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INTRODUCTION

The safety and adequacy of water delivered to the public in cities and towns
has received an increasing level of attention in recent years, however, little attention
has been given to the drinking water systems provided for the use of the traveling
public along Interstate Highways. Although the attention given to these systems
has been small, their significance cannot be overlooked. It is estimated that there
are approximately 9100 water supply systems serving the traveling public on and
along Interstate Highways and it is estimated from Federal Highway Administration
sources that over one million travelers use these facilities daily. The importance of
maintaining high standards of reliability for these facilities cannot be overempha-
sized if the interstate spread of communicable disease, which may be contracted at
inadequately constructed, operated and/or maintained installations, is to be pre-
vented.

In the Spring of 1972 the State and Local health departments and the State
highway departments in Virginia, Oregon, and Kansas cooperated with the
Water Supply Division of the Environmental Protection Agency (EPA) to conduct
a pilot study of 119 water supply systems along Interstate Highways in those three
States. The purpose of the pilot study was to assess the water quality, construction,
operation and health surveillance of the water supply systems provided for the
traveling public at safety rest areas, motels, restaurants and service stations along
Interstate Highways.






SUMMARY OF FINDINGS AND RECOMMENDATIONS

The findings of the pilot study indicate that of 119
water supply systems along Interstate Highways in
Virginia, Oregon and Kansas 75 (63 percent) of the
water systems surveyed delivered water which failed
to meet one or more constituent limits of the Drink-
ing Water Standards; 22 (19 percent) systems failed
to meet at least one mandatory limit; and 18 (15
percent) systems were contaminated with coliform
bacteria. The contaminated systems were either not
disinfected or the disinfection equipment available
was not operated properly. Only 14 (12 percent) of
the systems had a bacteriological surveillance pro-
gram which met the criteria in the 1962 U. S. Public
Health Service Drinking Water Standards. Although
these figures represent all of the systems studied it
should be pointed out that the safety rest area water
systems were distinctly superior to the commercial
service facilities.

In order to rectify the problems highlighted by this
study, the following general recommendations are
offered: .

1. The State and County governmental agencies
are primarily responsible for the surveillance of the
water systems. These agencies need to set a higher
priority to initiating and maintaining an acceptable
program of bacteriological and chemical surveillance
and to providing regular sanitary surveys of the water
systems. The cost of an adequate surveillance pro-
gram, which would typically include a complete che-
mical analysis of the water every third year, two
bacteriological samples per month, and one sanitary
survey each year, approaches $300 per system. This
is the recommended minimum amount that State and
County agencies should be spending annually to pro-
vide the needed surveillance. It is estimated that, on
the average, less than $50 per system is being spent
{early. This is primarily for bacteriological surveil-
ance.

2. It is estimated that there are 8,500 commer-
cial service facilities (service stations, motels, restau-
rants, etc.) and over 600 safety rest areas serving
dr.inking water to the traveling public along Interstate
Highways throughout the United States. Their large
numbers present a burden to State and County per-
sonnel who must provide a program for their regu-
lation and control. Many (about 70 percent) of the
commercial service facilities surveyed were located
at an interchange directly adjacent or opposite to
others serving drinking water to the traveling public.
An effort by the appropriate State agency responsible
for the surveillance of these systems should be made

to reduce the number of systems requiring health sur-
veillance by requiring or encouraging consolidation
measures, where possible and economically feasible.

3. Where a direct interconnection between sys-
tems is not feasible, an effort should be made by the
State or County to concentrate surveillance activities
on facilities which present the greatest potential pub-
lic health risk. Observations during the field survey
indicate that the traveling public seldom drinks water
at service stations. Priority should be given to main-
taining surveillance over systems serving restaurants,
motels and safety rest areas where people normally
drink water.

4, Many of the physical, operational, and sur-
veillance deficiencies revealed by this study would
have been eliminated if proper and uniform sanitary
standards had been employed. The State and County
surveillance agencies should establish and implement
a permit program for water systems serving the
traveling public to ensure compliance with State
standards for public water supplies. A permit should

" be required before any private or public entity would

be allowed to provide drinking water to the traveling
public. The permit program would apply to both
commercial service facilities as well as safety rest
areas and would require that State:standards be met.

5. The Federal Highévay Administration requires
that water systems at safety rest areas be designed,
constructed, and maintained so that State health
regulations are met. In addition, surveillance of drink-
ing water supplies is the maintenance responsibility
of the State Highway department and such main-
tenance should be in accordance with State health
standards for public water supplies. Surveillance
should be an integral part of the Federal Highway
Administration’s annual review of the State highway
department’s maintenance program: to assure that ap-
propriate standards are being met. The Federal High-
way Administration should require, as a condition to
receiving any Federal highway- financial assistance,
that an adequate maintenance program is being car-

. ried out.

The specific findings and recommendations of the
study are:

Water Quality

1.  Seventy-five (63 percent) of the water supply
systems delivered water which failed to meet some
constituent limit of the Drinking Water Standards.
Sixty-seven (56 percent) systems failed to meet at



least one recommended limit, and 7 (6 percent) failed
to meet at least one mandatory chemical limit. Sys-
tems failing to meet mandatory chemical limits should
be provided with proper treatment equipment to pro-
duce a water meeting the Drinking Water Standards
and/or another raw water source meeling these
Standards should be found. Systems failing to meet
recommended limits should also employ proper treat-
ment or seek another raw water source where eco-

nomically feasible.

2. Bactenologlcal analysis of the distribution sys-
tem water showed that 18 (15 percent) of the systems
contained coliform bacteria, an indicator of pollution.
To prevent bacteriological contamination of the
source, improved source protection is necessary. Dis-
infection plus additional treatment should be a
mandatory requirement for all systems using surface
water. The treatment required should be determined
to ensure that the turbidity level meets the limit
established in the Drinking Water Standards. Disin-
fection should be a mandatory requirement for all
drinking water systems using ground water unless a
history of satisfactory bacteriological sampling and
sanitary surveys has consistently been demonstrated.

Facilities and Operation

3. Sixteen (14 percent) systems were chlorinated
to disinfect the water. Five (31 percent) of these sys-
tems did not have a chlorine residual in the distribu-
tion system or storage tank. Where chlorination was
practiced, at the commercial service facilities, daily
chlorine residuals were not taken and in some cases
the chlorination equipment was not operative at the
time of the survey. All of the safety rest areas that
practiced chlorination kept daily records of residuals
and the chlorination equipment was inspected on a
daily basis. Daily inspection of the chlorine feed

equipment and daily records of chlorine residuals -

should be maintained. Chlorine residuals should be
present at the ends of the distribution systems. Unless
bacteriological or other tests indicate a need for
maintaining a higher than minimum concentration of
residual chlorine a minimum of 0.4 milligrams per
liter of free chlorine should be maintained for a
contact period of at least 30 minutes.

4. Many of the individuals responsible for the
operation of the water systems studied were not fully
aware of their responsibilities or the reasoning be-
hind these duties. The State and County surveillance
agencies should assure that all persons responsible
for the operation of a water system along Interstate
Highways are knowledgeable of the water system and
its operation. This could be achieved during routine
periodic visits by State or County personnel through

informal instruction and discussion with the respon-
sible operator. :

Surveillance

5. Records of the bacteriological surveillance for
the twelve months preceding the study were investi-
gated for each water system. The results of this
investigation show that 105 (88 percent) of the water
systems surveyed were not sampled with a frequency
meeting the bacteriological surveillance criteria of the
Drinking Water Standards. Records could not be
found for any bacteriological testing within the pre-
ceding twelve months at 38 (32 percent) of the water
systems studied. Fourteen (12 percent) water systems
had bacteriological samples which were contaminated
with coliform bacteria during at least one month in
the past year, and 8 (7 percent) systems showed con-
tamination in two months or more. The results of
the study showed that surveillance is not provided
for some systems during the winter months even
though the systems are operational during these
months. A bacteriological sampling program which
will meet the minimum requirements of the Drink-
ing Water Standards should be required at each sys-
tem. This program should be continued at all times
the system is operational.

6. Chemical surveillance was not practiced at
any of the systems surveyed. The water from all
drinking water systems should be tested for all chem-
ical constituents listed in the Drinking Water Stand-
ards before the water is made available to the travel-
ing public. Complete chemical analysis is recom-
mended for systems supplied by groundwater every
third year or more often when there is reason to
believe the chemical quality Is deteriorating. Water
systems supplied by surface water should receive
chemical analysis on a yearly basis.

7. None of the systems surveyed were subject
to regular sanitary surveys although maintenance
personnel at the safety rest areas make daily visits
and are generally aware of sanitary conditions. The
sanitary deficiencies found by this study could have
been identified and corrected with a program of fre-
quent and thorough sanitary surveys by the appro-
priate State or County governmental agency. Yearly
sanitary surveys of each water systém should be pro-
vided. For water systems which are not operated
during the winter months, the sanitary surveys would
ideally be performed prior to placing the system into
operation in the Spring. No water system should be
placed into operation until at least two satisfactory
bacteriological samples have been obtained,

The preceding recommendations address problems
that can be best solved by the Federal Highway Ad-



niinistration- and the State and local governments.
The following recommendations relate to problems
that should be considered by appropriate Federal
agencies and others having broad water supply %e-
sponsibilities and interests.

