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STATE OF UTAH, DEPARTMENT OF STATE CHEMIST
REPORT OF WATER AWALYSIS

Board of Health Test Report No 40-31A

Salt Lake City Utah November 29, 1040
Sample Marked ___ Water (Canyon Mouth)

Source of Supply

Date Collected

Date Recelved Hovember 26,1640

Anslysis Authorized  ___ Lynn M, Thatcher

ANALYSIS
8iliexz - 8102 ‘ 243
Caleiun - Ca k5.9
Magnesium - Mg 12,1
Soddum - Na 3¢9
Chloride - C1 640
Sulfate - S04 8e2
Fitrate - NO3 : None
Iron - Te ~ None
PH 753
Flueride - T 15
Alkalinity as Caloium Carbonate 15640
Total Solids dried at 105°0 18%.0
Caleium Carbona T — 114.7
Magnesium Carbonate 4.7

Magnesium Sulfate 10.2
Sodium Chloride 99
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ENGINEERS' REPORT OF THE CONSTRUCTION OF THE LOGAN CITY CULINARY

WATER SYSTEM, DEWITT SPRING TO DAVIS CAMP, 19L9

(Jeneral Statement:

On July 6, 1949, bids were open for the Logan City Culinary Water System
Improvement., Bids were received from a number of contractors and alternate pro-
posals included concrete pipe, steel pipe, cast iron pipe, and transite pipe.
Following the opening of bids the engineers spent considerable timé in the analysis
of bids and an oral report was submitted to the City on July 7, along with an
analysis table listing the various alternates and cost to the City. Ip the dis-
cussion with the City Commission in their meeting on July 7, it was pointed out
that the Utah Concrete Pipe Company had submitted the lowest formal bid for both
steel and concrete pipe. Lower bids for sections of the line were received from
some contractors bidding steel pipe but with stipulations in their proposals in
disregard of the Specifications and instructions. These bids were therefore con=-
sidered informal and not capable of evaluation according to the Specifications.
After considerable diséuasion between the engineers and Logan City officials, it
was decided that the bid of Utah Concrete Pipe Company was the lowest formal bid
and well below the estimate prepared by tpe engineer based on the Plans and Speci-
fications., The City therefore entered into a contract with Utah Concrete Pipe
Company on July 12, 1949, and accepted their bid according to the Plans and Speci-
fications using concrete pipe.

The contractor began immediately clearing the brush and trees from the righte-
of-way locations and started his grading operations preparatory to trenching and
laying the pipe. The first heaﬁy equipment arrived on the job on July lh consisting
of an Allis-Chalmers HD-1ll Caterpillar tractor. On July 23 a second bulldozer
consisting of a D-8 Caterpillar arrived for grading operations, and further increases
in heavy equipment arrived on July 26 when a D-L Cat and a Bucyrus shovel, size
20-B, were received on the job., Additional equipment arrived on July 28 consisting

of a D-7 Cat with Hyster attachment.



R mwa CAMP, 19UY

Concurrent with the clearing and grading, the contractor began manufacture
of the pipe and the first pipe arrived on the job on August 13, Pipe deliveries
arrived almost daily after July 13 up until the completion of the project. The
actual pipe laying began on August 22 and was continued until the completion of
this phase of the work. Winor delays involving bad weather conditions or break-
down of equipment or failure to receive pipe deliveries caused suspension of pipe
laying operations of a day or so during the actual construction period.

The daily progress chart, Figure 1, shows the dollar value of the work in
place by days from August 22 to December 22 when the_final unit consisting of
installation of the Venturi tube was completed. As this prog}ess chart shows the
dollar value of work in place and since the Specifications did not allow credit
for preparatory work done, the chart indicates that the contractor made no progress
prior to the installation of the first pipe. This was not true, of course, but
is due to the method of payment and computing progress. The slight jogs (horizontal
lines) in the progress curve indicate Saturdays and Sundays and periods when the
Jjob was shut down due to weather or other conditions. The pipe laying was com=
pleted on November 1 and after that time the contractor was concerned with the
construction of the spring development units, the installation of valves, and
manholes ard other structures required,

Preparatory Construction Operations:

