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Ames, Towa :

 Dear Mr, McLaughlin:

Two basic plans have bteen developed for the water systems in the
rest afea tuildings along the Iﬁterstate Highways. These two plans or
schemesvare the bésis for recommended extensions énd improvements to the
existing rest area facilities as well zs several facilities presently
under construction.

This study has teen most chalienging in view.of the unigue type ofv
service provided bty these rest area fécilities. The completion of this
study and report is, of course, eqUaliy rewarding to me personally and
I hope that ﬁhe recommendafions of the report will be implemented.

Ir I can'be of further assistance in interpretation of the report

or implementation of the recommendations, please let me know.

Sincerely,
Robert L. Johns P.E.

On,
Sanitary Engineering Consultznt
~Ames, JTowa
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As part of the roadside development along the Interstate Highuay
System, the Iowa State Highway Commission hes constructed eight pair
of rest zrea facilities.’ Furthermore, two pair are presently under
construction with an additional two pair proposed for letting in 1967. ‘
An additional nine and one-hzlf pairs of rest areas are in the planning
phase, a grand‘total of 45 rest érea tuildings.

The facilities existing were planned and designed in a relatively
short period of time. The rest area facilit;es are unusucl in terms of
water use, water demand rates, and the fact that there are no applicatle
guildelines from previous installztions. Such facilities are a pioneering
effort to furnish a service which the traveliing putlic desires and will
use. The acceptance and current use of the existing facilities showus
~ that the rest areas do provide a service the public will use and appreciete.

he Iowe State'Highway Comnission is to be congratulated for this: |
pioneering effort,

| However there are protlems, as should be-expected when design of
a new type of facility has no past operating experience to use as a guide.
Another factor which enters is that a rest area facility is quite
differentband rather unfelated to engineering in the highway field of
practice. Basically, the probiems encountered can te resolved into
several areas, namely 1) maintenance problems in equipment due to 2)
insufficient capacity of several other elements of the wster systems,

and 3) no provisions for water quality control.
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.This study and report is supposed to essentially cover the review of
the resﬁ éreas, either existing and under constrdction or letting.
However, the approach used has teen somewhat different. Secveral basic
economically feasible water system schemes have teen developed which are-
adaptatle to the different well capacities and different water qualitics
enéountered. These basic designs are used as a guide in recbmmending
'ﬁodifications to the existing rest area water systems, anticipating that
the basic designs will te used for future facilities.

The magnifude of the problems involved is shown bty the fact that
the projected water use and demand variations of each rest area tuilding
is equivalent to the water supply'for a community .of aktout 100 peoéle.
The protlems of proper operation and msintenance of an evantual thirty

to forty-five such facilities are gigantic. For succassful operation

the rest area water systems must have a hich depree of standardigstion

and interchangaebility of a2ll elements of the water systems, even if it

means a limited degree of over-design in some rest area facilities.

WATEZR DEMANDS

The plumbing in the rest area builldings hes teen reviewed and is

satisfactory. This item is discussed in more detail in Appendix I.

A - Pl"\ ':‘k IT]StF

ntaneous. Water Demend !
If all fixtures installed in a single rest area building were used
simultaneously, the total water demand rate would ke 570 gallons per

minute (gpm). Obviously, this will never happen. Numerous studies of




pluﬁbing iﬁstallations; using botu probebility analysis ard ficl? tecis,
have teen conducted by the Fationezl Bureau of Standards and the Federal

Housing Authority. The results of this work have teen incorporated into
the National Plumbing Code and a variety of other tuilding and plumbing

codes used throughout the country.

Tﬁesc studies have shown that with the fixtures installed, the

" protatle peak instantaneous weter demand rate would re AQ gpm. In any

yater sysiem using pumping as the kosic supgnly element, the pumpive rate
should te equgl to this peak instanteneous demsnd rgte. This includes
the hydro-pneumatic tank systems in the present designs. This particulaf
aspect of the water system is based on considerable pest operational

experience znd thus can te estatlished as a sound design tasis.

B. - Moximum Hour ¥ater Use Rate

From this point in the analysis, there is essentially nc bast
experience to provide a design basis. In an attempt to provide a rational
desigh basis, severél studies were conducted by the IoanState ﬁighway
Commission personnel, including hourly water use readings and treffic
‘counts into the rest area. On the tasis of experience, and other criteria
such as the Federal Housing Aﬁthority guidelines for rﬁral community
water systems, the ratio of the peak instantaneous demand rate to the
maximum hour water use rate should te about fwo. This yields 2 maximun
hour water use rate of 30 gom..

The studies conducted by the Iowa State Highway Commission, in
general, confirms the validity of this figure. For example. by 2ctual

count there has teen 2067 people per 16 hour day enter a single rest area.
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This is an average of 130 people per hour znd on the tzsis of a2 ~reat
many traffic counts the peak hour is about three times the sverage. The
studies also have shown that ebout 70 per cent of thé veorle use the
reét room facilities.

The atove data means that stout 295 people use the facilities during
tﬁe maximum hour. At approximately 5 gallons of water used per person,
this yields a bresent maximum hour of about 25‘gpm. This is quite close

to the above figure of 30 gpm maximum hour use from other criteria.

C. Maximum Dgy Water Use Rate

Iikewiée. the maximum‘day use rate for e-single rest area buillding
should te about 15 gpm. It would appear that the limiting faﬁtor in
water use at the existing rést areas 1s the numker of parking spaces
ﬁrovided. Careful consideration should be given to any plan to provide
additional parking spaces, without a comparatle addition to the water
system. Several additionel years of operating experience should te

obtained to more fully define the situstion at eazch rest area.

D. Summarvy of Water Demands

The annual average daily water use will ke considerarly lower,
probably abtout ore~fourth to one-fifth of the maximum day water use. Two
particular aspects dictate that the design basis should te the maximum

03

day water use rate. First, ihe peak instantancous water demand rate

could occur on any day of the yvesr, even the lowest water use dsv. Seconily,

the moximnm day mater use rate or just slishtlv telow protsblr =ill oceur

for extended periods durine the summer "vacation trovel period".

~To summarize, the following design criteria pep rest zrea building




have teen adopted for this study:

1. Peak Instentaneous Water Demand Rete : A0 gpm
2. Maximum Hourly Water Use Rate 30 gpm
3. HMaximum Daily Water Use Rate , 15 zpm

21,600 god

4, Annual Average Daily Water Use Rate L gpm
5,760 gpd

WAZLER QUALITIY

The water quality available is an imporfgnt design parameter as
1t will affect several other elements of the weter system. It is a
parameter that should be considered very esrly in the planning stage,
prefecrably tefore exploratory work is done on wells and in fact it should
ke considered in the site selection., The publiclacceptance and use of
the facilities will ke directly related to the quality of the service
provided.

