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Page 1
SPECIAL GAGES USED BY DU PONT ON THE NYX PROJECT
NEW YORK SHIPBUILDING CORPORATION

Introduction

The M & E Group at New York Ship was responsible for all
measurements on process units. To carry out this function, it
was necessary to develop a great many special purpose gages as
well as procure many commercial gages. .

This book will describe the development and use of the
special gages. In a great many inspection problems in which
special gages were utilized, commercial gages in numerous
instances were incorporated to obtain the ultimate result.
Since the actual use of commercial gages falls under the cate--
gory of standard machine shop methods and procedures, only
those which were applied in a special manner will be described
in conjunction with the special purpose gages. For_a list of
commercial gages used on this project, see Section II-P of this
manual.

Special Gages
A. Plenum Tube "V" Slot Gages
1. Precision Profile and "V® Slot Functional Gage
a. Development and Use

The need for a profile type gage to measure
a finish machined #V® slot milled with flat sur-
faces in the top end of eack 54" O.D. plenum tubes
was foreseen by the M & E Group at New York Ship.
Standard gages were not available at the project
site, or manufactured commercially that could be
incorporated to obtain these measurements. A
sketch of the proposed gage was made and submitted
to the New York Ship machine shop for fabrication.
The gage was made to fit a slot of exact size, and
any deviation. was measured by using feeler gages
sither between the kage andigipt wall for oversize
slots, and between gage ard~iube top for undersize
slots. The slots wers milled (one per tube) with
a "Versa-Mill" feeding a rotating vertical cutter
across the tube wall parallel to the unit %" axis
on the Xi side. 4&s eacl slot was machined and
de-burred, the size was checked with this gage
(See Sketch #1).

The slots in "R" plenum chamber were measured
essentially the same as outlined for the NYX unit,
except a functional type gage was employed. The
M & E Group at New York Ship suggested to the Design
bDivision that a gage of this type, simulating the
actual mating part which fits into the tube slot,
be designed such that the use of feeler gages
would be - ¥irtually eliminated, thereby “resulting
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Page 2
in a reductipn of inspection timegrequired per
tube slot. This gage was designed by the Design
Division, who in turn had the gage fabricated by
Northern Engineering and Machine Company, Phila-
delphia, Pennsylvania. The functional gage "V®
slot is identified as equipment piece #790-113.
For fabrication details, see du Pont drawing
D-112218. After inspecting the gage at New York
Ship, the "key" width was found to be .010%
undersize; however, the gage was accepted but
had to be used in conjunction with feeler gages as
described in the above paragraph.

On "R" and subsequent units, two additional
ny® slots, each 1200 prom the original slot on X--
axis, were milled in the top end of each plenum
tube. For location of these slots with respect
to the X & Y axes, see Sketch #3. These were like-
wise measured using the. functional type gage des-
cribed above. For use of this gage, see Part I-C,
Section 3, Photo Serial #63.

The use of this gage was discontinued after
using it on the "RY plenum chamber, and a similar
gage of advance design was substituted for use
on subsequent units., This gage will be discussed
in the section to follow.

Width Gage
Development

With the advent of a plung milling method on
"P" ynit plenum chamber (resulting in curved
slot walls), a new gage had to be devised simulating
the function of the’mating part (Tapered key
on semi-permanent sleeve) and still indicate off-
size measurements.,

Prior to incorporating the plunge milling
method, slots were originally machined by feeding
the "Versa Mill" vertical across the plane of tube
ends. A special milling machine designed and built by
Cincinnati-Bickford reduced the "V" slot machining
time considerably and replaced the "Versa-Mill®.

This machine incorporated the plunge milling method
in which the cutter is fed perpendicular to the
plane of a tube end. This method of machining
resulted in curved slot walls. During inspection of
finished "V" slots on YP" unit, the use of the
functional gage in conjunction with feeler gages did
not produce accurate data as to whether or not slots
were within tolerance. It was discovered that the
functional gage flange seated properly, but the
tkey®™ fitted tight at points "AY and loose at "B",
(See Photo Serial Numbers 276 and 277). Feeler gages
inserted at points "B" indicated the slot was out-
side the required tolerance; however, at points

nAR it indicated slots were within tolerance.
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The multiplicity of measurements and tﬁérii
introduction of the plunge milling method led to - = .
the development of the "V" slot width gage. The_¥;§» ‘

¥ & E Group devised the gage required, and cone-:;
veyed verbally the information to Design, who in <
turn designed the gage and had it fabricated by .. =
hdvance Tool and Engineering Company, .York, Penngys:
lvania. Also, a master "setting gage!.for:cali&:y
brating the width gage was fabricated to simulate:
the actual plenum tube into which the -"kéy™'on &
semi-permanent sleeve fits. Upon receipt of the--
above gage at New York Ship, it was inspected; and ;%
found satisfactory. The "V" slot width gage is .7
identified as equipment piece number 790-136.  Fo
details see du Pont drawing D-112893. The master:
"gsetting gage"™ is identified as equipment plece
number 790-135. For fabrication details, see,
du Pont drawing D-110290. o E

Use of Gage 4 A {?”' B

For measuring purposes, the width gage is fir
calibrated by inserting the barrel into the masters
"setting gage" and then the dial indicator is-set!
at "O" for nominal slot width. (See Photo Serial
#299). Care must be taken to insure that the ke
on the width gage is seated firmly in the master
"setting gage™ slot, otherwise ‘inaccuracy in cali=%
bration will result. After the gage hdsrbeen: .i-%
groperly calibrated, it is then removed and:

Or use. ’ L

A T

The gage is used by inserting the barrel.int
a plenum tube with the "Key™ resting in the :slot
to be measured. The'key" is then seated in the’:
slot firmly by applying a slight downward had. pre:
sure on the "key", and then the dial ihdicator’is.
read. The dial indicator readings atre reversed.d
sign, i.e., (%) indicates an undersize slot--an
(-} indicates an oversize slot.:  Table #1 i
ized to determine actual slot widthe - -+l a0¢

Before inserting the width gage into-.a_tube;
it is imperative that the plenum tube-end, .I.Da.)\}
and slots be de~burred and thoroughly.cleaned (pe
ferably with solvent), as the presence of any for-
eign material will give an erroneous dial :indicatop:rd
reading. ' DTyt A

3 .o TR T RGP A Y ’;\«‘ NSRS

This gage has been used on "P" .and> ,
chambers. and will be used on.subsequent units.
the gage to be used in a tube before the honing
operation, it is necessary that. the.Q.D.-of, th
barrel be reduced in size. In-this casey the:
could be used in a tube, honed-.or nobty:¥ ¢
0.D. of the barrel is small.enough to.
plenum tube I.D. = IR

Development
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The need for a gage to measure "V" slot

angular deviation with respect to the "Y" axis

line scribed on the tube ends was foreseen by M & E
at New York Ship, and Design Division was requested
to procure the required gage. The gage was fabri-
cated at Wilmington Shops, inspected and accepted
at the same location. It was then shipped to New
York Ship where it was put into immediate use.

AﬁguiarAgage for "V" slots is ideﬁtified as
equipment piece number 790-125. For fabrication
details, see du Pont drawing D-112872,

Use of Gage

This gage is used for measuring the angular
position of each "V" slot with respect to a refer-
ence line scribed on the face of each tube end.
These secondary or reference lines were established
using the following outlined procedure:

(1) Unit X & Y axes are astablished (for method
of establishing these lines, see Part II-A,
Section 13).

(2) . 4n 18' straight edge is aligned coincident
with the unit "Y" axis. For position in which
straight edge is placed on top of unit, see
Part II-A4, Section 13, Photo Serial #53).

(3). & planer gage is set to 3.500" - theoritical
distance from center of tubes in Y axis to
adjacent row of tubes. This gage is used for
scribing all tube ends. gee Sketch #2.

(4) After planer gage is set, lines are scribed
on tube ends in row Y29,

(5) Straight edge is then positioned on row Y29
and aligned coincident with line just scribed.
The above procedure is repeated for row Y30.
This procedure is followed until all tubes in
Y] direction are scribed with center lines.

(6) The straight edge is then turned with "face"
toward X3 and the above procedure repeated.

After reference lines have been scribed on the
top end of all tubes, measurement of "V" slot angu-
lar deviation can now be readily performed. The
barrel of the plug type gage is lowered into the
tube until the 3 "keys" are properly seated in their
respective slots, The positioning bar (both ends)
is adjusted to coincide with the tube end centerline.

.The angular deviation is then read directly from

each "key", clockwise or counter-clockwise, which-

ever the case may be. The inside graduation on the
"key" represents 1° deviation each way, and the out-
side graduations represent z° each way; %° and 3/4°
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_ Page 5
'is'estimated. (See Photo Serial #6L and 65).

e

Should one slot be off more than 20, the deviation

ke Tangential Slot Gage

2. Development

Along with firming the design of the tangential

slot, a gage was developed by Design to handle

the

inspection of these slots. This gage was procured
by the Design Division for the NYX Inspection Group.
It was fabricated by Chaumont Corporation, Glendora,
New Jersey; shipped to New York Ship, inspected and
found satisfactory, The tangential slot gage and
master gage setting tube is identified as equipment

piece number 165-2L., For fabrication details,

see

du Pont drawing W-134436, This gage has been used
on "P" and "L" plenum chambers, and will be used on

subsequent units,

slots had to be devised until the above gage was
fabricated and received at liew York Ship., The M &

could be procured. This gage was used for measuring

approximately half the tangential slots in the

?!P"

unit, The gage (See Sketch #3) was inserted into

the "V glot opposite the tangential slot, and

the

edge of the horizontal bar gage handle was checked
for parallelism with the scribed line {opposite #y
slot) on top of the functional gage, The deviation
was estimated to the nearest 1/20, Depth was checked
with a 0-1" micrometer and machined block inserted

into the tangential slot. Upon receipt of the

new

gage and master setting stand developed by Design,

all slots were re-measured using the new gage.

The new tangential slot gage (No, 165-24)

incorporated two salient features: (1) Orientation
Deasurement of tangential slot referencing from a
"V" slot, and (2) measurement of radial distance
from center of the plenum tube. At this time, the .

problem of tube wall strength relative to slot

depth

presented itself and could not be resolved until an
additional special type gage (which measures the
actual depth in inches from tube 0.D, at the hori-

zontal center of the slot) could be made. This

depth type gage was developed by the K & E Group at
New York Ship and is used in conjunction with the
tangential slot gage. Uses of the above gages are

discussed in the following section,

A A Al AT A o g
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b. Use of Gages

l. Tangential Slot Gage

The following is the procedure for calibrat-
ing and using the tangential slot gage.

(a) With the two gaging arms (#5 & #6) depressed,
the barrel of the gage is inserted into the
master gage setting tube (#l1). The spring
loaded "key" (#, & #4-A) automatically seats
the gage in the setting tube. Tension on the
;kegg is adjusted at #,-B. ({See Photo Serial
7278) .

(b) Dial indicators (#2 & #3) are ad justed to "On,

(c) Geging arms (#5 & #6) are depressed and
gage (#7) is removed.

(d) Gage (#7) is inserted into plenum tube which
is to be checked. All gaging is done refer-
encing from the "V" slot on the Xl side of
the plenum tube by means of the spring loaded
tkey",

(e) Dial indicators (#2 & #3) are read and
recorded.,

Interpretation of Results:

Results are interpreted keeping two consider-
ations in mind, namely:

- 1. Angular orientation of slot
2. Radial distance from center of tube,

Angular orientation of slot is determined
by determining the algebraic difference of dial
indicator readings #2 & #3. The difference
obtained is then converted into degrees deviation
from location 0°; which represents a perfectly
oriented slot. The conversion table listed below
is utilized,

Conversion Table for Determining Angular
Jeviation of Tangential Slot

Algebraic Difference Angular Deviation From 0°
002" . 1209
00L" .2300
006" «350°
.008* 4,709
.010n . 5679

e ———— Upper Limiteew-eeceaeas -
.012n .680°
LO01Ln . 800
016" .920°
.018" 1.0500

e S
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The above conversion table holds true
for an algebraic difference up to .020", All
differences greater than .020" must be mathe=~
matically analyzed as individual cases; how-
ever, due to method of machining, all slots
have been within the .020"™ upper limit.

