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NOTE:

The specific gravity of the et=viene glvcol supplied with this
Aquacducer apparatus is 1.06446 at 60°F as measured under laboratory
conditions using 2 precision Mettler balance.



H = P at balance for pure water Gage -
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1.0 PRINCTPLE OF OPERATION
1.10 The principle of cperation is quite simple, being based upon the achievement of 2
balance of pressure across 2 latex ruvsb. - balloon which is housed within 2 mov-
able probe or torpedo.
1.20 in a baianced condition only, assumirg the conditions of Figure 1, the dimension

of the head of water, thec beight H, may be read directly on the gage, which is
calibrated in inches of water.
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Hose

Referring to Figure 2, the end of the buried FVC pipe serves as the lexgth rei-
erence relative to the instrument mbing to be inserted. The readout box, which
contains the 2ir pressure gage and the water level scale, is supported by a #7
(7/8" diameter) round steel rod anchored into the ground by means of 2 concrete
block. The top of this bar becomes the surveyed beight reference point of the
system. By construction, the zero point of the water level scale is at the same
level when the readout box is iz the moznitoring position.

In operation the torpedo is inserted into the PVC pipe for 2 length 2s measured
by the hose markers. The upper susface of the fluid {s opened to atmoespheric
pressure and its level adjusted to the zero mark. of the scale by means of 2 manu-
ally operated water chamber piston. Through use of 2 medical type of squeeze
bulb, air pressure is introduced into the system, causing e balloon withiz the
torpedo to become inflated a:d the water level to rise withis a standpipe. The
water level is adjusted to any point on the scale between 2.3 and 5.(C inches.

The air-water balance condition exists at 3.7 inches. However, it is necessary
only to adjust the level as stated above, which is the linear region of the instru-
ment, aad to make compensation for the cdifference.

In order to correlate the readings to the reference point of the system, the water
level reading is subtracted from the air pressure to determine the height, H. Or:

H= P-S§S (S = scale reading iz inches)

The specifi - _ravity of anti-freeze solution, if used as the system fluid in place of
water, must be divided into the air pressure, since the air gage is calibrated iz
terms of inches of water; not inches of anti-freeze solution. The terms are thus
w:ode compatible. The equation now becomes:

P
Es <2= < § (

7 = fluid density)
w 3 %

‘e

Refer tc Paragraph 15. 30 when ethriene giveol is used.
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2.00 INSTALLATION

*== See note at foot of page

/ Readout bex and refer to paragraph
2.100 of page 6

Bar step =
. g.*.’., A
hox.si "" ?
M, ' !
e b
¥ | Us/s=+ |
— —_— — — — ¢
[ bl — 7 («875" max.) round steel bar, machined flat at top
Hose reel | ¢
L]

wcld \FJ\ l-1/8" OD mintmum, ,207" min, ID steel tubing or

b S N pipe machined flat at the top and welded to
ground l L Y the bar at the boticm (the welding is not a
Suriace TS & T i Rl requirement)
i JM‘ ailas, ‘f . > Mo i ik * from flat of hose reel support
TR At r Al Concrets biock plate
4 - ¢ 0 e 2X2%4 feet)
O O SR -
!’ SR ** nominally 14-7/18" _ 1 /4
TR S B A - may possibly vary
TN el from unit to unit

[This section is in outline form and must be adaoted to the needs of the project. |

2.10 The folicwing equipment is required:

Rigid grey PVC 1-1/2" diameter schedule 30 pipe in 20 fi. lengths with plain ends.
PVC 1-1/2" diameter schedule 80 socket couplings

PVC solvent, cement, and swab or brush

116" galvanized 7x7T wire

Pipe end caps, made from PVC couplings, Baving one end closed with casting resin
Settdement gage support, as in Figure 3

Trench exczvation and compaction equipment

Pipe cutter (Rigid #1323 or equivalent)

Level and rod

100 foot survey tape

sseNOTE Make sure. with appropriate lev elling devices, that the =7 steel

bar remains in as vertical a position as possible. Any tiit will
result iz inaccuracy.

s S Q’\C‘ AP Q;"-b
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Excavate a trench 18" wide and 18" deep. The trench should be as level as
possible aleng its entire length. A folding rule and 2 hand level are useful for
this purpose.

If necessary, place and compact a 3" layer of fine-grained bedding material,

Connect up and lay the PVC pipe in the trench. Pull the 1/16" galvanized wire
through the pipe using an elecwrician's snake.

Construct a settlement gage support as shown in Figure 3. The exact dimension
flagged by a cdouble asterisk (**) is dependent upon the width of the hose reel, whick
may vary widely from unit to unit. For a specific Aguaducer and its mating reel,

this dimension should be such that when the assembly is shown as in Figure 3, the :
readout box should be riding on the top of the support roc with the small /2" Cizameter
hose reel pin engaged with sufficient clearance so that the box will turn with the

bose reel and the cover to open without interference. In order for this to be accom-
plished the dimension flagged by a single asterisk would have to be 5/8" as measured
from the top of any of the flat plate support arms of the reel to the bottom of the
readout box. The actual dimension to be used may pessibly be written in pen in the
area of the double asterisk. Make sure the #7 bar remains in a true vertical pesition.

Once this dimension is determined, the bar assemblies could be made in the shop,
with the 1-1/8" diameter mbing welded to the #7 rod, prior to embedment in the
cement,

The close fitting 1-1/8" OD tubing (¥12 B. W. gage wall, .907" ) may be ob-
tained from Joseph T. Ryerson, Inc., under their listing of Round Mechanical
Tubing, Carbon Steel.

Place the settlement gage support at one end of the PVC pipe as shown in Figure

2. Ut access to the other end of the pipe will not subsequently dbe available, arrange-
ments must be made to pass the galvanized steel wire over a pulley at that end so
that the measuring lorpedo can be passed along the whoie length of pipe by working
from one end only. If the length of PVC pipe is greater than the lenagts of the mea-
suring hose, access must be available from both ends, and two se=lement gage
supports will be required.

Cut the ends of the PVC pipe to length. Fit end caps to the pipe. Protect the ends
from danger from vandalism.

Survey, to 0.01 foot accuracy, the elevation of the exzire leng of the top of the PVC

pipe. Measurements should be taken everr 3 feet and the positions of the couplings,
as well as the total length of the PVC pipe, should be recorded.

r
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elevation measured by survey

0.06 feet
elevation measured by Aquacucer

1-1/2" nominal (inside) diameter schedule 80 PVC pipe

torpedo
- approxizmate position of balloon at ime of momnitoring

Figure 4

If the elevations measured by surveying means are used to form the imitial
set of readings for settlement purposes, an adjustment should be made to
put them on the same base as would those taken by the Aquacucer. A value
of 0.06 feet should be subtractec from these surveyed readings to make
them compatible. This is {llustrated in the above Figure 4. However, it

would be advisable to make another set of measurements using the Aquacducer

to establisk a relaticnship between the two methods.

If the foregoing measured elevations are used as an initial set of readings
for settlement purposes, an adjustment should be made to put thex on he
same base as t.> Aquaducer gage readings. A value of 0.06 {eet should
be subtracted from the survey readings to make them compatible with the
bnse gage readings. This is illustrated in the above Figure 4. However,
it would be advisable to make another set of measurements using the
Aguaducer to establish a basis of comparison between the two methods.

Backfill and compact as appropriate.

Note. The positioning and design will, of cour'se, depend upon conditions
at the site. Miximum requirements are given. The ideal condition
would be one whereby the hose reei is about one foot higher in level or
elevation than the end of the PVC pipe and yet remain in a comiortable
position for the taking of readings. This condition is imporant encugh
to build 2 mock wnit (which could later be used as a test stand for the
Aquagucer), for accuracy of readings, under certain circumstances is
directly related to the relative ease of monitoring.

L.
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TAKING SETTLEMENT BEADINGS
The following equipment is required:

Aquaducer readout box * = pot supplies |
Agquaducer bose and torpedo on the hose reel

Data sheets and clipboarz*®

Small screwdriver®

A small bubble=type plumb level®

Asmaﬂtnnnelandbot:leWgystemﬂxﬂd

Thermometer*

Use the bubble=type plamb level to insure thas the 7/8" diameter rod of the
monument is truly verzcal or plumb insofar as possible. Otherwise all readings
will be in error, for the zero reference point of the fluid portica of the system
(0" of the eight inch rule mounted on the panel) will not correspand with the
gurveyed system reference point which is the uppermost part of the 7/8" steel
rod. The positioning of the monument, in such an event, must be corrected and
re-surveyed before valid readings may take place. ’

Lower the reel on the settlement gage support rod (refer to Figure 3), with the
small 1/2" diameter pin uppermost, SO that it rests cn the 1-1/8" diameter
sleeve. Lower tae readout box fully on o the rod, making sure that itis seated
properly with Qe pin oz the hose reel engaged in its matizg female opexzing at the
lowez part of the instrument. The readout bex should be riding on the tp of the
rod and not resting oz the bose reel. There shouls be about 5/8" of clearance
between the bottom of the readout bex and the flat supportzg arms of the hose
reel. In this condition there is sufficient clearance for the cover to cpen without
% contacting the rim of tae hose reel. The readout jox will now be free to rotaze
along with the bose reel.

Open the readout box. Note that the nut portion of tte squeeze bulb assembly
neecs to be only finger-tightened to be leakproof. No further tightmess is
necessary.

Open the panel valve (part #104 of Figure 9 of Paragraph £.2). Open the squeeze
bulb valve (106) by turning its knob counter-clockwise. Squeeze the buld gently
twe or three times to get the needle of the pressure gage (101) in motion. Note
whether or not the needle, when at rest, indicates zero pressure, while making
use of the mirror to eliminate the effects of parallax. Ifa zero condition is not
indicated, remove the screw in the glass of the gage (do not lose this item).
Adjust, by turming the inner screw, SO that a true zero indication exists. Replace
the outer screw in the glass.

Close the squseze bulb valve (by turning its knob clockwise). By continually
scueezing the bulb, pump air into the system until the gage indicates 3 pressure
of from 250" to 280" (almost full scale). Allow the pressure @0 remaiz at this
level for about a minute by closing the panel valve. (There may or may not be
some leakage indicated during this operaZion, but tis is not of any impormaace.)

1/2"= 12.7m=m 5/8"=15.9 =m 7/8"=22.225 m= 1-1/8" = 28,6 mm

250" to 280" of water = 623 711 ez of water
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Open the pagel valve. Open the squeeze bulb valve slowly to prevent an
abrupt fast return of the gage to a zerc reading. Always remember that the
gage is an expensive precision instTument and must be treated accordingly.
It is never necessary to use the customary W@pping of the giass with this type
of gage.

Repeat the foregoing procedure two mors Hmes. This operation is called
exercising the gage and must be accorplished at the beginning of each cay of
testing and at least once a month when the instrument is not in use.