The tasic criterion for water guality eveluation is the Drinking

Yater Standards of the U. S. Public Health Service. These standards are

the criteriavused ty most government agencies and the standards are
obligatory for water suppliés furnishing water to interstate carriers.
If not legally tound, the Iowa State Highway Commission should certainly
feel morally obligated to meet these standards for drinking water along
Interstate Rest Areas. |

The first and most important criieria is to prévide a bacteriologi-
cally safe drinking wate:. The common sources used at the rest areas,

well supplies, are generally quite safe in this respect. Periodic testing,
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as currently being done, should provide an aderuate safeguard on thls
aspect of the drinking water. The second arez of the standards to te
censidered is the limits of various chemical constitﬁents 1o tne drinking
‘water. The pertinent items are listed telow aloﬂg with thelr maxi-aum

allowable concentrations and the effect of each constituent.

A; Irop end Manganese = 0.3 mg /]

| The presence of these minerals will lead to staining of plumting
fixtures, some coating in pipes and hot water heaters as well as some
taste problems. in addition to ihe red or yellowish red coloring of the
water. Aimoét all well water in Iowa contains these minerels in excess

of the above limits,

B. Hardness

Hérd water is caused by calcium and magnesium and although there is
no limitvon hardness per se, the magnesium>1eve1 should te telow 125 mg/l.
This will be discussed below with sulphates. The calcium and magnesium
- salts in hard water will cause deposits in pipes and particularly iﬁ hot
water heaters. These deposits cen greatly réduce.the hydraulic capacity
of pipes. The extent of such coatings was well demonstrated in the Jasper
County Rest Area where a 14" drain pipe connected to a urinal had teen
clogged to a point where the inside diameter of the pipe was about the size
of a pencils This 6ccurred with only.about a year of operation. The
possitle problems iﬁ 15 to 20 years is apparent.

The need for freatment to soften the water is obvious in order to
proiong'the life of the installation. The cost of'iron removal and

softening will be less than thé expense of the hexachlorphene chemical
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presently being used at the existing facilities to prevent iron and heard

water staining.

C. Nitrstes - UZ mg/l

The presence of nitrates near the 45 mg /1 level can cause nitrate-
cyanosis in infants (blue bebies). Host uncontaminated well supplies in
Iowe are considerzbly below this limit, tut it is an important item to

consider in evaluating water quality.

D. Chlorides - 250 me

Atove this level, particularly with high sodium concentrations,
drinking waters may have a salty taste to some people. Some peOplé may
experience a certszin degree of laxative effect from this type of water.
None of fhe existing wells thus far has a weter exceeding this concentra-

tion of chlorides.

E. Sulfates - 250 mg/]
| Drinking waters with high sulfate concentration will producé a very
definate laxative effect on most people, particularly if the sulflfate is
comtined with high magnesium concentrations (Epsom Salts!). The presence
of high totsl dissolved solids will also promote this iaxetive effect.
Many towns in Iowa have water which exceeds these-sulphate concentra-
tion limits and the inhabitants become acclimated to the water. The
acclimation process can be discomforting under normal domestic conditions.

The itroveling public does not have the time tc beccme acclimated and the

laxative effect on a2 traveling family could te complatelv disasterous.

Rest‘areas could not ke spaced close enough.
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Magnesium is romoved by the softening process. Unfortunstely
sulpnates are not so easily removed. Atout the only practical metrod
aveilstle is c0mplcte de-mineralization of the water; together =ith
tlending of a nortion of the untreated water to provide scme taste since
de-mineralized water is quite unpalatable:" The Qniy water use requiring
sﬁch treatment would be the supply to the drinking water fountains, thus
the quantities involved are small.

The de-mineralization process is expensive and requires periodic
regeneration of resin teds ﬁith stroAg acids and strong caustics. It is
not a simplelprocess to consider. This will ke aiscussed later in the
report.

A1l of the well supplies for the rest areas from Iowa County west
to Pottausttomie County have water which exceeds the sulphste level of
250 mg/l by a factor of two to.almost ten times the recommended meximun.

This water quality factor alone, shows the vital importance of  considering

water cuality very early in the planning stage for the rest areas.

L
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A. Iron and Mangsnese

With relatively few exceptioné, iron and manganese removal at the
existing rest area rulldings is needed and should te provided. No one
treatment method is satisfactory for all iron and manganese teering waters.
'The Tasic iron and menganese removal process recommended is pressure
geration for oxidation of the iron and menganese followed by pressure

filtratidn. With the exception of the wells along I-29 in Woodbury




County with high levels of free carton dioxide, this tasic process should
te satisfectors. The higher levels of menganece in Ioua and Adair
Counties may require supplemental chilorinstion or v edjustment for
adeguate oxidstion of the iron and menganese. Houwever, the tasic process

and equipment reguired would be unchanged.

E. Softening

The maintenance protlems in the Jasper Coﬁnty Rest Area already
encountered with only atout a year of operation show the desirstility of
‘providing softening of the well supplies. With the exception of the
wells in Iowa, JaSpér, Adair and Polk Counties, the hardness of the well
supplies is btelow 500 mg/l (29 grains per gallon) and in_most cases less
than 400 mg/1 (23 grains per gallon) all expressed as calcium cartonate.
The softening required for all these rest areas:cen te accomplished quite
economically and simply by using §ommon commercial softening units.

The water supplies in Iowa, Jasper, Adair and Polk Counties will
require larger units for softening due to the higher hardness present.
These are the rest areas where softening is host urgently needed and even
here, where‘softening will ke more eXpensive, the softening cost will te
less than the cost of the chemicals presently being used to prevent ironm,
~manganese and hard water stains.

As might ke assumed from the above, the process recommended for
softéning is fhe cation exchange process Operating_on the'sodium cycle
(zeolite softening). These softening units would follow the iron and
manganese removal filters.

The economic value of softening is shown ty the fact that the
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chemical cosﬂs‘involved will be less than 7.5¢/1000 gollons for the
great majority of the rest arces and even the wster with tre hichest
hardness will have chemical costs of only 25¢#/1000 gellons. The reduced
maintenance cost and increased life of the facilities will pay for the

softening costs several. times over during the 1ife of the installction.

- C. Sulnhete Removal

The type of treatment required for sqlpheﬁe removal is de-minerali-
zation as previously mentioned. .ihlg,ghgglj,gg }xojdgd if at 211 possitle.
The rest areas where the limit of 250 mg/l is‘exceeded are in Iowa,

Jasper, Pclk, Dallas and Aaair Counties. In the case of Iowa County and
Polk County, I-80, rest areas, the sulphate level oﬁ one side is consider-
ebly lovier than the other, 701 mg/l versus 1230 mg/1 2nd ﬂlh mg /1 versus
1120 mg/l respectively. The Dallas County restAarea has 570 mg/l sulphate.,

It is the writer's opinion that if the magnesium removal is provided
by softehing and the tetter quality (lower sulphate) of the rest area
supplies in each pair is used for drinking water, the problem will e
greatly allevizted even with the sulphate concentration above that in
the U.S. Public Health Service Drinking Wster Standards .

