Wastewater,” 13th Edition.
pp. 171-172 and 174-176, or “Methods for
Chemical Analysis of Water and
Wastes,” pp. 59-60, Environmental Pro-
tection Agency, Office of Technology
Transfer, Washington. D.C. 20460, 1974.

§ 141.24 Pesticide and organic chem-
icals sampiing and analytical require-
ments.

(a) (1) To establish an initial record of
water quality, an analysis of substances
for the purpose of determining compli-
ance with §§ 141.12 and 141.13 shall be
completed for all community water sys-
tems utilizing surface water sources
within cne year foilowing the effective
date of this subpart. This analysis shall
be repeated at yearly intervals.

(2) An analysis for community water
systems utilizing ground water sources
shall be completed within two years fol-
lowing the effective date of this subpart.
This analysis shall be repeated at three-
ycar intervals.

(3) Analyses for public water systems
other than community water systems.
whether supplied by surtace or ground
water sources. shall be completed with-
in six years following the effective date
of this subpart. These analyses shall be
repeated at five-year intervals.

(b) If the supplier of water determines
or has been informed by the State that
the level of any contaminant is 75 per-
cent or more of the maximum contami-
nant level, he shall analyze for the pres-
ence and quantity of that contaminant
at least once per month following the
initial analysis or information. If. after
conducting monthly testing for a peri-
od of at least one year, the supplier of
water demonstrates to the satisfaction
of the State that the level of such con-
taminant is stable and due to a natural
condition of the water source, he may re-
duce the frequency of analysis for that
contaminant consistent with the re-
quirements of paragraph (a) of this sec-
tion.

(¢) If the supplier of water determines
or has been informed by the State that
the level of contaminants set forth in
§ 141.12 exceeds the maximum contami-
nant level, he shall confirm such deter-
mination or information by repeating
the analyses within two weeks following
the initial analysis or information. The
average of the two analyses, if in excess
of the maximum contaminant level,
shall be reported as directed in §§ 141.31
and 141.32(a).

(d) If the supplier of water determines
or has been informed by the State that
the level of any contaminant listed in
§ 141.13 exceeds the maximum contami-
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nant level for the substance. he shall
confirm such determination or informa-
tion by repeating the analysis within 24
hours following the initial analysis or in-
formation, and then at least at weekly
intervals during the period of time the
maximum ccataminant level for that
substance has been exceeded, or unt:} a
monitoring schedule as a condition to
variance. exemplion or enforcement ac-
tion shall become effective. The results
of such repetitive testing shal} ve ave:-
aged and reported as prescribed in para-
graph 'e? of this sectien.

te) To judse the compliance of a pub-
lic water system with the maximum con-
taminant levels listed 1mn § 141.12, aver-
ages of data shall be used and :hail be
rounded to the same number of siamfi-
cant figures as the maximum corntam
nant lzvel for the substance in quest
Each average shall be calculated nn a
past 12-month moving average basis i
less than twelve samples per year are
analyzed, and on a past three wmonth
moving average basis if tweive or more
samples per year are analyzed. in «o-es
where the maximum contaminant levels
of § 141.13 have been exceede in any cue
sample, the average concentration snall
be calculated on a one-month mo+:ing
average basis and reported pursuan: ‘o
§ 141.31. If the mean of the sampies
comprising the one month moving aver-
age exceeds the maximum contan.inznt
level, the supplier of water shall give
public notice pursuant to § 141.32:a:

(f) Sampling and analyses made to
determine compliance with § 141.12 shall
be made in accordance witn “An Iin-
nroved Method for Determining Orzanics
in Water by Activated Carbon Absorp-
tion and Solvent Extraction,” Parts 1 and
2, Buelow, et al, Journal of American
Water Works Association, 65: 57, 197
(1973).

(g) Analyses made to determine com-
pliance with § 141.13(a) shall be made
in accordance with “Method for Crgano-
chlorine Pesticides in Industrial Eflu-
ents,” MDQARL, Environmental Protec-
tion Agency, Cincinnati, Ohio, November
28, 1973.

(h) Analyses made to determine com-
pliance with 3 141.13(b) shall be con-
ducted in accordance with “Methods for
Chlorinated Phenoxy Acid Herbicides in
Industrial Effuents,” MDQARL. Cincin-
nati, Ohio, November 23, 1973.

§ 141.27 Laboratory certification.

For the purposes of determining com-
pliance with §§141.21 through 141.24,
samples may be considered only if they
have teen analyzed by a laboratory ap-
proved by the State.” The approval shall
be contingent upon maintenance of
proper laboratory methods and technical
competence and upon the retention for
inspection at reasonable times of ana-
Iytical results. Approved laboratories
shall make periodic reports as required
by the State.

§ 141.31 Reporting requirements.

The supplier of water shall report with-
in 40 days following a test, measurement
or analysis required to be made by this



subpart, the results of that test, measure-
ment or analysis: Provided, That the sup-
plier of water shall report within 36 hours
the failure to meet any standards tn-
cluding failure to comply with monitor-
ing requirements’) set forth in this sub-
part. Reports required to be made by this
§ 141.31 shall be communicated to the
State, except that Federal Agencies shall
report to the Regional Administrator.

§ 141.32 Public notification of var-
iances, exemptions and noncompli-
ance with standards.