Note the condition of the flmid secdon of the insTrument. The smndpipe (114)
should be completeiy filled with fluid. The pistan assembly acts as 2 fluid
reservoir and the number of threads of the piston body (120) that are visible
when the standpipe is filled is an indication of the amount of fluid which is in
reserve., The system requires more fuid when only two or three threads
are visible. If an ethyleme givenl solution is employed, never add water to
the system, or vice versa. This would change the specific gravity of the
fluid and thus effect the accuracy.

If Slling is necessary, atiach the small funnel from the accessory box, to the
short section of rubber tubing, which should alsy be amacked to the end of tae
finid shutoff valve at the top of the standpipe. Open this valve. Tam the

shell of the piston assembly in 3 clockwise rotation uatil the fluid starts to
appear at the bottom of the fuznel. Thea £l the fimnel with fluid and tusn the
shell in & counter-clockwise rotation unti! the fluid reaches the bottom of e
funnel. Repeat *his operation until the saell can no longer be rotated in the
counter-clociwise direction; an indic: on tkat the piston is filled. Eleed off

a little fluid, using the shell of tke piston, undl the fluid level in the stancpipe
can be lowered to the zero level as indicated through use of the standpipe scale.

Comnect the torpedo to the flexible wire leader in the buried PVC pipe and pull

the probe to a point which is a little beyond the furthest desired monitoring
position. Pull the tubing out of the PVC pipe until the end of the pipe corresponds
with the dashed (=) mariing of the cdual tubes.

Open all valves; specifically the standpipe valve (110), the air line valve (104), aad
the squeeze bulb valve (106). Unscrew the shell of the pistcn 2ssembly usti] the
level of the fluid is at the zero level of the panel-mounted stancpipe scale. The
zero of the saale should coincide with the lowest part of the formed crescent-shaped
meniscus at the air-fluid junction in the standpipe. Whes ascerwmining 2 reading

of the fluii with regard to te scale, the scale mariing should be viewed through
the transparent smndpipe, which may be rotated for best clarity. The viewing
angle should be the same for all suck reacdings. Theuseofa flashlight focused on
the scale may aid in taking readings in certain insmnces.

Open the vanel valve (104) and ciose the squeeze buld valve by tu-ning the control
kmob of tha bulb assembly clockwise. Witk a series of quick sbort applicaticns of
finger prossure on the bulb, build w pressure wtl the water level s@rms to mise
and then senerate more oOr less pressure as might be recuirec to have the water
level core o rest between 3.2 and 4.2 inches as indicated through use of the

-~ -~
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smndpipe scale. A range of 2.5 to § inches may be exployed at the sacrifice of
2 small degree of accuracy. Tiis water-pressure balance requires lots of |
practice beiore profciency is atmined. 1¢ the needle of the gage does not fall
as rapidly as is usual, the panel valve may be closed, and opened only if more
air must be vemted to bring the level to within the prescribed limits. However
the water level must never be allowed to 2l during this moznitoring stage;
otherwisethe corplete reading cycle must be repeated, inclucding the re-adjusting
of the water level in the standpipe to the zero reference. A faster reading may
be taken by applying more pressure than might normally be required; taking the
chance that the surplus air may be bled off before the water rises above the
limits. However, if e limits desired are, say berwrer 3.2 and 4.2 inches,

and the level mises above 4.2 inches, the entire test must be repeated. A valid
rud:ngmynotbcakenbyznowinz:hemrlevelw fall. The water level
must always be op the rise or ina smbilized condition when readings are taken.
Record all of tha data sheet Sgures required, including the ambient temperzure,
and any further information which might seem pertnent.

Always be on the lookout for air bubbies in the fluid system. If the fluid level
ever draps below the bottom of the standpipe, make sure that the crossbar
assembly is free of bubbles when tne fuid is again forced into the standpipe

by woriting the shell of the piston assembly back and forth. Be egually concerned
abow the formation of water in the air line. This is more diZficult to remove.

I is not always necessary to wait untl complete stabilization bas occurred. It
should be noted that as the water level rises, the air pressure as indicated by

the gage falls. This is because the distance between the surveyed point (the top

of the steel rod of the mopument, which is tze level of the zero of the stancpipe
scale) 2nd 2 predesignated point within the torpedoc is the sarme as the gage pressure
less the standpipe water level reading, in terms of inches of waten, when water is
employed as the system fluid. If an ethylene giycol soluZon is used, for instance,
a correction factor must be used to make such ‘ndication in terms of inches of
etiylene glycol solution, to accomodate the difference iz density or specific gravity.

When the system fluid is water and the hose length is 500 feet with a 60°F ambient
temperature, the time required to fake 2 complete reacding and to move the fubing
up to the next monitoring positicn should be about three minutes. Fora hose length
of 1200 feet the time required might be six or seven minutes for a settlement of

20 feet or so. The amount of time increases with the length of tubing, amount of
settlement, and with lowered temperamre.

The best accuracy can be obtained when the ocutside temperature is roughly the
same as the earth temperature (generally 50 to 60°F) with no sun shining., Itis
always a good policy to take readings with the hose reel and the reacout box in

the shade and away from the heating effects of the sun, especially iz hot days,

if accuracy is a requirement. However, with care, the accuracey provided by the
Aquaducer is generally far greater than that required for settlement measurements,

Note: When it is desired to drain water from the readout box, upon Zlling, 2ll
that is pecessary istodepress the bottom of the male quick-comnect Sttizg (wiez
discomected from its mating female) with the stasdpipe valve open. Alsoitis
DOt necessarT to use de-aired water in the readout box, since air bubbles that
may form here zre easily controlled through smadard measuriag procegdures.

20ft. =6.1m S00££=152.4m 1200£. = 363.8 = 80°F = 15.6°C

M
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3.120 After the last measurement has been wken for the day, or prier o moving the
instrument to the next test location, cpen the panel valve and standpipe valve.
Close the sgueeze bulb valve and pump air-into the systex until 2 gage reading
of 20" of water is indicazed. Discomnect the water quick-connect fitting. Tum
the shell of the piston assembly until a small drop of water emerges om the
end of the smndpipe valve, insuring that all airis expeiled {roxm the {luid system.
Then turn the shell of the piston assembly ™wo Balf virns in the opposite direction
of remation (counter-clockwise) to introcuce a Sxed amount of air into the systex
to allow for expansion. Turn the standpipe valve handle to a downward position
to close. Discommect the air quick-connect Sting. Open the pazel valve and
the squeeze bulb valve. Close and remove the readout box f~om the reel assembly.
Connect both of the hose fittings to their respective mading ftlings mounted o the
hose reel. Fasten the torpedo securely on to the hose reel. Remove reel.
Secure the plug into the PVC pipe (of the buried piping).

NSRS - 8-\ oy e& e



4.00

4.10

4.50

4.60

2.70

4.80

4£.90

4.100

4.110

1

COMPT TATIONS

Measure ‘he elevation of the top of the settlement gage support bar (the #7 bar
in the sketch, Figure3), by survey, and enter on the cata sheet (a].

Enter under [b], the specific gravity of the fluid used in the system. If the fluid
used is water, the specific gravity will be 1. 0.

Enter under [c], the lengt of hose within the Pipe as measured with the dash (=)
mark on the marking aligned with the upper portion of the end of the buried pipe.

Enter the water level at the standpipe under (d] that exists at the stabilization or
balance point. Always measurs the water level in the same manner, relating
the magrified scale mariing to the lowest pordon of the water surface.

Exnter the gage pressure existing at the balance point under fe].

Repeat 4. 50 and enter the same pressure under [f] only if water is used for the
system fluid. If any other type of fluid is used, divide the gage pressure reading [e]
by the specific gravity of the fluid used Mo] and entsr the result under [f].

Subtract the stancpipe water level reading of [d] from the modified air pressure
(f] and enter this figure wunder [g]. This is the dimension, in inches, which exists
betweer the top of the #7 bar, or from zero of the panel mounted scale, and the
torpedo (see Figure 4).

Divide this dimension [g], in inches, by 12, in order to convert to feet, and
eater under [h].

Subtract this dimension Mh] from the elevation i3] to obtain the existing elevation
of the probe or torpedo, and enter under 4.

Exter the original probe elevation under k]. This column should contain the
measurements made under Paragraph 2.70.

In order to find the settlement, in feet, subtrac: the existng probe elevation [f)
from the original elevation (k]. Enter this figure under [m].

The figures ascertained may be plotted as shown in Figure 3. (These
are typical examples.)

¥ i R . ’% *
_\n-u-uncm- iR - - o -; Serliament since

::: Lievstion of Toe
i W Sarmerse

-8 usT F—— Citanen siong PYC Pige eet) — wee
-5

—— -:: i = U at® RS V7Y
50 e S0 ie0 58 ° c A irzaes)
TAST ‘_-M L LR ot T T — wrsT
Figure §




- -—

e e —1- SRS NSRS Ren——— PSSR - ——— -
TS e PRSI, SNUPRPEI =S % 2
S —— . - — SPUCHICON, (erm—————— T - S I ne— - - —m - o 3\
b - —————— e i e ol s e s [l s s s . e B
f-%=w (ay) y-w={ /=4 | p-):13 Qe =} | Bupuon | (soyouy) o)
(100)) uojjuAR| (1090)) (yooy) (sovyouy) oansgaa g | ofluy apy |  Huppuoy HOPPENPILAL) )
wowameg | opaduoy, puupiiaQ o uAdy opadiio), puu 0107 0juog 1y odydpunyy Moyl &\
opadao ], poansuoyy waomyagg .ﬂo_eco:._: poRIron | ..\m\\.

) R i . 1) 1) i lol Il 1o}
F 1) ) wmoyehs uy pasn piagj jo Ljavap apyoadg d, sduia g, Juajquiy  300j {u] auq jo doy jo nopuaogq mw

‘4
ouql "ON uy'| wofory®
:

an° TNAWTLLLAS As0on ud40navndOy Hod LAans viLva Auuduwio)
' ' i e AT S §i- i+ il | 1 ! ' § ) :

————
. —————

TR LY s,

Aol I

-
-
. -



5.00

5.10

5.20

5.30

5.40

13

EXAMPLE CALCULATIONS

Assume the following conditions with reference to the cdata sheet coding:

[a] = 220.2 f£. (Elevation of top of bar or scale zero of instrument)

[b] = 1.038 (Specific gravity of fluid used in system - this corresponds @ a 30%
mixmure of ethyiene glycol, by volume, and water at room temperature of 70°F.)

[c] = 12, ft. (Lengtz of hose contained within pipe.)

[d] = 5.2 inches (Standpipe reading - water level)

[e] = 43.70 inches (Air gage reading)

[k} = 217.47 feet (Original torpedo elevatior for a hose cepth into pipe of 120 £.)