In the case of Jasper and Adair Cdunties it is so high on toth
sides as to force proviéion of sulphate removal or two alternatives as
follows: 1) provide 2 tank for drinking watef only which is filled by
. hauling the drinking wéter or 2) post a sign at the drinking fountains
in these rest areas to warn the putlic of the problém due to highly
mineralized water.

In view of the operating and regeneration protlems for de-minerslizing
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equipment, the lstter alternstive of posting a werning sicn is recommended

for these two rest arez pairs. Congideration should zlso te given to

removing the outside drinking fountain at those rest areas where the

sulrhate level is so high, "thus reducing the availability of the protlem

water.

PROPQOSED ¥

ATER SYSTEYX SCHENMES

A. Provision for Water Pgessurg'

There are threce general methods of providing the required water
pressure for operation ofvthe’rest facilities;

The first to consider would te elevated storage, either tank or
standpipe type. This system has the advantage of eesily.providing water
for the variakle and peak tyve water demands which exist in the rest
area facilities. The primary disadvantage is the initial‘cost where
relétively flat terrain is encountered. Freezing protlems may occur
during the low demahd periods in the winter months. The freezing problems

can te handled by judiclous operating procedures such as using only a

‘portion. of the storage volume availatle during low demend periods to

ensure adequate turnover of the stored water to prevent freezing. The

cost protlem in flat terrain still remains. However, where the terrain

" is favoratle, i.e. a hill forty to fifty feet or more akove the rest

area buildings, this type of system is recommended over all others,
particularly’when the rest area buildings in a pair”can te combined into
one water system. This combination of rest are= bﬁildings into one system
has'a nuﬁber of advantages in the treatment aspect also since the size‘

of units becomes more economical. There are a number of design possibllities
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r ot ated s : ich as archi iral trestment for aes
for the elevated storage such rchitectural trestment for ac
and incorroration into use as 2 look-out tower. The writer Feels thot
this is an area where some very original and creative desisn is possitle.

Hhenever possitle, the provision of elevcoted storace should ke consicered

ag the first altermstive to provide water pressure. In fact, this could
and should be incorporated into the planning process.

The second possitility is the use of several booster pumps fo provide
the water pressure required‘with only nominal storage for a pump suction
pﬁrposes. This type of sysfem is well suited to a fsirly uniform wéter
demand with dnly occassional periods of high usage. This is not the
type of water demand experienced at the rest areas and thus this type of
direct booster pumping system has not teen considered as applicaéle.

The third possibility is a hydro-pneumatic tank system, which is
the system presently used in the existing rest areas facilities. Although
- not as well suited to widely varylng demand fatgs as elevated storage, &
properly designed hydro-pneumatic system will function'very satisfectorily.
A common misconception a?out the hydro-pneumatic systém is that it pfovides

water storage. It does not. The primarv purnose of a hydro-pneumstic

tank is to provide water pressure tetween certsin limits, 40 to 60 pounds

per square inch (psi) at the existing facilities. The ability of 2 hydro-
pneumatic‘system to meet the water deniands is'dependenf solely upon the
capacity of the pump supplying the hydro-pneumstic tank which should ke
equal to the peak instantaneous demand rate. The tank volﬁme is determined
by the number of pump cycles that can te tolerated during the maximum
houfiwater use period. The maximum numter of pump cycles per hour recom-

mended varies from 2 per hour to 10 per hour depending on the guidelines
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used and the dégree of reliztility required. Ten cycles per hour is
the most. common recomneniation for the normal 1800 rpm pump motor,
with the rumber of cycles per hour reduéedyas the horsepower and/or
the speed of the electric motor increases.

The water demand rate for the period from atout 10 A.M. to 2 P.M.
is sustained at or only slightly telow the maximum hourly demand_rate
"as shown by‘thp studies conducted bty the Iowa State Highway Commission.
The sutmersible well pumps and motors used at the existing facilities
~ are generally run at 3600 rpme In view of this, it is recommended that
when the well pumps supply the hydro-pneumatic tank directly, the numker
- of pump cycles per hour be limited to 5 per hour. However, when booster
pumps, opefating at 1800 rpm'SUpply the hydro-pneumatic tank, the numker
of pump cycles per hdur can ke increased to 10 per‘hour.

On this basis, the pump supplying the pneumatic tank should be
~ capatle of meéting the peak instantaneous deﬁand of 60 gpm previously
determined.’ Likewise, for a maximum hour demand rate of 30 gpm pfeviously',
determined, the volume of the hydro-pneumatic tank should te 360 gallons
for the 1800 rpﬁ tooster pump and 720 gallons for the 3600 rpm well pump.
| It can ke shown.by the calculus that th; maximum possitle amount of -
the hydro-pneumatic tank volume used per cycle when operating at the
10-60 psi condition is 27% of the tank when the tank 2t the 60 psi level
1is 27% full and empty at the 40 psi level. This %s not particularly
satisfactory in practicé and genefally the hydro-pneumatic tank should
te operated so the ténk is 30% full of water at the A0 psi level and 5%

full ot the 40 psi level.

In order for the hydro-pnenmstic system to function preoperly,
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controls rsheuld ke provided to 2dd 2ir or vent gir end msintein the

ngggg‘glgrﬁﬁggg ratio. The controls should ke of the tyne specified
for the Polk and Story County rest areas on I-25. Thesz controls avre
vital to the operation of the systems.

The following schemes are tssed on‘usé of the hydro-pneumztic system,
tut can readily te adapted to use of elevated storage where the topo-
‘graphy is such thet this is economically feasible.

B, Pronosed YWater System Schemes

The possitle arrangements of the wéter systems is quite varied,
depending upon 1) well capacity available, 2) treatment required, i.e.,
softening .only or iron removal plus softening, and 3)'whefher_or not the
water systems of the rest ares building pairs can te combined. The
following schemeé take into accountvthe.wide vériation stsible in each
of the three variables akove.

‘1. Scheme A-1 - This scheme fits the following situation. .
a. Well capacity is 60 gpm or more.
b Softening is the only treatment required.

"~ ¢. Each tuilding water system is separate.

In this scheme the well puhp'discharges throggh the softening unit
into two 36Q gallon hydro-pneumatic tanks, very similar to the present
type of operation. This is the most simple and inexpensife system.
However, it fits a sitﬁation which will be found relati#ély infrequently

in Towa as most well waters will require iron removal,




2. Scheﬁe A-2 - The following situation 1s e2pplicsetle for this
schemes |
2. Yell capacity is about 30 gpm.
b. Softening is the only treztment needed.