(a) The supplier of water shall give
notice to the persons served by the pub-
lic water system of any failure on the
part of the system to comply with the

. requirements (including monitoring re-
quirements) of this subpart. The supplier
of water shall give the notice required by
this § 141.32 not less than once every
three months during the life of the non-
compliance:

(1) By publication on not less than
three consecutive days in a newspaper
or newspapers of general circulation
serving the area served by such public
water system, which newspaper or news-
papers shall be approved by the State.
With respect to the public water sys-
tems operated by Federal Agencies, the
newspapers cited in this paragraph shall
be approved by the Regional Administra-
tor;

PROPOSED RULES

(2) By furnishing a copy thereof to
the radio and television stations serving
such area as soon as practicable but not
later than 36 hours after confirmation of
the noncompliance with respect to which
the notice is required; and

(3) By Inclusion with the water bills of
the public water system at least once
every three months if the water bills are
issued at least once every three months,
and with every water bill .if they are is-
sued less often. If water bills are not is-
sued, other means of notification accept-
able to the State may be used. The notice
required by this § 141.32 shall state at
least that the public water system falils
to monitor, operate the system or pro-
vide water which meets all the require-
ments of this subpart and shall state with
particularity those requirements for
which there is noncompiiance. If a quan-
titive limitation has been exceeded. the
notice shall state what the Federal or
State limitation is, and at what level of
performance the water supply system has
been operating.

(b) The supplier of water shall give
notice pursuant to the procedures set
forth in paragraph (a) of this section—

(1) When his system has received a.
variance under section 1415(a)(1) or
1415(a) (2) of the Act. and shall continue
the notitication process at no less than
three month intervals during the life of
the variance;
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(2) When his system has received an
exemption under section 1416 and shall
continue the notification process at no
less than three month intervals during
the life of the exemption; or

(3 When his system has failed to
comply with any schedule or control
measure prescribed pursuant to a vari-
ance or exemption and shall continue the
notification precess at no less than the
three month intervals during the life of
the variance and exemption.

§ 141.41

Before a person may enter into a
financial commitment for or initiate
construction of a new public water sys-
lem or increase the capacity of an exist-
ing public water system, he shall—

(ay To the extent practicable, avoid
locating part or all of the new or ex-
panded facility at a site which:

(1) Is subject to earthquakes. floods,
fires or other man-made disasters which
could cause breakdown of the public
water system or a portion thereof; and

(2) Is within the floodplain of a 100
year flaod;

(b) Notify the State.

§ 141.51 Effective date.

The standards set forth in this sub-
part shall take effect 18 months after
the date of promulgation.

[FR Doc.75-6603 Filed 3-13-75:8:45 sm]

Siting requiremeénts.



violations of the regulations. Also, a loan program to
assist the needed system upgrading will be instituted
for needy areas.

The proposed interim standards mentioned earlier,
referred to as the National Interim Primary Drinking Water
Standards, is presented below to disclose the nature of
the chemical, physical, and biological limitations govern-
ing the level of water quality which would need to be

attained by the public water systems.

Present Program

In line with the objectives of the recently enacted
Federal Safe Drinking Water Act, the State Department of
Health is presently prepaying regulations governing water
to be used for drinking purposes. These regulations would
supplement and reinforce those standards now adopted and
would provide tangible guidelines to the separate sub-
regional counties, which have principal responsibility
for the quality of municipal water supplies and ground-
water resources through their individual boards of water
supply. As currently practiced, state level supervision
over public water supplies incorporates plan review of
proposed systems and their improvements and sanitary

investigation of the water works systems.
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While the Department of Health maintains and
administers a bacteriological sampling program of public
water supplies and although there have been no reported
cases of disease outbreaks, evidence of bacterial contami-
nation of water supply systems do crop up at times,
especially at the smaller communities served by surface
sources. As urbanization increases and lands become more
intensely used, there appears to be some justification
for the mandatory disinfection of all water systems,
rather than just those drawing from a surface water source.

The county water agencies on the outer islands find
it economically difficult to finance improvements to their
many separate water systems to bring them up to present
day standards and to replace deteriorating facilities.
Quite often, surface supplies of water exhibit undesirable
properties as related to taste, odor, and turbidity,
primarily during the rainy seasons. Interpretation of
present statutes permits the continuance in use of such
sources, based on health considerations only, with little
consideration given to aesthetic acceptance. In many
cases, those sources are the only ones available to the
consumer. Where alternative ground-water supplies have
been found, their development and use have supplanted the
traditional, more cheaply developed, surface sources.

Federal and State assistance in constructing water

treatment facilities are looked to as a means to upgrade
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water quality in those areas where surface sources must
be used. Recent examples are the treatment works con-
structed in Waimea on the island of Hawaii and in Kalaheo
on the island of Kauai.

To further public health control of public water
supplies, water managers are now weighing the merits of
establishing a statewide certification program for super-
intendents and operators of public water supply systems.
Training of waterworks operators is needed to enable them
to understand and solve the many varied functions included
in the day-to-day surveillance of a water supply system,
particularly as it relates to water treatment. The
training is especially important where programs are just
being initiated. The proposed fluoridation of the
drinking water supply on the island of Hawaii can be cited
as an example for the need of knowledgeable waterworks
personnel to provide the care and concern such a program

requires.

QUALITY REQUIREMENTS FOR INDUSTRIAL USE

By far the most significant use of water for indus-
trial purposes in the region at present is for cooling—
by the electrical power generating utilities and by the

sugar processing mills. Here, the prerequisite quality
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characteristics of the water appear to be that it be less
than about 82°F in temperature, be relatively fre of oil,
debris, and organisms such as the sulfur and iron bacteria
which tend to form slimes. Sea water amounting to about
860 mgd is currently used for once~through condenser
cooling in the Hawaii region. A lesser quantity of fresh
surface and ground-water—about 130 mgd—is used for the
same purpose.