Providing the angular orientation of the
tangential slot is satisfactory, the radial
distance from the center of the plenum tube
is determined by noting whether or not 1/2 the
algebraic sum of indicator readings are posit-
ive or negative values. Positive readings
indicate slot is deep and negative readings
‘indicate slot is shallow (with respect to the
radial distance from the center of the tube).
The latter readings are actual deviations from
the nominal radial distance from the center
of the tube, In mathematical symbols, the
above is stated as follows:

i.D. {mean depth) = #2 indicator reazding + #3 indicator reading

2

q

A11 deep slots were considersd aecevtable;
however, shallow slots were measured”with a
special type depth gage referencing from the
O.D. of the plenum tube. (See Photo Serial
#280). For sestisfactory operation of mating
part during unit operation, Design requested
a minimum depth of 3/16" (From 0,D. to bottom
of slot) to be maintained.

-ah s

% TS
i 5
D AN
2
’; B. Large Tube to hod Tube Ligament Gage

3 .

e 1. Development g

Lo

The problem of measuring the center-tg-center distance
between & large tube and rod tube did not present itself
until the final stares of fabrication were completed on
the "H" unit plenum chamber and top tube sheet. This
measurement was not deemed necessary on the &YX unit;
consequently, no gage had been developed to handle this
particular phase of inspection. Upon Design's request
that this measurement be incorporated into the inspection
procedure on "u" and subsequent units, the i & I Group
at New York Ship was confronted with the problem of
4 procuring a special type gage for the job. ¥ & E con-

tacted Design, outlined the gage requirements, and re-

3 quested procurement of the type gage required. In
compliance, Design Division designed the gage and had
it fabricated by the Chaumont Corporation, Glendora,
New Jersey. For identification purposes, the following
is a breazkdown list of each component part:

o H

(1) Setting stand - Cne purchased and identified as

.

L L W L S
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equipment piece #790-126. For
fabrication details, see drawing
D-114667-d. See item #3 on photo
serial number 224,

(2) Bracket with dial indicator attached « Two purchased
and each identified as equipment
piece #790-~126. For fabrication
details, see D=-114667-D. See item
#1-a on photo serial number 224.

(3) Centering pin - Two purchased and each identified
as equipment piece #790-126. For
fabrication details, see drawing
D=114667-4., See item #2 on photo
serial number 224,

During the time the above gage was being designed
and fabricated, the inspection group was without a gage
for obtaining the measurements requested by Design. A
"substitute gage" for inspection use until gage No. 790-
126 was received was immediately devised by M & E¢fabri-
cated at New York Ship. This gage consisted primarily
of two integral parts: namely, a mandrel and a bracket
to which a dial indicator was affixed. (See Sketch #i).
Since rod tube location measurements wvere required on
both sides of the plenum chamber and top tube sheet,
six individual mandrels were machined to fit varying
bore sizes. (See "note" on Sketch #L).

The following is a breakdown of the mandrels used:

TABLE #1

Mandrels for Top End of Rod Tubes on Plenum Only

Mandrel #

Dimension "A"

1 l.,89"
2 1.502n 1.500" Dia. Held Constant
3 1.505% (See Sketch #4)

TABIE #2

Mandrels for Bottom End of Plenum Rod Tubes
and Both Ends of Top Tube Sheet Rod Tubes

HMandrel # Dimension A"
1 1.307" 1.500" Dia. Held Constant
2 1l.310" (See Sketch #I)
3 l.315"

Since the counter-bore t
a plenum rod tube was 1.505"

olerance at the top end of
to 1.510" and the rod tube

bore on the bottom end was 1.3075" to 1.3175", it can
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be readily deducted the need for a sufficient number B
of different size mandrels. The same reasoning holds - - P
true for a top tube sheet rod tube in which the bore y
diameter was 1,3125" * .005", b

a2

P o e At

Using the above "substitute gage™, large tube to - .3 3

rod tube ligaments on both sides of the "R" unit plenum ¢
chamber and top tube sheet were measured as outlined in . - ! °
the following procedure: . L b S

Lialiigs

(1) The bracket with dial indicator affixed is first <K
calibrated with a planer gage. The dial indicator  °
is set at "O" for the nominal rod tube ligament
dimension. (See Sketch #,, dimension "B"%.

(2) The proper mandrels are selected for their respect~“4::;f
ive tube end and all three are tried to determine )
the best Fit. (Refers to dimension "A"), -

(3) After a suitable mandrel has been selected, it isf*%‘
inserted into the rod tube. s

(k) The bracket is then inserted in a large tube with'  }1
the calibrated dial indicator registering against .
the mandrel. R

e
3

Y

‘

(5) Using a horizontal "rocking Motion", and holding ¢
the radiused piece on the bracket bearing against e
the large tube wall, the highest "positive™ reading i
is determined by noting the fluctuating dial - RN
indicator needle., = - . - .. o e LD Nal

- - I ) -

(6) Reading is recorded and used in conjunction with"-r-"..-
basic gage setting and mandrel diameter (1,500%)- "¢ s
for final computation of large tube to rod tube RN
ligament dimension. See Sketch #, for illustration -
of computation, T e et

B
N
§
H
E

3

During the course of using the above gage, it was - ‘.5
found that measurements obtained were lnaccurate, and +i- %
also the use of the gage. itself was cumbersome’ and-time
consuming., After the new gages were received from . .oy
Chaumont Corporation, the use of the substitute gage I ‘i

was discontinued, and the former was used for me asuring. v
ligaments on "P" and subsequent units. T e

B o L " v 3

£

Use of New Type Gage ‘ SR {’»fg§m5‘
This gage is used for taking me asurements fiomiléfgé¢
tube to rod tube on top and bottom of both plenum chamber

and top tube sheet. The procedure-for use of thiszgaggf—‘

Foar
A

is as follows:

a e

Sowaed

(1) The plate gage or centering pin with three .arms is
placed on the tops of large tubes, with arms restin
on the latter and the tapered plug re istered “in’
the rod tube.. (See Photo Serial #22k}.: - e

-

'
Aoy

(2) A "separate arm" with an iﬁtégréi'ydkéfénaﬁaiélﬁ
indicator, is set to the dimensional equivalent’

, A
2 FAN I P g S e
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center distance between tubes using the setting
stand. (The actuzl bore of the specific large
tube must also be taken into consideration).

(3) The "separate arm" (1-a) is placed across the tube
face with the verticzl pin resting ageinst the in-
side of the large tube.

(4) The minimum reading on the dial indicator is then
read and recorded. This reading indicates the
deviation from the true center to center distance
between the large tube and rod tube.

Special leveling screws are supplied for measure-
ment where plate gage cannot be supported on faces of
three large tubes.

Probe Pin Inspection Gages

1. Development and Use of Gages

d.

Probe Pin Socket Functional Gage

During the machining of probe pin sockets, the need
for a special type functional gage for checking the I.D.
was foreseen by the 11 & E Group. The latter contacted
Design and requested them to procuré the required gage.
In compliance with the request, Design Division designed
the gage and procured it for tre NYX Inspection Group.
Essentially this gage was a go-no go plug gage for check-
ing inside diameters of probe pin sockets. The convent-
ional method of gaging was employed. It was fabricated
by Advance Tool and Engineering Company, York, Pennsyl-
vania and shipped to New York Ship where it was inspected
and found satisfactory. This gage 1s identified as
equipment piece number 790-132. For fabrication details,
see du Pont Drawing D-110286.

After probe pin sockets were welded to the top side
of the plenum chamber, an additional check using this gage
was mede to determine whether weld shrinkage affected
the I.D. The above inspections were performed on "R"
and "P" units only.

Due to a change in design from an unthreaded to a
thrsaded bore om “L* and subsequent units, the function-
al plug type gage was discontinued and a go-no-go
gtgﬁ?ard threaded plug gage was used. (See Photo Serial
72861} .

Probe Pin Socket and Rod Tube Paralled Gage.

To hold the location of probe pins to drawing spec=-
ifications, a gage or gages to determire the location
of probe pins with respect to a rod tube and large tube
was required by the ¥ & E Group., In compliance with a
request for required geges, Design Division designed the
gage and procured it for the NYX Inspection Group. The
gages were fabricated by Advance Tool and Engineering

TR,
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COmpany, York, Penﬁsylvanla and shipped to Neh York L
. 'Ship. .Gages were inspected at this location and found

satisfactory. -This gage has been used for inspection™ o

E i-’purposes on RN glénum -chamber -and_ subsequent units. - .

i . "L Gage #3.(PhotoSerisl- #23k) and component .parts.are & it

. identified as equipment piece number -790-133. For fab- ,;‘

.ﬁ;ﬁb rlcatlon details, see du Pont drawings W—134987 and

E‘ ':;7'?'

Lo Aqmﬁw* S The use; of thls gage is shown in photo serlal
LI T number 23l gage #3, parts A, B, and Gu.-This-is d -
, 7t it dualepurpose, gage - it ‘measures: the dlstance from: -
Lo T vy the rod: ‘tube center’to the center.of.the probe~p1n
T Tt Tt socket, ‘and the Parallelism’ of the rod. tibe and: -
- s, - .- “probe ‘pin socket ‘center with. respect 10 a ®Y" -axis
el ‘fn'ﬁt;fn‘ of a’ large tube,.’ Since ‘this:gage 'séryes.as’ a dual
ST e Lol measurlnv 'device,: the procedure for. operating Ehe
LT ; gage is outllned in. two parts.m LR

- | - (a) Procedure for Measurlng “Genter. to?Center "}"
”k_v , ' Dlstance between Rod Tube and4Probe Pin’ Socket

\.. L0

i Part “A“ 1s flrst screwed 1nto a. probe pln
‘socket as shown in photo serlal #23&..5g:4\

CA fz; Part MBY, whlch 13 a‘plugatype gagc-with
. oL w o am extended,arm, is inserted into.a rod .
tube that;ls‘located 78

Afrgmgthenprobe pln.»
T T 3 With»the'extens1on.armdof;partf”B“ reeting
S con part’ ¥A®, the .deviation frow 7" .centers
Fo . between the” rod: tube ‘and- prcbe~ﬁin-socket
. - read at.. "B—l" .Tolerance on. the~center
%o centen-distence Jbetween the rod tube
and’ probe pin .socket:is- AR Vs V1S
- ) Dart;s A", and 9B are graduated:W1th scr;b-
. n5ﬁ~‘1ed*11nes‘1n Sueha- mennerathat deviatioas“
- s from| the«?"wcenters is g aad s accura&ely at..; -
CrABLIN. (Ifthe location OF rthE’ “Brobé.pini’:
, eocket'is 6utside~the Tequired ‘tolerance,. i
. ;f‘ it'isbent.in the” requlred dlrection until !
A wlthin tolerance.=ﬂ-p._d,‘:b T g

T s)xﬁ\-_

< a*

\4~t- Due to the accuracy of locating and“*
“welding probe. pin sockets to -the unit; zhe
“above method of' "bending" probe pin*socket_
until withln tolerance" wag deemed ‘accept=
‘able; since resadings wWere- only k] ghtlyﬁ«f‘
..plus_or ‘minus over-the SPGleled tolerance
;in all cases encountereq. - v:*;'“:ueﬁg”

e ._v‘

{(b) - Procedure for measurlng parallellsm.of a red
; tube ‘4nd’ 4 probe pin’ sockét “common center
L respect_to‘a “Y"cax1s of 2 ldrge tubesy

:'the'_bove?parts "A#v&w"B i Ty
BRI »z,respectlve -pogitions gs’ deséribed.in? ;
A A sectzon (a)3 the parallel“gag"{§~9z' <

L [
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2. Gage (#4) is rotated clockwise or counter- :
clockwise until the scribed lines on both
ends of the positioner bar ("B") coincide
with "Y" axis line scribed on end of
large tube (points 1 & 2). Positioner
bar ("Bt) is clamped in place by means
of knurled thumb screw "C¥,

3. Threaded stud on end of swinging arm "D"
is inserted through plate "A™ into probe
pin socket and screwed into latter.

L. Swinging arm ("D") is first rotated to
position as shown in photo serial #23h.
The deviation of dimension "A™ (Sketch
45) is read directly at point #3. Due
to construction of gage, deviations Trom
drawing specification is read £ 1/32¢%
from nominal dimension 6-1/16".

5. Swinging arm (¥D") is then rotated to
position #5. The deviation of dimension
npn (Sketch #5) is likewise read directly
at point #5. Due to construction of gage,
deviations from drawing specification is
read £ 1/32% from nominal dimension
3-1/32", If the probe pin socket is not
in its proper location, the latter is
bent in the required direction until with-
in tolerance. Due to the accuracy of
locating and welding probe pin sockets
to the unit, the above method of "bending
probe pin socket until within tolerance"
was deemed acceptable, since readings
were only slightly plus or minus over the
specified tolerance in all cases encount-
ered.