~c. Each tuilding water system is separste.

This system arrangeﬁenﬁ has the well pump discharging through the
.sof tening unit into an intermediate storage ofvl,OOO gallons capacity.
A 60 gpm bdosﬁer pump will take éﬁction from the intermediate storage
and discharge into one 360 gallon pneumatic tgnk.' As can te seen, this

system is quite similar to Scheme A-1l.

3. Scheme A-3 - This scheme is identical to Scheme A-1 except the
well capacity is now about 15 gpm and the intermediate storage

required is 3,600 gallons.

L, Scheme A4 - This scheme is identital to Scheme A-1, except the
well capacity is 60 gpm and two 60 gpm tooster pumps, one for
each building, talke suction from the 1,000 gallonrintermediate
stdrégé. In other words, the two building water systems are

comkined.

5. Scheme A-5 - In this scheme the two tuilding water systems are
again combined with a well capacity of 30 gpm and 7,200 gallons
intermediate storage provided. The scheme is identical to

Scheme A=Y except for the size of the intermediate storage.
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The A-series of schemes can te further compressed ty usine inter-
medizte storage of 7,200 gallons minimum whencver interncdiate storege

is required. This will then allow development of only two tasic plans.

6. Plan A
s Well capacity is 60 gpm.
b. Softeniné-is the only treatment.
“c. Each tuilding water system is Separate.
d. The well pdmp discharges fhrough the softening unit into

two 360vgallon pneumatic tznks.

7. Elan AA
a. Intermediate storage is 7,200 gallons canacity.
b. Well capacity is 30 gpm and the sides are comtined or

the well capacity is 15 gpm and the sides are separate.

Note thet there is no advantace to heving 2 mell czpacity
greater than 30 gpm in this cese.

Cs The well pump discherges through the soffening unit into

- the intermediste storage.

d. Booster pumps of 60 gpm capacity, either one or two, are
provided. |

e« The booster pumps take suction from the intermediate
storage and discharge into 360 gallon pneumatic tanks,

one per side.
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The folloﬁing B-series of schemes can te organized into a similar
pattern when iron and manganese removel is required in addition to
sof tening. There is one adiditionzl restriction to Le considered when
iron and menguneseé removal is rgquired. This additional limitstion 1is
that a minimum run length of aboﬁt three‘héurs is required to prevent thé
"flush-out" from the filterévof the irbn ana manganese which has previously
been removed. The flushing effsgt would occur under a frequent start-stop
condition and thus there is no Scheme B-1 comparsble to the Scheme A-1.
Because of this limitaﬁion, the intermediatg storage volume must te
lafger in comparison with parallel A-séries schemes.,

Since the B-series is similar in organization, they are simply

listed below..

8, Scheme B;g

a. Well capacity is 30 gpme

b. Iron, manganese and softening treatment.

Ce Each tuilding water system is separate.

d. Booster pump is 60 gpm capacify.

e. Intermediate storage is 7,200 gsllons, dictated on

, minimum filter run length, assuming 3/4 of storage volume
- is used in the cycle.

f. The well pump discharges thrdugh the iron and manganese
bremoval unit into the softening unit and in turn into
the intermediate storage. o

g+ The booster pump takes suction from the intermedliate

storage and discharges into a 360 gallon pneumatic tank.
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© 9, Scheme B3 - This is identical to Scheme B-2 except the well
capacity is 15 gpm end the intermediecte storage volume of 7,200

callons is dictated ky the need to meet the water demends and

not by the minimum filter run lengths. Thus Lthere is nc zdven=

o

toge to hoving 4he well capacity grester then 19 gom if fhe

tuildine water systems are sgparate and iron gad mangenese
removal is required.,
10. Scheme B-l - This is identical to Scheie B-2 except the well
capacity is 60 gpm and the Euilding water systems are comtined.
The volume of intermediste storage, 7,260 gellons, is agsin

kdicteted ty the need to have a minimum 3 hours of filter run.

" 11. Scheme B-5 - This is identical to Scheme B-2 except the tuilding
water systems are combined and the 7,200 gallon intermediate

storage volume is dictzted by the meed to meet the water demand.

It is interesting and unusual that the B-series of schemes is essen-

tially identical. As can te seen, there is no advantage to having the

well capacity greater'than 30 gpm if the building water systems are com-

tined ox greatér thén 15 gpm if separate. In faét; there is a disadvan-
tage of larger capacity wells iﬁ that the treatment units would have to
te larger and ﬁhus more expensive.

The B-series can thus be.reduced to one plah which is very similar
to Plan AA. |

12, HanB

a. Intermediate storage is 7,200 gallons.

v
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b. Well capacity is 30 gpm and the weter systews are ccabined
or the'vell capacity is 15 gpm and the water systems are
sepérate.

c. Booster pumps of 60 gpm capacity, either one or two, are
nrovided.

d. The well pump dischargés‘thfoughtthe iron and manganese
removal uﬁit into the softening unit and into thé ihter—
mediate storage. -

e. The booster pumps take suction from the intermediate storage
and discharges into 360 gallon pneumetic tanks, one per

side.

At this polnt, there are really only two basic plans, Plan A and
Plan B, since Plan AA is only a specisl case of.Plan B where iron and
- mangesnese removal is not required. These tio plans will cover quite a
wide Qariety of possitle well capacities and water qualities. The advan-
tages and disadvantages of these plans are summarized telog. The plans

are shown schematically in Figure 1.

C. Advantages
| 1. Well pumps are used in only three capacities, 60, 30 and 15 gpm
of which the majority will fall into the 30 gpm category.
2. The intermediate storaée of 7,200 gellons is identical in all cases.
. The tooster pumps of 60 gpm capacity used will éll be identical.

The hydro-pneumatic tanks will 21l te the same size, 360 gallons,

F A |
L ]

installed either singly or in pairs to meet the various situations.
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6.
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A high degree of standardization can te achiceved in well pumps,

© tooster pumps, hydro-pneumatic tanks, trecstment units and

controls.

When the tuilding water systems are comktined, the piping can te

" easily arranged to serve toth sides from one tcoster pump, thus

increasing the.reiiability of the service.

Where the £0pography is favoratle, the intermediate stofage
could ke elevated storaée, thus eliminating the tooster pumps.
and the hydro-pneumatic tankse |

The use of intermediate storage providesAa limited source of

fire fighting water.

Disadventages

1.

2

3

In the case where no iron femoval is needed, the interﬁediate
storage is over sized to some extent. ‘However, tﬁe numker of
éases where iron removal will not te needed in Towa, will ke

in the minority and the relative cost of the over sized segments
is qdite lowe.