Because of the varied quality requirements of water
for industrial applications, each industry established
in the islands would have to treat water in accord with
its own needs for process water. The generally excellent
quality of the region's surface and ground waters suggests
that treatment needs would be less than for comparable
industries located in the conterminous United States.
Notably, all waters now developed for public and domestic
purposes are chemically suitable for use without treat-
ment. Also, while an industry would locate its plant
where the local supply can be suited to its particular
process and cooling water requirements, the current
pollution laws would tend to make the siting of the plant
be governed more by the quality of the return water the
plant is permitted to discharge than the quality of the
water at the plant's intake.

Specific quality standards applicable to industrial

water under surrent State regulations are shown in the

accompanying table.
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Table 2. CLASS 2 WATER QUALITY STANDARDS, STATE OF HAWAIIL*

Parameter

Standard

1. Coliform Bacteria

2. Fecal Coliforms

3. pH

4. Nutrient Materials

5. Dissolved Oxygen (except

from natural causes)

6. Temperature

7. Turbidity

8. Radionuclides

The median coliform bacteria shall not exceed 1000 per 100 ml, nor shall more
than 10% of the samples exceed 2,400 per 100 ml during any 30-day period.

Fecal coliform content shall not exceed an arithmetic average of 200 per 100 ml
during any 30-day period nor shall more than 10% of the samples exceed
400 per 100 ml in the same time period.

Not less than 6.5 nor higher than 8.5.

Total phosphorus, not greater than 0.20 mg/l; except not greater than 0.05 mg/1
for waters entering lakes or reservoirs.

Not less than 5.0 mg/l.

Temperature of receiving waters shall not change more than 1.5°F from natural
conditions.

Secchi disc or secchi disc equivalent as "extinction coefficient" determinations
shall not be altered from natural conditions more than 10%.

Concentrations of radioactive materials shall not exceed minimum concentrations
which are feasible to achieve. In no case shall such material exceed the limits
established in the 1962 Public Health Service Drinking Water Standards (or later
amendments) or 1/30th of the MPCW values given for continuous occupational
exposure in the National Bureau of Standards Handbook No. 69. The concentra-
tions in water shall not result in accumulation of radioactivity in plants or animals
that result in a hazard to humans or harm to aquatic life. The concentration of
radioactive materials present in fresh, estuarine, and marine waters shall be
less than those that would require restrictions on the use of organisms harvested
from the area in order to meet the Radiation Protection Guides recommended

by the Federal Radiation Council.

*Includes industrial and agricultural waters, amongst others.



QUALITY REQUIREMENTS FOR AGRICULTURAL USE

The use of water for agriculture in Hawaii is largely
to irrigate growing plants, specifically sugar cane and
to a much lesser extent, vegetable crops. Livestock
water needs are notably less.

Surface water has been extensively developed in the
major islands for the irrigation of sugar cane and no
limitations in quality for plant use of the water have
been encountered. Recent advancements in the methods of
irrigation have, however, focused on certain water
quality parameters affecting the application of irrigation
water. The advent of drip irrigation systems emphasizes
the need for irrigation water that contains little or no
suspended matter such as algae and soil particles which
would tend to clog the orifices employed in the systems.
Conversions to drip irrigation from the traditional furrow
and sprinkler methods are underway at the plantations
where such conversion is feasible, and various filtering
systems are being tried to control the orifice-clogging
problem.

Ground water supplements surface water for sugar
irrigation in those areas where the latter is not availa-
ble. Where such irrigated lands are located at the coastal
low lands where ground water is generally more saline

than that further inland, high salinity of the applied
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water is a problem. 1In the central isthmus of the island
of Maui, where basal ground water is used for sugarcane
irrigation, the water applied to the crop contains
dissolved-solids ranging up to 1500 mg/l and sometimes
higher.

What factors limit the usefullness of waters used
for agriculture and the concentrations at which their
effects are felt have not been evaluated in detail in
the Hawaii region. Research done elsewhere, however,
provides some information on the more important factors
which define the quality of water acceptable to Hawaii
crops. Data from two such research efforts are cited
herein (Tables 3 and 4) to provide some guidance in
assessing the quality of the island waters for irrigation

,

use.
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Table 3. TENTATIVE GUIDES FOR EVALUATING
THE QUALITY OF WATER USED FOR IRRIGATION**

Threshold (a) Limiting (b)
Item Concentration Concentration

Coliform organisms,

MPN/100 ml 1000%* (c)
Total Dillolved Solids

(TDS), mg/1 500% 1500%
Elec. conductivity,

micromohs/cm 750%* 2250%*
Range of pH 7.0-8.5 6.0-9.0
Sodium adsorption ratio

(SAR) 6.0% 15
Residual sodium carbondate

(RSC), mg/1 1.25% 2.5
Arsenic, mg/l 1.0 5.0
Boron, mg/1l 0.5%* 2.0
Chloride, mg/1l 100* 350
Sulfate, mg/1l 200* 1000
Copper, mg/1l 0.1%* 1.0

(a) Threshold values at which irrigator might become
concerned about water gquality and might consider using
additional water for leaching. Below these values
water should be satisfactory for almost all crops and
almost any arable soil.

(b) Limiting values at which the yield of high-value crops
might be reduced drastically, or at which an irrigator

might be forced to less valuable crops.
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(c) Aside from fruits and vegetables which are likely
to be eaten raw, no limits can be specified. For
such crops, the threshold concentration would be
limiting.