Latch Stud Functional Gage

On "R®, ®Pn oLt "K" and ngn ynit plenum chambers, Two
latch studs per rod tube were welded to the top side of each
unit. Latch stud location with respect to a rod tube was the
same on all these units. For location of studs, see du Pont
drawing W-133609.

Before the latch studs were welded to the "RU unit plenut
chamber, the M & & Group at New York Ship requested Design
to investigate the functional tolerances required on the
latch studs, and to design and procure the necessary gage.
In compliance with M & E Group's request, Design Division
designed the gage and had it fabricated by Advance Tool and
Engineering Company, York, Pennsylvania. The gage was shippe
to New York Ship where it was inspected by the M & E Group an
found satisfactory. The latch stud functional gage is identk
as equipment piece number 790-137. For fabrication details, .
see du Pont drawing D-110291. i

)
A

{
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Essentially this is a flat type gage with a plug on one
end that registers in a rod tube, and with two holes drilled
(432"~ 436" diameter) 2.500" and 3,000" respectively from
the plug center, which passes the latch studs, providing they
are in their proper location. (See photo serial #281)

‘
i

lonitor Pin Functional Gage
1. Development and Use.

After "R" and "P" bottom tube sheet assemblies had
been completely inspected at New York Ship and accepted,
they were shipped to the Savannah River Plant for erect-
jon; however, after receiving the above units, preliminary
inspection by Savannah River Project personnel on the
bottom land of large tubes revealed the following condit-
ions:

a, U"R" Bottom Tube Sheet

1. Scratches in the 3-3/8" diameter counterbore in
the lower ends of the tubes.

2. Depth of half round orienting grooves too shallow
to permit entry of some monitor pins. Depth here
refers to the dimension perpendicular to the
centerline of 2 tube.

3, Length of orienting grooves (in direction parallel
to tube centerline) too great, thus violating the
O-ring seating zone, or too short, thus preventing
complete entry of monitor pins,.

L. Edges of half round grooves and crown of chamfer
sufficiently sharp to endanger C~-ring during
insertion.

b, "P" Bottom Tube Sheet

1., Edges of half round grooves and crown of chamfer
sufficient}y sharp to endanger J-ring during
insertion.

The above discrepancies in the units were corrected
in the field. However, to prevent occurrence of similar
conditions in the "L® bottom tube sheet (under fabricat-
jon 2t N.Y.S.) and lester units, it was requested by Design
that the i & E Group's inspection procedure for all tube
bores on the latter unit be reviewed for adequacy. In
addition to checking conformation with all drawing sped-
jfications such as dimensions, finish and freedom from
sharp edges, each bore was requested to be independently
examined as to its suitability for O-ring. This exami=-
nation wae to include a close visual inspection and
running the hand over the surfaces involved.

In response to the above field complaints and in
compliance with Design that all bottom lands in "L" unit
be reviewed for adequacy, I & E Group immediately invest-
jgated and inspected the jig and drills used to machine
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monitor pin grooves. The jig itself was found satis-
factory; however, 3/16" drills used were not of the
proper size to produce the required depth of half round
orienting grooves. (Depth refers to the dimension per-
pendicular to centerline of a tube). The 3/16" drills
originally used were replaced by a 3/8" drill ground to
7/32" 0.D. pilot for a length of 1/2", Bushings in the
Jjis were likewise replaced with proper sizes to receive
the new type drill.

After correcting the above situation, a suitable
means of checking monitor pin groove dimensions as reques=-
ted by Design was required. Two gages for checking these
grooves were developed by the ¥ & E Group and fabricated
by New York Ship. These gages, plus the modifications
to suit current specifications, were as follows:

1) The first functional gage was fabricated for checking
the proper squeeze for upflow pin and sharp edges
cutting O-ring. The root diameter of the gage was
machined to 3.020", and fitted with an O-ring whose
diameter was ,222". This gage was used until it was
discovered that the gage barrel was too long and
would not seat properly in some tubes, and the O-
ring hit the tube chanfer. (See photo serial 252,
Item #1). Also, photo serial 253, item #2.

2) &» second functionzl gige was fabricated with a 3.005"
root diameter and a .222" diameter O-ring for check-
ing slots that were too short and for orientation
and depth of slots. It was discovered during its
use that the "squeeze" was not tight enough for
checking sharpness of slot edges. (See photo serial
ff252, iten ,',"3?.

The purpose of gages ¥1 & 3 (rhoto serial #252,
item 1 & 3) were incorporated into & single gage by
having gege ;3 metal sprayed, re-machined to a 3.022%
root diameter and fitted with & .222" diameter O-ring.
(See Sketch 7#6) This gage now checks:

1) Orientation and depth of 3 slots {See vhoto serial

725L) .
2) Proper squeeze + .003".
3) Slots too short.
L) Sharp edges.

It is necessary to use a depth mike to determine
slots too long. Length of slots are 1/2" (+ .000" -,015");
however, all slots were acceptable by Design up to
9/15" long.

F. Electronic Gage for Line Boring Operation

a. why Gage was Keeded
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Since the line boring operation required that M&E

inspectors take measurements both concurrent and after

this operation, mechanical gages had been developed to .
take these precision measurements; however, it was found f
that the use of these mechanical gages on the NYX unit
was inadequate. These inadequacies were time consuming
due to number of intricate measurementsiwhich required
the use of centrality gages. To elimingte this diffic-
ulty, it was decided jointly by the Desien. and Material
and Equipment Section to build and dgvélop ‘an electro- :
magnetic gage (electronic gage) propased’iby a member of i
the Mechanical Development Laboratorys i

o

~ 7

T et

o em———
T

Procurement and Application

1. #1 Electronic Gage, Setting Stand hdicating Panel, g
Panel Stand AL :

The first electronic gage designed by the
Design Division was fabricated by the Thau Manu-
facturing Company, Baltimore, Maryland,- and then
shipped to Automatic Temperature Coritreol: Company,
Philadelphia, Pa., for assembly and wirning., After
this the gage was shipped to New York Ship, Camden,
N. J., for operational purposes and further develop-
ment. It was identified as equipment piece #£790-.42.
For fabrication details, see du Pont drawings Wl3lz2,z,
W131243, W134167 and D11L4632, A

01 o ettt e T g

e vt kb3 O bt e X

ot i
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The setting stand for the first lelectronic gage
(See Part I - Section C, paragraph L, sketch #8) was
fabricated by the Thau Manufacturing .Cempany,
Baltimore, Maryland, and shipped to*New York Ship.
It was identified as equipment piece- #790-58, For

fabrication details, see du Pont driwing D114630.
sy BT

3

0 st i ot
TR

This gage and its component parts:were first
utilized for operational and development purposes
on the first and second seven tube mock-ups as dis-
cussed in Part I - Sections B & C. It was also
incorporated into the line boring procedure for the
NYX and "R"™ units; however, due to machanical diffi-
culties encountered in the operation, of the gage
itself on both units, its use was discontinued and
two new gages were built to replace it.

A
A

RN

Purpose and Functions

e

The primary purpose of this gage was to determine
if a plenum tube is being bored concentric with the mid-
point of the corresponding top tube sheet tube within
.015". The medium of measurement incorporated into the
gage to indicate this condition was a series of differentiall
transformer coils. These coils are connected cascade in .
electrical circuits which are in turn coupled to an ampli- |f§
fier in the control panel. (See photo serial #223) At the}
control panel four indicating levels (bottom bore of plenum i¥
tube; top, mid-point and bottom of top tube sheet tube) are I8
read directly to the nearest thousandths of an inch. This 1%
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method of measurement was patented by the Automatic
Temperature Control Company, Philadelphia, Pennsylvania.

Limitation of First Electronic Gage

The first electronic gage consisted of three stages.,
These stages were located at three levels; namely,
(1) top (2) mid-point and (3) bottom of top tube sheet
bore, Each stage consisted of four plungers 900 x 1V
in a2 clockwise spiral, and each plunger had its own
differential transformer. The top plunger of any stage
is identified as Korth, second plunger as East, third
plunger as South, and fourth plunger as West. All North,
East, South and West plungers were in the same relative
position,

Another undesirable feature of this gage was the
method in which leveling of the gage was done, Each
time the gage was rotated to any one of the four quad-
rants (in check stand or tube), it had to be re-leveled,
thus introducing a time consuming factor. This factor
was later overcome by re-designing and incorporating into
the "gage head" a thrust bearing so as to permit free
rotation of the gage without re-leveling each time it
was rotated to one or all four quadrants,

Electronic Gage Setting Stand

A setting stand was designed and fabricated to
calibrate the first electronic gage. (See Part I -
Section C, sketch #8), The setting stand presented a
few problems. The main one was setting the plungers,
Repetitive readings could not be duplicated due to the
poor rigidity of the master setting bars.

The setting bars were replaced with a precision
honed tube (4.375" bore diameter, equipment piece
#790-58 drawing D114630) supported in a rigid box type
frame, thus facilitating the setting of the electronic
gage plungers to sero panel dial readings. ‘

The above presision honed tube was later replaced -
with two master cylinders made of high tensile bronze
and chrome plated on the I.D. and ground to L.3750%
(I.D.)e (In addition, eight more adjustment screws
were added to the check stand so that each cylinder's
location could be controlled. (See photo serial numbers
273 and 274) X

#2 and #3 Electronic Gages

The problems and difficulties encountered during .
actual practice and use of the electronic gage on NIX -
and "RK" unit line boring operations were virtually eli-
minated through the following design changes: e

Yox,

1. Addition of "plunger stage" at level of bottom bore X ;4

of plenum tube.
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This additional stage of plungers was added to
locate the bottom land of a plenum tube, and to provide
additional information of & finished bored tube, Other
than this, it had no direct bearing on pre~determining
functional characteristics of a tube or setting and
aligning base plates.

Addition of Brass Strips for Plunger Tip Protection

Four brass strips were added to the gage barrel to
protect plunger tips, and also to serve as a guiding
implement during insertion and removal of gage. (See
Part I - section 4, photo serial #147 illustration)

Addition of Thrust Bearing for Universal Leveling in
One Operation

As pointed out in section b, no method for leveling
the gage was incorporated which enabled free rotation to
any one of the four guadrants without re-leveling each
time. This inherent feature was eliminated by re-desipgne
ing the "head" of the gage and incorporating into it a
thrust bearing machanism. {for details, see du Pont
drawing D-11441k4). This feature required leveling of
the gage only once for each tube checked; thus eliminate-
ing the time consuming Jjob of re-leveling each time gage
wis rotated to another position during any one tube
check,

Safety Cam Lock

A safety cam lock was incorporated into the head
of the gage to prevent removal of the gage from the
check stand or 2 tube being check without first retract-
ing plungers which enabled the 1iftin handle to be
raised vertical for removal of gages (for details of
safety mechanism, see du Pont draving W134167)

Upper Gage Fixture for Leveling Gage After Removal of
N¥S5 Base Plate

Two indicating fixtures (D~l11414=B - equipment
piece ;790~89) were designed and fabricated to permit
leveling of the gage after removal of line boring bases.
(3ee photo serial #223, items 1 and 2).

The two new gages were fabricated by the Thau Fanu-
facturing Company, Baltimore, ¥aryland, and then shépped
to Automatic Temperature Control Company, Philadelphia,
Pa,, for assembly and wiring. After this the gages were
shipped to New York Ship, Camden, X. J., for use in the
line boring operation. The #2 and #3 electronic gages
grg égentified as equipment piece numbers 790-59 and

9 - [

For fabrication details, see du Pont drawings
¥W134167, 131242, %131243, and D114632.

The setting stand for the first electronic gage was
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utilized for calibrating the second and third electronic
gages. Panels with "Atcotran" dial indicators mounted

on it were purched from the Automatic Temperature Control
Company, Philadelphia, Pa. These were identified as
equipment piece #790-78, drawing - BPF 120400, and equip-
ment piece #790-86, drawing - BPF 120403. The two instru-
ment panel stands are identified as equipment piece
numbers 790-60. For fabrication details, see du Pont
drawing D-114629,

Procedure for Using Electronic Gage and Line Boring
Inspection Procedure. (See following memorandum)

Pattern gages and Calibrating Stands Used on All Sub-
Assemblies,

1.

2.

Need for Pattern Gages

Pattern gages were necessary in order to determine
the coordinate of each tube relative to the X and Y
axis for plenum chamber, top tube sheet, and bottom tube
sheet. In other words the distance from X and Y axis to
the center of each tube was required. Pattern gages
permitted the obtainment of these measurements to the
nearest .001",

Development of Gages

The original gage used in measuring patterns con-
sisted of a wood beam with a dial indicator attached to
one end and a steel hook attached to the other end.