1 The problems inherent in the operation of
small water systems are unique. One example is the
extreme variations in weekly and seasonal usage as
peak demands normally occur on weekends and
during the summer months. Criteria and standards
should be developed for the construction, operation
and health surveillance of small public drinking

water systems serving the traveling public along In-
terstate Highways. There is a need to evaluate the
bacteriological sampling frequency based upon usage.

2. Chlorination as a means of disinfection for
small, isolated water systems is associated with sev-
eral problems. The feed system can easily become
inoperable, the chlorine residual dissipates during
periods of low usage and needed maintenance and
daily inspections are not always performed. In order
to help rectify some of the problems in disinfection
by chlorination, alternative means of disinfection
should be reviewed.






SCOPE OF SYSTEMS STUDIED

Water supply systems along Interstate Highways
in Virginia, Oregon, and Kansas were included in
this pilot study to obtain a geographical cross-section
of the water supply systems serving the traveling
public. The pilot study covered a total of 119 water
supply systems, A water supply system as defined by
this study includes the collection, treatment, and
distribution facilities from the source of supply to
the free-flowing outlets of the distribution system.

Two main categories of water supply systems were
studied; safety rest areas owned and operated by the
respective State Highway Departments and commer-
cial service facilities (restaurants, service stations
and motels). Table I summarizes by category' the
number of water systems surveyed. The greatest per-
centage of water systems studied were service sta-
tions although they were not specifically chosen for
this pilot study. Rather, all systems along a desig-
nated segment of highway were included.

The water systems to be surveyed were determined

several months in advance of field visits. To be
included in this study the systems had to be located
on rural sections of Interstate Highway and be within
one-half mile of an Interstate Highway interchange.
An effort was made to select as many systems as
possible within a given geographical area so that the
time required to transport the bacteriological samples
would be minimized. Most of the water systems sur-
veyed used groundwater as a raw water source. The
exceptions were systems that purchased finished

water from a nearby public water system and either -
piped or hauled the water by truck to the distribution
system. The source and treatment of this water is
beyond the scope of this study and no investigation
was attempted; however, samples were collected and
analyzed to determine water quality. A summary of
the water system types studied is presented in Table
IL.

All six of the hand-pumped wells identified in
Table IT were located in Kansas and were serving
safety rest areas. Of the four commercial service

' facilities in Kansas which purchased finished water,

three piped their water and one hauled water by
truck from a nearby municipal system and pumped
the water into an on-site storage tank. The system in
Virginia that purchased finished water was a safety
rest area that piped water from a nearby sanitary
district water system. '

The water treatment practices of the systems sur-
veyed are listed in Table III. Ninety (79 percent) of
the water systems provided no treatment for the water.
Sixteen (14 percent) of the water systems studied
disinfected their water and 9 (8 percent) of the sys-
tems softened their water. In every case, the method
of disinfection used was chlorination, with a hypo-
chlorite solution added by an automatic feeder.
One water system serving a safety rest area in Vir-
ginia depended on manual chlorination to maintain
a chlorine residual. All of the systems that softened
their water used an ion-exchange resin.

DRINKING WATER SYSTEMS ALONG

INTERSTATE HIGHWAYS

TABLE 1
'SUMMARY OF THE CATEGORIES OF WATER SYSTEMS SURVEYED

Total
System Category Virginia Oregon Kansas -
’ . Number Percent

Safety Rest Area 9 10 10 29 24

% Service Station 20 18 22 60 50
Er-h Restaurant 3 6 8 17 14
Q 8 '
SE Motel 7 6 0 13 12
o3
© Total 39 40 40 119 . 100
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DRINKING WATER SYSTEM5 ALONG
INTERSTATE HIGHWAYS

TABLE II
SUMMARY OF TYPES OF WATER SYSTEMS SURVEYED

" System Type b .o ' Virginia Oregon Kansas Total
Well Distribution 36 40 30 106
Hand-pumped Well 0 0 6 6
Spring 7 2 0 0 2
Purchased Finished

Water 1 0 4 5
Total 39 40 40 119

DRINKING WATER SYSTEMS ALONG
INTERSTATE HIGHWAYS

TABLE III

SITMMARY OF WATER TREATMENT* PRACTICES AT
SYSTEMS SURVEYED

Total
Treatment Virginia Oregon Kansas
Number Percent
None 32 - 29 29 90 79
Disinfection Only 5 9 1 15 13
Softening Only 1 , 1 6 8 7
Disinfection 0 1 0 1 1
& Softening
Total 38 40 36 114 100

* Excludes those systems that purchased wholesale finished water.
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EVALUATION CRITERIA

Each water supply system was investigated on
three bases:

1. Drinking water quality was determined by
sampling the finished and distributed water.
These samples were sent to the EPA Labora-
tories for bacteriological, chemical, physical,
and trace metal analyses.

The adequacy of the water supply system faci-
lities and their operation was determined by
a field survey of the system. (Samples of the
survey forms appear in Appendix A).

The adequacy of the surveillance program for
the water supply system was evaluated by
reviewing the bacteriological and chemical
quality data available for the previous 12
months of record from State and Local Health
Department files or State Highway Department
files. The date of the last sanitary survey of
the system was also noted.

Water Quality Criteria

Based on samples collected during the field survey,
water quality was judged as follows:

1. Meets the constituent limits of the 1962 PHS
Drinking Water Standards*
Failed to meet at least one “recommended”
constituent limit, but did not fail any “man-
datory” constituent limit.
Failed to meet at least one “mandatory” con-
stituent limit. The Drinking Water Standards
constituent limits utilized in this study are
summarized in Table IV.

* 1962 USPHS Drinking Water Standards. PHS Publica-
tion No. 956, Supérintendent of Documents, Government
Printing Office, Washington, D.C,, 61 pp.

** See “Manual for Evaluating Public Drinking Water
Supplies,” EPA, 1971, for basis of judgment.

2,
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Surveillance Criteria

Facilities and Operation Criteria

Source, treatment, operation, and distribution faci-
lities were judged** either:

1. To be essentially free from major deficiencies,
or

To be deficient if one or more of the following
were inadequate:

(a) Source protection
(b) Control of disinfection

(c) Pressure (20 psi minimum) in all areas
of the distribution system.

(d) Operation '

The surveillance program over the water supply
system was judged to be adequate if it met the fol-
lowing criteria:

1. Collection of the required number*** of
bacteriological samples during the period of the year
the water system is in operation, The required num-
ber of samples is based on the population using the
water system. A minimum of two samples per month
is recommended for systems serving less than 2500
people. For the water systems in this study the
required number of samples is two per month.

2. Collection and complete chemical analysis of
a sample of the water every three years.

3. At least one sanitary survey of the water
system each year by the appropriate State or County
agency.

*#*% See pages 3-6 of the Drinking Water Standards



DRINKING WATER SYSTEMS

ALONG INTERSTATE HIGHWAYS

TABLE IV

CRITERIA FOR EVALUATING

BACTERIOLOGICAL, CHEMICAL,

AND PHYSICAL QUALITY OF WATER SYSTEMS STUDIED

Recommended Limits*
If the concentration of any of these constituents are

Mandatory Limits*
The presence of the following substances in excess

exceeded, a more suitable supply should be sought..  of the concentrations listed shall constitute grounds

for the rejection of the supply; therefore, their con-
tinued presence should be carefully measured and
evaluated by health authorities and a decision made
regarding corrective measures or discontinuing use
of the supply.

Constituent : Limit Constituent Limit
Arsenic 0.01 mg/1 Arsenic 0.05 mg/1
Chloride ' 250 mg/1 Barium 1.0 mg/1
Color 15 s Cadmium 0.01 mg/1
Copper 1.0 mg/1 Chromium 05 mg/1
Fluoride Coliform Organisms
Temp. (Ann. Avg. Max. Day, 5 years Fails standards in any one month if:
or more) a. Arithmetic average of samples
50.0-53.7 1.7 mg/1 collected greater than 1 per 100
53.8-58.3 1.5 mg/1 ml;
58.4-63.8 1.3 mg/1 b. Two or more samples (5% or
63.9-70J6 1.2 mg/1 more if more than 20 examined)
70.7-79.2 1.0 mg/1 contain densities more than
79.3-90.5 0.8 mg/1 4/100 ml.
Iron 0.3 mg/l Fluoride
M.B.A.S. 0.5 mg/1 Temp. (Ann. Avg. Max. Day, 5 years
Manganese 0.05 mg/1 or more)
Nitrate 45 mg/l 50.0-53.7 24 mg/1
Sulfate 250 mg/l 53.8-58.3 22 mg/1
Total Dissolved Solids 500  mg/1 58.4-63.8 20 mg/1
Turbidity 5 s 63.9-70.6 1.8¢ mg/1
Zinc 5.0 mg/1 70.7-79.2 1.6 mg/l
79.3-90.5 14 mg/l
Lead 0.05 mg/1
Mercury** 0.002 mg/1
Selenium 0.01 mg/1
Silver 0.05 mg/1

*1962 U.S. Public Health Service Drinking Water Standards

**Proposed for inclusion in the Drinking Water Standards

18
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PROCEDURES

Field Survey

Several months in advance of the field activities,
planning sessions were held with State Health and
Highway Department officials, Federal Highway Ad-
ministration officials, and regional office staff of the
Environmental Protection Agency. The purpose of
the planning sessions was to determine the water
systems to be studied and make the necessary local
arrangements. An effort was made to select as many
systems as possible within a given geographical area
so that the time required to collect and transport the
- bacteriological samples to the laboratory would be
within the 30 hour requirement.