* Values not to be exceeded in more than 30 percent of
any 20 consecutive samples, nor in any 3 consecutive
samples. The frequency of sampling should be specified.

** J. E. McKee and H. W. Wolf, "Water Quality Criteria",
2nd Ed. Report to California State Water Quality

Control Board (SWQCB Publ. 3A) 1963.

Discussions have been developing on the use of sewage
effluent for cane irrigation purposes, particularly as
such a venture might apply to the sewage disposal situation
in central Oahu. Studies are now being conducted to deter-
mine whether such a use is feasible, considering, as a
basis, the possibility of exchanging sewage effluent for
fresh surface and ground-waters presently used for irri-
gation. Needed to be addressed are those toxicity problems
that can arise from the use of sewage effluent for irri-
gation, especially the harmful effects on plants and people
of excess nitrates, total dissolved solids, boron, phos-
phates, and the heavy metals, such as arsenic, lead, copper,
etc. The use of sewage effluent could become an important
source of new irrigation water, but little is known at this

time on the quality limits desired and the complications

that can arise from the use of the effluent.
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Table 4. PROPOSED EPA WATER QUALITY CRITERIA FOR AGRICULTURE*

{unit: milligrams/liter]

Substance Irrigation Use Livestock Use
Aluminum 5 5
Arsenic 0.1 0.2
Barium -- --
Cadmium 0.01 0.05
Chlorine - -
Chromium 0.1 1
Copper 0.2 0.5
Iron 5 --

Lead 5 0.1
Manganese 0.02 -
Mercury -= 1
Selenium 0.02 0.05
Silver -- --

Zinc -- 25

pH 4.5 - 9 --
Ammonia - -

Fecal Coliform 1,000/100 ﬁl 1,000/100ml1
Total Coliform - 5,000/100 ml

*U.S. Environmental Protection Agency update of 1968

National Technical Ddvisory Committee Report on water

quality criteria, November 1973.
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Quality limitations of water for stockwater
consumption are essentially of the same type as those
relating to quality of drinking water for human consumption.
Hosever, most animals seem to be able to use water con-
siderably poorer in quality than would be considered
satisfactory for human beings (Table 4). The literature
does not contain many references to quality standards
for stockwater supplies. McKee and Wolf (see footnote,
Table 3) considers the maximum concentration of salts
that can be tolerated by domestic animals, without danger
of injury by the osmotic effect of salts, to lie between
15,000 and 16,000 mg/l. A frequent figure seen in the

literature is the upper limit of 10,000 mg/l for livestock.
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GENERALIZED COSTS OF SURFACE AND GROUND WATER DEVELOPMENTS,
BY HYDROGRAPHIC AREAS, HAWAII REGION

The following analysis of development costs for
surface and ground water source facilities in the separate
hydrographic areas provides some background information to
aid in formulating proposals for future water development
programs. The intent is to display certain cost data that
could be used in evaluating future supply alternatives for
those areas where projected water needs would exceed the
capacity of the existing supply facilities.

For surface water development, the potential of new
supplies is measured by the levels of expenditure considered
justifiable, because the impact of increasing costs to
provide additional increments of storage and, in some
cases, treatment works largely determines the extent of
development in an area. The marginal-cost analysis
presented below explores the relationship between the worth
of water and the amount of water developed in the separate

hydrographic areas.

MARGINAL COST ANALYSIS FOR SURFACE WATER DEVELOPMENT
The analyses presented herein show how the potential

amount of uniformly available streamflow in the hydro-
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graphic areas of the State varies with the amount of
storage capacity provided and with the worth of water per
thousand gallons. The basis is that any estimate of
available water supply for comparison with water require-
ments depends on the amount of storage that will be
available to augment the low flow of streams during a
drought.

By using low-flow frequency data of typical streams
in the various hydrographic areas, draft-storage-frequency
curves for total streamflow within the hydrographic areas
can be prepared. These draft-storage curves can be used
to define the storage required for a given draft rate.
Typically, near the point of maximum draft, a large
increase in storage capacity is required for a small
increase in draft. The point on the curve where the
annual cost of an increase in storage capacity would equal
the annual worth of the increased draft is called the
marginal-cost level. This point can be derived through
the following equation, which equates annual worth and

cost of storage.

365(D) (CD) 1000 = CRF (S) (C9)

where D draft, in mgd.

CD = worth of water, in dollars per 1000 gal.

S = storage capacity, in million gallons

CS = cost of storage, in dollars per million
gallons

CRF = capital recovery factor for amortization
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The above can be reduced to the following:

8 —

= 17.3 (10 °) CS/CD

0njo

where D/S represents the slope on the draft-storage curve
at an interest rate of 6% and a facility life of 50 years.
The draft-storage curve for Waikoloa Stream in Hydro-
graphic Area V on the island of Hawaii is shown as an
example (see attachment). The assumption here, as with
the other hydrographic-area analyses, is that this
selected typical stream is characteristic of all streams
in that hydrographic area and the marginal cost-level
determined for this stream is applicable to all surface
flows in the hydrographic area. For a storage cost of
$25,000 per million gallons, such as used in the example,
the marginal-cost level for water worth $.20 per 1000 gal.
would be where the slope of the draft-storage relation is

17.3 (10”8

) ($25,000/0.20), or 0.0215 as shown by the
dashed line. The marginal-cost level in this example
would be a draft rate equal to 45% of the mean flow, and
the required storage capacity would be 2.3% of the mean
annual runoff. In the same manner, draft rates corres-
ponding to different marginal costs can be obtained. The
analysis shows that as the higher levels of development

are approached, the required storage capacity increases

so much faster than the resulting increase in yield that

190



full development could probably never be justified
economically.