Du Pont inspectors assigned to New York Ship were respon-
sible for the conception and production of this gage.
;For view of gage, see Part I, section A-l, photo serial
184). This gage was, of course, necessary in order to
measure the location of each tube from the X and Y axis
rows of tubes. In use, the gage was set to a basic dimen-
sion by means of a pin gage calibrated to .001®. There
were as many different length pin gages used as pattern
requirements necessitated. If necessary this gage would
span a distance of one-half the diameter of the unit.
It received use during pattern measurements on the
experimental 8! diameter mock-up after all tubes were
welded in place. (See Part I)

Before the time arrived for obtaining final pattern
measurements on NYX unit, a verbal request was made to
Design for a gage to facilitate more rapid pattern mea-
surements. Four gages were furnished as shown on du Pont
drawing W-130903. These gages were used to obtain final
pattern measurements on NYX and all subsequent units.
Four ligament gages 48" long were fabricated by Newton
Tool Co., Wenonah, N. J., and shipped to New York Ship
for immediate use.

In order to set the gages to a proper basic setting
a calibrating stand was fabricated. This permitted a
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PART I -~ GERERAL
- duﬂm/’ .

‘The Atcotzran Electronic Gage, for inspesction of the
gset-up and final boring of the plenum chambsr tubes in .
relation to the center point of the tubss in the top special
tube .sheet, is a delicate instrument and should be used with
axtreme Care. o

' Basically its operation and procedure is simple, but
unless some thought and time is used it can bs very confusing.
The procedure for using this gage should be followed with

concern. ' :
PART 11 - CHECK STAND

A, Reason for:. N
A check stand has been provided for the slectronic -
gage. It 1s used for checking the accuracy of the gage
. ag well as setting it, : .
B. Description: -

: e stand consists of a rigid frame work that holds
in place a ™master tube" and a Rlocating ring". The
"tube™ is held in place by 8 setting screws. The
*locating ring® is bolted and doweled to the frame, The
tube is made of stainless {304) steel dnd the inside dia-
meter has a honed finish of 5 RM.3. The inside diameter

. L 18 4.3751% to 4.3755" from top to bottom. ,

C. <Checking the stand for being level. | '
~ .- Place a precision Ieve% graduated in thousandths of
an inch on top of the "locating ring® on a diagonal
across the columns of the stand. '

There are 4 Jjack screws in the base of the stand,

one at each corner, and these jacks control the level of
the stand., AdJjustment of the stand through these jacks

* should be done with care and the stand should be checked
for level at least once every 24 hour period, or before
each work shift. . T

Do §gtti¥§ of master tube.. . S
e plungers of the gage are-set t0 4.3750" diameter.
When the gage is placed in the check stand and the instrue
rient panel turned on, the dials will read "zero® at each .
stage with the control switches at "diameter® position -
providing the tube is "centered® and the plungers sst cor-
rectly. ) :

Positions of the tube may be checked by turning the
stage switches to N-E, (north & east), or S-W, (south &
vwest), position, When this is done and a plus or minus
reading shows on the dials, the tube is not centered cor-

rectly. .

LY
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Leavins the stage control switches in this gosition,

adjust the & setting screws which are found in the 4
frame columns, {4 at top of the tube and 4 at the bottom),
until a zero reading-is obtained. The screws are 90° to
each other; thegafore, the adjustment is controlled by
2 screws at 180 to each other., When one acrew is
loosened, the opposite screw should be tightened, but

* only finger tight in all cases.

- Direction of adjustment may be determined by watche
ing the dials. Each plunger in each stage should be .
checked for "zero™ when the tube is considered centered.
Plungers reading other than zero when the gage is rotated
360° should be reset, but only. by a qualified person,

PART ITT - DESCRIPTION

J »

Ao General
' e electronic gage consists of a bronze bar with a

leveling head consisting of thrust bearing for its ro-
tation and a grecision "all-way® level on top of the
head for leveling purposes. . )

B, Stage identification
There are L stages of plungers in the bar which are

extracted and retracted by means of a control handle in
the head of the gage. The 4 stages ars referred to as
Top~-Top, Top, Center and Bottom,

.

" Co Plunger identification
: fﬁere are }, plungers in each stage and their

PART IV =

positions are referred to as north, east, south, and west,
The north plungers are in line with the ‘cable connection
and the other positions are 90°, 180°, 270° respectively
in a clockwise direction. .

PRECAUTIONS" . :
The. electronic gage will be found in place in the check

stand and should be kept there when not in use. The gage is

.88t in place, removed from the check stand or boring set-up

bases by means of a crane with a block and fall, the latter
to be hand operatead. :

When using the gage in general or checking it, the crane
operator and the rigger should be cautioned and instructed as
to the necassary care required in raising and lowering the
gage into operatin% position, The inspector should observe
sach positioning of the gage. Bumping. the gage must be avoided,
its operation aad accuracy might be impaired if a substantial
bump or number of bumps occur, :

The crane bhould be used only as a means of locating the
gage over the saf.-up base or check-stand. The block and fall
is used to lower or raise the gage into and from its operating
position, | ]

The gagse must be guided by a rigger or the inspector as
it is raised and lowered to prevent it from bumping the sides

of the tube which it is being lowered into. or raised from.
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PART V « CHECKING SET-UP FOR 2ND BORE

A,

Be

General . . C
n checking the set-up for the.second bore, the.

" usual procedure should be followed using extreme care in

lowering the gage into position and removing it, .
. It must be continually remembered that the must
%1wa¥s be_level before maEing any readings at an ggﬁe;

e -Way evel on top of the gage sho 6 level to
the degree that the bubble is within one-half line of bs-
ing central, with the gage positioned in any direction.
{Ses sketch #1) ‘

Checkingz centrality of base plate setting., : T

- KI%gnmenE tolerance on this check has been established
by design as being ,005". This means that the center of '
the bass will be central,(within .005"), with a vertical
line passing through the mid-length bore of the correspond-
ing top tube sheet tube. Check this in the following
manner: _ -

1. Place gage in base plate. Bubble should be level
within one-half line. If it is not, have

New York Ship level base until such a condition

is reached,

Use center stage of plungers and center set of
dials.,

Set selector on centrality.

Read top dial for N-S reading and bottom dial for
E-W rsading. - .
a. Precautions .

1. When taking above readings make certain
that the north plungers are align¢d in a
northerly direction.

2, 1If the above readiggs seem radical, then
rotate the gage 90° and take a similar
set of readings. These should co e

gfzals

N
c

I ]

F W

with the ori in magnitude; If they
do not, there is an indication that the
gage requires readjusting by the mathod
outlined in Part II, séction D. If the
above check in gage stand proves satis-
factory, it can be assumed that the top -
tube sheet tube .has a defective bore at
the elevation of the plungers. The tube
bore should be checked with slectronic
gage in order to determine bore size.
This will ascertain whether the bore is
beyond tolerances. Replace gage and choose
L directions,when tube bore is uniform
take new readings. (Return gage to rnormal
position after rotation or adjustment.)

5. If either or both of the above full dial readings,
listed in item 4, are gbove 10, then have base
adjusted accordingly by New York Shig until full
dial readings ere below 10. (Level base aftetr

¥
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ad justing and before reading dials,) Sketch

#'2 shows why the full dial reading of 10 is

used in lieu of the ,005" alignment tolerance,

Record final results on appropriate record sheet,

Note: 1If bass must be shifted, direction of
s8hift can be determined by referring to
the following chart:

Centrality Shift Centrality Shifs
E - W )

N -3 Base Base
% North 4 bast
. = South - West

Example: 1If a reading such as this were obtained:
N=S: 415; E-W: ~-203 the base would be
shifted first to the north and then to
the west such that the final readings
would be below 10,

Qheckin% centrality of top bore of top tube sheet tube,
418 check 1s one of two checks made In an & ort to

determi
the tub

ne if the functional gage will properly seat in
e after final boring. Needless to say, pre-

determined krowledge of this fact, (seating of functional
gage), is an invaluable asset to be credited to the use-
fulness of the electronic gage. When the gage is handled
carefully and conscientiously, and ths results properly
analyzed, much grief and money can be saved by knowing *
the answer ts this one simple question., Will thes
functional gage properly seat after the tube is bored?
The answer to this question is obtained in the following

manner,
vart B:
1.

2,
3.

Use top stage of plungers and left hand set of

digls,

Set selector on centrality,

Read %op dial for N-S reading and bottom dial for .

E~W reading.,

a. Precautions

1. When taking above readings make certain
that the north plungers are aligned in a
northerly direction. .
2, If the above readings seem radical, then

rotate the gage 90° and take a similar
set of readings. These should compare .
with the originals in magnitude. If they
do not, there is an indication that the
gage requires readjusting by the method
outlined in Part II, section D. If the
above check in gage stand proves satis-
factory, it can be assumed that the top
tube sheet tube has a defective bore at
the elevaticn of the plungers. The tube
bore should be checked with electronic
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‘gage in order to determine bore sise.
This will ascaertain whether the bore is’
beyond tolerances. Replace gage and
choose 4 directions,when tube bore is
uniform < take new readings.  (Return -
gage to normal position after rotation
or adjustment.,) ' L.
4. Plot resultant of above components, N-S & E.W,
on chart, (see sketch f£3). Make certain that
you have payed proper respect to the plus and
minus signs of the. components., If you have, the
resultant will give both magnitude and diraction.
5> If the resultant of above full dial readings )
exceeds 20[ make a note of this and continue with .
tne following check: (Did you ask, "Where does
the 50 come from?" The answer to this question
will be found on sketch #4.)
Checkin§ centrality of bottom bore of top tube sheet tube.
S check 1s tne final phase In obtaining an ansawer
to the question. Will the functional gage properly seat
after the tube is bored? - -
l. Use bottom stage of plungers and right hand set
of dials.
2. Set selector on centrality., :
3. Read top set of dials for N-S reading and bottom
set of dials for E-W reading. d
&, Precautions :
1. When taking above readings make certain
that the north plungers are aligned in a
northerly direction,
2, 1If the above readings seem radical, then
rotate the gage 90° and take a similar
set of readings. These should‘comgaré_ .
with the originals in magnitude. If they
do not, there i1s an indication that the
gage requires readjusting by the method
outlined in Part II, section D, If the
above check in gage stand proves satis-

"~ factory, it can be assumed that the top
tube sheet tube has a defective bore at
the elevation of the plungers. The tube
bore should be checked with electronic
gage in order to determine bore size.
This will ascertain whether the bore is
beyond tolerances. Replace gage and
choose L directions,when tube bore is-
uniform - take new readings. (Return
gage to normal position after rotation
or adjustment.) o

L. Plot resultant of above full dial- components, NS
i & E-W, on chart. (see sketch #3).

.
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5. If the resultant of above full dial read%ggg
exceeds 50 make a note of {his and proceed as
ollows:

Analyzing the two resultants, (top bore and bottom bore).
o J1n order to analyze the two resultants
bottom bore, ome must be aware of the £
can exist, These cases are illustrated on sketch #5,
and typify hypothetical sections of the functional
gage fully seated in the top tube shaet tube, .
a. Explanation of five cases,

o re an
ive cases that

Case I - This is what we term a doubls white area.
It is our goal. ’ )
- Resultant readings in this area
indicate bhat the functional gage will
properly seat after boring. These re-
sultant readings will be under 50- for .
both top and bottom boras, The gage may
be removed and tube bored.

Case II-This is what we term @ white-red area.

It is only a portion of our goal.

Resultant readings in this area
indicate that the functional gage will
clear the top bore but not the bottom bore.
The resultant will be under 50 for the .
top bore but over 50 for the bottom bore.

To correct the above situation it -
will be necess to shift the base and
disregard the full dial readinf of 10 for
the middle bore. Proper shifting of base
will be in a direction opposite to
largest resultant plotted on chart..

At completion of final shifting of
base, the top bore resultant and bottom
bore resultant should be equalized to an
amount under 50, if possible. -

At 8 poInt it will be necessary to
check the mid-length bors centrality and
determine if the resultant is under 50.

It will rarely, iI" ever, be over 50 if the

above method has been followed.

Note: If it was found to be impossible
to obtain a doublé white area, (all
resultants under 50), contact your
shift supervisor and supply him

- with your results. He and others

will make a decision as to whether
the tube can be successfully bored.