Before any actual construction was begun, the engineers met with the contractoer,
went over the line with him and discussed the details of the Plans and Specifications
and the contractor's proposed construction schedule in order that the engineering
work required could precede the construction operations. Staking out of the work
began immediately after the contract was signed and stakes were set by the inspector
to guide the contractor in his clearing operations. The actual clearing was accom—
plished primarily by brush crews chopping out the brush and trees along the right-

of-way. A 20-foot strip (10 ft. each side of the center line) was cleared to allow
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for operation of contractor's equipment and storing of pipe along the line,

After the right-of-way had been cleared, the heavy equipment built the con-
struction road along the pipe ceﬁter line, The road in all cases was centered over
the proposed pipeline location., This was done to allow the contractor to store his
pipe along the construction road after which the trench would be dug and the pipe
placed, These latter two operations, of course, would eliminate the road until
testing and bagkfill had been accomplished., The fact that the contractor built a
good construction road following closely the grade of the finished pipeline aided
him materially in his later cunstruction operations, The grading was accomplished
for the construction road so that it would be approximately L to 5 ft. above the
invert of the pipe for the 2L-inch size and approximately 6 ft. above the pipe invert
for the 36-inch diameter line in order that the finished line would have the required
cover (3 ft.)

In many places the grade of the pipe was improved by the contractor making
deeper cuts than was anticipated. In the areas where this was done, it was gener-
ally to the contractor's advantage to make the deeper cuts since the areas involved
consisted of steep side hills and the deeper cuts allowed a wider construction road
and assisted the contractor in his operations as well as improved the profile of
the finished line,

After the construction road was completed, delivery of the pipe was made from
the factory and the pipe was strung out alonz the side of the construction road.

One trenching machine (backhoe) could then dig the necessary trench, pick up the
piece of pipe to be laid, and lay it in the trench. This organization on the part of
the contractor made the actual pipe laying proceed with a minimum of interruption.

Manufacture and Laying of Pipe:

S8ince this pipeline was the {irst of its kind to be installed by the City of
Logan and because the use of concrete pipe as a pressure supply main had been

questioned by a number of Logan City citizens, the engineering and inspection were




more detailed than ordinarily required in order to insure Logan City a trouble-
free, completed project.

Before actual delivery of the pipe was made a plant inspection was carried
out by the engineers and tests ol the pipe at the factory were conducted to be
assured that the pipe was meeting the rigorous specifications imposed. The pipe
was manufactured by the centrifugal process, and cylindere of the concrete used
were made and tested as well as slump tests of the concrete and pressure tests of
the finished product. The standard compression test on 6-inch test cylinders of
the concrete used in the pipe averaged 5,000 p.s.i. bursting pressure. Slump of
the concrete used was 1l-1/2 inches using the standard slump tes?. 8ince the pipe
was marufactured to conform to variable head specifications the tests carried on
at the factory for internal bursting pressure varied, depending on the pipe speci=-
fications. All pipe tested at the factory consisted of pipe 2L hours old which
had been spun and then steam cured for 12 hours. Fipe to be tested was brought to
& pressure of LO p.s,i,, about 92 ft. head, for pipe specified to stand a 100 ft,
internal pressure and tested for leak and cracks. 8ince the pipes safely withe
stood this pressure of $2 ft. head when it was only 2 hours old, it was assumed
that 1t would easily meet the 100 ft. head specifications after being fully cured.
Tests of 200 ft. head were also made at the factory, This pipe was tested after
being menufactured only 2L hours and brought to an internal pressure of £0 p.s.i.
(185 ft. of hemd) without any noticeable leaks or frecture of the pipe. After the
new pipe had been on the test rack for 20 or 30 minutes, it showed some signs of
sweating, which the manufacturer explained as a normal occurrance.