Certain generalizations are made in applying the
above analysis to the separate hydrographic areas. One
is that the cost of storage for the hydrographic areas
has been kept at a common level. Except in the case for
windward East Molokai and windward Kohala on the island
of Hawaii where the unit cost has been doubled to reflect
construction conditions in those two areas. This simpli-
fication in analysis should be recognized. To the extent
that the better storage sites have already been used, it
is likely that added storage capacity will be progressively
more costly. The unit storage cost used is $25,000 per
million gallons, which cost reflects current costs for
diversion and for lined-storage works in the Kohala
Mountain area in Hawaii.

Another generalization is that the yield from any
hydrographic area is represented by flows at the elevation
of the gaging station of the area's selected typical stream.

The information derived from the analysis is used in
comparing the cost of surface water development with the
cost of ground-water or other alternative source develop-
ment in the separate hydrographic areas. Importantly,
the worth of water is measured at the point of storage,
here assumed to be in the vicinity of the supply source.

Transmission costs, not included in the analysis and in
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many cases expected to be significant, could greatly
affect the relative costs of water obtained from the
alternative sources of supply. The affect of transmission
costs on source cost comparisons will be considered in a
separate analysis. Also, it is to be noted that the
storage-draft curves from which the marginal-cost levels
derived are based on the uniform flow that could be
maintained for 98% of the time were the needed storage
available. This 2% chance of deficiency is reasonably
acceptable for municipal water purposes, but may be
considered somewhat high for irrigation water use. For
the latter, it results in higher costs for water developed

to ensure not running out of water during the drier periods.
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COST OF GROUND-WATER DEVELOPMENT

For ground-water developments, the cost of tapping
the basal aguifer is made to measure the potential, within
the range of supplies recoverable, of ground-water
resources in the hydrographic areas. The following tables
show the generalized cost of developing an increment at
l1-mgd supply through typical deep wells drilled at likely
ground-water sites in the separate hydrographic areas. A
basic assumption made is that development costs for addi-
tional supplies would remain at the initial-increment
level, unlike the increasing rates associated with surface

water developments.
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Table 1

GENERALIZED GROUND-WATER DEVELOPMENT COSTS IN HYDROGRAPHIC AREAS, HAWAII REGION
(Based on single deep well of 1.0-mgd capacity)

Hydrographic Well Site Construction Cost (1970 dollars)
Island Area Elevation Pump Controls
(Ft.) Well Pump & Bldg. Total
Hawaii I 300 $ 72,000 $ 22,000 $69,000 $163,000
II 380 84,800 26,000 69,000 179,800
III 700 136,000 32,000 69,000 237,000
v 650 128,000 31,000 69,000 228,000
\Y 700 136,000 32,000 69,000 237,000
Average 550 111,400 28,600 69,000 209,000
Maui I 1707 297,100 100,000 69,000 466,100
I1 450 96,000 27,000 69,000 192,000
. ITI - - - - --
iv 620 123,200 32,000 69,000 224,200
\'4 175 52,000 18,000 69,000 139,000
Average 740 142,000 45,000 69,000 256,000
Molokai I ’
IT 45 40,000 15,000 69,000 124,000
III 1000 184,000 40,000 69,000 . 293,000
IV
Average 520 112,000 27,500 69,000 208,500
Oahu I 45 40,000 15,000 69,000 124,000
: II 195 38,900 18,000 69,000 125,900
III 170 51,400 17,500 69,000 137,900
v 310 74,100 22,000 69,000 165,100
v 290 74,400 18,000 69,000 157,400
VI 540 109,600 30,000 69,000 208,600
Average 260 64,700 20,000 69,000 153,700
Kauai I 200 56,300 18,500 69,000 143,800
II 210 57,900 19,000 69,000 145,900
I1I 420 91,200 31,000 69,000 191,200
v 125 43,800 16,000 69,000 128,800
v - - - _— -

Average 240 62,300 21,000 69,000 152,300
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Table 2

ANNUAL COST OF GROUND-WATER SOURCE DEVELOPMENT IN HYDROGRAPHIC AREAS, HAWAII REGION
(Based on single deep well of 1.0 mgd capacity)

Island- Well & Pump Pump & Pump Pumping Operation Cost of Water
Hydrographic Control Bldg. Controls Cost and Total at Source
Area Maintenance ($/1000 gall)
Hawaii I 7,300 6,200 23,700 8,200 45,400 0.12
I1 8,200 6,600 25,600 9,000 49,400 0.14
I1XY 11,900 7,300 42,000 1-,900 73,100 0.20
v 11,300 7,100 40,200 11,400 70,000 0.19
\Y 11,900 7,300 42,000 11,900 73,100 0.20
Average 10,100 6,900 34,700 10,500 62,200 0.17
Maui I 23,400 14,200 91,300 23,300 152,200 0.42
I1 9,000 6,700 32,900 9,600 58,200 0.16
ITI -- -—- - -- - -
v © 11,000 7,300 42,000 11,200 71,500 0.20
v 5,900 5,800 20,100 7,000 38,800 0.11
Average 12,300 8,500 46,600 12,800 80,200 0.22
Molokai I -— . - -- - -- --
II 5,000 5,500 21,900 6,200 38,600 0.11
III 15,300 8,100 91,300 14,700 129,400 0.35
v -- -- - -- -- --
Average 10,200 6,800 56,600 10,500 84,000 0.23
Oahu I 5,000 5,500 9,100 6,200 25,800 0.07
II . 4,900 5,800 12,800 6,300 29,800 0.08
IIT 5,800 5,800 12,400 6,900 30,900 0.08
v 7,500 6,200 16,800 8,300 38,800 0.11
v 7,500 5,800 13,100 7,900 34,300 0.09
VI 10,000 7,000 24,500 10,400 51,900 0.14
Average 6,800 6,000 14,800 7,700 35,300 0.10
Kauai I 6,200 5,900 16,400 7,200 35,700 0.10
11 6,300 5,900 16,800 7,300 36,300 0.10
ITI 8,700 7,100 26,600 9,600 52,000 0.14
v 5,300 5,600 13,100 6,400 30,400 0.08
v e - - M e oo