Case III-Here we have a red-white area. This is

the reverse of Case II, It too, is only
a portion of our goal.-

Resultant readings in this area
indicate that the functional gage will
not clear the top bore, but will clear
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.the bottom bore. .
Rectification of this situation is .
the same as the procedure followed in o
Case II, N o
Case IV-This is a double yed area. It is the ... &,
most problematical situation that. éexists,
It is the. exact opposite of our goal. - .
Both top and bottom bore resultant:" -~ -
readings will be' above 50. Here also, - *
rectification of the condition.can somé.
times be accomplished by following the =
procedure of Case II.- That is, a compro.. .
mise resulting in.equalisation of the -~
two resultants, ‘ .. -
Again if both resultants after adjust-"
ing do not both fall in a white area, - '
contact your shift superviszor. He and:
others will make a decision as to whether
the tube can be successfully bored. .
Case V- This is a rare case indeed. It is a double
+ red area, but notice that tube is actually’
bent. This can be determined with thes -
gage by noting that the resultants fall
in the same or adjacent quadrants and
are above the 50 limit, In the firat:
four cases the resultants fell in opposite
quadrants on the chart,. . W T
Rectification of this situation can
sometimes be accomplished following the
" procedurses of case lI and case IV, -
Make certain that the mid-bore
Teésultant does not exceed 50 after final
) adjustments, This agglice to all cases.
After satisfactory readings have been obtained in
all five cases the gage may be removed from the base and
the tube bored. . S e
-Always be certain that you have racorded your results

" on the appropriate record shest,

PART VI - CHECKING SET -UP FOR 3RD BORE, (FINAL BORE.)

A,

Bo

. Results

Reason - . )
is check is made in order to determine whether tﬁe

base moved after making the 2nd bore. . .

Procedure : :
-_Follow the same procedure as that followed in Part V -

Checking set-up for 2nd bore. . . SO

ou n a will be necessary to adjust the.
base slightly in 50% of all cases. Remember, adjustment. -
will be alifht, so you should be able to accurately "breese = .
through"™ this check,: ' ‘

ecord your results on tha aﬁﬁippriate record sheet.

4
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A.

B,

OEL

EY A=
O dl

‘91 ,"./é

Co

Ws are going to divide the inspection of-final’

General

bore into two categories, namelys .= . e
l. Inspections made with electronic-gage., -7 7l
2, Inspections made with other gages. '
Inspections made with electronic gage.

1. Genseral .
~ Results of the final bore are obtained in a
somewhat different manner than heretofore. There
are two "special” bases made, each base havinP a
different pilot diameter.’ ' :

2. Procedure

Using a bore gage set for L.375" diameter, check
the top land of plenum for bore size. After the
bore size. has checked "OK", (4.375" .- 4.378". approx.)
the boring fixture base plate must bs removed and the
bore swabbed clean until dry, including the tube in
the top special tube sheet,

Select the "special" base for the electronic
gage which has a pilot diameter nearest, {on the
minus side), to that of the bore size. Position the
base and lock into position by means of the locking
fingers,

| Level the base by means of & "precision level"
as close as possible. The "precision level"_ should
bg positioned in line with the axis, first in one
direction and then the other.  After this step is
completed, position the electronic gage and adjust

the base for level by means of the "all-way" level.

Extend the plungers with thé north plungers -
aligned in a northerly direction and continue as

gollows. .

esults’ . . o .

a8, Uentrality on bottom land of plenum chamber tube.
1. Use top-top stage of plungers with selector

* set on centrality., )

. = -

2. Read tog left hand dial for N-S reading and
bottom left hand dial for E-W reading., i

3. Record the full dial readings showing the
proper plus or minus signs for each.

b, 1Centra ity of mid-length bore of top special tube; .

bX3 }f
DS
w F e

Use center stage of plungers with selector
_ set on centrality, : '
2. Read top-center dial for N-S reading ‘and S
bottom center dial for E-W reading.
3. Record the full dial readings showing the
*  proper plus or minus signs for each.-
Inspections made with other eS.,
° re size - usling bore gage X .
2. At one inch below top surface of plenum chamber
tube in X & Y directions. I




(Y

2,

3.

4o

5.

Page 9 .

b, From one to three inchss below chamfer on °
bottom land of plenum chamber tube 4n X &.I
dirsctions. _

Varticality ' N

1, In north, east, south, and west directiona =
showing direction as:well:as amoint: 6f verticality, «
The end of the arm on which the dial indicator . -
is mounted is to be ‘used as a directiondl finder,
Record plus and minus signs for each reading. -

?urgace finish of bore on plenum tube in r.m.s. micro-

nches,
Do this using your finger - nail and comparing
with roughness specimens. Segregate your results

and record under one of the three classificationa

as follows: e

< ¢
.-

a. 0“63 . ’ . . " N
b. 63-125" . R
c. 125-UP, T ) ' .“

Functional Gaging :

a. Use 4.3657 - L.330" diameter functional -gage.

b. Record as go or no-go.

¢. If no-go, explain how much 5age ‘lacked of seating
without any force whatsosve If slight amount

. of torce, by hand, perm rmitted gage to seay, then

record this also. ,

Use the remarks column generously on record sheet

to explain all discrepancies,.

e




PAGE A

ALL-WAY LEVEL. .
LEVELLING LIMITS — BUBBLE MUST BE LEVEL WITHIN
Y2 LINE, AS SHOWN, BEFORE MAKING ANY READINGS

EACH LINE REPRESENTS.0005" PER F%-

SK#1
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NOTE:
FULL DIAL CENTRALITY 1IS. o
DOUBLE ECCENTRICITY OK SN
- . P : L . . I N L;‘:] . 'O‘O“ S ‘
' ' '}“—cOOS" o | M A el -
. DIAL CENTRAL
. | ECCENTRICITY ITY READING.
+0
1A
W- 0

Toe TuBE SnuEsT

TUBE AT MID-
. LENGTH BORE,

S SUPERIMPOSED RORE
+10 OF PLENUM C\-\AMBEK
TUBE,

ExampLes oF ELECTRONIKK. GALE REAPIMGS.

{ PLUNGER READINGS | FULL DIAL CENT:
M JE [S [W NS | E-W
+i0 | +10 | 410 o] Qo . +10.
+30 | =15 |~10 | +15 | +40 - -30

REMARKS -

. HEXAMPLE As SHOWM

SWMFT BASE N § W'
-0 | 12 [+1G [-18 || ~ 30 +30 |ISHIFT BASE S ¢ &

oK # 2
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CENTRAUTY CHART

I.USE FULL DIAL READINGS

N-5= ~40; E-W=+50,

Res. = 64 (ReD 1N Quap. 2.) .
3. QUADRANTS MUMBERED AT -

4. ExampLe®

RED AREA —RESULTANTS OVER 50 -

. WHITE AREA~ RESULTANTS UNDER SO

’
]

CorvERS,

SK# 3




- . 44380“ DlA- -H .
- -4‘330" -2*-5-'——————-’- ) o .050‘.‘
o FULL DIAL
CENTRAWTY

. o ot —  O25 "
ECCENTRICITY

—

FuncTiONAL OacE

1T BEGCOMES EVIDENT THAT THE .050" 1S BASED
ON MINIMUM BORE LIMIT OF TOP TURE SwWEET TURE.

SK* 4-
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3, Pattern Coordinai§'dai5§igﬁééns

Page 20-7;

rapid, accurate means of setting the gage in the X
direction only for the plenum chamber and top tube =

sheet. In order to set the gage for other patterns,:
(Y direction on plenum chamber and top tube sheet .ang:
Xand Y direction on the bottom tube sheet), Pin:ggges'y
of appropriate length calibrated t0 001" were usedg .:
This method was used on NYX and "R® units,.- RS

4
- AP N
L -n"',"‘*"'

o

.~ .AS:the jqﬁ;p;z‘?o"gf'é%'s’ed'?’iﬂﬁ{I‘)’iéégﬁep-e.v-fg.’dént;;:ﬁh‘, G bthe
above method of Setting the gage:by means of; in gapes'

G

was cumbersome, time ‘consuming, ‘and gave reason Tor i
Susceptibility of errors., . Therefore, .calibrat.ionz‘sﬁ‘:apé
were ‘made to dimensions as listed belows: - Craall

(1) Plenum Chamber and Top Tube Sheet "~ - i

-

F O S

a'. Top side énd bottom side =. "‘i“:.afz‘éfétién; (13 re
358970 2,620, 9.620", 16,620, :23,620m, " .. *
30.620%, 37.620", hh.620m, " - LTI

, ate

b, Top side and bottom side - Y direction [Bota,
% 380") 7.744T, 19,8687, 31.992", 4k,1I6N, "
(2) Bottom Tube Sheet e T -

-

~2;
W .

a. Top side - "i(“ direction- (Boré 3.2775“) 3.725" §
10,7257, 17,725t 2L.725%", 31,7254, 38.725", RS

L5.725%,

-

b, Top side - "Y" direction (Bc;ré _-".-:
20.973", 33.097%, LEE

l".s .221'3'}:‘“ e -

v L SRR LA Ve

B

c. Bottom éide,__-’-'5‘5",1","éifécti‘cixi’_-(iBore'“§3i-3'86§‘;.)' 5
20.6207, 17,6207, 21,6207, 31.620v, 38,620
b5.620m, T RO e R R

d. Bottom side - "Y" direction (Bore,3,380"
20.868", 32,9921, 45,1160, ST

s

. R L BT A
Of the above, ‘ong -calibrating stand 13
wasnalteadiwiﬁ;ex;steaqggand_yanmodifigdi§Qﬁ§uib
the above dimensions, Pattern gages -and Lealisy
brating stands:are :shown on photograph serialf#isy:
in Part II-A, Section 8. The above six’ .calia: .G
brating stands:were fabricated by ‘the ;Thau Mfg,
Baltimore, Maryland; ‘and ‘inspected :at this:~,., -
location by an JAnspector. from New York Ship..3
found satisfactory, . Ry U St

AL

-

P

%)

LI .
s 4

T
e 7

The object of the:.pattern ‘coordindte Treport, isiton
show the position of the center-of each tube ~from theiXinih
Sogbinschverlines. . To do this it-is d simple:caléulition
combining ligament. méaéqx"_ex\nezit,s‘;-wiﬁh:;{bé;‘r‘é%si_z‘e;é;;fé wLigdme
measurements by definition.are the distances Dbetween:ti

AR

. S T AL A . T T T o e e R I

First, howevér, the pesition ‘of “the basic 'tubesiare

established from the centerlines (X & X axes),:
. . . :;. i :',‘ . %" e 1",_
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are taken to rows X28 and X29 from the X centerline, i3
and Y45 and Y48 from the Y centerline. If the bore S
diameter of tube X28-Y45 is 4.386", and the distance .- '~ .}i
of the outside edge of the I.D. from centerline is . . g
2.200", then the center of the tube is-.007" to the - .. 3<%
left of the centerline., The remainder of the tubes ... 7]

are then measured from these basic:tubes.but.it-must:
be remembered that all basic tubes have their own =" *--+
coordinates. It is apparent then a correction must . ::
be applied for the basic tubes. As an example: Tube:.
X39-Y21 has a ligament measurement of 30,5987 from .
tube X29-Y21 which has a coordinate of 3.520". " The

bore of tube X39-Y21 is 4,390" and X29-Y21 is 4.386",.
The coordinate of tube X39-Y21 is 3.520" £ 2,193" ...
£ 30.598" £ 2.195" or 38.506". The pattern coordinates i
is graphed as the actual distance 38.506%, .and / . BRE}
which is the variation from the theoretical. .. |

An alternative to the above is to set all ligament [ B
gages at theoretical distances, then when calculating ... '
the pattern, add all deviations, and subtract the . 2
deviation from the theoretical distance thereby obtain-
ing the pattern coordinate. This method is more -rapid
and less cumbersome, and is actually used to calculate -
the pattern. e

v
S

For an illustrative example of a completed ‘patte
see Part II-A, Section 18, NYX plenum pattern (top.and

bottom side).

H. Eccentricity Gages L

1. Development and Procurement - S By
In the early stages of the NYX Project,:ths Design:
Division realized that it would be necessary to ‘have -:..
data relative to the eccentricity between the plenumn!
chamber tube bore and the top.tube "sheet. tube bore:
was agreed that the eccentricity.should be:takén:a
mid-point of the top tube sheet bore relative to:b
the upper and lower bore of the plenum chamber tubes:

Due to the basic design of the plenum chamber an
top tube sheet, Design Division specified-that all-eccen
tricity measurements should be in ‘thousandths’of -an-inch
At this point, it was postulated that a dial-indicator::
would have to be inserted into the tube bore “and tead’ it
the mid-point. of the bore of the top tube.sheet tube
In reality, it was the final decision of, Desigh th:
sleeve type gage would have to be fabricated:with
indicator mechanism suspended in the hollow -part
gage. The first gage (see Photograph Serial:No, 2
Item #2) was fabricated.and assembled by the Newto
and Manufacturing Company, Wenonah, New Jersey in:a
cordance with Drawing No. D-114396-A. It .wa 4
du Pont Equipment Piece No. 790-76." - - -
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S e r—

When the first eccentricity gage was received at
New York Ship, it was observed that the gage had several
limitations. In the first place, the dial indicator was
mounted in the bottom end of the gage in such a manner
that the plunger of the dial indicator could not be re-
tracted between readings. After a series of readings
had been taken, it was found that the dial indicator
plunger had been damaged. Evidently, the plunger caught
on the plenum chamber or top tube sheet tube when the
eccentricity gage was inserted or removed from the tube
being measured.