The field surveys were performed by engineers
from the régional and headquarters offices of the
Water Supply Division of EPA. State and Local
Health Department officials were invited to accom-
pany the field team and in most cases did participate.

The field inspection included a sanitary survey of

the source, treatment plant, and distribution system
of the water supply as well as an examination of the
bacteriological records available on the supply for
the year prior to the survey. In addition, field deter-
minations of pH, pressure, temperature, and chlorine
residual (where applicable) were made at each point
a water sample was collected.

Sampling Program

The following samples were collected from each
water system and dispatched to various EPA Labo-
ratories for analyses.

1. Raw Water

Where possible, one bacteriological sample
was taken of the water before treatment unless
treatment was not provided. In many systems, a
raw water sample could not be collected because
of the physical arrangement of the piping system,
Finished Water
a. A one gallon sample was taken and sent to

the Northeast Water Research Laboratory in
Narragansett, Rhode Island, to be analyzed
for the following chemical and physical para-

2,

meters:

Boron

Chloride, Sulfate

Color Total Dissolved Solids
pH Turbidity '
Fluoride Specific Conductance

b. »A one quart sample was taken and preserved

21

by the addition of 1 ml. of a 20,000 ppm
solution of mercury (2.71 g HgCl. per 100
ml) in the field. The sample was sent to the
Narragansett Laboratory and analyzed for
nitrates and MBAS.,

¢. A one quart sample was taken and pre-
served by the addition of 1%4 ml of con-
centrated nitric acid in the field. The sample
was sent to the EPA Laboratory in Cincin-
nati, Ohio to be analyzed for the following

constituents:

Arsenic Lead
Barium Manganese
Cadmium Mercury
Chromium Nickel
Cobalt Selenium
Copper Silver

Tron Zinc

Two bacteriological samples were collected
from the distribution system at each water
supply except at those supplies served by a
hand-pumped well in which case only one
sample was taken. .

The bacteriological samples were collected at dif-
ferent points in the distribution system, one close to
the treatment plant and one near the end of a dis-
tribution line. Sampling points were hose bibs, rest-
room lavatory taps, and drinking fountains. Bacte-
riological samples were collected after drawing water
for at least 30 seconds; the chemical samples were
taken after the bacteriological samples.

Bacteriological samples were collected in 8-ounce
sterile, plastic, wide-mouth, screw-capped bottles
which contained 0.2 ml of a 10% solution of sodium
thiosulfate as a dechlorinating agent. These samples
were iced after collection and during transportation
to the laboratory according to Standard Methods.
Maximum time between collection and analysis did
not exceed 30 hours.

Laboratory Procedures

The bacteriological and chemical procedures were
those of Standard Methods*. The membrane filter
(MF) procedure was used to examine water samples
for total coliforms. All finished and raw water sam-
ples were ‘examined for total coliforms using M-Endo

% Standard Methods for the Examination of Water and
Wastewater, 13th Edition, APHA, AWWA, and WPCP.
American Public Health Association, New York, N.Y.
874 pp. (1971).



MF broth, incubated at 35°C for 20-24 hours. Any
coliform colonies detected in the examination of a
sample were further verified by transfer to phenol
red lactose for 24-and 48-hour periods at 35°C
incubation. All positive phenol red lactose broth
tubes then were confirmed in brilliant green lactose
at 35°C for verification of total coliforms and in

22

EC medium at 44.5°C for detection of fecal coli-
forms. This procedure further confirmed the stand-
ard total coliform MF test and supplied additional
information on the potentially hazardous occurrence

of fecal coliforms in the potable water supplies sur-
veyed.






FINDINGS

Drinking Water Quality

Seventy-five (63 percent) of the water supply sys-
tems delivered water that did not meet all the con-
stituent limits of the Drinking Water Standards.
Sixty-seven (56 percent) of the water systems deliv-
ered water which failed to meet at least one recom-
mended limit for chemical and physical quality and
22 (19 percent) systems distributed water which
failed to meet at least one mandatory chemical or
bacteriological limit. Figure 1 displays these findings
in graphic form. Figure 2 shows the relative numbers
of each constituent limit exceeded. The limits most
frequently exceeded in this study were those for total
dissolved solids, iron, and manganese.

Examination of laboratory results indicates the
water systems surveyed in Kansas had the poorest
water quality. Twenty-nine (73 percent) of the water
systems in Kansas failed to meet the limit for total
dissolved solids and a significant percentage had high
concentrations of iron, manganese, sulfate and tur-
bidity. In addition, four wells in Kansas delivered
water which failed to meet the mandatory limit for
lead and nine systems supplied water failing to meet
the mandatory limit for coliform organisms.

The maximum concentration of physical and
chemical constituents found in the survey is pre-
sented in Table V.
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FIGURE 2

PERCENT OF SYSTEMS SURVEYED FAILING TO MEET A CONSTITUENT LIMIT

2 | RECOMMENDED LIMIT

25

\\

MANDATORY LIMIT

-t
L]

DILNIINTRN

[ 7]
a 3
- o~

MANGANESE
COLIFORM
TURBIDITY
SULFATE
LEAD
CHLORIDE
NITRATE
FLUORIDE
SELENIUM



DRINKING WATER SYSTEMS ALONG
INTERSTATE HIGHWAYS

TABLE V

MAXIMUM CONCENTRATION FOUND IN PHYSICAL
AND CHEMICAL CONSTITUENTS FAILING TO MEET STANDARDS

Arsenic
Chloride
Color
Fluoride
Iron

Lead
Manganese
Nitrate
Selenium
Sulfate
Total Dissolved Solids
Turbidity
Zinc

( ) PHS Drinking Water Standard
*  Mandatory Limit

A summary of Drinking Water Standards limits
that were not met in each of the States surveyed is
presented in Table VI. Again, this Table shows that
- jron, manganese and TDS were the most frequently
failed limits in all three States. The most frequently
failed mandatory limit was that for coliform orga-

0.020 mg/1 (0.05)*
370.0 mg/1 (250)
65.0 s.u, (15)
3.0 mg/l (see TableIV)*
- 820 mg/1 (0.3)
0.120 mg/1 (0.05)*
22 mg/1 (0.05)
586 mg/1 (45)
0.015 mg/1 (0.01)*
820.0 mg/1 (250)
2841.7 mg/1 (500)
33.0 s 15)
80 mg/1 (5)

nisms where 18 (15 percent) systems had samples
which contained an average of more than one coli-
form organism per 100 ml. '
Table VII compares bacteriological water quality
and the categories of systems surveyed (i.e. service
station, restaurant, motel or safety rest area).

DRINKING WATER SYSTEMS ALONG
INTERSTATE HIGHWAYS

TABLE VI

SYSTEMS FAILING TO MEET
U.S. PUBLIC HEALTH SERVICE
' DRINKING' WATER' STANDARDS

- LIMITS -

Failed to Meet Recommended Limits

Virginia (39)

No. == %
Arsenic 0 -0
Chloride 0 0
Color 0 0
Iron 3 8
Manganese 5 13
Nitrate 1 3
Sulfate 0 0
TDS 1 3
Turbidity 1 U3
Zinc 1 3

Oregon (40) Kansas (40)
No. % No. %
1 3 1 3
3 8 1 3
0 0 1 3
16 40 15 38
15 38 10 25
0 0 2 5
0 0 8 20
9 23 29 73
3 8 4 10
1 3 0 0



Failed to Meet Mandatory Limits

Virginia (39)

Oregon (40) Kansas (40)

‘ No. % No. % No. %
Coliform Organisms 7 18 2 5 9 23
Fluoride 0 0 0 0 1 3
Lead 1 3 0 0 4 10
Selenium 0 0 0 0 1 3

DRINKING WATER SYSTEMS ALONG
INTERSTATE HIGHWAYS
TABLE VII
PERCENT BY CATEGORY OF SYSTEMS SURVEYED FAILING TO
MEET BACTERIOLOGICAL LIMIT
System Category Virginia . Oregon Kansas Total
Service Stations 15 6 27 17
Restaurants 33 0 25 18
Motels 29 17 — 23
Safety Rest Areas 11 0 10 7
Facilities and Operation source protection because of a flooded well pit or

The adequacy of the physical water system facili-

ties used to treat, distribute and store drinking water
was determined by site surveys and interviews with
operating personnel. Site surveys of the source in-
cluded an investigation as to the type and quality of
source protection. Generally this involved an inspec-
tion of the well for sanitary well seals, formation
seals, pit drains, etc. Also included in the site surveys
were a visual inspection of the storage tanks and
~ chlorinators if suchewere provided and the taking of
distribution system pressure readings at each sam-
pling point. No investigation of the source was made
at those systems that purchased finished water, how-
ever, the quality of the water delivered and the dis-
tribution system pressure was evaluated.