The existing rest area buildings will néed‘to te enlarged or an
additional tuilding will te required to contain the equipment.
There may e occasions when chlorination -could te required since
the water will now be exposed to the atmosphere before use. The

writer feels that this will te a rather rare occzsion.
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BPASIC DESIGN RECOKMENDATIONS
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A. Generzl ond Future

1.

2.

Due to the expense involved in wells, treztment, etc., it would
ke desirable to use.connections to municipal weter sﬁpplies
wheﬁever possitle.

In the interest of economics in the water system costs and in-
creasing the process unit capacitieé fo more desiratle levels,
the water systems of fhe rest aréa buildings should te combined
whenever possikle.

Whenever the topography is favorstle elevated storage should be

used to supply weter pressure.

Since the rest aresz facilities are tasically a water supply service

to the public, the water supply capacity and water quality should

te en important and early factor in plsnning the rest area. It

is strongly urged that the water supplv exnlorastion e conpleted

befcie final site selection is made.

The maintenance and operational problems involved with the
existing and proposed 45 different water systems is staggering
to contemplate. As discussed earlier in the report, a high dezrec

of standardization of all elements 1s essentis=l. This 1s often

difficult to attain under the bid procedure limitations of public
agencies, tut the potential savings to the putlic far outweigh
the bidding protlems.

A second area of maintenance end operation to be considered is

~ the personnel involved and management organization. The proctlems




wiil te quite different then those previously encounterecd ty
the Towa State Highwakaommission. The writer feels thet a
stalf, within the‘existing organization or separste, who are

~ trained and educated in this area of enginecring will ke necded
to successfully OperaieAand maintain the facilities. No reflec-

tion upon the fine efforts of the present personncl is intended.

- B, Exjstiné Rést Areasg
The folloﬁing recommendations are‘for the additions and modificatlions
required to tring each rest area into one of the basic water system plans
previously outlined.
1. Scott County - Tbis‘rest area fits Plan A since no iron or
~manganese removal is required and the sites are ﬁeparated too
far to combine economically. Specificélly, the.following itens
are required at each site: -
| a. Replace the existing 120 gallon hydro-pneumatic tanks with
two 360 gallon tanks per side and required controls.’
t. Install a 350 KG total capacity duplex typé softening unit
at each site.
¢« The existing well pumps are rated at only 50 gpm. These
‘,will protatly work satisfactorily and replacement with
60 gpm pumps can be delayed until éuch time as maintenance

or repair of the pumps is required.

2. Cedar County - The recommendations for this rest aree arc the

same as for Scott County. Thése two water systems could te




4.

comkined, tut since no iron or manganese removal is reguirced,
and the wells are slready existing, there is no particulsr
economic advantage to cembining them.

Johnson County - Iron snd manganese removal will te required

in addition to softening. It is recommended that Plan B te used
and thet the two water systenms be combined with the treatment »
facilities located at the south site. ‘.Specifically the items
required are:
| a. Replacé the south well pump (55 gpm) with a 30 gpm pump
and leave the north well pump as a standby unit.
b. Construct the intermediate storsge of 7,200 gallohs
, capécity. |
c. Instali iron and manganese removai equipment ahead of a
750 KG total capacity duplex type softening unit.
d. Complete the installation with two 60 gpm booster pumps.
e. Replace thé existing 120 gallon hydrb-pneumetic fanks
~with units of 360 gallon capacity on esch side and required
contfols. |
f. Conétruct a 2" inﬁerconnecting pipé line between the
tuildings. ’ |
Toua County - There have teen considerable maintenance protlems
at this rest area paif already. The water quelity is poor with
both sulphates and hordness being quite high. In addition, the

well on the south side rest zrea pumps sand when the discharge

‘rate is akove zbout 10 gpm. This is too low a2 rete to furnish




adequate water. The well on the north side has greater copacity,
lover herdness and lower sulphate concentration.
"It is recommended thet the water systeﬁs te combined using
Plah B, with the north side well es the sunply, keeping the
south well es standty dn]y. There is some doutt as to the
validity of the water analysis from these rest arees and these
analyses should be done again tefore the following recﬁmmendations
are implemented. 7
' 8. Replace the nérth vell puhp with a 20 gpm unit end place
,‘thevsouth well on standty.
b. Construct the intermediate storzge of 7,200 gallohs
capacity.
Lc; Insfall iron and manganese removal equipment shead of
~a 1500 KG totai capacity duplex type softening unit.
d. Install two 60 gpm bobster pumps «
e. The existihg 120 gallon hydro-pneumatic tanks are currently
being replaced with 500 gallqn tanks and controls wﬁich
‘will te satisfactory for this system.
f. Conétruct,a 2" interconnecting pipé‘line tetween the
tuildings.

5. Jgsper County - The well capécities at this site are low and

as a result Plan B with 15 gpm wells will te needed. The
topography‘at‘this site is such that elevated storage would ke
quite feesible, tut the well capacities are so low that the
favorekle topography cannot te used. The following recomnenda-

tions apply to each site.
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a. Bleplace the existing well pumps with 15 gpw units.

k. Construet the intermedizte storage of 7,200 gellons.

¢, Instell iron and manganese removal uﬁits allcad of a
1500 XG total capscity duplex type soltoning unit.

~ d. Install a 60 gpm booster pump.

e. leinove one andvmbdify the reacining tliree 120 gallon
hydro-pneumatic tanks to accommodate the required zir
add, air vent éohtrols.

f. Post a sign warning the phblic of the possitle laxative
effect of this water. The outside drinking fountain
should te removed.

Polk County - J-80 ~ Since the sulphste level and hardness are

~lower in the water from the north well, it is recommended thet

the wéter systems ke combined using the north well as the supply.
The modification for this site are identical with the Jowa

County modificatiéns except new 360 gellon hydro-pneumetic

tanks and controls sre needed and the softening unit which.
follows the iron and mangaﬁese removél units should ke of 750

XG capacity. » |

Adair County - These two sites have the poorest water qUaliiy of

all the rest areas investigated with sulphate levels of 1500

" and 2240 mg/l and hardness of 1390 and 1670 mg/1 for the north

and south side respectively. The two sites are too far separated
to combine into one.

As a result, Plan B should te implemented at each site.