Calculation

Modified Air Pressure f=e/b = 43.70/1.038 = 42,1

Dimension Between Scale Zero and Torpedo g=f-d=42.1-5,2 =36.9 inches
Same as zhove only second column b=g/12 = 36.9/12 = 3,075 feet
Measured Torpedo Elevation J=a-h=220.2 - 3,075 =217. 125 feet

Settlement me=k-j=217.470 - 217,125 = 0. 345 £

Assume the following conditions for a second example:

[a] = 220.2 &,

[b] = 1.000 (in this case water is used for the system fluid)
[e] =210 £t

[d] = 5.4 inches

[e] = 51.0 inches

Calculation

[f] = 50.8 inches [Note that in this case the gage calibration units are the same units
as for the measurement of the water level; viz: inches. For the prior example *he
gage calibration units were made compatible with the wazer level units by the division
of the gage reading by the specific gravity of the fluid. |

[l =f-d=351.0 - 5.4 =45.6 inches

(b] = g/12 = 45,.6/12 = 3.8 feet
0l=a-h=220.2 - 2.8 = 216. 40 feet
[m] =k -] =217.47 -216.40 = . 107 fest

If ethylene glycol is used, refer to Paragraph 15.350

AL
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§.00 FLUSEING 4ND REFILIING TEE SYSTEM WITH FICD

€.10 The following procedure is writien undc:thepre:.isethaxthesystemwbe
flushed had been filled with water and not an ethylene glycol solmdion and that
distilled water had been prepared for the refilinz, Demilsar jJvea later
in this section for the reverse situation.

8.20 Refer to Figures 6, 7 2ad 8 oz page 14. Figure § is an 'O Ping Screw (1/4-28
Pan Eead) and Figure 7 is a Nose Adaptor, Both of these itexms are supplied in
the spare parts kit. Also supplied is a Male Quick-Connect Fitdag for aliowing
aeomecuonmbemadetothemer line ¢f the tubing. A large glass bottle or
jug shouid be employed and havizg a suffcient wall thickzess ©0 withsmnd the
forces of vacumm. A two gallon bottle is sufScient (exgnt Liters), but one of
a small eapacity may be employed if necessary. The rubber tubing used should
pe similar to that employed for the vacuum lines of the DeAeraior.

6.30 Suup&.symmorlcssushownmdernmeSw‘.ﬁxt’aeDeAemara.:
bench level, the hose reel at chair level and *he bottle at fioor level.
6.40 Remove the thinner-walled rubber wbizg from cpe of the water lines of the

DeAeratar, and, using silicone grease if necessary as a lupricant, slide the
heavier tuhing over the fitEng. Attach the other end of tis (V) lize to the
male quick-connect StEng. The V letters signify eitber valves or tubing clamps
as used an the DeAerator tubing. The letter and number 21s0 signify a line ruz.

Take the torpedo apart. Remove anc replace the bladder and its support witk
the 'Q' Ring Screw per Figure 6 t0 effectively plug up the air line. Put the
torpedo back together again replacing the nosepiece of the torpedo with the
supplied Figure 7 Nose Adaptor. Complete the sysiem as shown in Figure &.

Open V1, on one of the vacuum lines, and close V2 oz the second vacuum lize of
the DeAerator. Insert one end of one of the water L. :s from the DeAerater into
a source of distilled water and open v3 of this line. Close V4, V3 and V8. Sam
water flewing through the aspirator (refer to DeAerator instrucdon manual) to
create vacuum. Draw water into the DeAerator untl the level is 1-1/2 izches
lower than the top plate. At this point clase V4. Energize tie motor of the
DeAeratar and allow de-nerztion to take place for a minimum of ten mizutes (o
longer if desired for greater purity). At the end of the de-aeration pericd, sbut
off the Deserator power, ciose V1 and open V3. Allow about five minutes minimum
for vacunmm to develop in the botde and then cpen V2, V4 and V6 in the given order.
Water will then start to flow from the DeAerator, tarough the system hose, and
into the bottle. Do not allow the bottie to overflow. In the event that a smaller
wottle is employed, V6 should e closed in orger tza: the botde be drained, and
regpened after the vactum within the bottle is restored. AnY bubbies of air Sat
had been contained within the hose will be seen making their way througd the
tubing amd into the botle. After the contents of the DeAerator kave passed
through the hose, all of the bubbles should have beer removed, If this condition
does not exist, the foregoing process must be repeated untl the lines aTe
absolutelx bubble-free.

1-1/2 inches = 35.1 mm
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Empty the DeAerator and repeat the foregoing procedure cnly tzis time use the
prepared colored distilled water. Continue filling the hose umtil the colored
water starts to drain into the bottle. Make sure that no air bubbles are introcuced
while making the change o the prepared water. After the filling has been
completed ciore V4, remove V6 tubing from the nose of the torpedo, and Liit the
torpedo to bench level. Take the torpedo apart and replace the 'O’ Ring Acaptor
with the bladder assembly that had previously been removed. Reassemble e
tornedo except for the nose insert. Cpen V4 and lower to a level below the
hose reel. Eold the torpedo in a vertical posifion. Air will be expelled from
the torpedo and will be displaced by water. While water is flowing out of the
nose of the torpedo screw the nose insert into the umit complete the operaticn.
Bottle some of the remaining water for later use.

For the readout box, open the standpipe valve and rotte the shell of the piston
assembly to its maximum clockwise pesition. Turn the umit upside down and
depress the end of the male quick-connect fitsing of the water section. Water
will rz out of the stancpipe valve. Accomplish this operation again several
times using clear distilled water for flushing. Flushing water may be introduced
into the unit through use of a fimnel and tubing 2.3d by depressing the end of the
quick-connect fitting to vent the trapped air. Flushing sbould continue until no
trace of coloring remains from the solution beirg removed. Fill with the
prepared water after the flushing cperation is completed. The water for the
readout box does not have to be de-aerated, since it is contizmually exposed to
air or to the atmosphere.

If the Aguaducer had been filled with water and it is desired to replace this with
an ethylene giycol solution, dismantie the torpedo and replace e blacder
assembly with the 'O' Ring Screw and reassembie as before but do not use the
supplied Nose Acaptor at this time. The torpedo must be opex to the atmosphbere.
Through use of the male quick-connect Stting supplied with the spare pars,
connect the hose 10 & source of compressed air and as much of the waler in the
hose should be blown out as is possible.

Set up the system 28 outlined in Figure 8 and repeat the flushing and refilling
operation as previously outlined, only use the ethylene glycol solution instead

of distilled water. It will be noted that 2 considerable amount of air is contained
relative to water. The ethriene giycol soluticn must be de-aarated until all of
the bubbles are removed. This may require a rumning time of about cne hour
instead of ten minutes for water.

Tor the readout box, remove as much water from the system as is posiible
by drairing and then flush with the ethyiene glycol solution several tmes
before filling. Throw away the ethyiene glycol solution that had been used
for flusking, since it would have become éiluted with the water that bad
remained after draining.

1f the Aquaducer tad bees flled with ethviene glycol solution and it is desired to
replace this with water, the same procecures should be followed as initally
outlined in this secticn for flushing. Tke system should be fushec until there
are no traces whatever of the coloring of the ethylene giycal soiuticn. Thae
distilled water to be employed should be of 2 @ifferent color than that of the
etzylene glycol solution for identiScation purposes.

D
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ST &= 0.430" ID '0' rings (208

Barrel i [%—/’—/—V i\ /’[

(218) 0 | Balloon

(215)

‘L Bladder Support

|
i |
! P‘ _ (216)

brass adaptor (224)

e N —~~ /\’J

Figure 9

PROCEDURE FOR CHANGING THE BALLOON

Refer to Figure 9 above. The balloon, or bladder, the 'O' rings, and the bress
adaptor are shown in section form. The acaptor may be found in the spare
parts kit, as well as spare balloons and 'O’ rings.

The balloon should be replaced at least cuce per year. Itis assumed in this
procedure that the balloon bhas not beex leaking znd that the change is being
accomplished for reasons of preventative maintenance.

A portable test station similar to the settlement gage suppert of Figure 3 should
be fabricated. Since itis quite awkward to use the complete system in the
laboratory without a st@ad, a test station such as tiis will prevent trouble iz the
form of the readout box crashing to the floor. The bottom of the readout box
should be at bench level when mounted on the test stand.

Remove the hose quick-connect Stkings from the hose reel.

Open the standpipe valve. Comnect the hose fitings to their respective mating
quick-connect counterparts cu the readout hox.

Adjust the water level to a midpoiat position iz the sTandpipe. Work the shell
of the piston assembly back and forth to remove aoy trapped bubbles.

Hold the torpedo vertcally, ncse upward, at bench level. Remove the threaded
nosepiece insert (201). Increase the level of the torpedo to above that of the
spadout box to allow water contained within the torpedo to Jow into the readout
box. Adjust the piston assembly to accept this fluid. Close the standpipe
valve when the water has emptied from the torpedo, as can be noted by az
air-lock appearing in the water tubing.

\ -Q&c -\‘\ G\Pii\‘.‘ .
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7.80 Remove the setscrews holding the barrel (218) and the tailpiece (220) in
position withiz the torpedo case. Pull on the hose to remove these parts.

7.90 Remove and discard the ¢ld balloon. Save the 0.430" ID 'O rings. Remove
the bladder support (216). Remove its small 'O’ ring (217) and store the
rings in a clean dust-free place.

7.100 Referring to Figure 11, connect the brass adaptor (224) in the position shown
by screwing the threaded portion of the bladder surport into the barrel.

7.110 Eook 2 pordon of cne of the 0.430" ID 'O’ rings (225) over the bladder suppor:
and stretch it until it is possible to encompass the diameter of the adaptor as
shown. Roll the 'O' ring back on to the barrel.. Repeat this procecure for
the secand 'O' rizg.

7.120 Remove the bladder support and cover it with the end of the balloon. Holding
the brass adaptor against the barrel with one band, attach the bladder support
to the barrel again so that the balloon will be in the position shewn.

7.130 Work the balloon with the fingers until it is in line with the axis of the barrel.

7.140 Pesition both 'O’ rings on the cutside diameter of the brass acdaptor by sliding
them forward towards the balloon end of the assexmbly. By meaxns of sliding
the '0' rings, make sure that they ars both free of twists and are mijormly
placed in position. With the balloon properiy locate<, slide the first 'O’ ring
forward until it szaps off of the adaptor and on to the bladder support, thus
holding the balloor in position. Do likewise with the sec .d 'O' ring.

7.150 Unscrew the balloon assembly. Work the 'O' rings with the fingers, if
npecessary, until the are evealy placed witkin the groove of the bladder support.

7.160 Cut off the ringed portion of the balloon with a pair of small fingernail scissors.

7.170 Make sure that the small 'O’ ring removed from the bladder surport in the
Paragragh 7.90 operation is perfectly clean. Place this 'O' ring on the
bladder support and screw this assembly into the barrel. Store the brass
adaptor in the spare parts kit.

7.180 Tighten the bladder support by means of an open~-ended wrench. Tighten only
to a soug 8t

7.190 Slide the tailpiece of the torpedo back cn to the hose about eight inches., I this
is difficult to accormplish, place some silicone grease ox the hoses and then
slide back the tailpiece.

Make sure the 'O’ ring (209) is lying flat and in position 2gainst the s:inless
steel sleeve (206) within the torpecde. If this is so, slide the barrel into Ze
the torpeco case.