. Source protection throughout the study was gen-
erally good. Ninety-two percent of the systems were
)ud.ge.d to have adequate source protection. The re-
maining 8% were judged inadequate with respect to
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the lack of a sanitary well seal.

Eizht percent of the water supply systems had
pressures less than 20 psi in the distribution system
at the time of the survey. This condition was usually
caused by high volume instantaneous water demands
on the system. Generally, pressure was maintained
by the use of a steel, glass-lined pressure tank.

Operation and control of the water systems studied
were generally poor, this was particularly true at the
commercial service facilities where daily surveillance
of the system was not usually conducted. Where
chlorination was practiced, at the commercial service
facilities, daily chlorine residuals were not taken and
in some cases the chlorination equipment was not
operative at the time of the survey. All of the safety
rest' areas that practiced chlorination kept daily
records of residuals and the chlorination equipment
was inspected on a daily basis. Table VIII summa-
rizes the chlorination practices at the water systems
surveyed.



DRINKING WATER SYSTEMS ALONG
INTERSTATE HIGHWAYS

TABLE VIII

SUMMARY OF CHLORINATION PRACTICES AT
- WATER SYSTEMS SURVEYED

Percent of systems
that chlorinate or
buy chlorinated water

System Category

Percent of systems
that check chlorine
residuals daily

Percent of systems
where no chlorine
residual was detected

Safety
Rest Areas i3 0 100
Commercial
Rest Areas 10 55 0
Surveillance some were sampled regularly once per month, There

A. Bacteriological

To determine the adequacy of the bacteriological
surveillance program for each water supply system
studied, records of bacteriological examinations for
the previous 12 months were sought from the State
and other agencies responsible for the operation,
maintenance and surveillance of the systems. Al-
though the primary concern with respect to bacterio-
logical surveillance was the number of samples col-
lected per month, the bacteriological quality deter-
minations were also recorded. The degree of bacte-
riological surveillance varied widely throughout the
study sample, and generally did not meet the bacte-
ri~logical surveillance criteria set forth in the Drink-
ing Water Standards, Only 14 (12 percent) systems
collected the required number of samples. Records
could not be found of any bacteriological testing
within the preceding twelve months for 38 (32 per-
cent) of the water systems studied. Fourteen (12
percent) water systems had bacteriological samples
which were contaminated with coliform bacteria dur-
ing at least one month in the past year, and 8 (7
percent) systems showed contamination in two
months or more. .

All the water supply systems that purchased
wholesale finished water and the safety rest areas in
Orgeon were sampled at the required frequency.
Most of the other water supply systems surveyed had
been sampled periodically during the past year and
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was no record of bacteriological examination for the
commercial service facilities in Kansas that did not
purchase finished water.

In the States of Oregon and Kansas, the safety rest
areas were sampled by the State Highway Depart-
ments while in Virginia the sampling was done by
the State Health Department. In all cases, the labo-
ratory work was performed by the respective State
Health Departments. In nearly all cases, the safety
rest areas were re-sampled when an unsatisfactory
sample was obtained. In Kansas, the safety rest areas
were sampled once- per month, however, samples
were not collected during the Winter months. Table
IX compares, by State, the bacteriological sampling
practices of the safety rest areas and commercial
service facilities, ‘

B. Chemical

None of the systems surveyed were subject to
routine chemical surveillance. Some of the systems
had been sampled for chemical constituents prior to
placing the system into operation, however, no sam-
ples had been collected afterwards.

+C. Sanitary Surveys

Regular sanitary surveys (one per year) were not
performed for any of the systems surveyed, However,
operating personnel at the safety rest areas made
daily visits and were generally aware of sanitary con-
ditions,



DRINKING WATER SYSTEMS ALONG INIERSTATE HIGHWAYS
~ TABLE IX
BACTERIOLOGICAL SAMPLING PRACTICES BY STATE

Safety Rest Areas

Number of Systems Percent of Systems
All
Virginia Oregon Kansas Total Virginia Oregon Kansas Systems
Collected the required
number of samples
annually a¢cording tothe 1 10 0 11 11 100 0 38
Drinking Water Standards
Collected less than half
the required number, 8 0 10 18 89 0 100 62
Collected at least half but
less than the required 0 0 0 0 0 0 0 0
number
No samples collected in
the 12 months preceding 0 0 0 0 0 0 0 0
the study : :
Commercial Service Facilities
Number of Systems Percent of Systems
. All
Virginia Oregon Kansas Total Virginia Oregon Kansas Systems
Collected the required
number of samples
annually according to the 0 0 3 3 0 0 10 3
Drinking Water Standards
Collécted less than half
the required number 26 20 0 46 86 67 0 51
Collected at least half but
less than the required 2 0 0 2 7 0 0 2
number
No samples collected in
the 12 months preceding 2 27 39 7 33 90 44

the study

10
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DISCUSSION

General

Millions of people travel the Nation’s interstate
highways every day and the effort of the State and
Federal agencies to provide comfort facilities at
safety rest areas for these travelers must be com-
mended. The traveling public assumes that the drink-
ing water provided at these facilities, as well as at
commercial service facilities, is of a safe and sanitary
quality and will be esthetically pleasing. Since it is
estimated that there are over 9100 water supply
systems serving over one million people per day
along interstate highways (Appendix C) the signifi-
cance of these systems, as a possible source of water-
borne disease, cannot be overlooked. This report sum-
marizes the results of field studies and makes recom-
mendations for needed improvements in surveillance,
facilities, and operation.

Water Quality

The study revealed that 67 (56 percent) of the
water supply systems delivered water which failed to
meet one or more recommended limits in the Drink-
ing Water Standards. The constituents most fre-
quently not met were those for TDS, iron and man-
ganese. While these are not considered to be health
related they contribute to an esthetically unaccept-
able water. When any recommended limit is not
met an effort should be made to provide adequate
treatment, or another water source which meets the
Standards should be sought if economically feasible.

Twenty-two (19 percent) of the water supply sys-
tems failed to meet the Drinking Water Standards
mandatory limits for chemical or bacteriological con-
tamination. Where mandatory limits are not met
another raw water source which meets the Standards
should be sought and/or an effective treatment proc-
ess employed.

The water systems which purchased finished water
from a municipal water system met the constituent
limits of the Drinking Water Standards. This gener-
ally confirms the findings of other similar studies
which show that municipal water systems are more
reliable and are more effective in producing a better
quality water. Where possible and economically
feasible, the small systems should interconnect with
a nearby municipal system.

Facilities and Operation
The most obvious operational deficiencies “were
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disinfection practices at the commercial service faci-
lities. No chlorine residuals were detected at 55 per-
cent of these facilities which practiced chlorination.
Chlorine residuals were not checked on a daily basis
nor were the chlorinators inspected for proper opera-
tion. The chlorinators at several commercial service
facilities were not operating at the time of the field
visit and the owners were unaware of it. Chlorina-
tion as a means of disinfection for small, isolated
water systems, such as those studied, is relatively
complicated from the standpoint of the personnel
usually available for the operation. The feed system
can easily become inoperable, the chlorine residual
dissipates during periods of low usage, and the main-
tenance required calls for a degree of skill frequently
not available. In order to help rectify some of these
problems in disinfection by chlorination, simplified,
alternative means, such as jodination, should be
evaluated by appropriate Federal agencies and others
having broad water supply interests and responsibili-
ties.

Source protection at nine (8 percent) of the water
systems was judged inadequate. The source protec-
tion deficiencies usually consisted of a flooded well
pit or the lack of a sanitary well seal. Twenty-four
(8 percent) of the water supply systems had low
pressure areas (< 20 psi) in some part of the dis-
tribution system. The low pressure condition, caused
by placing an instantaneous high volume water de-
mand on the system, could have been the result of
inadequate pipe sizes in the plumbing network. This
observation reinforces the need for acceptable cri-
teria and standards for the construction of small
water systems of this type to assure adequate pres-
sures at all times.

Surveillance

Bacteriological:

Bacteriological surveillance throughout the study
sample was inadequate. An adequate program of
bacteriological surveillance was considered to be the
collection of a minimum of two samples per month
during the entire period the system is operational and
serving water to the traveling public. On this basis
only 14 (12 percent) of the water supply systems
surveyed were judged to have an adequate bacterio-
logical surveillance program. v

There is a great need to expand the existing bacte-
riological sampling practices by the responsible State
agencies so that a regular program of surveillance is



implemented which would comply with Drinking
Water Standards requirements. This regular program
should be continued during the entire period the
system is operational and serving drinking water to
the traveling public and should include the provision
for follow-up or check samples when unsatisfactory
results are obtained.