' The modifications required are identical to those recomnended.




for the Jssper County rest ares shove. There is some doukt as
to the validity of the avaL]°b1e mineral analysis of these two
’wel’ supplles and these snouli ke checlked bec;use it may require
a departure from the basic pressure aeration-pressure filtration
‘iron and manganése removal process.
8. Woodbury County - The ifon and manganese concentrations in
these wells are quite high. This fact, coupled with tﬁe very
high carton dioxide conéentration and low pH will require a
departure in the tasic iron and ménganese removal unit used. At
this location, the sides can and should te comtined. The iron
and manganese removal process will require forced draft aeration
and detention with pH adjustment ty feeding soda ash prior to
filtration. |
Since the water distritution system of Sioux City extends
to the airport fairly close to these rest areas, the possitility
of using the municipal supply should e investigated tbbroughly
before the following recommehdations»are implementéd. |
“a. Combine the tuilding water systems, using the west side
well as the supply unit at 30 gpm and the east well should
be placed on standty. This will necess1tdte replacement
of the existing well pump.
t. Construct the 7,200 gallon intermediate storagea
¢. Install iron and ﬁanganese removal equipment as outlined
above together with a 750 KG totsl cepacity duplex type
softening unit.

d. Install two 60 gpm tooster pumns.
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e. Replace the existing 120 ¢z1lon Lydro-prneumetic tenls
with 360 mallon tanks #nd recuired controls.

f. Construct a2 2" interconnecting line tetween the
buildings.

. DPriovity of Modificsticns - As a guide in planning the atove

recommendations, the following priority 1s cstablished.

a. The replacement of the hydro-pneumatic tanks by the
larger capacity fanks and adequate controls is bty far
the most critical item which should be completed a2t all
rest areas,before the next summer tourist travel period.

b. Where the recommendations call for replacement of a
well pump with a sméllcr capacity unit, it will ke satis-
factory to use the existing well pumps and throttle the
discharge valve to the capacitynneeded. -However, when
repair of these pumps is needed, it is recommended that
properly sized units te installed.

c. The provision of iron and menganese removal units where
needed should take preference over softening except in
the Jasper and Adair County rest ereass which need
softening equiprient as well as iron and manganese removal.
These two rest areas should have preference over all others

in putting treatment equipment into operation.

C. Rest Areas Under Construction
The construction plans for the rest asrea tulldings under construction

have been modified from those used in constructing the existing rest areas.




The revised plans call for 315 gallon hyiro-pneumatic tanks and controls
to maintain the proper alr-weter ratio in the tonks. -These 315 gallon
tanks are sufficiently close to the 360 gzllon cepacity used in this
‘study to te acceptatle, particularly since the nominal 315 gallon tanx
has a 348 gallon total Capacity.

The specific recommendations for modification of these contracts

" are listed below.

1. Polk County - I-35 - Thé-building water systems should te
Vcombihed to fit Plan B as this water will require iron and manganese
removal. The west side well should te used as the supply with
the east well placed on standby. The items to implement‘the
Plén B ere:
| a. Delete the small iron filter and 60 XG softener from the
contract.
b. Change the well pump to a 30 gpm caepacity unit.
¢, Construct the 7,200 gallon intermediate storage;.
d. Add an iron and manganese removal unit followed by a 750
XG total capacity duplex type softening unit.
e Add>a 2" pipe line to combine the bdilding water systems.

2. Story County - The sites are separated too far to te comblined.

The wést side well has excellent capacity and water quality
which will not require iron and maﬁéénese removal. The following
items are recdmmended to bring the west side rest area into
Plan A configuration.

a. Delete the small iron filter 2nd 60 ¥G softener from the

contract,
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b, Chango‘the well pump to a unit with 60 gpm capacity.
c. Add a second 315 or 360 gallon hydro-pneumatic tank.
‘de Add & 350 KG total cspacity duplex type softening unit
shead of the hydro-pneumatic tanks.
e. Check the Space‘available to be certain the equipment‘
will fit into the mechsnical réom provideds
The east side well is of quite low capacity and this rest
~ area facility Should fit the Plan B configuration. Specific
modifications required are: o
a. Provide a well pump of 15 gpm capacity.
®. Construct the 7,290 gallon intermediate storage.
c. Provide a 60 gpm booster pump.
d. Provide one 360 gallon hydro-pneumatic tsnk, deleting the
two 525 gallon hydro-pneumatic tanks from the coniract.
e. Provide & 350 KG total cepacity duplex type softening
.unit ahead of the intermediste storage. |
f. Delete the small iron filter and 60 ¥G softener from

this contracte.

D. Rest Areas Due for Jetting
These two facilities are presently scheduled for letting in Decenter,

1967, It is strongly urged that this letting te delayed for about two
months until the tasic water Pleans A and B can be dgveloped into usatle
plans and SpéciriCations. and standardization programs can ke formulated.
This short delay in these projects could save a considerable amount of

problems later on.
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At the present time, however, the following recommendations can te

made.

-

1. Dzlles County - This focility must be comtined since there is

only one well and thus it should fit the Plan B configuration.
The specific items are: -
a. Well pumb should te 30 gpm capacity.
b; Intermediate storage of 7,200 gallons is required.
é. Two 60 gpm tooster pumps are needed.
d. A hydfo-pneumatic tank of 360 gallon cepacity with proper
controls ié needed for each tuilding weter system.
e. Iron and mangenese removal unit foliowed by a 750 Kg
total capacity duplex type softening unit;
f. A 2" interconnecting pive line tetween bulldings should

te provided.

2. Pottewsttamie County -.The well capacity and the mater quality -
at this site is such that Plan 4 is adaptable here. Specifically
the reéommendations for this project for esch tuilding water

'system are:.
a« 4 well pump of €0 gpm capacity should te provided.
t. Instzll two 360 gallon hydro_pneumetic tanis and necessary
controls.
c. Install a 350 KG duplex type softening unit.
d. The space availatle in the tuilding for the proposed

equipment should ke checked.
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The existing plumbing and water system was reviewed as requested

to cover the following items.

A Plumhinp Fixtures

The fixtures specified for the rest area tuildings are of the flush
velve type, siphon jet or washout style. This style of fixture has
proven to ke very satisfactory and free from vandalism problems in public
installétions. The review of shop drawings srd the inspection should te
carefully done to insure that the style of unit épecified is actually
installed by the contractor. The main item of concern is to prevent the
installation of any tlow-out style fixtures which require larger éuantities
of water and also require higher Operating-pressure5¢

It might te possitle to reduce the weter consumption to some degree
ty using tank type fixtures. However, the small savings in watéf used
are more than offset by the incressed problem of maintaining e clean fascility
since the tsnk type unit is not well aiapted to the high rate of consumer
use which is experiénced at these rest area facilities. Essenticlly the

same comments can be applied to the use of automatic flushing systems o

B. Svstem Hydrsulics .

The pipe sizes, layout and operating pressures were. also evaluated.
The system is well designed and the 40 to 6C psi operating pressure is

proper for these tuildings.
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C. Operstivg snd Mairntenance Problems

‘»Esséntially all of the operation and maintencnce protlems encount;red
stem from either iﬁadequate vell and hydro-pneumatic tank capzcities or
the incrustation of the pipes due to the hard waters. The provision of
softening should elimindte the lstter protlem. The comtination of in-
adequate hydro-pneumetic tanks and lack of control on the air-water ratio
has led to excessive cycling of the well pumps. By sctusl count, the
mainteﬁance personnel have otserved as high as 67 cycles per hour in
contrast to tﬁe recomménded 5 to 10 cycles per hour at‘a meximum. It is
easy to see ﬁhy electrical relays and contzctors are failling frequently.
The plans developed in the tody of this report will eliminaté the cépecity
protlem.