-3
L]
o
o

SAN TS\ Ce s



7.210

7.220

7.230

7.250

7.310

e e e

i -

With the nose of the torpedo against 2 surface of the workbench and pressure
exerted against the hose end of the barrel to compress the 'O’ rings (using a
long screwdriver bearing against the flat portion of the barrel and not on the
tobing fittings), insert and tighten the setscrews hoiding the barrel in position.
Bear in mind that enly moderatre pressure or torgue is necessary waen
tightening the setscrews. Too much torque will stip the threads of the
somewnat thin walls of the case.

Slide the tailpiece back over the tubing, set into the torpedo in positicn and ‘
insert the setscrews as required.

Hold the torpedo in a vertical position at bench level. Open the standpipe
valve. Manipulate the level of the torpedo while maintaining the verdcal
positicning with the nose uppermost to control the flow of water from the
readout box. The piston assembly should also be brought into play in order
to replenish the supply of water from time to time, as indicated by the
standpipe. It may become necessary to introduce mo:e water through the
standpipe valve., This procedure is cutlined on page §.

Allow a small stream of water to flow out of the nosepiece uxtil no bubbles
are present. Waile the cavity at the nose is still filled wi. water, screw
in the nosepiece insert along with its small 'O’ ring. Tke 'O’ ring must be
clean,

Turz the torpedo upside=down in a vertical position and look for the presence
of bubbles iz the water hose. If none, the changing operation has ' <&
accomplished in good order.

Connect the air quick-connect fitting to its counterpart at the readout box azd
open the panel and the squeeze bulb valves,

Follow the steps of Paragraph 3.120 on page 10 to complete the operation.

In the event of 2 leaking balloon, it becomes necessary to purge the air hose

line of trapped water. A quick-comnect fitting is provided in the spare par:s

kit to enabie a connection to be made to the necessary supply of purging

compressed air. s

Follow the steps of Paragraphs 7.10 through 7.160

Connect the '~ line quick-connect fitiing to a source of compressed air and
completely blow out any and all water in the line., Dry zitrogez might be
suwpevior for this purpose if such is ava.lable.

Follow the procedure of Paragraphs 7.170 through 7.270 w0 complete the
operaticz.
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8.00 LISTING OF PERTINENT PARTS

Figure 10
201 Nosepiece threaded insert
202 Nosepiece insert 'O' ring - two required in all
203 Nosepiece
204 Nosepiece 'O’ ring
205 Setscrew - nine required total
206 Shell
207 Tubing
208 Bladder support 'O’ ring, large, two required
209 Shell 'O’ ring; same as 204
210 Setscrew - same as 203
211 Torpedo water line bose fitting
212 Setscrew - same as 203
213 Water line hose
214 Water line hose quick-connect fitting - female
218 Bladder
216 Bladder support
217 Bladder support 'O’ ring - same as 202
218 Barrel
218 Torpedo air line hose fitting
220 Tailpiece
221 Air lize hose g
222 Air line hose to quick-connec: adaptor fitting
223 Air line quick-connect fitting - female -
224 Adaptor, bladder support - used only for installing 'O’ rings, part 208
Note:  Some earlier models employ 2 spacer which exists within the tubing 207
and positicned between the nosepiece and the sheil. The need for this
part no longer exists.
~ - 2 . ,o——
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8.20 Readout box panel
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Figure 11
Air pressure gage
Gage zero adjust plug-
Gage needle
Panel air valve

Squeeze bulb hose

Squeeze bulb valve

Squeeze bulb

Air line hose quick-comnect ftting - male
Water line hose quick-connect: Stting - male
Standpipe valve

Standpipe suppor:

Standpipe 'O’ ring - two required

Standpipe stainless steel scale

Standpipe

Standpipe 'O’ ring - same as 112

Junctior bar assembly

Water chamber piston assembly (see Paragraph 8.3)

Barhed water filling ftting (not permanently attached)
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Readout Box Al- System

As of January 1874, all Aquaducers utilize a pnewnatic system ccnnected by
means of 1/8" OD soft copper tubing. This tubing is soldered whenever
feasible. Otherwise the best possible line of Sttings (Swagelak type,
manufactured by the Crawford Fitting Comxmpany [USA]) are employed to
minimize air leakage.

{7}\; Air Gage #126

=~ Gage Tubing Assembly %123

-
A Marifold #127
1,8" copper
tubing - . :
%129 Valve #12§
1/4"
1/ oopner s tubing fitting (p/o gage)
tubing 133
1/8" Mm‘ Hmn‘ - COPPQ!' 'I‘u.bixxg Paxnel Assembly
_/ %130 | } (tubing asd panel feecdthrough)
| 131 '._.! ‘ Panel
1/4" Tubing Fitting - g
with insert M‘Z Bulb Assembly #13¢
? Junction Bar [ pve Tubing /'/l:-=-,’ Squeeze Bulb Valve =137
(_Assembly =134 | %133 P Squeeze Bulb #136
[ \
Figure 12 \ J

Parts Listing ,
Valve Nupro 'tee’ type R-4J-PM or right angie type B~2tJA-PM
PVC Tubing 1/4" OD, 1/8" ID, clear flexible PVC tubing
Squeeze Bulb Valve Propper type V301
Bulb Bulb for above

It is best to order parts from the manufacturer as ncted above, especially the
Bulb Assembly #138. To assemble this wit it is necessary to obwin many
varied parts. In addition a certain skill is required for assembly requiring
special chemicals not ordizarily available.
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8.00 THE AIR PRESSURE GAGE

9.10  Theair pressure gage used in the Aquaducer is a procuct of the Wallace & Tierzan
Company of Belleville, New Jersey. It is their Series 1000 Model 62B-2C-0280
precision gage of a two scale type having 2 0-280 inches of water calibration.

9.20 The balance of this section, to save space, has been typed directly from the instruc-
tion manual.
Installation

The instrument shoulc be protected from shock and vibraton. 'n some case” it may
be necessary to provide shock mounted panels.

Qoeration

Exercising Before the instrument is used for precise measurements, it should he exer-
cised by alternately increasing and decreasing the applied pressure over the entire raxge of
the instrument at least 3 times. Maximum and minimum pressures should be beld for 2
minute periods.

Readings Unless otherwise noted, the instrument is calibrated to be read with the dial
in the vertical position. When the instrument has a mirror on the dial, the pointer and its
image should coincide so that only the pointer may be seen. On two revolution instruments,
an indicator shows the portion of the scale to be read.

All W&T instruments are calibrated on increasing pressure. To avoid any
effect of hysteresis, readings should be taken on increasing pressure. Instruments are cali-
brated at 25° C. Unless wide temperature changes are experienced, the effect of temperature
may be neglected. For further discussion, see "Calibration Check".

Precautions No instrument should be subjected to pressures bevend its range. Excessive
pressure may distort the mechanism. Be sure all necessary pressure relief devices are
installed. The maximum working pressure for the instrumest i{s noted on the dial. Note:
the red plastic plug at the read of the instrument is a pressure snubber and has a small hole
at its center which must be kept clear from dust. ]

Maintenance

Filter Each instrument is furnished with 2 filter screwed into the pressure connec-
tion. The filter screen mau occasionally require cleaning. This may be done as follows:

1) Unscrew the filter plug by means of 2 screwdriver.

2) Clean the filter with trichlorethylene or other suitable solvent and moisten with cil. Remove
excess oil and replace the filter. Do not use oil if the gage is used with fluids which may reac:
with oil.

Lubrication The mechanism does not require oil. The oil will interfere wih proper func-
tioning and introduce serious errors. Do not oil the mechanism.

Performance Capability

Accuracy: 0.1% FS Sensitivity: 0.01% FS |Hysteresis: 0.1% FS Max. Temp. Effect:
0.1% FS/10°C from 23 C

NOTE: GFS (full scale). "Full scale" is the difference between minimum and maximum dial
reacding. "Full scale” of an instrument with a calibrated range of 280 inches of water means
the percentage applies to the 2380 fgure.
1
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Calibrition Check Part of Fara. 9.20]

It should be noted that the accuracy tolerance is the same at all points un the scale.
Therefore, the pointer of a gage pressure instrument is not necessarily at an exact zero
when the instrument is shipped from the factory. dJdowever, the deviation is never outside the
guaranteed accuracy as shown in the table "Performance Capability".

A label 2ffxed to the case indicates the deviation from zero when the instrument was
adjusted to attain optimum accuracy over the full scale. This Sgure was optained afier the
instrument was exercised as described under "Operation”.

If, after the instument has been exercised, the pointer deviation is as specified,
no adjustment is necessary. A slight discrepancy may be corrected by adjusting the pointer
as described below. [Note:- see paragraphs 3.350, 3.90 re zero position of pointer. ]

A complete check of calibration of an instrument requires that it be exercised as
above and compared with a standard having a verified accuracy at least five times greater and
a scale comparable in length to the instrument being checked. The standard must be corrected
for all its izherent errors and must be corrected to standard conditions of gravity (980,665 cm/
ucz) and temperature (0° C for mercury columns or 20° C for water columns) where applicable.

| While aneroid instruments are not subject to changes in reading due to grzvity, they
are affected by temperature. W&T instruments read directly in terms of standard condidons
(see preceding paragraph) at the temperawmre 25° C uniess otherwise indicated. If the calibra-
tion check is concucted at 25°C, the effect of temperature on the W&T instrument need not be
considered. At any cther temperature, the temperature effect listed in the table "Performance
Capability" must be considered. Note that this is not a correction factor but, rather, a tolerance
that must be added to other tolerances being checked. When readings are taken on increasing
pressures, they shculd fall within the specified accuracy tolerance given in the table. The dif-
ference between the up-scale reading and the down-scale reading is the hysteresis error and
should fall within the specified limits.

. Setting the Pointer, If a calibration check shows the readings on increasing pressures
at various points over the entire range are out by the same angular distance, the pointer may he
reset. Adjustment is limited to a pointer movement of about 10°,

Access to the pointer adjustment screw is obtained by removing a plug in the glass.
The screw is flush with the face of the dial.

s ey, gt
CASE OPEN / \ SYSTEM

TO ATMCOSPHERE PRESSURE
= Figure 13 o)
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PREPARATION OF DE-AIRED WATER

The following is required:

Nold DeAerator, eight liter capacity
Distilled water, eight liters minimum
20 liter (5 galion) container

The following material may be used if desired:

Liquid food coloring, or fountain pen ink
Eyamine 3500 germicide concentrate 50% hy Rohm and Hass,
Independence Mall West, Philadelphia, Pa. 19108

The germicide listed above is to be used only when the water is going to be
left in the hose for extremely long periods of time (which is not recommended)
or when grrwths in the water line are noted. It should be used sparingly,

in the orde: of 10 drops from a standard American type medicine dropper, or
0.5 cc.for each eight liters of water.

If ethylene glycol is normally used, the color of this prepared water should be
of another color. Food coloring may be employed, but fount2in pen ink is
usually superior. If the former is employed, it must be dissolved in a2 small
bit of warm water and then strained through fillter paper, or many layers of
cloth, to separate the dissolved from the undissolved dyve. Much of either
type of dye is required to arrive at 2 deep color.