Average 6.600 6.100 18,200 7.600 38,600 0.11




ApPENDIX F

PRELIMINARY RESULTS OF WATER SUPPLY
CASE STUDY, MAUI

(PreparReD BY INTASA For
WATER RESources CounciL AND HWRRS)






AGENDX

Plans to be Developsd,

Assunptions for Development 2f Water Su

Initial Plans, Assumptions, Conclusions.

Con~ lusrons.

EQ Plan, Assumptions, Conclusicns

Evaluation of Alternative Plans

Interface with Wastewater

Modifications of Plans

Impact of Drip Irrigation on Land Use

Investigation Program for Drip Irrigation
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ASSUMPTIONS FOR DZIVELOPMENT OF WATER SUPPLY PLAN

Location of aggregate water demand and supply

centers.

. Estimate of water supply at centers.

at centers in yecaxr 2000.

3 -, » - Y, P ]
Estimate water <domand a

Current water use.
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Central

° H(-. &S
SB S5 ' ' East Maui
DS

, Ss

Leqend

SB Basal Groundwater

su Higﬁ Level Groundwater
SW  Wastewater Source

S§ Strcamflow Source

DD Domecstic Demarnd

DS, Sugar Canc Demand

AGGREGATE WATER DEYAND AND SUPPLY CENTLRS
ISLAND OF MAUI
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i
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.
0 S 0
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Slide 4

AGGREGATE WATER SUPPLY

Present Yield Potential Yield

Water Suwply Canters (in mgd) (in mgd)
Lahaina H. Groundwater 21
Lahaina B. Groundwater 45 67
Lahaina Streamflows 60 60
Lahaina Wastewater *
Wailuku l. Groundwater 10
Wailuku B. Groundwater 5 30
Wailuvku Sireanmilows 73 73
Wailuku Wastewater *
Central B. Groundwatar 117 117
Kihei Wastewater *
ZBast Maul Streamilows 1658 1les
Big Spring 1o

*  Wastewater yield eguals domestic use
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AGGREGATE WATER DEMAND

Lanhaine Deowestic 3

Pioneer Mill 102

waillukue Domestlc 4

Wi lvnw 5w 50

Kaia 1

2
on as gro, thy assunpilons
p
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CURRENT WATER USE

Slice 6

206

DEMAND
Lahainza Piorecer viailuku Wailuku
SUPPLY Domestic i1l Domastic sugar HC&S Kula Kihei
LAHAINA
H. Groundwater 0
B. Groundwater 2.5 42 44.5
Streomflows .5 59.5 60
Wastewaterx o}
A ILUKU
He. Groundwater
B, Groundwater 4 1.5} 5.5
Streamflovs 50 23 73
wWastewater 2 0
Central B. Groundwater 117 117
Xiheil Wastowater 0
Last Mawml Streamflows 165 165
Big Spring )
TOTAL DEMAND 3 101.5 4 50 305 1.351) 1.5
1) Present source not included in list Current
Supply
Sources



INITLAL PLAY

Assunptions for Demand

Assurptions for Supply

Initial Plon Coasidavaetions

Illustraticen of Initial Plan

Conclusions for Inivi.:l Plan
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Slide 8

Demand

Domestic demands for 2000 based upon "Water Master Plan

for Maui" using same values af for 1990.

-  Sugar cang 1Yriy
Yield Per Acre
Technigue Acres Application Rate Per Year
Furrow 20,080 10,000 gpad 6 tons
Drip 25,000 6,700 gpad 7.25 tons
a-
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Slide 9

ASSUMPTIONS POR INITIAL PLAN

Suoply

. Present supply: based upon the five USGS preliminary reports.

. Lahaina additional supplies: based on DOWALD Report R33

. Te.iluku additicnal basal suppliez: based on Major Cravalho's
- Ao s o T e @ ; RS
. < T Bosad I hwedesiion Protast report.

eruzl o donzchic dawrand.
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INITIAL PLAN

(.,;
l_
x4
£
O
=
[}
[R8]
O
¥y

CONSIDZRATION

. Not used in plan because uncertainties in technology.

Lahaina Area

High level ground water preferred over basal because of

energy needs for baszal,

. Fresh water prefarred ovsr salins woater because of pumping

-

requirements and quality of saline.

. Streamflow prefarred for sugar over ground water because of

pumping of ground water.

4

t

!