In the laying process the contractor employed a backhoe to do the necessary
excavation with the machine being rigged to pick up the pipe ard place it in the
trench. MNost all of the pipe weighed in the neighborhood of 2 tons per length,

which was about all the equipment could handle under the method employed. The




backhoe would dig e section of trench to the necessary depth and then while it
was picking up the pipe length and swining it into place, the workmen would pre-
pare the pipe bed and do the necessary fine grading to prepare the trench to
receive the pipe. Since the joint used corsisted of the double rubber type gasket
joint, it was necessary to place one gasket on the pipe to make the field connec-
tion. In order to insure an absolutely tight joint the rubber gasket was placed
on the pasket ring on the pipe while the pipe was swining in the air in order
that no bruech or small rocks could be caught under the gasket causing a leak after
it had been placed. After the gasket was fitted to the pipe it was lubricated
with a special joint compound consisting of flax soap in order'to facilitate slip-
ping the spigot into the bell end of the pipe in place.

Continuous inspection was carried out during all pipe laying operations with
an inspector being with each pipe laying crew., Care was exercised to see that
the pipes were jointed in the proper manner and that a space was left between the
pipe ends so that the joints could be grouted from the inside, The joint con=-
sisted of a steel sleeve being centered over the ends of the two pipes to be
joined, The diameter of this sleeve, as well as the diameter of the pipe ends,
was very carefully controlled in the manufacturing so that when the pipe was
Jointed compression of the rubber gasket contained in the basket groove on the
pipe ends would be obtained. This was important since compression of this gasket
formed the waler seal making a water-tight joint. 1n order to protect the steel
sleeve and to further improve the joint, the pipe ends were not butted closely
together but left apart approximately 3/L in. in order that cement grout, con=-
sisting of one part of cement and two parts of sand, could be forced into the
space between the gasket and the sleeve from the inside of the pipe, This
particular process of grouting the pipe from the inside was carried out by workmen
inside the pipe working from a horizontal position. In some cases, the workmen
preferred to crawl along the interior of the pipe, whereas in other cases they
preferred to use small carts provided by the contractor,




Inspection of the interior grouting of the joints was carefully done. Follow-
ing each»day's laying the inspector would go into the pipe and inspect the grouting
work aédampiishad that day, and if there were any rough spots or inferior joints
‘having loose or hollow spots or cracks in the grouting, they would be marked for
repair, The next day the grouting crew would check all rejected joints and repair
them to the satisfaction of the inspector. The wajor part of the grouting was
very well done, Occasionally the grour an the top of the pipe would fall away
from the sleeve and when tapped with & light hammer would give off a hollow sound,
indicating that it wasn't bedded firmly against the sleeve, Such joints were marked,
removed, and repaired, Protection of the outside of the steel sleeve was obtained
by placing & thin grout layer about 1/2 in, thick over the steel sleeve. Fart of
this grouting operation was carried on at the factory ard a small section was
placed in the field, Care was exercised by thq contractor to see that a complete
coverage was obtained on the outside of the pipe and careful inspection was made
and an 0-K of the joint given before any backfill was made, A@ter the jeint had
been 0-K'd the contractor was allowed ﬁo backfill the pipé up to its horizontal
diamater;

Before any pipe was placed in the trench it was carefully inspected to aee.
that the gasket rings had not been damaged in transit and that the pipe was absolutely
sounds In a few cases, it was found that defective pipe had been shipped from the
factory and th;sa were refused on the job, Yost of the rejected pipe on the job
was due to damage of the gasket ring in transit., If the gasket ring or if the ends
of the pipe had been damaged to the extent that a tight water seal could not be
obtained, it was rejected and removed by the contractor. The care exercised by the
contractor and the careful inspection made by the engineer were a major factor in

the pipeline meeting the tests as required by the Specifications.




Testing: ‘
The Specifications, as written for concrete pipe, provided that the concrete

pipe should meet the same water leak test as would be allowed for cast iron. These l

Specifications are in accordance with the American Water Works Assocation Standard

Specifications and allowad»a maximum leak of 100 gallons per inch of diameler per
mile per day. 1In all cases the test procedure consisted of bringing the pipe to
the working head specified &nd holding ;t at this pressure until it had met the
conditions of the Specifications., As soon &8 a section of pipeline was completed
it was filled with water and put under pressure to begin the test, The bulk heads
to seal the ends of the pipe, as well as meters and gauges and ;natallation of all
testing equipment, was furnished by the contractor. The test meter consisted of

a recording water meter calibrated to gallons and tenths of gallons in order that
the volume of water entering a pipe during any specific period could be very care-
fully determined., Fressure gauges consisted of standard gauges reading from zero
to 100 p.s.i. Bulk heads were made by welding & cap to the steel flange used for
the joint. The bulk head was then slipped over the end of the pipe and braced
strongly with timbers to prevent any displacement. After the installation of all
testing equipment was complete, the pipe was filled with water and then allowed

to stand for about 2L hours before it was brought under pressure, The pressure

was then increased to about half the specified working pressure and held for a
nunber of days and then finally brought up to the full test pressure,