However, control of the proper air-water ratio must zlso te included
for a properly functioning system. Theée controls are ihcluded in the
specifications of the two rest area pairs ﬁnder construction and the two

pair due for letting., Thls tyne of control svestem should ke provided

at 2]] rest areas. Again the upits used should te standecrdized.

Due to the insufficient well capscities in Iowa, Jasper and Polk
Counties, the flush valves have teen adjusted to dréstically reduce the

rete of water use. This should be considered 2s onlv 2 temporary solution.

Such practice greatly increases the potential of plugging the drsin lines
and sewers. In addition the reduced water use means that the waste water
strength entering the treatment lagoons is increased. This czn lead to

insufficient oxygen levels, subsequent septic conditions in the lagoons

F

and result in odors. In plain words, the lasoons mzv stert to stink.
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D. . Sy mne Ty

From the hydro-pneumstic tank on, the system is well Jesigned and
should provide long satisfactory service, 'Thé‘main problems encountered
have teen due to insufficient capacity of wells or hydro-rneumatic tanks
-end the lsck of proper controls.

The recommendations in the main report, coupled with the controls
for meintaining the proper air-water ratio mentioned atove will provide

the adequacy through the balance of the water system.
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Well Purmgs and botors

A. UExisting Fguinment

The adequacy of the existing pumps with regerd to capacity hss been
covered in the main report, as well as the recommended changes for each
rest area site. The existing motor>and wlre sizes have also teen reviewed
at each site.

The motors are adequate at all rest area sites for the well pumps as
installed, with the possitle exception of the instsllztion at the north
side rest arca in Adair County where the 5 horsepower motor uced mey te
slightly overloaded. |

From the deta avellable to the writer, it zppesrs thet the wire sizes
gsed are inadequate at Cedar, Johnson, Jasper énd fdeir Counties. These
should te checked for any possible change orders’that may have been mede
during construction of which the writer has no knowledgee.

It should te remembered that when the changes recommended in the
well pump sigzes are made, the adequacy of the wire sizes mzy change also.
In general, however, the recommended pumps will be smaller and thus tne
existing wire sizes will probebly be adequste for the future instsllatlons.

However, it should te confirmed in esch case.

B. Stondsrdization sand Interchenpesbility

The basic water plans developed in the main report involve only three
well pump cepacities: 60, 30 and 15 gpm. However, the total hezd reguire-
ment st esch well will te, in general, guite different. This presents a

certain degree of difficulty in a stendardizetion progrom. Nevertheless,

standecrdization can te achieved as the following will show.
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& well pump is composed of a series of "cowls" or "stazes", each of
which 1s a single pump capable of deliverin: a certain dircharge at a

certain head. The required total head from the well pump is achieved by

placing in series the numter of stages needed to reach the total head
desived since the heads are adiitive for pumps placed in series.
Standardization can bte thus achieved in the fbllowing manner.

1. Select a single particular "bowl" for each of the three
capacities desired, 60, 30 and 15 gpm, each of which will
have a particular hezd per s%ége.

2. The desired totzl head ot each site can then te achieved by
placing together the required number of stages. The only
variatles involved will thus ke the pump shaft length and
the motor size used. |

A high degree of standardization of the pdmp motors is also possible.
Under the proposed water plans in the main reporf, the required motor
sizes will generzlly te 3, 5, or 7% horsepower'with the majorityrbeipg
3 or 5 horsepower motors.

The following program for standardization of motors is recommended.

1. Install é minimum motor size of 3 horsepouer.

2. Install & minimum motor sterter of 5 horsépower capacity.

3+ Install wire sizes czpatle of handling a minimum of 5 horsenower.

4. Retain on hand at 211 times a well pump rated at 30 gpm at a
total hesd éf 40O feet with a 5 horsepower motor.

This program wiil allow the installation of this standby unit st
any fest area in cese 6f'failuras. The pump will te adequate for all Plen

B schemes since the 15 gpm rate can te schieved by throttling the discharge



Valﬁe. Tt will te undersized ot those rest aress where a 7% or 10

horsepower pump is installed. Towever, the unit will rrovide enough
capacity that the rest aree can remein in limited operstion at worst.
There is an added edvantage in thet thils prograwm also provides a high

degree of standardization of the motor starters and the nuaker of integrel

népair parts needed on hand will be limited.

C. Power Suprly

Currently almost all rest zrea facilities are provided with 230
volt, single phase power. It is recommended that wheﬁever possitle,
three phase power ke uaed.' This will be particularly important zt those
few rest areas where a 10 horsepower pump motor is needed as this is

commonly the meximum size well pump motor available for single pnase

current application.

D, Mzintenznce Program

The following 1s suggested as a reasonable routine preventétive
maintenance. The following items should be determined at each pump in-
stallation about once or twice a year.

1. Resistance of cable to the submersitle mdtor.,
2. The starting and rumning voltage and amperages.
3. Pump discharge rate and total operasting head.

Comparison of tﬁesé determinations with the cenditions existing at
the time the units were installed will indicate when repéir is likely to
te needed and the mejority of these repairs cen te ﬁlanned, instead of
providing for emergencies.

The resdings on the static water level and the well drawdown which




are reguired for the Iowa Natural Wster Rescurces will ke sufficient to

indicate when the well conditions may te chenging. It would
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- to include these two reodings with the stove items so that a
by the mzintensnce personnel will provide all the tesic datz needed in
one maintenance report.

These determinctions should te timed so that all rest areas are

reviewed ahead of the heavy summer tourist traffic so that repairs can

te made if needed.




Review of TWells

A. Explorstion

The importance of completing the well exploration tefore or Juring

the rest area site selection andrinitial plénning has already teen stated.
It is re-emphasized here., The rest area facilities are primarily 2 water
suprly service to the putlic end it is only iogical to determine the
potentiai vell capacity and the quality of the water supply first, since
this will have such an important tearing on'the design of the facilities
provided.

Currently, the Toua State Hichway Commission is ottaining the
hydrologic forecests for potential water bearing formations from the Towa
Geological Survey. In addition, a survey is generslly made of existing
farm and municipal wells in the vicinity of the proposed rest zresz sites.
There is often additional information available‘ffom.the Towa Naturel
Resources Council.