De-aerate the colored solution in accordance with the DeAerator Instruction
Manual. The water should be de-aired for 2 minimum of 15 minutes, but
the longer the period of time emploved the greater the purity. A running
tixre of 15 minutes would produce about 2 0.4 PPM DO purity. Axother 15
minutes would lower this somewhat to about 0.2 PPM. I fime is of no
particular importance, allow it to run until no more bubbles are noted.

No additive should be added to the solution unless cne is positive as to the
results to be expected. This includes corrosion inhibitors, silicomes, etc.

It is not necessary to prepare any more water than is necessary to accomplisa
the flling or flushing of the Aquaducer hose and to have on hand foy possible
replenishing the readout box as required. Water for the readout box does

not need to be de-aired.



PREPARATION OF AN'I'I-?P..‘.’.EZE SOLUTION

Water {s recommended as fluid for the Dederator. EHowever, if protection
against freezing conditions is required, one of the six ethyleme glycal
concentrations listed at the foot of page 28 should be selected. Itis
advisable to choose the one which contains the least amount of ethylene
glycol and yet accorplish the purpose.

Ethylene glycol of the automotive grade should not be employed unless it can
be proven that silicone oil or anti-leak additives are not contained. The
following brands have been investigated and found suitable for use:

Pakmol Security
Wintrex Eskimo
Telar

The above are brands that are marketed in the United States. They contain
bacterial growth and corrosion inhibitors as well as coloring dye. No further
additive is required.

The mixing of the ethylene glycol with distilled water sbould be accomplished
under laboratory conditions to approximate the figures listed under Section 12
as closely as possible. Mixing may be accorplished either by weight or by
volume. Temperature is also 2 factor which must be considered in the
mixing.

About 16 liters of the ethylene giycol soiution should be made up at a time.
After mixing the solution should be tested for specific gravity as outlized in
Section 13, page 30. Storage botties should be carefully labelled with all
pertinent information contained.

The solution shou d now be de-aired in accordance with procedures outlined
in the DeAerator astruction Manual.

The solution shall be de-aired in the DeAerator until all of the bubbles are

removed with the unit still running. This may require a period of time of
one hour.
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12.00 PROPERTIES OF ETHYLENE GLYCOL CONCENTRATIONS IN WATER

12,10 Temperature vs. Specific Gravity (Temperature in degrees Farenheit)

%by weight 0 10 20 30 40 50 60
Temp. % by volume (water) 9.1 18.4 28.0 37.8 47.8 85.0

-30 - - - - - - - - 1.110
-45 > - - - - - - - 1.109
-40 . % - - - - - - 1.108
-35 - - - - B - - - 1.10635
-30 A ik . - - - - 1.087 1.105
-25 o H - - - - - 1.0863 1.104
=20 - - - - ~ - - 1.086 1.103
-15 & * - - - - - 1.085 1.1013
-10 - - - - - - 1.068 1.08¢ 1.100
-5 - - - - - - 1.067 1.08. 1.0985
0 - - - - - - 1.066 1.082 1.097
5 - - - - - - 1.065 1.081 1.096
10 - - - - - 1.048 1.064 1.080 1.085
15 - - - - E 1.0475 1.0635 1.0785 1.0925
20 - - - - 1.031 1.047 1.063 1.077 1.082

(s
'
'
L
|}

1.0305 1.046 1.062 1.076 1.0903

20 - » - 1.015 1.030 1.045 1.061 1.073 1.08¢
35 - - 1.000 1.0145 1.0295 1.0445 1.060 1.074 1 0875
40 - - 1.000 1.014 1.029 1.044 1.059 1.073 1.086
45 . . 1.000 1.01351.028 1.043 1.0575 1.0715 1.0845
50 - - 1.000 1.013 1.027 1.042 1.056 1.070 1.083
58 - - .9995 1.0125 1,.0263 1.041 1.053 1.,<351.0815
60 - - .999 1,012 1.026 1.040 1.054 1.067 1.080
85 - - .9985 1.01151.025 1.039 1.0325 1.06355 1.078
70 - - .998 1,011 1.024 1.038 1.051 1.064 1.076
s - - .9975 1.010 1.023 1.0365 1.050 1.0625 1.07453
80 - - .997 1,009 1.022 1.035 1.049 1.061 1.073
12.20  Freezing point (°T) R T G el oIl R
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In practice it is seldom possible to make up anti-freeze mixtures to
exactly mazch those listed on the chart of page 28; at least t) the exact
specific gravity desited. For instance, it was desired to cbtain a -11°7
freeze point mixturs. By using a 500 cc volumetric flask and a Mettler
balance capable of measuring to hundredths of grams, the specific gruvity
was found to be 1 0533 at 63°F instead of the mrgeted 1.0325.

A new ckart, listed under the following paragraph, was 2ade up specifically
for this solution, in increments of one degree in order to obtain the maximum
accuracy from the Aquaducer under cold-weather conditions. It can be
observed from the chart of page 28 that the specific gravity of the 50%
concentration changes 0.0002 per degree Farenheit for the -10 to +10, 20 to
40, 50 tn 60, 70 to 80 (and, extrapolating to 90 to 100) temperature segments,
The other regions, 10 to 20, 40 to 50, 60 to 70 (and, exzrzpolating to 80 to 90,
and 100 to 110) represent a specific gravity change of 0.0003 per degree.
Starting with a solution having a specific gravity of 1.0333 at 63°F, the
following chart reflects these changes.

Temp. S.G. Temp. S.G. Temp. S.G. Temp. S.G. Temp. S.G.
-10 1.0730 10 1.0690 30 1.0640 50 1.0830 7 1.0540

-8
-8
-7

W W -3 O O b O

12.50

-
\ -sl-§

1.0728 11  1.0687 31 1.0638 51 1.08588 71 1.0838
1.0726 12 1.0684 32 1.0636 S2  1.0586 72 1.9836
1.0724 13 1.0681 33 1.063: 33 1.0584 73 1,054
1.0722 14 1.0678 32 1.0632 54 1.0882 74 1.0832
1.0720 15 1.0675 35 1.0630 85 1.05890 75 1.0830
1.0718 16 1.0672 36 1.0628 56 1.0878 76 1.0528
1.0716 17  1.0669 37 1.0626 §7 1.0376 77 1.0828
1.0714 18  1.0666 38 1.062¢ 38 1.0374 78 1.082%4

1.0712 i9  1.0663 39 1.0622 S8 1.0572 79 1.03822
1.0710 20  1.7660 40 1.0620 60 1.0873 80 1.0820
1.07c8 21 1.0658 41 1.0617 61 1.0567 81 1.0517
1.0706 22 1.0636 42 1.0614 62 1.0564 82 1.0314
1.0704 23 1.0634 43 1.0611 63 1.0581 83 1.0511
1.0702 24 1.0632 44 1.0608 64 1.0838 84 1.0508
1.0700 25 1.0650 45 1.0603 65 1.05855 83 1.0505
1.0698 26 1.0648 46 1.0602 66 1.0832 86 1.0502
1.0696 27  1.0646 . 47 1.0898 67 1.0548 87  1.049%%
1.0694 28 1.06++ +8 1.035%6 68 1.0546 §8 1.0496
1.0682 29  1.0642 49 1.0883 69 1.0543 89 1.0483

A chart such as the above should be made up for eachk new batch of anti-freeze
soluticn to be used with the Aquaduc r. Thatis, if the resulting accuracy is

required.

The ethylene g'/col solution shipped with the Agquaducer is sometimes contained
in plastic bottles in which anti-freeze of other makers, suca as DuPent Prestoze.
was origizally contained. This is dome to allow idenzifcation of the contents

by transporwmtion concerns. Cans, once opened, cannot be resealed.
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CALCULA.TON OF SPECTITIC GRAVITY

The accuracy of the calculation of this factor is dependent upon the technique
of the laboratory technician and the accuracy of the weighing balances.

The balance to be exmployed should have a sensitivity of at least 0.1 grams at
a capacity of 1250 grams. A volumet=ic flask is required having a capacity
of 1000 cc or one liter.

The measuremen: should occur when the sclotion is in a temperature ‘
stabilized conditicn. Measure and record the temperature of the mixure,

Weigh the volumerric flusk. Record the weight.

Pour exactly 1000 cc of the ethylene giycol solution as des~ribed in 3ecton 11
into the volumetric flask. Weigh. From this subtrac: the weight of the_
flask., The difference is the weight of the conmined sclution. Recurd the

weight in grams.

Divide the weight of 1000 cc of the solution, in grams, by 1000 (the weight of
water) to obtain the specific gravity iz terms of grams per cc. Make sure
that the specific gravity and the temperature of the solution at the time of
testing is written on each botile which is to contain the mixture, Eater this
data in pertinent record or data sheets.

Another method, although not recommended, would be to use any light weight
bottle having a narrow neck and a capacity of about one quart or liter. Scratch
a mark somewnere on the neck of the bottle. Weigh the bottle in its empty and
dry condition and record the weight. Till the bottle with the solution to be
tested up to the scratch mark, being as exact as possiole. Weigh., Subtract
from ttis weight that of the empty bottie to find the weight of the contents.

Empty the bottle and thoroughly rinse with water, Fill the bottle with water up
to the scratch mark, as exact as beiore, and weigh., Subtract the weight of the
empty bottle to find the weight of the ™ate~,

Divide the weight of the etbylene giycol mixture obtained in the fSrst paragraph
by the weight of the water of equal volume as per the second paragrapt. The
resultant Sgure will be the specific gravity of the solution in the same terms:

grams per cc.

= &Nt { -
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FACTORS WEICE RELATE
TO ACCTRACY

vertical height
of water

!

Figure 14

Referring to Figure 14, any air bubbles occurring in the vertical component of
the water line would effect the vertical head of water. This would mean mainly
the hose from the buried pipe to the reel, and the vertical section from the
reel to the upper water level within the standpipe. A bubble one inci in leng
in a vertical part of the hose would cause a system error of one inca.

Air bubbles existirg in the horizontal component of the water system weuld have
little effect on the accuracy as such. However, a large quantity of air might
make the achievement of a balance cifficult.

The specific gravity [deasity, or weight per unit velume] of the system fluid can

be a significant factor influen_ing the overall accuracy, since it changes with

temperatuire. Such change will have an effect of the weight of fluid impressec .
upon the bladder within the torpedo and subsecguently the amount of air pressure

generated.