It is interesting to note tﬁat when the pressure was first placed on the line
it seemed to sweal considerably and many of the pipe lengths actually showed dampness
on the outside of the pipe, the water beiniz forced through the shell of the pipe
to the outside, In this first stage of the test the pipe, in all cases, required
more water to maintain the test pressure than was allowed by the Specifications.
However, as the test progressed the amount of water required to maintain test
pressure dropped off, as can be seen by the examination of two test curves of test

data collected for the 36~inch pipe and 24-inch, heavy wall pipe. This apparent




ability of the pipe to seal up under pressure cannot be fully explained, although
it is believed to be due partially to a delayed curing of the pipe. W¥Nost of the
ripe delivered on the job was not fully cured, much of it reaching the project
within 10 days alter it had been manufactured. This fact led us to believe that
complete curing of the pipe had not been accomplished, and when put under test
pressure the curing of the pipe was continued, However, the pipe in all tests
definitely sé@l@d up under pressure and the water necessary to maintain the test
pressure diminished as the length of the time of the test increased. Examination
of the test curve {or the 36-inch pipeline from Spring Hollow to City Dam (Fig, 2)
points out the peculiarities of the test very nicely. This test was of 2,048 of

pipe and, according to the Specifications, a loss of 1.25 g.p.m. at 20 p,s.i.

would be allowed to maintain the test ;rasuuré. After water had been in the pipe
for about L5 hours the meter was installed on the pipe and the pressure brought to
20 p.s.i. During the first few hours of actual‘tasting about 2-1/2 g.p.m. (twice
the allowaglﬁ) was required to maintain the test pressure, After the water had
been in the pipe 75 hours the pipe met the Specifications, although the test was
continued in order to detarming the sealing charaQteristics. After over 100 hours
the loss raquired to maintain the test preesure had dropped below one gallon per
minute, which was well within allowable and the pipe was acceptoﬁ and the test dis-
continued and complete backfill of the pipeline accomplished., While pressure was
on the line, patrols were made to see if any wet spots developed or if there were
any noticeable leaks that should be repaired., This patrolling ér the pipe during
tests disclosed that ons joint in a total of over 2,000 in number in the entire
line leaked suffliciently to require a {ield repair., This was accomplished and the
joint mede absolutely tight. |

Flg 2a
In the second test curve/;t will be noted that the same general tendency of
the pipe to seal up under pressure was evident, In the case of the test curve for

the 2u~inch heavy wall pipe accomplished at 65 p.s.i, working pressure, considerable
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difficulty was encountered in keeping the test in operation due to pump failures,
The pumps used to maintain the pressure on the pipe were all of a gasoline engine
driven type and after a hundred or so hours of operation, motor trouble was en-
countered and it was difficult to meintain the pressurs, However, it will be noted
that the test curve in this case shows that the pipe had the same characteristics
of sealing up and eventually met the Specifications; althouch from the time the test
actually started until the pips was accepted was approximately 320 hours., Five
test sections were made and similar data were collected for all five to those
indicated on the two curves., The pipeline met the leak test as specified in all
cases before it was accepted and backfill made,

After the pipeline was completed the installation of the necessary valves,
the construction of the springhouse imprevemegt, and the recording and control
room was carried forward,