Chemical;

None of the systems studied were subject to a
regular program of chemical surveillance, although
some of the systems had been tested for chemical
quality prior to being placed into operation. The
water from all drinking water systems should be
tested for all chemical constituents listed in the
Drinking Water Standards before the water is made
available to the traveling public. In addition, com-

- plete chemical analysis, which would include at least
all ‘those constituents listed in Table IV, is recom-
mended for systems supplied by wells every three
years, or more often when there is reason to believe
the chemical quality is deteriorating. Signs of dete-
riorating water quality might include unpleasant
taste and/or odor or the occurrence of water-borne
disease. In the latter case a complete investigation of
the situation, including a complete chemical and
bacteriological analysis as well as a sanitary survey
of the system, would be indicated. Frequent publie
or operating personnel complaints could also be indi-
cative of this condition.

Sanitary Surveys:

None of the systems surveyed were subject to a
regular program of frequent and thorough sanitary
surveys. Although operating personnel at the safety
rest areas generally make daily visits and seemed to
be aware of sanitary conditions, more thorough in-
vestigations of the condition of the water systems is
needed. Yearly sanitary surveys of each water system
should be conducted. Sanitary surveys should include
checks on the system’s physical facilities used to
treat, distribute and store the water and the adequacy
and condition of source protection. Any deficiencies
noted in the sanitary surveys should be corrected.
Many of the deficiencies noted by this study would
have been corrected with a regular program of sani-
tary surveys by the appropriate State agency.

- State and County Responsibilities:

To ensure compliance with State standards for
public water supplies the State and County surveil-
lance agencies should establish and implement a per-
mit program for water systems serving the traveling
public. A permit should be required before any pri-
vate or public entity would be allowed to provide
drinking water to the traveling public. This permit
program would apply to both commercial facilities

as well as safety rest areas and would require that
State standards for public water supplies be met. -

The State and County governmental agencies are
primarily responsible for the surveillance of the
water systems and surveillance practices were found
to vary between the States that were studied. Gen-
erally, as stated in the.Findings, surveillance prac-

. tices were not adequate to meet the criteria in the
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Drinking Water Standards. The State and County
governmental agencies need to set a higher prierity
to initiate and maintain an acceptable program of
bacteriological and chemical surveillance and to pro-
vide regular sanitary surveys of the water systems.
The cost of an adequate surveillance program, which
would typically include a complete chemical analysis
of the water every third year, two bacteriological
samples per month, and one sanitary survey each
year, approaches $300 per system. (The derivation
of this cost is presented in Appendix B.)

One of the problems observed during this study,
that contribute to the surveillance problem, was the
large numbers of commercially .owned water
systems along Interstate Highways. It is esti-
mated that there are approximately 8,600 commer-
cially owned water systems along Interstate High-
ways in the United States and the cost of an ade-
quate surveillance program for these systems might
approach 8,600 X $300 == $2,580,000 per year on
a national basis, assuming an annual surveillance
cost of approximately $300 per system. Where pos-
sible and economically feasible, consolidation of
these water systems should be sought and promoted.
The field visits performed during this study revealed
a number of situations that would theoretically. lend
themselves to a consolidation effort. Most (70 per-
cent) of the water systems were located at an inter-
state highway interchange directly adjacent and/or
opposite to another water system. By interconnecting
these systems at an interchange thereby resulting in
only one system, the total number of water systems
could be greatly reduced. Unfortunately, this con-
solidation is impractical in the case of most existing
systems; however, as new commercial facilities are
added serious consideration should be given to the
establi§hment of a common water supply system.

Another approach aimed at making the best possi-
ble use of available resources is to concentrate sur-
veillance efforts on those systems that pose the
greatest public health risk. For instance, one-half of
the systems surveyed were service stations where
customers are not served drinking water on a regular
basis and observation has shown that only a relatively
few travelers stop at a service station to obtain
drinking water. It is therefore recommended that a



higher priority be given to the surveillance of res-
taurants and motels along Interstate Highways where
travelers normally drink water.

The Federal Role:

The Federal Government, through the Federal
Highway Administration (FHWA), assists the States
in the construction of Interstate Highways by pro-
viding approximately 90 percent of the cost for facil-
ities and rights-of-way. This financial assistance is
not limited to actual highway construction but also
includes provisions for safety rest areas and their
water and sewerage systems. A FHWA Policy and
Procedure Memorandum dated April 10, 1973
states that:

“All water supply and sewage treatment facilities
in conjunction with safety rest area projects shall
be designed, constructed, and maintained so that

1“Policy and Procedure Memorandum 90-3”, U.S.. De-
partment of Transportation, Federal Highway Administra-
tion, April 10, 1973, 10 pp.
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the water supply and the sewage effluent will meet
- the standards established by the responsible State
agency or agencies.

There may be Federal-aid participation in the
cost of constructing, expanding, or improving
facilities required for adequate water supply or
sewage treatment. Participation in costs to modify
public facilities shall be fully justified and docu-
mented.”

In order to assure compliance with these policies
and procedures, the Federal Highway Administration
should periodically review and monitor the State pro-
gram for regulation and control of safety rest area
water systems. Since surveillance of safety rest area
water systems is the maintenance responsibility of
the State highway department, the Federal Highway
Administration shoulg assure that such maintenance
complies with State health standards. It is recom-
mended that this be an integral part of the annual
review of the State highway department’s mainte-
nance program for interstate highways.
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Col.

10
1

12

13
14

15
16
- 17
18

19-20

21

22

23
24

25
26

27-28

ENVIRONMENTAL PROTECTION .AGENCY

0ffice of Water Progrenms
Division of Water Hygiene

IHDIVIDUAL WATER SUPPLY SURVEY QUESTIONNAIRE

Card 1
NAME saupLe no. [T T T LTI
ADDRESS YEAR E[;-]
I. THE SOURCE , o
A, Springg; b.'e'l'lg; Surface Sour;e[s:]', Cistern[;l‘
B. On-premise[]; Off-prem'ise[;(distance: ‘ )
1 , " ;
C. Ground Water from: S‘and/Gravel[;]; Limestoner_:_]; Sandstone[;l;
Other Formation [] Specify H UnknownD
& 1
D. Construction: By Contnactor[;]; Owner/Occupant [;1; Other [,j;
Unknown[;’
II. A. SPRING ' . :
' 1. F'lowingg; Non-l-'lowingg; Intermittent[,j |
2. Encasementi Brick, Block, or Stone[‘]; Reinforced
COncretel;l; Otherf.;] ‘
General Condition: Good[;]; Fa‘lrl;l; Poor @
3. Surface Drainage Controlled? Yes[;]; No(;]
4, Adequate Fenc‘ing‘ around spring? Yes[;]; Nol;]
5. Water withdrawn with: Power Pumpl;J; Hand Pump[;];
sucket (15 gravity Flowlls otner (1
6. Estimated Minimum Capacity:' [j:] GPH
. ' Numeric
WELL

1. DugD'. Drivengl; Jettedyg; BoredD;' Dri'l'ledD
' 1 [} H

2. Dug E’el]: T ‘

 Acceptable 1ining to 10' or more? VYes[ ]; Nol;]
Acceptabla cover? Yes E‘J; Nog !
Masonry or cther jointe 1ining, sealed: Yes[:l]; NO[;J;
‘ UnknownE‘] ' SR
Reconstructed, sealed and filled: Yes (15 no [l
. 3 2
General condition: Good':l]', Fair[;]'. Poorg]

3. OQther Types of Walls:

a. Casing: Diameter: [ 1] inches, I.D.
Numeric
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Col.

29 Steel or Black lron[]. Galvanized Iron or Steel [];
2
PIasticD; Masonry or CeramicD, OtherD
3
30 Joints Screwed CouphngD. Joints weIdedD. UnknownD
31 Wall thickness, Std. or better? vesD. NoE]
b. Depths:

32-34 Ground surface to bottom of well: (0 re.
35-37 Ground surface to bottom of casing: CED Ft.

Numaric
¢. Formation Seal: :

38 Cement grout seal from depth of 5 to 10' up to surfaceD
10 to 20' up to surfaceD, Fine sand (natural) seal 'on
to 20" up to surfaceD Puddled clay seal 5 to 20' up to
surfaceD No apparent formation seal between casing and
earthg: Concealed (buried) formation grout seal
reportedD. UnknownD

d. Sanitary Well Seal:

39 Water tight cover? VYes D D A .

40 Hell exposed to flooding by surface water? Yesg; No[;]

. e. Well Pit

41 Pit around wejl? YesD, NoD

42 Pit has acceptabie cover? YesD. NoD

43 Pit drains to open air? YesD NOD

44 Pit drains to drain line or sewer? Yes[:] No

45 Possible to floocd pit in any way? YesD. No Dz

46 Pitless adapter? YesD, NoD :

47 Pitless adapter viith top of . we'l'l buried or below grqund
level: Yes[:]. NoL—_l'

48 f. Neﬂ "Filter" or Screen*

. Open ho]eg; Perforated or-slotted DipeD Grave'l
Packg. Sand (well) point or screen of horizontal,
endless slot type D,, Other type of screen

43 g. Age of Well: <2 yrs. E_;I.ZS,yls.D.G-lO yrs.E’]i
11-20 yrs. D i 220 yrs ' B

50 C. PUMP AT SOURCE: Yes[;l. no L1 Bucnet[]

51 1. ‘Hand pump[;l; "Shallow well" (Low Lift) Jet or Centrifugal

pumpD; "Deep well"{Hi-Lift) Jet Pump@ Submersible
pump D. Piston Pump!, rlone:l

*Not to be confused with “filter" or stratiner attached to’ suction 1n1et
of pump.
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Col.
I. PHYSICAL QUALITY OF WATER

s 1. colored (J: Turbia ()5 c1ear [; contains sand [
10 2. Taste: Good[g; Faxr[] Poor*
1 3. Evidence of iron or manganese problem: VYes Eg, ho[;]
12 4. MWater Softener in regular operation: VYes C]; Ho E]
13 5. Other water conditioner devices used: Yes[-_;l, No[;l
J. PUBLIC AGENCY INTERESTSX** '
14 1. Has any public agency inspected this supply at any time

within the last two years? Yes El.]'**

A;No[;; Unknown[;

15 2., Has bacteriological analysis ever been made on the water?
Yes[ﬂ; Date S
‘ . ; ;NoD; UnknownD

16 a. If "yes", was the water found "safe"? Yes[], No
17 b. If “"no" (under 2a), were corrections recommended?