If water is used as the system fluid, specific gravity will have no effect whatever
as long as its temperature remains between 339 and 30°F. Referring to the

chart of Section 12, the specific gravity remains constant between these limits,
but at 80°F there is 2 change from 1.000 to .997. If no compensation were made
for temperature, and the temperamre cf the system Juid was 80°F, the reacding
or calculation, due to this effect, woulc be . 156" higher than the one takezn witk
the fluid under 30°F.
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water level in standpipe

a Eigure 15

1 protruding end of buried pipe

torpedo level in pipe
P pp///

Figure 16
Example Data sheet entry of a Specific Gravisy of 1.039 at 63°F
with (This would be a 30% concentration of ethylene glycol in water)
given No temperature compensation
factors: #1 reading taken with fluid temperature at 30°F

#2 reading taken with fluid temperature at 80“F

Under the above stated conditions *1 reading would be too low by . 277" and
#2 reading would be too high by .186" . '

It is the vertical component of the water system whica is a large factor relating

to accuracy under chaaging temperature conditions. This is outlined in Figure 15,
which pictures the vertical component exposed to atmo.pheric changes (2], and in
Figure 18, which compares the extent ¢f this with t=as existng ia e buried pipe [b).
As long as there is a difference of the temperamre of the fuid in the hose within

the pipe (b] and that exposed to the atmosphere [a], an eifect on the accuracy will
result,

Figure 13 __ows a torpedo in a measuring position in a section of buried pipe vhich
dips in a abrupt mamner. Under such a condition, any variation in *he length of
bose within the pipe over tha* of the previous measurement would result iz a
difference in the position ag of the torpedo along the sicpe. A diference of length
of 1" of hose might cause a 3/4" error, whereas on a fairly horizontal level it
would have comparatively little effect.
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BHOW TO DMPROVE TISTRUMENT ACCTRACY

Scme of the means of improving the accuracy of the Aquaducer, listed below,
need not necessarily be employed. The extent of the accuracy royuired will
dictate the amount of precaution to be taken and the methods to be used in the
talking of settlement daz:.

Except for the readout box, use cnly fluid which has been suitably de-aired
to within 0.1 to 0.5 parts per million of dissolved oxygez. There is only
one commercial apparatus made that will accomplish this purity on 2 small

quantity basis. This is the DeAerator which is furnished with the Aquaducer.

Always keep 2 watchful eye cn the water hose for air bubbles and on the air
hose for the presence of water. Bear in mind that a one inch column of
water in the air line or a one inch bubble in the water line, whena ina
vertical segment of the line, will cause and er~or of one inch in the ultimate
reading. For this reason, the air line must be purged from time to time
to compensate for the slight leakage through the balloon by osmosis, and
the water lize flushed when bubbles begin to occur. '

Use only the fluid whick has been set aside for the Aquaducer. Never use
tap water. Use anti-freeze (ethylene giycol) only when —equired for suca
type of protecticn. When such protection is no longer required, iz the
spring, the ethylene glycol solution should be removed and the systex flus.ed
and Alled with colored distilied water. If the color of the anti-freeze used is
nomnally blue, use a different color, such as red, for the distlled water.

Never add water to a system using ethylene glycol. Never add ethylene
glycol to a system using water. Either of these will cause a change of
specific gravity of the systex fiuid and will effect the accuracy until such 2
time when the fluid is changed again.

Minimize the effect of temperature when cperating with ethylene glycol
solutions (or when water is used at extremely high ambient temperatures).
This may be accomplished by allowing the entire system to stabilize to the
temperature canditions of the field. Reverse the procedure outlined in
Faragraph 3.30 of page § and start the testing with the torpedo in the
position nearest to the readout apparatus.

Make an estimated guess as to the texperature of the flunid within the water
bose. If the existing temperature had remained relatively unchanged, the
chances are good that the fiuid would be stabilized to the existing ambient
temperature. Continue the testing. Beifore proceeding on a test at ancther
pipe location, make sure that sufficient time has elapsed for the water in the
entire system to stabilize again,

One method to ascertain the temperature might be to dip 2 small immersicn
type thermometer in a one liter bottle filled with the ethylene giveol solution
and to leave this exposed to the elements along with the balance of the
Aquaducer apparatus. The temperature thus oblined would be more of az
averaTe figure, and more Lkely to be closer to that of the Acuacucer fluid
than the fluctuating air, which is generally quite variable.
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15.60 For the best possible accuracy, a chart such as that shown m page 29 should
(continued) be made up based upon the specific gravity of the ethylene giycol solution used.
The specific gravity o be used iz calculating Qie settlement should be taken
from this chart and based upon the temperature recorded on the data sheet.
Of course, the chart must be changed whenever 2 new mixture of anti-freeze
is used. For this reascn it is advisable to make up such ant-freeze
solutions in 20 liter or five gallon quantities.

‘ 15.70 For best accuracy use water for the system fluid and do not use the Aquaducer
when the temperature is ecremely variable. Wait until a clcudy day comes
along. The sun ca: heat the exposed water hose. That pa~t of the hose that

.~ is buried wi'l not be heated and will tend to bave a different specific gravity,
even though small in change, than that portion which is exposed to the sun.

An ideal ime to use the Aquaducer is when the ambient temperature is between

- 239 and 30°F with no sun shining, Refer to page 31.

15.80 Use as short a hose length as possible. Long lengths “{ hose mean longer
¥ lengths of time required to mike measurements. This additional time can
be quite trying and the possibility of buman error is likely to occur more when
using the Aquadrcer at the lower extremes of temperamure. Through use of
-~ the stainless steel 'Swagelok' type fittings various different lengths of bose
can be used as required.

15.90 Make stre to be careful when aligning the dashed (=) part of the marker cn the
hose with the exposed end of the pipe when the torped2 is positicaed on 2 sloped
- porticn of the buried pipe. Suspect every measurement of this type.

- 15.100 Make sure that the pressure gage is exercised and that a true gage zero exists
before the apparatus is placed in use per the requirements of Section 3.

15.110 Make sure that the pressure gage is exercised at least once per month whether
or not the Aguaducer is being used for measuring purposes. Tiis is necessary
- for the gage to retain its accuracy.

15.120 When not in use, store the readout box in a dry location.

—_ ’ "y
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16.00 DO NOT's

16.10 Do not leave the Aguaducer in a situation where freezing is likely to occur
when the system fluid is water. Owue such occurrence completely ruined the
expensive water chamber piston assembly. Ancther case resulted in the
fracture of 2 window then used in the torpedo and the plastic standpipe.

16.2" Do not cperate the vater chamber piston assembly when the stancpipe valve
is closed. Under such conditions, with the assembly being screwed inward
in a pressure mode, the water, being uncompressible, has to go someplace.
If the hose is connected to the readout box, the water would act against the
bladder. If the hose were not connected, the water would burst itself possibly
through the 'O’ ring seal at the standpipe. Damage might result.

16.20 Do not allow 'knob twisters' [those pecple not knowing the cperation of the
.ustrument or those not concerned with its use] to even touch the instrument,
cxcept under guicance. The Acuacducer is not a toy.

16.40 Do not exceed the pressure limits of the air gage. When exercising the gage
i is pecessary ouly to approach the 280" limit. Do not over-inflate the
system.

16.50 Do not leave the Aquacucer unatiended for any long length of time. The manu-
facturer of the air pressure gage recommends that it be exercised once per
morth mimmum,

16. 60 Do not attempt to take the a.r pressure gage apart under any circumstance., If
the gage does not operate properly, repair can be accomplished only in the
specialized laboratory where calibration equupment is a necessity. This is an
exper .ve precision gage. The balance nf the Aquacucer is of simp'e design
and may be easily taken apart as required,

16.70 Do not overicad the system fluid with chemicals which ars supposed to overcome
various and sundry fanits, Adhere strictly with the instructicns coutained within
this manual. A continual search goes on for new Acuacducer system fluids, but
so far only water and ethylene giycol seem to be applicable.

16.70 Do not tighten the setscrews of the turpedo with too much torque. Bear iz mind
that the thickness of thread is only . 065". Excessive tightening is not required
and will only caure stripping of the threads. Use moderation.

16.80 Do not allow foreign substances or particles to accumulate in the system fluid.
If the fluid is suspected, by all means flusk out the old fluid and replace with
the new. Flushing is so simple to accomplish and should be done at least twice
a vear.

16.90 Do not allew cust to accumulate inside the readout box. Such dust could 4ind its
way into the air pressure gage, evexz though this unit is protected from suck.

16.100 Do not allow water in the air hose line. Correct this condition at once.
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+ YESRELATING O REPAIR AND MAIN.ENANCE

" . requ:.rod

Open end wrenches, one each 1/2", 9/16", 11/16" and two each 7/16"
Cne each of Waldes Truarc external snap ring pliers #0200 and #0300
Miscellaneous sizes of screwdrivers

Referring to Figure 11A on page 22, the snap rings (124 and 125) may become
difficalt to remove without the snap ring pliers listed above. If it becomes
necessary to take this unit apart, please inform the manufacmrer and the
required pliers will be sext on a load basis (or they may be easily purchased),

A screw might exist in the area designated by (2) {n some models. This
serves a purpose relating tc a change of design only and need not be removed.

Manufactorer's Past Numbers (referring to Section §, pages 20 and 21)

108 Swagelok SS-QC4-D-400

109 Swagelok SS-QC6-D-£00

222 Swagelok SS-300-R-4

223 Swagelok SS-QC4-B-400

214 Swagelok SS-QC5-B-600

211 Eastman 260U-3/8 (brass sleeve culy)
219 Eastman 2600-3/16 " " e

- 218 Davol Latex Surgical Finger Cots

It may become necessary to replace the air and water lines at the torpedo.
Referring to Figure 10 of page 20, for the fitting 219 (air), the disassexmbly
should be accomplished by preventing the lower part of the connector from
twising out of the barrel through use of cne 7/16" cpex end wrench and by
turning the other cap section using a second 7/16" wrench. For the water
ftting (211) the same procedure is employed except using 2 1/2" open end
wrench for the low part and 2 9/16" wrench for the cap porsicn. It is not
possible to use the sleeves of these fittings again, so for this reason some
spares are inciuded in the spare parts kit.

|

!-‘— 6-1/2" : 'a! —!-
e _—"%———— Water line

| $

i
~
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Figure 17
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17.50 When the torpedo and hose line were oI go.lly manufactured the dimensicon
£rom the monitoring point within the torpedo was established as being 5-1/2"
from the end of the water line wubin,. If 2 new hose were to be made uD,
for instance (referTing to Figure 1. of page 37), the dimension frum the end
of the water line to the first marker (let us assume 3 marier exists every
foot) at the 1 foot position would be g=1/2", or 9 £. 6-1/2 inches to the
ten foot marker. The dimension 'a', in malingup 2 2ew line, should be
a little more than one inch, a.ndthencmt:ackureqniredtoesabusha
perfect it. Dimension 'a' is generally 15/16", bt may vary somewtat.

17.60 It is not generally recommended to cut off the ends of existing bose lines
F and to reconnect the torpedo. This pracuce would cause the lengt
markers to . ' in error from previously reccrded readings. For such
an event, one in which the hose lines are in good order and the tps of
sthe individual lines are in poor condition, it is recommencded that new
lines be connected to the old ones through use of brass or sminless
steel 'Swagelok' fittings, to make up for the parts of the line which
were removed. In this manner there would be no lcss of accuracy. It
might be a good idea to wT2p electrical such splicing fitinrs with vinyl
electrical tape to prevent aany sharp corners from catching on the PVC
pipe junctions. Such fitSngs should a'so be staggered to reluce any
possible build-up of the cable diameter.