Some design changes were advisable in the projeet during the progress of the
work. The major change, theh involved a saving of over $3,000 to Logan City,
took advantage of the flexibility of concrete pipe to meet various pressure require-
ments. At the point the static pressure on the line amounted to 75 ft. of head it
was decided to install 125 ft. pipe up to the point that the static head reached
100 fte TIn the Specifications and Plans as bid, this was specified as 200 ft. head
pipe to be consistent with other competing materials. However, immediately after
~ the award of the concrete bid it was decided to take advantage of the 125 ft, head
pipe and make a saving of some §3,000 to Logan City. Other features, which were
changed slightly, involved the change of the alignment through the property owned
by Mr. Pott, This design, which cost the city some $L400 and was done primarily to
comply with Mr. Bott's wishes in the vicinity of Zanavoo Lodge. The alignment as
planned anticipated the installation of this section on the south side of the river,
which if carried out would have removed a substantial part of & birch groove and

would have generally scarred the south side of the river in the vicinity of Zanavoo
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Lodge. Mr, Bott felt that this would have damaged the scenic beauty of the Lodge .
and requested the City to move the location to the north side of the river crossing
the flat land in this area., This increased the length of the alignment slightly
but was considered to be simpler construction, although two additional river crose~
ings were involved., This feature was definitely for the convenience of . Bott
and, as part of the agreement, the City placed additional outlets in the line that

could be tapped for future development of this area, In the construction of this

change, however, it was found that the river crossings were of considerable trouble
and that the general profile was not greatly improved and since it cost the City

additional money to make this change and also increased the unit cost of construction

to the contractor, it is the opinion of the engineera that this is the only point
at which the location would be changed if construction were to be done again, the
original location being cnsidered to be the most desirable,

One other small design change involved the elimination of the drain at the

measuring vault., An excellent concrete job was obtained at thes measuring structure,

there being absoliutely no sweating or dampness inside the vault with the exception
of the bottom of the pit constructed to receive the mercury pot of the Venturi
recording equipment, &ince the drain involved the construction of about 600 ft. of
small diameter pipe which drained into the river and since the river in high flow
stages might actually cause the river to back up in the drain line, it was considered
that this phase of the project should be eliminated and & sump pump installed. The
cost of the drain was deducted {rom the contract price and the money saved should

be "earmarked" for the construction of a sump pump and power line,

It is recommended that this phase of the project be considered by the Logan
City Engineer for immediate installation as soon az the wiring of the recording
and control room is complete. Since it will be necessary to bring power in for the
recording equipment, it is felt that the same power line might serve & small sump

pump operated with a flow switch at a saving to the City of about $500.
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At the present time the project is considered by the engineers to be complete
and the contractor is to be commended for his fine cooperation and work in installing

a workable and acceptable project,




Population Estimates

Some means of predicting the growth of Logan City is necessary in
order to estimate future water supply needs. For the purpose of studying past
growth characteristics, studies were made of the growth of several #tah
cities, as well as Logan; the growth of Utah total and Utah urban population;
growth of the Utah State Agricultural Collece and the growth of Logan primary
and secondary school population. These curves are shown in Figs. 1 and 2 in
which population is shoﬁn in percentage of the 1940 population. Most of these
data for the cities and the state were taken from the U.S. Census. The 1948
Logan population (16,300) is based on an actual count by the Logan Planning
Board and includes non-resident students. It is believed mény such students are
not included in the U.S. Census count. Estimates by the U.S. Census placed the
1945 (adjusted for service men) population of Utah at 6L7,000. The curves,
Figs. 1 and 2, indicate that the growth of Logan City has closely paralleled
the growth of the major cities of the state and the state as a whole.

Estimates of future population for a fairly large region may best be
made by considering the possible industrial and agricultural development of the
region. In 1940, it appeared that Utah had begun to approach the practical
ultimate development of her resources and that further population increases
would be at a low rate. With the advent of the steel industry during the war,
and the development of plans for diverting Colorado River water into Bonneville
Basin and the production of large quantities of electrical energy on the Colorado
River, considerable expansion during the next half century is anticipated. The
most comprehensive investigation of this possibility was made by the Federal
Power Commission in l9h5.* A lone-range plan of power and agricultural develop-
ment was considersd. This study concluded that development of the agricultural
and power resources would begin immediately and continue until about 1990, when

they would be rather fully developed. Curves showing estimated population up to
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1970 resulting from this development were computed. Three of these curves for
Power Region I, with i9h0 population as an index, are plotted in Fig., 3. Power
‘Region I includes all Utah counties north of Juab, Sanpete, Wayne, and San Juan
counties, |