Yes [i_'] s No
18. ¢c. HWere corrections made? Yes[;] : No E;l
19 d. After corrections were made, was water retested?

Yes Eg‘** ' ' - ; No
20 .3. Did the owner, before attempting any construction at the

source or before using the source, consult any agency
. about its suitability? Yes [g e
i ‘ . .Nog

21 3 4. Have any chemical ana1yses ever been made on the water?

Ves Eg Date________, *
3 No ’;’ Unknown Q
K. USER'S PREFERENCE '

.22 1. User prefers: Present supp]y[;]; Another or improved
individual supplyl;];‘A public supply Eg
23-25 E]:]:] 2. Reason(s) for Preference: Lower costl;]. Better tasting
’ water[] Softer water[]. Independence[j, More
reliable source[] Safer[? More convenient[g

Other E]

L. PRESENT conddfpTIon

26 : 1. Number of dwelling units using system [] _
27-30 2. Number of persons using system. . Adults 4 3 Children E]:]
31 - 3. 1Is water shortage ever experienced:- Yes q] ko

H Nol;]

80 CARD NUMBER 2
* Identify if possible
** Jdentify agency
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Col.

52 2. Pump never breaks suctionE;]; Sometimas breaks suctiont;l
53 3. With existing purp, source delivers: <3 GPHD, 3-5 GPMD
5-10 6P# [J; 10-20 epnl]s >20 epuil]

D. SURFACE SOURCE (Stream; Lezke) >
54 1. Perennial Ell, Intermi.ten-.l;l
55 2. Upstream: Human activity currently on watershed? Yes(.-[] [;]
56 3. Delivery: Flow by punp'ng, By gravity
E. CISTERN
57 1. Catchment Area: Rooftops D; Ground surface paved or cov-
ered with impermeable r'at'na} r—'
58 2. Ground Area Only: FencedD S'lgns postedG, UnprotectedD
59 3. Cistern Construction: Above ground D Balow groundD ?
60  Brick or StoneD. Concr'e..eD NoodD, SteelD ?
3 2 M
61 General Condition: GoodD, FairD, PoorD
62 4, Device for discarding flrst vater? YesD.’NoD
63 5. Cistern Protection: Screenéd against roderts, b'lrds?
Yes C]. NoD
64 6. . Cleaning Does cistern have drain which permits cleaning
and flushing to waste? YesD NoD
65 Does cistern nead clieaning now" YeszUl; NoEzl
F. WATER TREATMENT -
66 1. Sedimentation: VYes D, r.oD
€7 2. Filtration Through: odl"t [;]; Other .edJumD
68, 3. Chlorination: Automatch, Manua1D :
69 4. Softening: Yesf:‘]. Nog : .
70 5. Other: Yes D (Describe) ; No Ez]
n 6. STORAGE (A1l Sources): Yes[J; noll]
72 1. Pressure tank
73 2. Other storage: Elevated or Ground Level [;l; Below ground
level [;]
74 3. Construction: Steell_J; Brick, block or stoneD;
cOncreteg; Wood D; PlasticD: OtherD ?
75 4. General Condition: éoodr_:]; Faizg; Poor“:_’_]
76 . DELIVERY
76 1. Water flows to point of use by hand pump’mg[;]. Power

' pumpingD GravityD, Hand carryD
80  CARD HUMBER 1; CARD 2 - Dup. 1-8

52



APPENDIX B

Calculation of Annual Surveillance
Cost



Surveillance

Assume 1 man-day will be required per supply for
the following activities:

—Field surveys

—Construction surveillance

—Informal on-the-job-training

Average annual estimated personnel costs for
surveillance

$12,000 salary
2,500 fringe benefits
+2,000 travel -

Chemical Surveillance

Man-Days

Per Sample
Wet Chemistry , 65
Trace Metals .65
Radiochemical 12

Total

.84 man-days ($20,000/year) =

500 office supplies

500 office space
2,500 15 secretary
$20,000

Assuming 225 man-days equals 1 man-year, one
person can provide surveillance over

225 man-days per year =
1 man-day per system

225 systems
year

The average cost per system will then be:

$20,000 = $89 per year
225

Frequency of Man-Days
Analysis Per Annum
Triennial 22
Triennial 22
Triennial 40
‘ .84

$75/year

225 man-days
year

Bacteriological Surveillance

“Assuming the cost per bacteriological analysis, including postal

cost = §5 per sample, then
2 samples/months X
= $120/year

$89 4 $75 4+ $120 =

12 months/year X $5/sample

$284/year



APPENDIX C

CALCULATION OF NUMBER
OF SYSTEMS

During the field and planning stages of this study
it was estimated that there was approximately 1 com-
mercial service facility for every 5 miles of Inter-
state Highway. Federal Highway Administration
sources® report that there are approximately 42,481
miles of Interstate Highway in the United States.
Other FHWA -sources? report a total of 1044 safety
rest areas along rural and urban Interstate Highways.
However, the same source indicates that only 59%
of the safety rest areas have drinking water facilities.
Therefore, the number of water systems serving the
traveling public along Interstate Highways is esti-
mated as follows: :

42,481 miles + 1044 systems (0.59) = 9115 water systems

5 miles
systems

In the study? just mentioned, a total of 69 safety rest
areas were surveyed for a 32 hour study-period dur-

ing the summer of 1969. During the study period
a total of 70,536 individuals made use of drinking
water facilities at the 60 rest areas, therefore, it is
estimated that

70,536 people X 24 hour X 1044 (0.59) systems = 540,000
32 hour 60 systems

people per day use the drinking water facilities at
saféty rest areas in the United States. Therefore,
it is expected that well over one million people per
day use the drinking water facilities at both com-
mercial service facilities and safety rest areas.

1 Title 23, U.S. Code, Highways—Section 104 (b) 5—Inter-
state System Estimate of Cost to Complete the System for
Apportioning Funds for Fiscal Year 1972. :

2 “Summary of the 1969 National Rest Area Usage Study
and the 1970 Update of the Rest Area Inventory”, us.
Department of Transportation, Federal Highway Adminis-
tration, May 1971, 75 pp. C
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RESULTS OF
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11573 634 .000 .000 .026 .011 ".000 .024  .000 .370 .000  .0004 0 c
e 11579 . : ) g
11574 1248 . +000 .000 .01l .006 .014 .027 .000 .200 .000 .0004 71
11580 . e N e . . . . . s2% ..
}§;7? 520 «000 .000 .042 .006 .000 .034 ,000 .510 - .000  .0004 - 0
11576 . &76 .000  .000 .031 <009 .000 .053  .000 «200 .000  .0004 1
11582 , : : - 0 <
HAXIMUM 1248 «000 ___ 008 _ .370____ 280 _.__ 065 _2.420  .013  ,003 7.400_  .000 - 0004 _ 99999 K
KINTHUM 190 .000 .000 .01l <000 .000 .013  .000 .009  .000 0004 0 ¢
AVERAGE 215 .000 _ __.000__ .023___.012 __ .00l  .079 _ .000 .555_ .000 L0001 1253 (

. * DENOTES THOSE ELEMENTS EXCEEDING _THE RECOMMENDED LIMITS.
$ DENOTES THOSE ELEMENTS EXCEENING THE MANDATORY LIMITS.
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SERTAL SPECIFIC ' COL IFORM

’

“TNUMBER TONDUC TANCE BARTUN ARSENTU CRROMTOM STUVER CUPPER WANGANESE UEAD — YRON — COBALT CAUMTUN ZTNC — NICKEL MERCURY TOTAL FECAL