To alleviate this condition, M & E Inspection per-
sonnel devised a method of retracting the dial indicator
plunger when the gage was not in use., Modification of
the gage was accomplished by attaching a cord to the dial
indicator plunger inside the gage body. This allowed the
plunger to be retracted while inserting or removing the
gage from the tube bore.

However, it was again observed that this modified
gage (see Photograph. Serial No. 275, Item #2, du Pont
Equipment Piece No. 790-76) could be damaged if the
operator using the gage forfot to retract the dial in- :
dicator before removing the gage from the tube bore. :
This problem was presented to the Design Division for
review and their recommendations, )

In due time, the Design Division designed a new ec-
centricity gage [see Photograph, Serial #275, Item #3,
du Pont Equipment Piece #790-77) to replace the old gage.
Since it was considered impractical to modify the old
gage, the gage was considered obsolete. The new gage
was fabricated and assembled by the Newton Tool and Manu-
facturing Company, Wenonah, New Jersey. s

The new gage had several good features incorporated
in the basic desigp -that had been omitted in the design
of the old eccentricity gage. During the line boring of
the NYX plenum chamber and top tube sheet large tubes,
carbon steel base plates were positioned over the tubes
for aligning and supporting the boring bar. To take a
reading with the first eccentricity gage, it was neces-
sary to have this base plate removed before inserting
the gage in the tube. By making the gage longer or by
adding to the length of the tube body to compensate for
the thickness of the base plate, it was possible to take
readings when the base plate was in the position used
for line boring the tube. This made it possible to take
eccentricity readings before, during, and after fhe line
boring operation. A special collar was fabricated for
the gage body to act as a stop for the gage (see Sketch
#7). This collar could seat on the plenum chamber tube
face and give positive control of the depth to whaich the
gage was inserted into the tubes. It also insured the
operator that the dial indicator plunger was making
contact with the mid-point of the interior of the top
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tube sheet tube wall. With a positive method of con- -
trolling the degree of inserting the gage in the tube
bore, it also became apparent that the two other collars
fabricated into the body of the gage were seating proper-
ly in the upper and lower bores of the plenum chamber.

To overcome the safety hazard of damaging the dial
indicator plunger when the eccentricity gage was being:
withdrawn from the tube bore, the gage was re-designed
so that the dial indicator plunger was automatically re-
tracted by a spring loaded fork and plunger arrangement.
When a reading was taken, the operator had to depress
the plunger located at the top of the gage. This allowed
the dial indicator plunger to come in contact with the
inner wall of the top tube sheet tube mid-point. How-
ever, it was found that it was quite difficult to keep
the gage in proper adjustment. This was partially due
to the fact that the readings were being taken in thou-
sandths of an inch. At this point, a special ring gage
was designed and fabricated. This ring gage was used
as a known standard for setting and checking the eccen-
tricity gage before readings were obtained. At this
point, it was felt that no more difficulties would be
encountered in the wsage of the eccentricity gage.

Nevertheless, after taking several hundred eccen-
tricity readings, the observation was made that these
readings could not be duplicated to within several
thousandths of an inch. It was speculated that the
variation of the tube bore was great enough to cause
this variation in the readings. Since this gage was
designed to take measurements to the nearest thousandth
of an inch, it was decided that the gage was not accu-
rate and, therefore, for all practical purposes, it was
placed on a standby list. In other words, gages number
two and number three in Photograph. Serial #275, were
obsolete. '

Several months elapsed between the time that the
NYX plenum chamber and top tube sheet were line bored,-
and the same units were placed in operation at New York
Shipbuilding Corporation. During this interval of time,
some emphasis was placed on the conjecture that the ec-
centricity gages should be re-designed. However, after
considerable investigation, it was decided that the
present gages {see Photograph, Serial #275, Items 2 and
3) could not be modified to obtain accurate data during
the operation of the above referenced NYX units.

To take measurements prior to and during the oper-
ation of the NYX unit at various temperatures and
pressures, it was necessary to design new eccentricity
gages. Two gages were required. The first or short
gage was designed to measure the eccentricity between
the plenum tube bore and the top of the top tube sheet
tube.. The second, or longer gage, was designed to
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measure the eccentricity between the plenum tube bore -

and the bottom of the top tube sheet tube bore. . Both " ;-

a gages were designed to take measurements to the nearest . ;
: thousandths .of an inch. TR powna e lmlonne o R

< P
SRS

, These gages are shown on Drawing D=114479 and -were ° - -
sl e shabricated by, the Chaumont Corporation;:Glendora,: New it
R IR - éﬁ:"-»‘.’«’."s::ﬂjer;g'e‘y‘;':’?-gi’p:}feg’[g_‘rd‘;:_té .fu,n(;‘bj_1)1{3]_»d_és:}_gn;‘l‘,h“e”'ga.g“e.?f‘(See’w AR
- Photograph, Serial #275, Items #1-:and-#4) were.similar-:
to the eccentricity gages used during the ‘line boring -
of the NYX plenum chamber and top.tube sheet assembly, .
However, both gages employed a rack and pinion-gear to-
retract the dial indicator plunger, ' ‘This not -only re~"
sulted in-more accurate readings, ‘but also reduced the' 6 - _
"..-amount of. time required for standardizing the gage:: As -
" was the -case with the previous eccentricity gages (see .
Photograph; Serial.#275, Items #2 and #3) a special ring. .
‘gage had to be ‘designed for standardizing the new ec- '~
. centricity gages. . . T TR

'

. T
Sl e
a7

~ To use the new gages and obtain readings accurate

to a thousandth of an inch, four special- sleeves were .. ...

designed. - The sleeve was inserted in- the. plenum tube i i

and held secure by a set screw. In turn, -the'body-of. - -

the eccentricity gage was inserted into the sleeve, -
Since the inside diameter of the sleeve was accurate
-to thousandths of an inch, the variation in the read- ... ..
¢ . ~- 7 ings-obtainedduring the operation of the:NYX assembly. . .
, ’ . . was't nsidgrably;lgss-xhan,had,beenapréyiquggifeipérig“
“ enced durihgiﬁhe'liﬁeibbring-oﬁ“theTsﬁBjéctfﬁhitST%%?”
Nevertheless, after analyzing'a series’ of eccentricity.:
- "'gage readings-obtained during the trial operation of . - 7

the NYX ‘assembly, it-was concluded that the readings® - -5+
were not accurate-to the nearest thousandths of an inch. 57

In effect, it was decided that for all practical purposes. .

the latter two eccentricity gages were obsolete. ™. . .. -

- -
- E
¥

At one time. during the early stages.of designing
eccentricity gages, a gage (see Photograph;. Serial.#275
Item}#5,?dﬁ,PontEEquipménﬁ'Piecé'#790632§fwés?déé1ghé
for measuring boring eccentricity -between the’ plenum-
chamber tube and the top tube sheet tube. - This gage”
was fabricated by the Thau Manufacturing Company, - -~
. Baltimore, Maryland, Drawing D-114897-A.- As was thé
. case with.the other eccentricity gages, ‘it was observ.

. that-the-variation 'in the size-of the plenum’chamberiis
B S tube bore.caused considerable divergence. in the resultap”
. S eccentricity readings. These. readings-were. taken durj” -
Sh T e e s - the dinerboring:of -the NYX -plenum chambeér “and:‘top:ty
0w 07 [ sheet assembly. < Based on thérdegree:of inacciirae
ST, - - this gage, -it was considered proper to:declare-tF
" obsolete fseegSketch«#S); : IO e

"Bt the £imé 4 program was initisted te -
design -of -the original eccentniqity%gaggg“y P
{ o LT

"+ 'was begun to accomplish some spade:work o
'~ e Daen R ~:‘ e T e T o anXen e 2 f_.‘
DI - . s
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method of obtaining eccentricity reading data. The
majority of the experts agreed that data obtained
electronically would be far more accurate than the data
obtained with a mechanical type of eccentricity gage.

In addition, the electronic gage could obtain with one
setting the exact relationship in four directions (90°
apart) between the top and bottom lands of the plenum
chamber tube, and the top, middle, and bottom of the

top tube sheet tube. Not only was it observed that the
electronic gage could obtain readings accurate to within
a thousandth part of an inch, but it was also realized
that the electronic gage was a great time saver when it
was compared to the mechanical type of gage. Therefore,
the advent and successful application of the electronic
gage definitely placed the mechanical eccentricity gages
on the obsolescence shelf,

Operation and Use

The eccentricity gages were first used during the
line boring of the tubes in the plenum chamber and top
tube sheet assemblies. To use the first gage (see
Photograph Serial #275, Item #2, du Pont Equipment
Piece No. 790-76) the operator would ‘grasp the handles
of the gage and manually lower the gage into the tubes
allowing the gage by virtue of its own weight and in-
ertia to seat itself. It was understood that since
the subject assemblies were mated and leveled prior to
starting the line boring operation, the bore of a tube
was in a vertical plane common to all other large tubes
in the units. It follows that the gage readings were
taken when the body of the gage had aligned itself with
the bore of the plenum and top tube sheet tube.

Generally speaking, the first reading was taken
when the stem of the dial indicator plunger coincided
with either the "X" or "Y" axis of the subject units.
Readings were taken for each quadrant or at 90° intervals
covering a span of 360°, This allowed a total of four
readings with two readings on the "X" axis and two read-
ings on the "Y" axis. :

When the stem of the dial indicator was depressed,
the hand of the indicator revolved in a clockwise di-
rection. The operator with the aid of a flashlight
could take readings and record them for each of the
quadrants. As previously indicated, this first gage
was not designed for mechanically retracting the dial
indicator plunger. Early in the game, it was placed on
the inactive gage listing.

The next gage (see Photograph Serial No. 275, Item
#3, du Pont Equipment Piece No. 790-77) allowed the oper-
ator to release a spring loaded fork and plunger arrange-
ment before taking a reading. When released, the plunger
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came in contact with the tube wall and a reading could
be taken. As before, the eccentricity gage had to be
set to a standard ring gage, so all readings taken were
in either a plus or minus direction to the standard
setting of zero in most cases.

Both of the above gages were set aside when the
line boring of the NYX unit was completed.

For obtaining eccentricity readings during the oper-
ation of the NYX units (Building 10), two new gages were
designed. The gages are shown in the Photograph Serial
F275, Item #1, du Pont Equipment Piece #790-111 and Item
ik, du Pont Equipment Piece #790-112. These gages were
inserted into the large tubes after the units had been
mated, leveled and placed in operation. As discussed
before, four sleeves were used in conjunction with these
gages. These gages employed a rack and pinion gear to
retract the dial indicator. After the gage aligned it-
self with the sleeve bore, the operator could release
the dial indicator plunger, so it came in contact with
the wall of the top tube sheet tube. With the aid of a
flashlight, dial indicator readings were taken. As be-
fore, the readings were usually taken at 90° intervals
and covered a range of 360°, The dial indicator had to
be previously set to a known standard. The standard
was used as a basis for making all eccentricity calcu-
lations.

In conclusion, all five of these gages were de-
clared obsolete because accurate readings could not be
obtained to the nearest .001", After changing to the
electronic gage, readings were accurately obtained to
the nearest .001", The electronic gage was used for
controlling the line boring operation and the test oper-
ation of all units.

Special Gages used in Building 10 for Obtaining Measurements
Before, During, and After Operational Tests conducted on the
NYX Process Unit

General:

This report covers the procedure used in securing measure-
ments on the NYX process unit in Building 10, and the special
type gages and instruments required to perform this job. All
measurements were taken after installation and alignment of
the process unit for experimental testing purposes.

The procedures outlined herewith were set up by the du Pont
Operations Technical Group. They, in turn, requested the M & E
Inspection Group located at New York Ship to obtain the neces-
sary operational data. The original procedures as outlined
by the Technical Group were of a general nature. It was the
responsibility of the M & E Group to develop the actual in-
spection techniques utilized for completing the assignment.
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All data and information recorded by the K & E Inspection
Group was presented to the Technical Group in formal report
form.

l. Rotational Movement of Plenum Chamber with Respect to Silo

While outlining a procedure for the operation and
testing of the NYX Unit, it was the opinion of the Oper-
ational Group that the plenum chamber probably moved when
subjected to various temperatures and pressures, Based
on this supposition, this group requested the M & E
Section of the construction division to secure exact data
as to the degree to which the plenum chamber would move.