. Agreement bctwzen cou

210
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INITIAL PLAN FOR YEAR 2000

Slide 11

DEHMAND

Lahaina Pioneer Wailuku Wailuku
SUPPLY Domestic Mill Domestic Sugar HC&S Kula Kihei

LAHATINA

H. Groundwater 12 21*

B. Groundwater 15 67%

Streawmiicovs <l 60

Wastewater 12*
“AILUKO

H. Grouniwater 10*

B. Grou-~lwater 10 12 3Cc*

Streanmflows 42 23 73

Viastewater 10*
Central B. Eroundwater 57 117
Xihai Wastewater 12#%
Tast Maui Strzamflows 161 4 165
Big Spring 10*

N\ 60"
TOTAL DEMAND 12 75 10 42 251 L) 12 406

®* Increased Supply over current use
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Lahaina

* LEGEND -

All Numbers Refer to Water in MGD.

Utilized Supply Center
Unutilized

Slide 12 .
Wailuku ;’_"/JfﬂfﬂulfJVh -
. 10 /J .
\) > n} K
gd:) Central y - | .
57 2m
S s
Big Spring —
pUnE Y o ouamamy
S I ] ‘)'
Kihei  [L2]
AT
"
S .
Supply Centerx .
4

Demand Centerx

O

@]

E *
—ree Txansmission'Line

Transmitted Water in MGD

foy
o

INITIAL PLAN
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CONCLUSIONS OF INITIAL PLAN

Major new developments are:

. High level ground water in Lahaina.

. Basal ground water cevelopment in the West Maui

Mountains

. Piwelinz connecting ire above basal developa=nt to

Cultivated aozeage will prodizs 300,90C tens of sugar per

(3.4
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Inpact of

Initial Plan on

Assurctions for NED 2lan

T o ey =y da
IrMlus—rai

ocn oof NED Plon

WL Lo

214
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Slide 15

IMPACT OF INITIAL 7T
. Additiocnal water available to increase sugar cane
Industny
. Several alternative connacticns betwean source and demand
found riore costly.
ASSTUMPTIONE PLAN
. Domestic €emand is increased by 20% over the initial plan.
. Sugz. cane rrrigalior diooo Lin increased from the initial
plar w ci. the addliicn ¢ 2,000 new acres, all drip irrigated.
N hi
. - L S < g O
e ¥
‘&,
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NED PLAN FOR YEAR 2000

Slide 15

Lahaina Pioneer Wailuku Wailuku
SUPPLY Domestic Mill Domestic Sugar HC&S Kula Kihei

LAHATNA

H. Groundwater 14 21

B. Groundwater 21 67

Streamflows 60 60

Wastewater 147
WAILURY

H. Croundwater 10

B, Gruundwaters 12 124 30

Strzanflows 45 28 73

Wastevater 12>
Central B. Groundwater 101 11,
Kihei Wastewater 14%
ﬁast Ifanl Streamflows 146 5 165
Big Sprirng 10

TOTAL DEMAND 14 81 12 45 275 5 14

®

Increased bescause of larger domestic use
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Big Spring

LTC

preTerol o

Kihoi

LEGEND
All Numbers Refer to Water in MGD.

O Utilized Supply Center » '
@ Unutilized  Supply Centcr
Ca

Demand Center

NED PLAM
Transmission Line

10 Transmitted Water in MGCD

ISLAND OF MAUI

-

. —_liea J.. i d M

' ' WL
g . 8 o

Ef’lﬁfl'ﬁ’.'_u'a.-'.‘. R

GRAPIIL.  SeAn nb MILES

"
o
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NED PIAN COMNCLUSIONS

No major developments different from initial plan.

Main difference in allocation of supplies.

Cultivated acreage will produce 340,000 tons of sugar
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EQ PLAN

Imcact of Initial Plan on EQ Account.
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IMPACT OF INITIAL PLAN ON EQ ACCOUNT

Slide 20

Saveral porens izl stoozes dry during puart of yearn.

b}

o
[0
R
o
6]
)
l.).
i
®
th
Hh
'4
9]
"
]
5
o
<
}.J-
cr

as inxtial nicn.

Domestic damant

SN P [ERURNONE N N H s
ivrigati ..
AR Al J SunoLies Al ~ S ey + e o
STreanriow SULDLles J8QUIART Oy wldh TO Tellal.o.

Basal ground water supplies reduced by 15% to

recharge with 130 2 drip irrigation.
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EQ PLAN
DZMAID
Lahainz Pionaer walluku Wailuk
SUP2LY Domestic Mill Doxastic Sugar HC&S  Kula  Xihei
LAHATNA
H. Groundwater 12 21
B. Groundwater 57
Streamflows 48 51
Wastowater 12 12
AILUKT
H, Crrondgater 10
B, Grnndwataor 25
Stre LS w3 2<% 23 a2
Wastewater 10 A 10
Central B. Groundwatzer 44 97
Kihei wastewater 12 12
East Lzui Streamilcus 124 4 12 140
Big Spring 10
507
TOTAL DEMAND 12 60 10 34 " 208 4 12 p4o
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Kihei E
LEGEND \

All Numbers Refer to Water in MGD

O Utilized Supply Center . K
O Unutillzed Supply Center d‘ /;f/
[ pemand Center : b /
* Transmission Line . )\/7& .
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5D PIAN CCNCLUSICN

. High level ground water is

Waillukn and Xihei.
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VALUSTION CF ALTEDRNATIVE PLANS

Cost Assumptions

Measuremant of Impacts

Comparison of Initial, NED and EQ Plan

224
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COST ASSUMPTIONS

Distancas Satwesn 3uonly and doumand and elevation

transmission and treatmznt

Cost on

of waste.