11875 ' i [s] 0
13222 1100 +049 +«004 . 000 . 000 « 040 «000 +«000 .012 «000 .000 .016 . 000 « 0004 138 0
13230 [4] [4]
13223 197 «600 ° 004 « 000 « 000 « 570 +000 .000 '.,036 +000 .000 +180 000 « 0004 0 0
13231 v 0 0
13224 375 049 004 . 000 . 000 .057 +080% 000 2012 000 . 000 «540 . 000 +0004 9 0
13232 o . 0
13225 1425 «049 « 004 «000 ~ +000 «032 « 000 .000 «140 +«000 000 +054 000 0004 2308 0
13233 : ; _ 15G$% 0
13226 2760 T 049 <004 . 000 - 000 024 «4B80% «000 «500% ,012 002 +015 » 004 0004 00
13234 ) j ’ ] . 0 0
13227 2525 - <049 « 004 +000 « 000 <011 «220% 000 1.700% 4006 .000 o440 L000 L0004 O O
13235 ) 1 0
13228 224 100 004 . 000 <« 000 «170 .000 «000 .030 .000 .000 . 043 . 000 0004 0 0
13236 0 0
13229 274 2200 <004 « 000 -+ 000 «120 « 000 +000 .018 000 .000 +050  ,000 0004 _ ¢+ O __ 0O
13237 ] - 0 0
..._.11833 1218 _ . 2120 .004 __ _.000 003 « 104 + 000 +020 .014 «000 .000 067 _ .01l .0004 O O
11838 ‘ R 0 o
11834 911 240 004 . 000 .003 .029 «300% .C00 3,000% ,008 .000 220 . 006 0004 1 0
11839 ' 0 i)
__ 11835 610 L1300  .004  .000 « 000 <017 2015 .000 _ .020 _ _.008__ .000_ __ .033 _ .000 .0004 Y708 O
11840 : - Y503 o7
___ 11836 940 049  .004  .000_ __ .000 .03 .01l  .000__.025 .000__ .000  .005 .000 .0004 O 0
11841 - 1 0
11837 820 . 320 «015% . 000 « 000 » 000 o T40%* «000 5.800% 000 000 4,320 .011 « 0004 0 0
11R42 . ‘ ] 0 0
_ 11Ra3 3700 . .«004 _ .006 _ .003  .064 _ .1l1l0%* _ ,050 2,000%* ,0l16 ,L001 1,100 .01l «0004 0 0
11844 1118 © W120 <004 .000 »000 .080 « 040 .030 3.,900% ,L0l2 000 « 940 011 « 0004 1 1s
11845 887 ) «220 <004 L0066 4000 _ .025 _ L,013  ,000 1.200% .012 000 2.850  .011 « 0004 1 1s
11846 722 140 +004 .000 +000 .033 «024 .000 1.800% ,008  .000 1.700 006 L0004 0 0
11847 852 .200 . 004 . 006 003 . 160 .032 .120% 2.200% __,008 .000 .770 .008 0004 0 0
11848 700 .150 004 "~ .000 .000 .041 .022 .000 1.500% ,000 . 000 - «540 «006 <0004 0 0
11849 1145 «150  .004_ .006___ 000 L0009 2.200% __ 000 3.500% .016 .000 _«057 _ .017 0004 0 -0
11851 ) . b} 0
11650 - 1300 ~ .150  .004 _ .006___.000  .017 _ .650% ___.000 ~.200%__,0l6_ _ .000  .260 .O17 .0005 0 0
11852 0 0
_._.. 113853 395 «150 «00% . 000 « 000 « 009 +003 «000 .082 000 .000 1,200 000 <0004 0 )
11R55 . 0 0
11354% _ 373 . #%20 _  .004 _  .000_ __.003 __.056 __  ,032_ __ .060%. .590% .000 _.000 _4.700 _.000 +0004% 0 0
11856 ) . 128 0
. l18s1 1076 _  L100_  ,004  L000___.,000 .075 __ ,000 _ .000 _ .oso/uw.ppo .. ~«000 - .120 .000 «0004 0 0

* PENOTES THOSE ELEMENTS EXCEEDING THE RECOMMENDED LIMITS. ' ' ' y

% NENOTES THOSE ELEMENTS EXCEEDING THE MANDATORY LIMITS, ~~~ — 7 77777 7 n7immmmmmmmmns mem o o s 2 o 7 e
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- . . [ ]
_KS. INTERSTATE _ _ LABORATORY ANALYSES e e
SERIAL _SPECIFIC COLIFQRM
" NUMBER CONDUCTANCE BARIUM ARSENIC CHROMIUM SILVER COPPER MANGANESE LEAD  IRON  COBALT CADMIUM ZINC  NICKEL MERCURY TOTAL FECAL
11869 . ) 0
11862 737 .049 .004 .000 .000___.130 =000 .000 _ .063 _ .000 _ ,000 .076___ ,000 ___.0004 0 0
11870 ‘ 0 0
_ 11863 523 2049 <004 000, .000____.009 +003 «000 _ ',082_  .000___ .000  1.200___ 000 _ .0004_____ O 0__
11871 _ 0 0
11864 1425 +049 .004 000 .000 __ .560 000 .000 _ .008 __.000___ .000 2050 000 .0004 3208 0
11872 , - 0 0
11865 3840 .049 .004 .000 .000 _ .025 .008 L0800 250 _ .000 __ .000 410,000 .0004& 23 0
711873 : ' 1 1s
_i1866 _ _2430_ ___ _,049 ,004 +000 L000___,040 L150% _ ,000__ .230__ ,000 _ ,000 £054 _ .000____.0004 0 0_
11874 : . . 0 0
_ 11867 __ STT_ +300 .004 .000 .000___ .01} <000 ,000___ 210 __,000___ 0060 «360___,000___.0004____ O O _
11848 1008 .200 <004 . 000 .000  .093 . 000 .000 .150 .000 .000 .040  .004  .0004 o 0
—31876 N 0
11877 736 .100 .004 . 000 .000 .032 .008 .000 .042 .000 .000 .120 .004  .0004 ) 1s
._11886_ . _ . - — i 2% 0___
11878 1010 .200 .004 .000 .000 .025 .000 .000 .008 .000  .000 .03 ,000 0004 o 0
. r18a71 S . - - R . e e O L0
11R79 883 «200 .004 .000 .000 .032 .000 .000 .036 . .000 .000 .240 .000 .0004 ) 0
.._11888 : 0 0
11880 2710 <049 . 004 .012 <005 .01l .028 L0708 .030 .0l2 .001 .360 .021  .0004 12% 0
. 11889 ‘ L . 11s .0
11881 442 .100 +004 .000 .000 .004 .020 .000  .430% .000  .000 .019  .000 .D00& 0 0
. 11490 S L o . o _ . . _ o 0.
© 11582 285Q .049 .004 .028 .005  .102 .028 .0908 .620% .012  .001 4.200 .025 .0004 0 -
sy _ _ . 0 0
118233 755 .049 004 .000 L000  .093 000 .000 .210 .000  .000 L054  .000 .0004 0 0
11892 o T o o o _ _ 0 0
11884 800 <050 .004 <000 <000 .004 <000 000 " .210 ~ L000 .000 .099 T.,000 .0004  1600% 295
, 11893 A o e e _ _ _ 25008 . 25%
11885 600 .200 . 004 . 000 o000 " .o04 «720% .000 L300 .000  .000 .054 T ,000 .0004 o 0
..t 11R94 0 o)
MAXTMUM 3840 .600 .015 . .028 _.005 *,570 . 2.200 o120 8,200 . J0l6.. 002 4,700 __.,025 0005 2500 29 .
M INTHUM 224 . 049 .006 . 000 .000  .000 +000 000 ,008 .000 .00D L005  L,000 L0004 . U 0
AVERAGE 643 074 .002  ,000 .000 ,039 _ .080 _ .529 . .001  .000 .318  .002  ,0002 91 °..

. % NENOTES THOSE ELEMENTS EXCEFDING THE RECOMMENDED LIMITS. ____ .. _ ...
¢ DENOTES THOSE ELEMENTS EXCEFDING THE MANDATORY LIMITS.