In extending a population curve for Logan, it was considered that the
population growth has closely followed that of the state and region as a whole,
Using the estimated Power Region I urban population as an index, the predicted
population curve is shown by Fige. 4« Beyond 1970, the cuwrve is rather arbitrarily

drawn, keeping in mind that resource development is anticipated to continue

until at least 1990,

Future Water ﬁequirements

In 194L, the maximum daily use of Logan City was 5,340,000 gallons with
a daily average of 2,582,000 gallons. The pipe line must, of course, be designed
for the daily maximum. It is estimated that the 1948 peak day required 6,000,000
gallons. Using the extended population curves for base population, the maximum
daily use was 392 g.p.d. in 1944 and 370 g.ped. in 1948. In 194k, only 1522 of
3133 private connections were metered. In 1948, there were approximately 3450
connections, of which all but about 250 were metered. These maximum daily demands
appear to be in line with Utah minicipal experience. It is felt that they might
eventually be reduced to some extent, if necessary, to accommodate future growth,

Estimated future maximum daily water demands are shown in Table 1,




Table 1. Estimated future maximum daily water demands for Logan City

-3

Estimated Estimated Water Needs Estimated Water Needs
Base ® 375 gep.de @ 300 g.p.d.

Year Population Cofe8e m.2.de c.fuse m.g.de
1950 16,600 /5332 9.66 6.25 n .98
1960 21,400 /3’73/\512.)40 8.02 9.90 6.42
1970 25,600 1.5 9.30 11.85 7.68
1980 29,300 17.00 11.00 13.60 8.80
1990 33,000 19.30 12,48 15.40 9.90
2000 36,000 20.90 13,50 16.70 10.80
2010 38,000 22,00 14.25 17.65 11.40
2020 40,000 23.20 15.00’ 18.55 12.00

# "Power Requirements Survey, State of Utah,"
of Power, San Francisco Regional Office, 19L6.

Federal Power Commission, Bureau
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fhoo% to see if throttling valve wf%f%ibld reservoir
eve

a) Waste as much from distributionisystem and
mains as convenient AR

Waste from spring or elsewhere in flow liae to see
if throttling velve will overide on spring forebey
leval signal

&) adjust as may be needed

As reservoir is pulled down see if well cyecle will
funetion

8) adjust time delay on waste to Canal to
ellow for oclearing up

b) check bauck pressure valve to protect impeller
on pump
7here shouid be a sign in the house on this)

Place system back in normal operation and check
response of pumping station to low line pressure

a) adjust eut in pressure
b) cheok correction for dynamic head

o) adjust cut out pressure

Dean 7., Peterson
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b:m compresgcr and m m l'ﬁr ot bw 30, pei
is set &t sround 1 C 'by nee valve in control

penel, The pressure in tho bubbler line measures the
elevation of the water over the botiom of tae bubbler
lize 8nd acbivaves a @ercoid switen if it falls bolow o

preset level. ' Upon zeturn. to @ pr v the
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switoh on desired turn burn. off assuru.,,f It my be
nammu‘s,tm mu- i ¥ down;._‘_to ° tniaq :
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gpﬁ;g bigmi? thus this satisfies the
gie, 'Turn on pressure saould be about

6%. altlaugk based on operation experience this may
be'v san 36de A% exactly 100 psi, the flow from the

r ser main wo € zero 13
) baek tp ;‘::en“r, :Mggut f,,l‘r' ﬂ:gmahm is gh bel.

n}ox 's representative p md to simulate ling p;tesbure
at these values by eracking ga ,;ai;?uv&lvo and throttling
the relief velve and thus sebtti mereoid, switohess

I left taem ot ;1;:50 Pl Tnursda,v June 20, sand Lnderstovad
they Would make w.; emmsm b&tor‘ .‘luﬂh«, Zor, Balt
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J.ou of spring level signel. On reltom‘ut.ian of power

the system will sense & felse spring ievel of zero end
close vialve, If proportionsl is wet st some velue near
10 percent this mey prevent or roduse the water hanmer,

although it would be sufer bo ulsp *‘?‘ level to
zero before reasctivating the ciroux\ and then reset

At n??f. ﬂqum level signal is resctivated. This point
Vater Porkd Bguljpaas
/o Jeim Ferkins
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