17.70 If the air gage ever creates a problem, especially if it {s slow to react
to pressure changes, it might be wise to see if the filter is clogged
(see instructions under Section 9). Also the small hole in the center of
- the red plastic plug of the gage must be kept clear,

- 17.80 Parts contained in the Spare Parts Kit (oumbers refer ©o those of Section 8)

- OCne (125 Soap ring, small
Che (121) 'Q' ring for the piston assembly
&5 1wo (202, 217, 'Q' ring, for nose insert, etc.
o Two (205, 209) '0' ring, mecium, for torpedo inserts
Two (208) Bladder 'O' rings
e Two (215) Bladders or balloocns
X One (224) Adaptor for bladder insmlladon
Two Allen wrenches for torpedo SetscTews
Ten (205, etc.) Allen setscrews, cup point, SE, g-32x1/8"
. One (Fig. 6) 'Q' Ring Screw (per page 13)
One (Fig. " . Nose Adaptor P,

g 17.90 Two quick-connect fittings, Swagelok 1/8 MPT-1/4 QC-200 and 1/4 MPT~-
3/8-QC-200, modified, are usec as paTt of the hose reel o accept the female
hose Stsings. These are of platec brass construcdon.
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SIGNIFICANCE OF DISSOLVED AR IN WATZR

The effects of air in bydraulic systems, o7, the effects of tae use of de-aired
water in hydraulic systems, are not generally well knowz. Somewnat of 2
controversy continues to exist year after year, without pertinent daa being
brought to light. However the following notes might tend to clear up this
situation at least with regard to the Aguagucer.

An air bubble in the vertical component of the hose system of the Aguaducer
will mean less weight applied to the balloon. The end result, if such a
bubhle occupied a one inch length of tubing, would mean 2 cne inch error in
settlement measurement; the amount of error being proportional to the length
of bubble in the verdcal position. Such a bubble would not result in any
error whatever if it were truly parallel with the horizontal plane, but, since
¢this condition would seldom exist while meansurements are being taken it is
safe to assume rigatly that such air bubbles do cause errors.

The DeAerator will reduce the dissolved oxygen (DO) content is water from 10
parss per million to less than 1 part per million (acwmally about 0.6 ppm) a2
sea level conditions at a rate of six liters per fve minutes. Levels of 7 to

10 ppm DO may be considered average for non de-aired water. However,
this content can vary widely with temperature and altitude.

1 ppm DO is equivalent t0 0.7 cc/liter in terms of voluxme

The DeAerator will reduce the amownt of dissolved oxygen in water from
10 ppm to less than 1 ppm, for ins@ance, for a 9 ppm recuction. Thisis
equivalent to 3 0.7x 2 = 6.3 ce/liter or a 0.63 reduction of total water volume.

Air contains 21% oxygen by volume.

Under the hypothesis that the same relationship between nitrogen aad
oxygen exist in water iz dissolved form as exists in the atmosphere (there
is a difference which will effect the figures only slightly) or 21% cxyge= by
volume, the volume of air removed would he:

0.63 x-l-o—q— = 3%
21

The 3% figure represents the amount of air equivalent to a 135 foot air lock
in a 500 foot length of tubing.

The above does not mean that a 15 fi. air lock woulc necessarily form if water
were used that had not been suitably de-aired, but such is possible with tme.

Regardless, without a means of de-airing water ‘he cperator of the Agquagducer
or any other similar instrument would be treubled with air bubbles whick would:
in turn effect the accuracy.
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LATEST NOTES

These notes over-rule any statement made in this Instruction Manual which
may be conflicting.

The linearity of the Aguaducer may easily be determined by allowing the
torpedo to remain in a fxed position and adjusting the water level to the
zero point (using water as the system fluid) of the stmandpipe scale. Apply
air pressure by means of the squeeze bulb and allow the water to settle a:
various points along the eight inch scale. Never ullow the water level to
fall while accomplishing this test. A graph is plotted with the air pressure
as the ordinate and the scale reading as the abcissa. The portion of the
curve which is in the form of a straight line is the region of linearity of

the instrument. The section of the curve will form at 45° when tb~.
ordinate and the abscissa are hoth represented by identical graph units.
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GEOPHYSICAL
INSTRUMENTATION

THE WALTER NOLD COMPANY

Sincs 1940 Waiter E. Noid, founder of
The Waiter Nold Company, has been
designing and developing new producs
10 meet the vaned neads of the indus-
trial community. A few of the producs
s listed here give a clue as 10 the wealth
of the company's expenence in product
design and development:

- an original model of the bail pont
pen (not marketed due to e
devsiopment of a low cost but
inferior model by compeutors)

- a conductivity tester, utilized by
_the U.S. Navy in all submarnnes

- a hairspring uming de-ice
- a photograghic cutung machine

- a density comparitor for typewritar
ribbons and carbon paper

THE NOLD AQUADUCER

~
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THE NOLD DeAERATOR

WALTER NOLD COMPANY
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THE NOLD CeAERATOR
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FEATURES

© Produces extremeiy pure deaerated water
: ® Fast ang efficiem

L — e S—— W T———— .

———r—— & Economical
’ e
A ” ® Simple, safe, easy 10 operate
T e ® Portadie
;;_‘E rod Modei shown is the & liter unit
A - - 5 X 7.8 X 2U"); larger units
t".,::l —— |- . @
o A g Bl designed uoon special request.
e oA < 8 '.."
A T
S '
TYPICAL APPLICATIONS

® Closed nydraulic system

® Specific gravity and permeability -
® Manometer and settiement gages

® Milk and food degasification

@ Chemicai stripoer

® Qi! distiliation

GENERAL

The principies employed Dy the DeAerator were discovered in 1870 as a result of a ressarch and Cevelopment Drogram.
A phenomenon, known as cavitation, was employed to literally best gassous and volstile components out of their dis-
soived state t0 amazingly high purity leveis. The generally accepted method of desinng water, prior to the discovery,
was boiling uncer 2 vacuum and then allowing to cool. Usually the results were unreliadle, and typically 4 liters ot
water at § PPM DO purity would take approximately 45 minutss to pregare. With me cavigtion process § liters of
0.6 PPM DO water can be provuced in 5 minutes.

Degas fication of licuids has now Deen commerciaily harmessed in the birth of the DeAerator.
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walter nold compaay professional engineering

The Seismitron

The Seismitron is a portable instrument whica has been in use for over twenty years for
the prediction of rock falls in tunnels and mines, and for the determination of failure cf
slopes at earth dams and mountain-sides. It is also used to justify the need for roof bolting
or to verify the effectivity when used. The Seismitron is based on the microseismic pheno-
menon discoverad by Drs. Obert and Duval of the U. S, Bureau of Mines in 1939.

The principle of operation is based on the frequency of occurrence of microseisms
(erropecusly called 'rock noises' or 'acoustic emissions’) which are, in effect, slippages
of the crystals or-grains making up the material creating the effect. Microseisms occur
at audio frequencies and, when amplified, scand like ‘elicks' akin to the creaking of stair-
ways or diving boards. Almost any bard material, such as salt, rock, shales, sandstone,
brick, glass, wood, steel, concrete, sand or sugar will procuce microseisms

For convenience some geophones (senscCrs) are permanently buried, such as at the
slopes of the North and West Cuts of the Tarbela Dam. In tumnels, however, holes are
bored 100 feet apart and the geophone is inserted at each of the stations only for the 15
minute monitoring period which may take place weekly or monthly as conditions warrant.
Microseisms are made audible through use of a low-ncise amplifier. The microseisms '
- re counted muanually, since other factors (such as raindrops) would trip an electrical
counter or an event recorder. A history is established for each location by plotting the
microseismic rate against the dated time. Prediction of failure, which may be up 0
45 days in advance of actual time under ideal conditions, is determined by extrapolation
of the plots to the point representing breakdown. At any time, @ collapse is imminent
when the microseismic rate doubles within a 24 hour period.

The Seismitron is certified for coal mine use by the U.S. Bureau of Mines for the
United States and by the Deparmment of Mines and Technical Surveys for Canada.

The Seismitron is manufactured by the Walter Nold Company, 24 Birck Road,Natick,
Massachusetts 01760, U.S.A.

24 birch road, sarck, massachusests, us.a. 01760 617 — 653-1633
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NAMEPLATES - APPROVED SEISMITRONS FOR CCAL MINE USE

CERTIFIED FOR COAL MINE USE 3Y TEE CANADIAN
DEPARTMENT OF MINES AND TECENICAL SURVZYS

DM&TS CERTIFICATION NO. 34-1.8.

WALTER NOLD COMPANY
24 BIRCH ROAD
NATICK, MASSACHUSETTS, 7.8.A.

POR CANADA

WALTER NOLD COMPANY
PERMISSIBLE SEISHITRON

C A
S\
Approval @; Type
2F-1964. : ZA-4

CAUTION: Batteries must not be changed or
covers removed except in fresh airl The a2p-
proval applies only so long as the eiectrical
components and wiring are not altered.

FOR THE UNITED STATES
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Examnvle of Calculation

Conditions:

Ambient Temperature: 20°F

Gage Temperature: 300F

Earth Temperature (within pipe): 55°F

Etbylene glycol solution: 1.055 SG @ 78°F

Solution K facter: for 20F: 932929

for S5F: .940178 ‘

Torpedo
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PVC Settlement Pipe
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The dimension from the tap;:f the menument to the lower inside of the protruding PVC
settlement pipe. For the purpose of this caleulation the dimension is 23", This dimension,

which may roughly be sccomplished, will remain canstant for all further monitoring for this
particular location.

Torpedo is pulled to its furthermost point and readout box and reel installed on monument rod.
At least twenty minutes must occur before readings are taken to allow the fluid to reach
acceptable temperature conditicns. Assume a reading has just been taken.

: Pressure gage reads 40" and temperature gage reads 277, By referring to the
calibration chart for the pressure g3ge, the corrected reading for 30F {s found to be 40.1"

2. 3.5x1/K (€20 =3.5/K =3.5/.922929 = 3. 752" (apparent [what the gage indicates))
{The 3.5" s the standpipe reading of the fluid at 20F. 1/K is gresater than one; K being the
factor taken for the fluid at 20F from the K Factor Sheet. This means that 3.5" fluid weighs
more than 3, 5" of water and the gage indicates that additional weight, or 3.752",)

3. 23x1/K (€ 20F) =23/K = 23/.932929 = 24.633" (apparent)

[The 23" figure represents the balance of the segment (vertical) of the tubing which is exposed

to the ambient temperature (20F). The pressure gage will indicate more than 23" for this .
dimension, since the fluid weighs more than plaizn water. The K factor for the fluid at 20F is

the same as for the above (.932929),

4. 40.1 - 3,752 = 36,348" (apparent) This is part of the momitoring procedure and is the
corTected aparent dimension between the readout box and the torpede. It is the gage reacding
(corTected) from which the standpipe reading (corrected) has been subtracted.

S. 36,348 - 24.653 = 11.695" (apparent) This is the apparent "A' dimension.

6. 11.695 xK (@ 55F) = 11.695 x . 940178 = 10.995" (real) This -‘represents the real dimension
of the vertical segment of the fluid within the settlement pipe. Since the temperature within the
pipe is 53F, the X for the fluid at this temperature is taken from the K Factor Chart for 53F.