08-24-72 e SPECIAL WATER SUPPLY_STUDY _PAGE 5
OR. INTERSTATE LABORATORY ANALYSES
_SERIAL  SPECIFIC . A - COL ;FLRM
NUMAER CONDUCTANCE BARIUM ARSENIC CHROMIUN SILVER COPPER MANGANESE LEAD IFON  COBALT CADMIUM ZINC  NICKEL MERCURY TOTAL FECAL
T11744 T 43 “.049 004 <000 .000 .023 «000 .000 .092 .000 .000 .044  .000 .0010 0 0
11747 : : ’ 2 0
117457 X 33% 0
_11748 29 +049 _ .004 000 2000 .140 .008 <000 2.100% .000_ _ .000 «100 __.000___ .0004 33s 0
-11743 56 049 .004 .000 .000  .031 .008 .000  .092 .000 .000 .087  .000 .0004 . O 0
1174 : ‘ : o R B 0 0
711750 250 <049 <004 <000 .006 .031  .008 .000 .030 .000 .000 .260 .000 .0004 0 0
11758 i 0 0
11751 276 <049 <G0% -000 <006 .008 <004 <000 .012 .000  .000 2290 .000  .0004 0 0
11759 ‘ , ' 0 Y
7117537 542 »049 . 00% .000 . .012 008 +058% 000 .470* 000 .000 <430 L000 .0004 .- 0 (V]
11761 - ) T : ] 0
1175470 749 T 049 <004 .000 .018 .008 «320% <000 .T790% .000  .000  .2407 L0067 L0004 T T T o
11762 . . "1 o
11755 192% <049 . 00% -000 <006  .110 <012 <000 1.5a80% ,012 .000  .420 .007 L0004 0 0
11763 . : : _ 0 0
T11756° 2760 T .049  .004 .000 .606 .016 .110% 1.610¥ ,012 .000 6207700067 T 0004 T 0 T 6T
Jvee o - .0 0
11757 2500 <049 <004 -000 .000  .016 «000 .000  .066 .000 .000 .016 ~ .000-  .0004 0 o
JA1765 : 0 0
11766 » _ 0 0
11752 269 . .0%9 _ _.004 ___ .000__ .006 _ .008 «065% _ .000 __.320% .000 _ .000 _ .120 _ .000  .0004 S0 0
11760 : ' 0 0
13767 1250 . <049  .004 _ .000 _ .000 _.008 __ .000__  .000 .041 .000 _.000 _ .024 .000_ .0006 _ O o .
11775 - v. w0
_11768 175 049 4004 000 .000  .120 - .000 .000 .060 .000__ .000 .390 _ .000 __ .0004 0 o
11716 . 0 0
11789 175 -049 _ .004 _ .000 _ ,000 _.008 _ .000_ _ _ .000 .024 __.000 _.000 _ .170 .000_ _ .0004 0 0.
11777 . 0 o
11770 526 049 .004 «000 .000  .110 .016 .000 .0264 .000 .000 .069 .000 .00D4 0 0
131778 - S T T o ST : ) o
11771 300 +049 004 +000 .000  .031 -360% -000 1.310% .000  .000 <180 ,000  .0004 o 0
1Tre T T ~ : : 0 0
11772 305 .049 _ .004  .000 _ .000 .023 _ ,320% <000 2.310% .000 .000 2,000 L000  .0004 0 0
11780 : o E o ' 0 0°
11773 389 «200  .020%  .000 <000  .016 «650% .000 3.000% .000  .000 .026 .000 .0004 0 0
11781 : R A LE A P DY LeBRR L L000 > e o 0~
11776 445 -200 . 004 000 .000 - .023 -170% +000  .420% .000 - .000 .100__ .000__ .0004 0 0
111732 = . 0 0
11783 1020 <049 ,004 +000 __ 000 _.190 _ .020 _ __ .000 _.036 _ .000 ._.000  .110 .000 .0004 0 v
11790 . ‘ ' v 0
519 «049 _ .006 _ .000 _ _.000 .023 _ .069% _ .000 .054 000 _«000  .0004 0 o

11784

. +000

.099

# DENOTES THOSE ELEMENTS EXCEFDING THE RECOMMENDED LIMITS.
s DENDTES THUSE ELEMENTS EXCEENING THE MANDATORY LIMITS.



_OB-20~72 e SPECIAL _WATER_SUPPLY STUDY PAGE 6
_O%, INTERSTATE _ LABORATORY ANALYSES
__SERIAL_ SPECIFIC ' CO.1r0RM
NUMRER CONDUCTANCE BARIUM ARSENIC CHROMIUM SILVER COPPER MANGANESE LEAD  .RON  COBALT CADMIUM ZINC  NICKEL MERCURY TOTAL FECAL
11791 0 0
11785 1090 2049 20046 2000  _  .000 2061 2027 - 2000 013 2000 2000 2120 +000 20004 0 [¢]
11792 : - . . \ 0 0
11786 __.1925. 049 004 000 006 031 020 .000 __,120  .007 _ .003 L100__L016_ 0004 O O
11793 0 (+]
317873280 ______ 100 .004  .000  .006 _ .053  .027 L000  .700% _.016  .004 280 .02l .0004_ o___ 0
11794 Q [8)
11788 815 2049 2004 2000  _,000 2016 2050 2000 2380 2007 2004 2160 2016 20004 Q Q
11795 : Y 0
—- 11789 . ____318... 0 0
11796 , . _ . 0 o
_31T97.___ 805 __.____+200____,00%4____ 4000 L0000 046 »082% 2000 1,900% ,Ol6_ o003 __ .870 ___.0l6__.0004 _ O _____ O __
11800 ) ) o 0
__11798 405 <5600 2004 000 000 046 .090% 000  L,042  .000 _ .000 L110  .000 __ .0004 ‘o 0
11801 0 0
11803 _ e : . L 0 0
11799, 334 .049 -004 .000 .000 .031 -000 .000 .130 .000 .000 170 .000 0004 0 0
__i1Ro2 o . o . _ ] . , - R . I
113804 500 049 .00% .000 .000  .031 .020 .000 .100  .000  .000 <560  .000 . .0004 0 0
__11808 0 0
11805 688 -100 <004 .000 .000 .160 < 200% 000 .600% ,000 .000 .091  .026  .0004 5%

_ 11809  _ L . e e Y  RUSN N
11806 855 T <200 © 004 - 000 .000 .038 .,070¢ ..000 .150 .000 .00D .094  .000 .0004& 1 o
..11810 S e e e I S
11807 80 <069 .004 - 000 .000 .038 .012 .040 .110 .000 .00C B8.000% .000 .0004 0 0
__11811 . : : 0 0
11812 299 +049 .004% . 000 .000 .Ol6 .020 . ..000 ,190.. .000 .000 .058 .000 _ .0004 0 0
.. 11817 . . S ) e o _ 0 I
11822 : . : A ' 0 )
L1813 520 . . 400 . _+00&_  a000__ 000 _ 031 __ - o031 ____ 4000_ __ .600%__.000__ _.000. .._.210 ___.000 .0004 0. 0.
11818 _ . - ¢ o
11814 380 049,008 000 .000 _ .038 __ .(61% 000 - -.030  .000 .000  .}20 .000 0004 0 0
i1819 - (1] 0

11823 . _ el e e _ 2 0 Lo
11815 214 .049 006 .000  .000 .076 «000 .000 .036 000 .000 860 000  .0004 G 0
11520 . . e e _ 0 .o
11824 : v ) : 213 0

--1181 6_*___2_0_2 «049 .064 +000 =000 +017 +120% 2000 «660%  ,000 <000 <075 000 20004 (4] - O
11821 . A - . ' 0 0

. 11825 | s o O R B B
11826 44 <049 .0p& <000 .000  L170  .008 - .000- .076 .000 .000 .160  L,000 - .0004 o- o
11828 S L o L , ' o o

...® DENOTES THOSE ELEMENTS EXCEEDING THE RECOMMENDED LIMITSo. . __ ... .
$ DENOTES THUSE ELEMENTS. EXCEFOING THE MANDATORY LIMITS,
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CR=24=72 o . N _.SPECIAL WATER SuePLY STUODY
bR. INTERSTATE _LABORATORY_ANALYSES
SERIAL SPECIFIC COL IFORM
—P\U-(RER‘CONDUCTANC‘E—BTR‘TUV_A'RS'EWUTWR'UWUN—SI[VER CDPPFWWG‘KN’ES'E'TEID TRON COBALT CADMIUM ZYNT NYCREL MERCURY TOTA
~1183¢T T T - N : 29% 7%
11827 206 049  .004  .000  .000 .017  .000 .000 .013  .000 .000 1.300 .000 .0004 0 0
~—11829 ) 0 0
“WAXIMUM T 3280 600 L0206 <000 <018  .150 <650 J040 3,000  .0i6  L004  8.000 .026 L0010 33 7
MINIKUM 29,049,004 __ .000___.000 _ .00B __ .000 000 .012 _ .000 _ ,000 __ .0l6 000 _ .0004 0 0
TAVERAGE T 304 040,001 S000  .000 .02l .034 L000  .234 .000 L000 T .219 .00l ,0001 1 0
' i - .- - P -
i L L . ) ~
S |
P -
- ' I S SR n . - e e ———— e e e e e e e = e e~ — . - e .
l -
* DENOTES THOSE ELEMENTS EXCEEDING THE RECOMMENDED LIMITS. .

$ DENUTES THUSE ELEMENTS EXCEEDING THE MANDATORY LIMITS.
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SERIAL__SPECIEIC

~WATER_SUPPLY STUDY. ____
LABORATORY ANALYSES

PAGE.

COL IFORM

NUMRER CONDUCTANCE BARIUM ARSENIC CHROMIUM SILVER COPPER MANGANESE LEAD 10N COBALT CADMIUM ZINC NICKEL MCRCURY TOTAL FECAL
AAXJHDH 3840 600 2020 2028 <018 «570 2.200 120 8,200 2016 + 004 8,000 +026 0010 89999 29
MINIMUM 29 « 049 « 004 « 000 « 000 « 000 + 000 +000 +008 +000 +000 » 005 + 000 <0004 0 0
.. AVERAGE__ __ 398 2053 2002 000 «000 «027 +041 002 *e273 «00] «000 361 <001} 0001 444 (V]
- - . e .__..E“. _— e e e o . e Y _
P f ) N
i

% DENUTES THUSE

ELEMENTS EXCEFDING THE RECOMMENDED LIMITS,.
$ DENOTES THUSE ELEMENTS EXCEEDING THE MANDATORY LIMITS.
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