At a later date, the ¥ & E Section requested the
Operational Group to specify the directional movement
that they were primarily concerned with. They in turn
indicated their desire to ascertain how many increments
on the outer periphery of the plenum chamber moved in
respect to a fixed point during the interval of operating
the KYX Unit. It was considered adequate to take zll
rotational measurements in a clockwise or counter-clock-
wise direction and confine these measurements to a hori-
zontal plane. To facilitate the analyzing and calculating
the exact amount of this rotational movement, readings
were taken before, during, and after each of a series of
operational test runs.

Several instruments and methods were considered by
the M & E Section for carrying out this specific assign-
ment. Based on past experience, the ¥ & E Inspection
Group settled on the Wild T-1 Theodolite, (See section
"K".) as the proper instrument for taking accurate mea-
surements in a minimum amount of time.

For a fixed point to serve as a bench mark for set-
ting up and using the Theodolite, a spot was selected on
the northeast corner of the concrete silo. To establish
and hold this bench mark as a permanent fixed point from
which all rotational measurements could be obtained, the
M & E Section suggested that a steel instrument mount be
fabricated. This instrument mount (See -Sketch #9) would
be mounted on a concrete pedestal located on the silo,

It was mutually agreed that the concrete silo did not

move to any appreciable degree when the NYX unit was
operating. Therefore, it followed that the steel pedestal
should be installed on top of the concrete silo. As an
added feature for obtaining accurate measurements over

a8 period of several weeks, the top plate of the instru-
ment mount was machined to a plane having a ground finish.

Prior to operating the NYX unit on a test basis re-
ference points were established. One reference point
was placed on the concrete block wall northeast of the
instrument mount. This point established a check line
running from a2 point on the instrument mount to the point
on the concrete block wall. Another reference point was
established on the building steel located to the north-
west of the instrument mount. This point established a

e a o e



Xz
.7 - S~ ‘
';‘/"“"?EF"V' EptHace jo Locare - v24& ) e :
Wiep TwEOOCL I TE - X6 ‘-.\ (D
ey ’J. .
l H ‘ ! N
' i ,'
f i > .
i * 3
; I Y’ .\_Q) 25"‘7’ -‘-3 A Yz lL
L —H R
. o . A \ x29-Y83
: : A AN YRS
| i Lo
} ,_l! - . 1‘_1” \.\. m
f / Xi'fgn/ s 1
. L
- v iA° :
e —— — } N
Corici v == FeowiTRL Y ey 0
-y L. o TAN -

(T S NN S S SN A~ ) .
] c;\;Lr.-sr; W SKE TCH #—'9

[ O —

PROJ. No.

ENGINEERING SKETCH SHEET

Du PONT pe NEMOURS & CO.

SIGNATURE:

w'rm.s
Seripls CHELKROTP‘!O MEL Wou-“"!ﬂ‘ OF f‘LLNUM

DATE

SUBJECT:

- 42404 —




rage 28

base line running from a2 point on the instrument mount
to the point on the building steel. All measurements
were taken from this base line,

Four reference tubes in the plenum chamber were
selected for studying the rotational movement of the NYX
unit. One tube was the center tube of the plenum chamber, -
1ts coordinate was designated as X28, Y48 in respect to
the X and Y axis of the plenum chamber. -The other three
reference tubes were located on the outer periphery of
the plenum chamber approximately 120° apart. Their coor-
dinates were X6;-Y24;, X29;-Y93;, X51;=Y27,

A specizl sleeve was inserted in each of the four
chosen tubes. For all practical purposes, the bore of
any sleeve was considered perpendicular to the machined
plane formed by the top surface of the plenum tube ends.

4 mandrel with a flat surface milled on one side and along
its length was inserted in each of the four sleeves.

Since the sleeve bores were uniform in size to within a
few thousandths of an inch, this mandrel was machined to
give a snug fit when fully inserted into any one of the
four special sleeves., 4 centerline was scribed on the
flat surface of the mandrel. When the mandrel was seated
in a special sleeve, this center line for all practical
purposes, was considered perpendicular to the machined
plane cutlined by the top surfzce of the plenum tube ends.
A small center punch mark was located on this center

line. When taking a reading the milled flat surface has
tg faciothe instrument set up on the northeast corner of
the silo.

All readings were taken in the following manner;
A total of twelve readings were taken between the base
line and check line. Six readings were taken directly
and six readings were obtained indirectly. Indirect
readings were taken to nullify any error in the theodo-
lite. Next, a total of twelve readings were taken between
the base line and the four plenum chamber tubes referenced
above, Six of these readings were taken directly and
six were obtained indirectly. Likewise, the indirect
readings were taken to cancel out any error in the theo~
dolite, It should be pointed out that to take indirect
readings the operator merely reversed the telescopic part
of the instrument.

Using these readings, calculations were made to find
the angles between the base line and an imaginary line
running from the punchmerk on the flat surface of the
mandrel to a point in the theodolite. Since direct and
indirect readings were taken, it was necessary to average
the angles obtained between the base line and the line
of sight of the theodolite when the instrument was focused
on the punch mark located on the flat surface of the
mandrel. These angles (See Sketch 2A) were designated
as A. B, C, and D. The angles were calculated from data
obtained before, during, and after operating the NYX unit
on a test basis. The deviation between the angles mea=-
sured at various temperatures and pressures gave the




2.

Page 29

amount of rotation of the plenum chamber during its
operation.

For an illustration of the results obtained refer
to du Pont report number 132-X, Exhibit Bl, Part Bl-2,

Verticality of Plenum Chamber with Respect to Top Tube
Sheet

Prior to placing the NYX process unit on an operat-
ional basis, it was realized that data would have to be
secured as to the degree of movement of the plenum chamber
in respect to the top tube sheet. .

When the units were installed, particular emphasis
was placed on seeing that the tube faces on the top side
of the top tube sheet and the bottom side of the plenum
chamber were properly mated. To aid in accomplishing
this feat, verticality gages were employed. Several
tubes were selected as being representative of all tubes
in the units., By finding the best average verticality
for these tubes, it was concluded that all tubes in the
units were properly aligned.

Based on the above, it was the opinion of the M & E
Inspection Group that z verticality gage would give the
desired data for finding the degree of movement of the
plenum chamber relative to the top tube sheet.

Four tubes were selected for these measurements.
Location of these tubes has been shown on Sketch 24 in
this section. They were assigned the following coordinate
tube numbers: X6-Y2L, X28-Y48, X29-Y93, and X51-Y27, A
special steel sleeve was inserted in each of these tubes.
to obtain more accurate readings.

Since none of the verticality gages on hand would
fit in the steel sleeve, a special gage was designed by
the Design Division and Wilmington Shops. It was fabri-
cated by the Chaumont Corporation, Glendora, New Jersey.
To comply with the fact that verticality measurements
represent the amount of inclination of a tube bore in
respect to a vertical line, the gage was built to take
measurements to ,001" per foot. A dial indicator cali-
brated in thousandths of an inch was attached to the arm
of the gage. A spirit level and adjusting screw were
also made essential components of this special verticality

gage.

In taking verticality readings the gage was manually
lowered into one of the four special sleeves. Next, the
verticality gage was leveled by adjusting the hand adjust-
ed set screw until the spirit level indicated that the
bubble had located between the middle two graduations on
the glass of the spirit level. After leveling the gage,
readings were taken in each of the four quadrants covering
360% « Each measurementr was taken along either the X
or Y axis.
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A1l verticality data was presented by the M & E
Inspection Group to the Techanical Operations Group,
Based on this data calculations were made to ascertain
the exact amount the plenum chamber moved in respect to
the top tube sheet. Readings were taken before, during,
and after operating the NYX process unit on a test basis.,

antrality of Plenum Chamber with Respect to Top Tube
Sheet .

During the period of agreeing on what measurements
should be taken when the NYX unit was operating on a test
basis, it was realized that data would have to be secured
to determine the degree of movement of the plenum chamber
in relation to the top tube sheet,

The units were installed by using the best average
tube centrality readings. At the time it was observed
that such readings not only aided in aligning the tubes
in the plenum chamber and top tube sheet, but also helped
in mating the tube faces on the bottom side of the plenum
chamber and the tube faces on the top side of the top
tube sheet. All centrality readings were obtained by
measuring a representative number of tubes with gages
similar to those discussed in Section H,

. Based on experience gained in previously using the
eccentricity gages, it was decided by the M & E Inspection
Group that two eccentricity gages would give the required
data for determining the movement of the NYX plenum
chamber in respect to the top tube sheet during the oper=-
ation of the entire NYX assembly on a test basis,

Four tubes were selected for these measurements,
Their coordinates were as follows: Z6-Y2lL, X28=-Y48, X29-
Y93, and X51-Y27, Special steel sleeves, with bores mach-
ined to a close tolerance, were inserted into the above
referenced tubes., It was found that more accurate data
was obtained when the steel sleeves were fitted in the
subject four tubes. This conclusion was based on a
comparison of readings obtained with the eccentricity
gages inserted in the steel sleeves versus the eccentrie
city readings secured without the sleeves in these tubes.
Location of the tubes in the units has been shown on
Sketch 2A,

In lieu of the fact that the first eccentricity
gages would not fit in the sleeves, two new gages were
designed by the Design Division as shown on detail draw=
ing D=114479. The gages were procured from the Chaumont
Copporation, Glendora, Kew Jersey, on inquiry number C30-
€16, order number AXC 6700%4. At the time they were recei-
ved at the New York Shipbuilding Corporation they were
assigned equipment piece numbers 790-111 and 790-112,
respectively.,

The first gage, equipment piece number 790-1ll,

‘dwg. detail D-11LL794 was designed to measure the eccente

ricity between the plenum tube bore and the top of the
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top tube sheet tube bore. The second gage, equipment
piece number 790-112, dwg. detail D-114L479B was designed
to measure the eccentricity between the plenum tube bore
and the bottom of the top tube sheet tube bore.

Eccentricity or centrality readings were taken before,
during, and after operating the KYX assembly on a test
basise. Four readings were taken for each tube covering
3600 with one reading in each quadrant. All readings
w§rebtaken along either the X or Y axis of the plenum
chamber. :

Readings were taken by manually lowering the eccent-
ricity gage into the tube being measured. To take a read-
ing: the stem of the dial indicator was depressed. This
permitted the dial indicator plunger to make contact with
the inner wall of the top tube sheet tube. The operator,
with the aid of a flashlight, could take readings and
record them for each of the quadrants.

All centrality data was presented in report form to
the Technical Operations Group by the M & E Inspection
Group., They, in turn, examined the data and calculated
the degree of movement of the plenum chamber in relation
to the top tube sheet. ¥*here possible a correlation was
made between the results obtzined with the centrality
data znd other data such as that secured with verticality
Eages.

Beflection of the Top Tube Sheet

While making a study of the types of movement during
the operation of the NYX unit on a test basis, the M & E
Inspection and Technical Operations Groups realized that
measurements should be tazken of the amount of vertical
rovement of the plenum chamber, top tube sheet and tank
bottom. It was concluded by these groups that a measure-
ment of the deflection of the top tube sheet would suffice.
In other words, the data obtained in studying the deflect-
ion of the top tube sheet represented to a great degree
the overall picture of the NYX assembly. Deflection data
was collected before, during, and after operating the NIX
assembly on a test basis.

After considering several instruments and ways of
taklng the deflection measurements, it was the concerted
opinion of all parties involved that a Wild KIII precision
level could be utilized to the best advantage. For a
fixed point to serve as a bench mark for setting up and
using the Wild Level, a spot was selected on the north-
east corner of the concrete silo. To establish and hold
this bench mark as a permanent fixed point from which all
deflection measurements could be secured, the M & E
Inspection Group suggested that a steel instrument mount
be fabricated. This instrument mount was mounted on a
concrete pedestal located on the silo. The assumption
was made that the concrete silo did not move to any appre-
ciable degree when the NYX unit was operating. It followed
that a steel pedestal had to be installed on top of the
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concrete silo to support the ¥Wild NIII Precision level,
Ahs an added feature for obtaining accurate measurements
over a period of several weeks, the top plate of the
jnstrument mount was machined to a plane having a ground
finish.

The wild precision measuring staff was used in con-

~junction with the wild level. A point was established

on the silo at a known elevation, It was postulated that
the elevation of this point or bench mark did not change
to any appreciable degree. .