Energy costs are calculated based on:

e Tl o)
Cosco v H = 082

Drip irrxigation costs are $500/acre.
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DISTANCES

IN MILES/ELEVATIONS IN ['ZET

=0 Lahaina Pioneser Wailuku ailuku

SUPPLY Domestic Mill Domestic Sugar HC&S Kula Kihei
LAHATINA

H. Groundwater 15/100 11/100

B. Grouniwater 0/500

StreamFlows 0/0

Wastewater 6/200
SATLUKS

H. Crourlvatex

DL G Jater /80 50

ey 0A0 G/0
5/200

Central B. ESroundwatcr 0,/200
Zihei Wastewater 60/500
itast vl Streamflows 0/0 0/200 60/C
2ig Spring
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DEMAND - B Capital Cost
Lahoaina neer 1o iluku Wailuku Dcf MG?
LAHAINA
H. Groundwatcr 30 30 270l
B. Groundwaterx i 2401
Strecamflows 0 0+ 0+ 3004
Wastewater W) 150 + 402 + 0
WAILUKU
H. Groundwatcr 1,000
B. Groundwater 140 190 150 + 5003 + 0
Streamflows 0 0 0 0O+ 0 + 3004
Wgsteﬁater 60 150 + 0 + O
. Central B. Groundwater . 60 0+0+0
Kihei Wastewater 4 160 150 + 5003 + 0
East Maui -Streamflows . 0 60 0 0+ 5003 + 3004
Big Spring
(Beeur vValue ¢’ Energy Costs in $1000)

l. Includes'source development and pipelinn;
2, Based on 36" pipcline at $80/ioot.

Trentman

o' basal oaly if larger than 45 mgd.’

3. Included only if pipeline is

Fav domoc ' ia use onlu.

t

necessary to connect Kihei.
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INITIAL PLAN
TOTAL COST $23,540,000
n\\\\\\\ opimas ' Capital
Davalos

~ Lahainz Pionzer wailuka Wailuku Costs
Try e N . . S
SUPPLY Domestic Mill Domestic Sugar HC&S Kula Kihei $1.000
w4

LAHAINA

H. Groundwater 360 ) 3,240

B. Croundwater 2,100 -

Streamflows 0 0

Vastowater -
SALLUXU

H. Gro nlvater

N
I
\
)

B, Gl - lontey 1,470

2,070
ST 3 0 0 a
Hastowater .
Central . Gro;ndwatar 3,420 0
Kihei Wastewater
;ast Maui Streanflows 0 240 1,200
Rig Spring

TOTAL S 9,800 13,740
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NED PLAN

TOTAL COST $30,240,000

T~ Pionser wazlluku vailuku
SUPPLY i1l Domastic Sugar HC&S  Kula Kihei
LEHATNA
H. Groundwater 420 ' 3,780
B. Groundwater 2,940 0
Streamflows o 0

Wastevaler

= Cy "nioatray
. v s R Ca-
* wor ; 1,990 ’:; VAl S~
1 t
- :
B : - :
H
kY

e 300 1,520

TOTAL DEMAND 14,060 16,180
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EQ PLAN

Total Cost 33,300,000

- DSMAND .
Lahaina Pioneer Wailuku Wailuku
SUPPLY Domestic Mill Domestic Sugar HC&S  Kula Kihei
LAHAINA
H. Groundwater 360 _ ’ 3,240
B. Groundwater ) - B (o]
' Streamflows 0 ’ o
Hastewater . . 720 A . 2,28
1 .
WAII.I.IKU
H. Groundwater - . ) -
B. Groundwater
Streanflows 0 0 0 3,000
Viastewater 600 . 1,500
Central B, GrOu;dwater ) . 2,640 A (o}
Kihei Wastewater ; ' ) 1,920 6,000
East Maui Streamflows . . 0 240 0 {10,800
gig Spring : . —-—
TOTAL | ) 6,480 26 ,820
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COMPARISON OF IMPACTS

Cost of Alternative 21
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COMPARISON OF IMPACTS

Goods and Serxvices of Alternative Plans

<

Sugar Produced/Year
in 1'000 Tons ;q:':ff N

in Million Dollars

Total Acres in Cane
1,000 Acres

Domestic Water Supplies MGD

Enexrgy Used for W.S.
Average KWH/Year

Initial Plan NED Plan
300 340
54 61.2
45 50
38 45.6
23.7 34.0
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EQ Plan

326
58.7

45

15.7



COMPARISON OF ALTERNATIVES

Water Resource Utilization of Alternative Plans

Initial Plan

Lov Flow Avialable in Streams No
) Total Ground Water Pumped MGD 106
Total Streamflow Used MGD 290
Total Wastewater Reuse MG 0

233
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NED Plan EQ Plan
No Yes
162 56
298 250

0 34
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PROGRAM FOR INVESTIGATION OF DRIFP IRRIGATION

Steps Needed

. Determine status of on-going research.

. List alternative research efforts possible from

NED and EQ perspective.

. Estimate improved information level and dollars

and time reguired.

. Integrate new effort in agency's program.
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PROGFAM FOR INVESTIGATION OF DRIP IRRIGATION

Illustration of Possible Outputs

Agency

U.S. Geological Survey

Hawaiian Sugar Planters
Association

U.S. Geological Survey

EPA

Study

Ground water recharge with
furrow irrigation and rate
of recovery.

Change in sugar production
per acre with drip irrigation
and associated irrigation
neads.

Quality of ground water with
drip and with furrow irriga-
tion.

Effect of drip irrigation on
water pollution in the ocean.
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Completion

1980

1978

1980

1980
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IMPACT OF IRRIGATION TECHNIQUE ON LAND USE

NED: Fix water used for sugar and vary land

use and sugar production.

EQ: Fix land use for sugar and vary sugar

production and water use.
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