Overall, the approech used in the explorétion process has been sound
end logical as to obtaining wells of adequate capacity. The only factor
which has not apparently teen considered sufficiently is the water quality

s

aspect. In most cases, it will ke more economical to =2ccept a well of

good water qualitv, i.e. low iron, manssnese, hardness znid sulphates

which produces perhizps only 15 gpm then to obtain a2 well of hich coracity

—

with noorer mzter cu2litv.

t is stropely recommended thet the role of weter guality ke concilaved

Y {
| oo c—— —

more fullv in the exploretion and site selection.
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B., Sipe of ™ellg

r 4

Contrary to comwion opinion, the dismcter of a well 15 Tixed Ty tho
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well canacity. For example, increasing a well from 6" to 12" dismeter
%will only increase the avallustle well yleld bty about 11% at the same
drawdown. Thus there is no advantage to having a well larger in diameter

than needed for the well pump. For the well capacities recommended in

the various water plans (60, 20 or 15 gpm), the 4" liszmcter mells currently

used should ke completely satisfactory if this dizmeter is maintagined
i ——————— ) e D — e et ey vt iali A.—L—A——Q—

to the kottom of the completed well.

The current practice using 6" diameter "rock wells" and 16" bore
holes with a 6" screen for gravel—packed alluvial wells should ke satis-
factory in most cases. A& review of each case should ke made, however.

In order to oktain the desired 6" diameter well to the tottom in the "rock
wells", it mey te necessary in some cases to use 8" or 10" holes for the
upper poftion of thé well donstruction. |

The circumstences which may cause deviation from the sbove diameters
are: 1) the rock formations to te encountered are fristle and subject to
producing sand pumpithwells or,2),the alluvial deposits encountered for
the gravel pack well are very fine. In toth ceses, the well diameter
should ke increased to 2 degree which will need to te determined separately

in ezch case.

Ce ¥ell Specifications Review

The well specifications heve teen reviewed as requested, particularly

with referénce to sand pumping protlems and alignment.




1. Scnd Purping - This portion of the study evolved frou the
existing sand pumping protlem in the south well st Jowz County.
In a sense this particulzr prcklem will te solved by usinz the north
well a5 recommended in the main report. It is fortunate in this case,
tut cuch protlems will protetly arise agein. Yhen considering the facé

that only one out of 23 existing wells is a "send pumper", the retio i

]

- protebly tetter than achieved in the state as a whole.

If it is lnown that the forﬁstion to te encountered heve a "history"
of sand pumping, the well construction shéuld te modified. This will
frequently te the case for wells developed in therDakota Sendstone of
northwest Iowa and the Jordan Szndstones in northeast Iowz and other
formations. VWhen sand pumping problems are anticipated, the'following
is suggeéted.

| a. Use 2 10" or 12" tore hole into the formation to reduce
~ the entrance velocities.

b. Develop the well to sand-free condition if possiﬁle.‘ Ir

, tﬁis is possitle, the project is complete.

c. If sand pumping is still aAproblem and the well cannot
ke déveIOped to te sand free, instell a properly sized
gravel pack and 6" screen. PrOperly designed, this should
alleviate the protlem and ellow developing a sand-free
well.

In general, sand pﬁmping problems can ke alleviated by adequate
development and by operating the well at a reduced capacity for longer
pumping cycles. The tesic water plens of the mein report a2llow nominal

well rates and long well pumping times which should reduce the protlems-




encountered. In no case should s sand pumning well ke directly connected
to the hydro-pneumatic tanks. The frequent cycling of 5 to 10 times per

hour for this type of installation will simply agerravate the situztion

[ST

and make it much worse.

It is recomuended that in sddition to the & Lour development tinme

in the current specifications, a unit price tii te obtained for increzsing
or decreasing this development time. This will 2llow the well ccntractor
to tid on a more realistic tasis and will also result in a more realistic

approach to the well development on the part of the contractor.

2. Alionment - It is recommended thet the specifications include

the following clause for well alignment.

"The contractor shall use adequate cere to ensure a
completed well which is plumt and true to line. The contractor
shall furnish 211 labor and meterials needed to perform the
following alignment test on the completed well. The contractor
may perform the test at any stage of the construction at his
own expense, but the final test for acceptance will ke made

on the completed well,

Plumbness and alignment shell be tested by lowering into
the well to a depth of _(Anticiveted Pump Setting) feet, a
section of pipe 40 feet long. This section of pipe shall te
no more than ¥ inch smaller in diameter than the diameter of

casing or hole kteing tested.

Should the pipe section fail to move freely to the depth
specified or should the well vary from the verticel more than
two-thirds the smallest inside diameter of thet portion of
the well being tested per 100 foot of depth, the plumbness
and alignment of the well shall be corrected by the contractor
at hls own exrense.

3. ZTest Pumpinz - The present provisions for test pumping of the
wells produce such limited information as to te almost worthless for

rational engineering design and selection of the well pumps.




The date iaken during a test pumping shoulsd te of sufficient quentity
and quality to allow analysis of the data by either the non-equilitrium
method, the modified non-eguilitrium method, or ths equilitrium method
if the well actually reaches equilitrium, which is doukttful in most
ceses. In addition to determining conditions for proper selection of the
well pump unit, the znalysis of data coilected can also provide information

about the presence and location of any major wqter recharging formations

which may te encountered. Of more importance, formations preventing

" adequate rechafge of the aquifer can also be disclosed.

The unfortunste thing about the present test pumning procedure is
that with little or no extra total effort, all of the informstion needed

could hzave been obtained.

A description of the details of the analysis is teyond the scope of
this report, tut several selected references afe cited a2t the end of this
appendix. DBasically the data collection consists of determining the
drawdown in the well at exact time intervzls varying from abtout i -2
minutrs Initially to abouthO - 60 minutes at the end of the test while

pumping the well at a constant rate. The measurement of the drawdown

should be to an accuracy of zbtout 0.1 foot. It mould ke hichlv desirable

to have Jowa Steote Hichwav Commission personne] collect this data, kut

these peonle should ke familizr pith the end use of the data so thet

proper collection is done.

The equipment needed by the Towa State Highway Commission perscnnel
would te one or two electric probe loggers and stopwatches, at a total

co;t'of about $150. The specifications should provide for:




- /j.:;-

a. An & hour pumping test with a2 unit nrice tid for in-
creasing or decreasing the time of test pumping where the
contractor furnisnes the pump, driver}and flow measurement
device. The pumping rate should ke greater thon 60 gpm .
if possitle.

te The Towa State Highway Commission would provide two and
in some cases four people to observe the time since pumping
started and the dfawdown in the well with the electric

" logger probé. The Iowa Geblogical Survey personnel are
frequently interested enough to provide help during the

test pumping and anslysis.
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Rouse, Hunter (Bditor), "Ingineering Hydraulics, Proceedings of
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