7. 10.995 + 23.000 = 33,995" (real) This is the final figure for the dimzension between the
top of the momument rod and the torpedo within the settlement pipe.

; \<>~\‘.¢-\ - C—\'\\- - \'\\"\ %: R c“



00L"GLZ
00L 692
gLL 692
928 6re
00L"6C2
008 °622
00L"GIZ
008 602
098°6Go1
9g8 681
0498 °GLI
SZL 601
006 °691
SLB°GrI
098 "6ei
928621
008 611
“9LB 601
008 °66
098 °G8
008 "6L
006°69
006 °69
008 "6y
098 "6¢
008 "62
SL6°61
000°01
0

008 "6L2
008 *6032
098 092
uz6°6v2
09L°6E2
008 °622
008°61Z
006°602
9L8 661
9L8 GBI
926°6LI
008 "601
096691
096 °6¥1
098 51
9L8 "ual
006611
926°601
008 °66

098 "68

928 °6L

09660

096°69

008 °G¥

00L 68

09L°62

096°61

096°6

0

006

0965°6L2
006°692
9L6°692
920°0492
008°6L2
0s8°622
000°0¢2
096°602
9LG° 601
SLG7 68l
000081
0067691
9L6 691
096°6v1
000°0%1
000 oct
0967611
9207601
000001
000°06
090°6L
080°0L
090709
920709
9zrov
yz2o0°oe
$20°02
00001
0

ol

000082
000°0L2
000 092
000°092
000 '0p2
000°0c2
000022
0007012
000002
000 061
000 081
000 "0LI
00000}
000091
000 0OF1
000°0ct
000°0%1
000011
000 " 001
000°0¢
000708
000°0L
000°09
000°09
0000y
000°0¢
000°02
000°01

0

o0L
|

920°082
9L0°0L2
9L0°092
922092
9L60VZ
096 °622
000°022
920°012
006661
920°061
090081
096°691
091091
920091
001 "0O¥1
920 °0C1
000021
926° G601
920°00
090°0

006" 6L

9L6°69

096°69

006 °G¥

006°6¢

006 °6&

9L6°61

000°01

0

009

uolnjuiodio) Jomod (oyoog

(do) BAUNLVUAIWAL SNONVA LV HALVM 40 841 ONI NI 2UNssdud

9zz’'o08e
008°0L2
SLET098
9ze 092
SLZ0VeS
09z 0e2
091°022
00Z°012
SLL"002
SL1T061
091081
szr oLt
0027091
9zz 081
os1 oK1
g92o0°oct
0907021,
ooLort
9L0°001
001°06
090°08
090°0L
049009
000709
050" oy
086°62
920702
000701

0

009
)

0927082
98z 0Le
qLe" 092
9z€°092
001 ove
0s1°oce
9L0°022
vog oiz
0oL 002
092°061
0027081
0917041
0027091
o0er 091
GLL OFI
009°0cH
000°021
gzo°olt
0007001
050706
926°6L
096°69
000709
006°0G¥
00668
000°08
9L6°61
0966
0

o0F

B 19mod punipi 104

29¥°082
oor oLe
9Ly o9z
9zvo9z
9zZeove
0se oee
ggeozz
gLeorz
qze o002
92y 061
09k 08I
00z oLl
SLET091
00¥ 091
0oL orl
gzgz'oct
09z°o0z2l
92z o1t
041001
001°06
000708
sgitoL
921709
001709
00L"0F
000°0¢
920702
og0°oI

0

o0t

09y 0832
00F°0LZ
9Ly 092
09y 092
09¢°0¥2
09€°0C2
09€°022
gzrolz
09€°002
9Zr 061
qLe 081
002°0L1
00¥ 091
09¥ 091
09¢ 0¥
gLz 0L!
091021
SLY 011
091001
001°06
001708
001 0L
09109
090°09
000 0¥
926°62
LG 61
006701

0

0%

OFFOIAA "ON “1VIUES “ADVD HAONAVADY 40 NOLLVUAIIYD

069°082
0or oLz
9297002
§29°09¢2
09gtore
oSy oce
009022
(0 ] ¥4
0o¥*o002
qzy "oo1
0SF o081
08z oLl
09¥ 091
09¥ 041
09g°ort
09e“oct
g9zgz°ozct
ooz'ornl
09200t
qL1’06
4920708
001°0L
001709
090°09
9L6°6e
050°0¢
qL6°01
000°01

0

GLY 082
09F°oLZ
gLy 092
9L9°092
qgviove
09¥°0E2
009°022
0groie
00F 002
SZ2rT061
09r 081
00z 0Ll
08¥°091
09v 091
0gctort
ooc ect
9L27021
aLrtonn
gL17001
092°06

9L0°08

097 "0L

08t 09

921709

ooL"oy

9L6°62

920°02

00001

0

oY

- W\

-

—

e

T, My
-



Explanation of the K Factor

The pressure gage is calibrated in terms of inches of water at 20C (687).

Ethyleae glycol and water mixtures weigh more than water by an amount indicated in the
Specific Gravity and K Factor Chart as listed under Specific Gravity,

The Specific Gravity of water at 68F is . 9982343 . A liter (1000 cc) of water, for
instance, weighs 998.2343 grams,

I, for instance, a vertical column of water of 40" at 68T existed, the pressure gage
would theoretically measure what {t sees; 40" of water at 68F, and would read 40",

However, if this same column were substtuted byia fluid baving 2 specific gravity of
1.0381 at 68F, the reading would be higher, since the weight of the fluid would be
beavier thar wate by 2 factor of 1.0581.

The reading would be higher by a factor or ratio of the specific gravity of the fuid at
68F (1.038]) to the specific gravity of water at the calibrated §8F (.9982343) or:

1.0581/,9982343 = 1,059971
For this particular example the reading indicated for the ethylene glycol mixture would be:
40" x 1.059971 = 42, 399"

To bring this figure back to a true dimension, it would be necess Ty to divide the
' 42,399" by 1.059971, or:

42.399/1.059971 or 42/1 x1/1.059971 = 40"

1/1.059971 = , 943422, which is the rectprocal of 1.058971, and {s a more convenient form
to employ as a multiplying factor K. The K for the above ethylene giveol and water mixture
for 68F, as listed in the K Factor Chart, is ,943422 ,

42.399 x K (@68F) = 42,399 x . 943422 = 40"
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Specific Gravities and K Factors for Ethylene Glycol aid Water Solution at 1,055 @ 78°F
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Fils £#2220-QA~7

GZD JOB NO. 2220 MIDLAND PLANT
PROCEDURE FOR AS RECTIVID INSPECTION CF NOLD SETTLDMENT GAGE
INSPECTION PROCEDURE NO. §

1. Check the length measurements on the settlement gage hose and document om Forz NS-I-l.

2. Check that the couplings on the sectlement gage hose mate with che couplings cm the
readous panel and document ou Form NS-I-l.

3. Check that the fluid shutoff valve at the top of the staandpipe is cperatiomal
and document on Form NS-I-l.

4, Check that the panel air valve is operational and document on Form NS-I-l,

5. Check that the squeeze bulb valve is operaticmal and document on Form NS-I-l.

6. Check that the fluid in the Aquaducer hose is free of air bubbles and document
on F~za NS-I-l.

7. Check the fluid level in the standpipe section of the readout unit as per Sectiom
3.80 of INSTRUCTION MANUAL and document on Form NS-I-l.

8. TFellowing “he steps cutlined in the INSTRUCTION MANUAL, set up the probe aleoagside
a vertical surveyor's levelling rod and record the survey rod graduation on
rfﬂ !S-I-z.

9. Record the settlement gage reading on Form NS-I-2, following the method detailed
in READING PROCEDURE No. 5.

10. Raise or lover the probe a distance of ome foot and record the survey rod graduatiocn
acd gage reading on Form NS-I-2.

1l. Cecmpare the change in height as measured with the survey rod and with the settlement
gage and compare vith manufacturer's calibration.

12. Repeat steps 8 through 1l for a misimm of three other pairs of probe elevations
and document on Form NS-I-l.

13, Document the settlement gage inspectiocn, add the inspecticn date and signed
approval of the inspector as provided on Ferm NS-I-l,

14, Sead a copy of the completed Forms NS-I-1 and NS-I-2 to GZD howme office, retaining
a copy on-site duving the menitering program.

sm‘d- 27
Rev. Ne. Date Descsintion . . R

12/26/78 WRE
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File No. 2220-QA-7

GZD JOB NO. 2220, MIDLAND PLANT
PROCEDURE FOR READING NOLD SETTLIMENT GAGE

READING PROCIDURE NO, 35

1. Read and become familiar with the material contaised iz INSTRUCTION MANUAL-
TEE AQUADUCER HOSE SETTLIMENT GAGE supplied by the gage masufacturer, The
curTent editira of this manual izncludes revision C.

2. Complete instrument number, dave, iaitials of operator and fluid type &s
provided oz Form NS-R-l.

3. Determine the elevation of the top of the bar, rom Benchmark No. 9 as
provided on Form NS-R-l. Elevaticn shall be determined to the nearest 0.001
foot aad recorded to the nearest 0.01 foot.

4., Reccrd the Ambient Alr temperature for the vertical height of exposed hose
as provided for on Ferm NS-R-l.

5. Record the Estimated Ground tezperature as provided for on Form NS-R-l.

This is best accomplished by inserting a thermometer to the midlength of the
buried pipe, allowing 4t to remain there for approximately 30 mimutes, then
remove the thermometer quickly and mote ihe indicated temperature,

6. Follov the reading procedure detailed iz Section 3 of the INSTRUCTION MANUAL=-
TEE AQUADUCER HOSE SETTLEMENT GAGE. Readings shall be take= at 10 foot
intervals along the buried pipe. For each readizg, complete colummns (d)

.ehru (J) as provided oz Fera NS-R-l.

7. Transpose data froem Form NS-R-1l onto Form NS-R-2 and calculate probe elevation
as provided on the Form. Note that the "K" Fzztor valves for varicus temperatures
arte contaized in the INSTRUCTION MANUAL.

8. Send a copy of Forms NS-R-l and NS-R~2 to the G home office, retaining a r
copy of each on site during the measuring period.

o Signed

Rev. No. Date Descripcicn

0 12/26/78




File #2220-QA-8

DIESEL GENERATOR BUILDING, MIDLAND PLANT

GZD JOB NO. 2220 - INSTRUMENT INSPECTION

RECORD OF AS-RECEIVED INSPECTION OF NOLD SETTLEMENT GAGE

Settlement Gage Serial No.

Pressure Gage Serial No.

DESTIPTION OF CEXX

Length markers an hose
acceptable

Fose couplings mate with
readout couplings

Fluid shuto?? valve an standpipe
operaticnoal

Panel air valve cperaticnal

Squeeze “ulb valve operaticnal

Bose free of air bubbles

Standpipe fluid level
acceptable

Spot check on mamfacturers
calibration acceptable

—\\\

e = VD - \\_.

Signed
Date
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