Four tubes were chosen to represent all tubes in the
NYX unit. They were assigned the following coordinate
numbers: X6-Y2L, X28-Y,8, X29-Y93, and X51-Y27. In the
bottom land of each of the four top tube sheet tubes a
stainless steel plug with two "O" rings was inserted,

‘These plugs served as a stop or base for the wild precis-

ion measuring staff.

Prior to taking any deflection readings the wild
level was set up over the steel instrument mount. (See
Section J). Next the wild precision measuring staff
was set on the bench mark having an established elevation.
Readings were taken using both faces of the precision
staff. This procedure nullified any error in the staff.

Next, the staff was removed from the bench mark having
a known elevation and inserted in one of the above refer-
enced four tubes shown on Sketch #10. The bottom of the
measuring staff seated itself on the top face of the
stainless steel plug located in the bottom of the tube.
At times considerable difficulty was experienced when
the tube was full of water. In this case the water had
to be pumped from the tube before inserting the wild
precision staff. For all readings it was considered
advisable to use both faces of the staff to cancel any
error in the staff. Likewise, the telescopic part of the
wild level was reversed for each reading to nullify any
error in the instrument. These readings automatically
gave the elevation at the reference point located on the
top of the stainless steel plug.

By calculating the difference in the readings at
any one reference point before, during, and after oper-
ating the NYX assembly on a test basis the corresponding
deflection data was obtained.

411 deflection data was presented by the M & E
Inspection Group to the Technical Operations Group.
In turn, they examined this data and applied it to the
complete study of the movement of the entire NIX assembly.

Radial, Vertical, and Rotational Movement of the Top
Tube Sheet with Respect to the Silo

Whén the Technical Operations Group outlined the
various steps for covering the operation of the NIX unit
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on a test basis they listed the movement of the top tube
sheet with respect to the silo in three directions. The
three directions specified were; radial, vertical and
rotational. Radial measurements indicated the degree of
movement along the radius of the top tube sheet. Verti-
cal measurements gave some indication of the amount of
contraction or expansion that took place in & vertical
direction when the unit was subjected to a series of
different temperatures and pressures. Rotational meas-
urements primarily revealed how much the-unit moved in
a clockwise or counter-clockwise direction.

It was further specified that the inspection data
should cover these movements at three external points
approximately 120° apart along the circumference of the

unite.

All measurements were taken and recorded to the
.001", A Federal Dial Indicator Gage (see photo, serial
#309) calibrated and graduated in .O0l" was procured to
handle this assignment. To standardize this dial indic-
ator gage a gage stand was ordered from the Kewton Tool
Company, Wenonah, New Jersey, on inquiry number C30-847,
order number AXC 67763, drawihg detail D112849-A. After
receiving the gage stand or set block at New York Ship,
it was assigned equipment piece number 790-116. A spec-
jal clamp-type bracket or base was fabricated and attached
to the stem of the dial indicator as illustrated in the
above referenced photograph., This special base served
as a stop for setting up the gage, as well as a stop for
taking the required measurements. For example the dial
indicator gage was set to take measurements with a
standard setting of 2" from the top face of the gage -
stand to the bottom face of the special base attached to
the stem of the dial indicator. This setting was accom-
plished by having a distance of approximately 2" from the
face of the gage stand to the bottom of the special stop.
For this standard setting the dial indicator was hand
adjusted by rotating the face to a reading of zero.

liith this setting in mind steel brackets were fabr-
icated for mounting on the silo and the NYX bearing ring
(3ee Sketch #11). The bearing ring was locked to the
top tube sheet with three indexing lugs. Therefore, the
bearing ring became the movable part for taking measure-
ments while the silo remained as a fixed point for these
measurements. Brackets with holes drilled in each were
fabricated and welded to the bearing ring. The drilled
holes were large enough to accept the stem of the dial
indicator. Each bracket was mounted on the bearing ring
so that the hole in the bracket faced in the direction
of the movement being measured. The directions, as noted
above were: radial, vertical and rotational. -

The face of the bracket mounted on the silo was par-
allel to the face of the bracket having a hole drilled
in it. It followed that the distance between the parallel
bracket faces had to be approximately 27,
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Readings weré ‘taken before, during, and after opsr-
ating the NYX unit on a test basis., To take a reading
the shaft extension of the dial indicator gage was ine
serted in a bracket hole allowing the tip of the shaft
extension to make contact with the face of the bracket
mounted on the silo, Next, the face of the special stop
attached to the dial indicator gage stem seated itself

- on the face of bracket welded to the bearing ring. Dial

indicator readings were recorded for each of the specif-

1ed directional moyementsy: iy :is ..

These readings were presented to the Technical
Operations Group by the M & E Inspection Group. Further
analysis, primarily based on & difference of the readings
for any one movement, revealed that the top tube sheet

Deflection of the Bottom Tube Sheet with respect to the
Concrete Silo Floor

In outlining the steps for covering the operation
of the KYX unit on a test basis, the Technical Operations
Group included a step for determining the amount of
deflection of the bottom tube sheet.

The ¥ & E Inspection Group examined the NYX overall
assembly and decided that the silo floor was the logical
fixed point for the -deflection measurements., Deflection
of the bottom tube. ghect was the amount of movement in
the unit in a vertical ‘direction, -

Deflection measurements were taken from points loc-
ated at the extremities of the X and Y axis and the center
of the NYX assembly, - This made for a total of five points
as shown on Sketch #12, : -

Using a stud welding gun five special studs were
welded to the bottom plate of the-boptom;tube sheet., A
Plumb bob was attacheg to each of-the ‘five “studs to
establish a fixed“poinp;on:theﬁsi1§§fibﬁi’as‘tﬁe lower
extremity of an imagihary‘verpipgli;ine,?unning from the
Stud welded to the bottom tube sheet to the fixed point
on the concrete silo floor, DG TSGR

e
LR

Five 'steel"plié;"e‘:\s“.baving'o;‘z; ;s}iii&‘fwelded in the
middle of each WEre;séggrely.Eﬁéhogeﬂ;tﬁ,the floor of

the silo. The plh@b”ﬁdblwés;éﬁfibiéditb}bﬁéck the loc-

ation of the“tenLgﬁﬁgggggcuéﬁp&§iﬁi§é*ﬁﬁgt5§hé mid-points
of the studs reptesgﬁtgdgxﬁggu“ppigandl19wer'extremities
of an imaginany~ventiqalgliﬁggiﬁgll sbuds were located

prior to operatinggggg%xgx;ggggﬁb;yfoq;a'test’basis.

x

A micrometér“he&diyaé?ﬁtbﬁghéé Lo a long pin gage
for measuring,the»ﬁistagcgtbetﬁeen the studs, This pin
gage was calibratad»byﬁthé?uéﬁftbrk”$hipbuilding Corpor-
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One hour before readings were taken this special
gage was stored in the silo. This time was considered
sufficient for the studs and special gage to achieve the
temperature of the surrounding air. Deflection data was

- secured before, during, and after placing the NYX assembly

on a test basis.

To take a reading the operator positioned the spece
ial gage between the upper and lower studs. Next, the

- micrometer head was hand adjusted to properly mate each

tip of the special gage to its corresponding stud. By
taking the difference between the readings obtained for
any one pair of studs at various temperature and pres-
sures, one automatically knew the exact amount the bottom
tube sheet moved in a vertical direction at one point

in the bottom tube kheet.

The ¥ & E Inspection Group presented the deflection
data to the Technical Operations Group. They, in turn,
assimilated this data with other movement data pertaining
to the NYX assembly.

Radial, Rotation and Other Movements of the Bottom Tube
Sheet with respect to the Silo .

In addition to deflection data covering the. bottom
tube sheet during its operation on a test basis, the .
Technical Operations Group requested that a radial and
rotational study be conducted pertaining to this unit,

After considering several accessible locations in
the bottom tube sheet for studying the various movements,
the M & E Inspection Group decided that the tank bottom
stainless steel bearing pads (See Sketch #13) best
represented the unit. A4s fixed reference points the
steel bearing plates imbedded in the concrete silo were
chosen. Four locations at the extremities of the "X"
and "Y" axis were selected for this study.

Next, white paint was applied to the vertical sur-
faces of the bottom tube sheet pads and the bearing
plates. Paint was applied to only those surfaces that
were perpendicular to the radius of the NYX unit and
located on the inside edge of the above pads and bearing
plates. After the paint had dried four vertical match
marks were scribed across the painted surfaces. All
painting and scribing operations were performed prior
to operating the NYX assembly on a test basis.

With the aid of a magnifying glass the match marks
were visually inspected before, during, and after oper=-
ating the HYX assembly on a test basis. The -four locate
ions were considered adequate for observing any type of
movement of the bottom tube sheet« In addition it was
felt that any movement greater than .002" could be
observed in this manner. It was expected that some move-
ment would be noted in one location with no apparent
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movement in the other three locations.

However, in spite of a careful study the match
marks retained their original relationship during the ‘
entire period that the KYX assembly was operating on i
a test basis. The fact that no movement - "was visualized -
was formally reported by the M & .E Inspection Group
to theiTechnical.Opegatiqps;qroup,;;. S
", A e LinTs el E T Sl e XL w;z_,',f o

g Voo S ) A

RN » A B
5. PRI R B ARt TR Ut LI L
« PIRac M ¢4 *

é%*jﬁﬁﬁiaﬁﬁﬁby‘ﬁgnt~gf,;hé’Top'Pia§ef5f~
'~ with respect ‘to the Silo T _ SR
In the process of outlining the various stéps"‘;t‘dr"if'

securing the movement measurements when the NYX assembigj

was operating on'a test basis, a step was included pe:
 taining to the €ank bottom assembly.,” ° - Y
After obtaining the opinions of the Technical .. :
A Operations”Group, the M & E Inspection Group considere
several locations on the surfdce of the assembly for. . #:;
-checking the movement of the unit.. . Three locations apps
roximately 120° apart were selecte . Bach location was
adjacent to a discharge nozzle (See Sketch :#14) of thej
main tank section of "the NYX_assembly;',ﬂs-a,fixed;rgféns‘
. ence point for all measurements, the M & E Group chose
the concrete silo. . C L e

. .Three steel brackets (See Sketch #14)- were fabriedte .
ed with a hole drilled:in ‘the one .plate”of each bidcket, - -
“This, hole 'was large enough’to -accept. the stem-of. a'spes~ " §
ial‘dial-‘indicator,’ Each steel brac;éei;;;-ﬁas-‘janchp‘néq,-’;;;qf‘ N
the ‘concrete ‘silo With the “one ‘plate:containing ‘the “hole "
“in"anupright or vertical position. . The.face of .the:
vertical bracket-was parallel to ‘a.spot on the outer'e
~of the. tank bottom unit ‘top-plate, ":ii i arhe T

~ Readings were taken before, after, and during the
operation of the KYX unit on-a. test: basis. - Before:ta
.2 reading-the special dial- indicator‘was ‘standardized
~rhig’ was .accom lishea:'—by"placing=;=ét;hé;ad;i"al“;‘,ndiééﬁo“
3 check stand’ (See photo:serial #309):allbwing the s
“ial stop attached to ‘the 'stem to: reston’ the two apri
posts ‘of the check stand. ":The tip of .the. dial indiéa
stem seated itself on.the *surface .of the check stand
base. "At this point ‘the dial indicator was set .on :Zer

.. .: -~ The .procedure‘for taking r dings. to find:th
of ‘movement .inthe tank.boty W
.- ardizing’ the-dial’ indi’
" cator was-inserted- her
"of ‘the 'stém t0. mke’ ¢ontd
.'.=;v.'rfa‘c:e'<)‘fr‘thé‘1:1::}3;;pl’ai:e_‘;~ ' the ‘ot
. >0y ‘placing a slight. .amount -of hand’ préssure
T .'the fixture attached' to'the stem of ‘the’gage

.. self on’the .face of the . vertic: e rac
v point areading wag“taken in th )
. the time and-location’was reco;
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£1]1 readings were formally reported by the M & E
Group to the Technical Operations Group. They, in turn,’ -
made the necessary calculations for finding the degree .
of radial movement of the top plate of the tank bottom: . - . ¢
with respect to the silo. In addition, all movement data:
for the tank bottom unit was correlated with other data =~ ¢
pertaining to the NYX assembly. ) L
Radial Movement of the Top of the Tank Shell with' respect::
to the Sile _ R

(a) Readings taken with Dial Indicator R

As one of the steps in studying the overall " -
movement of the NYX assembly during its operation .
on a test basis,the Technical Operations Group ...:
listed the radial movement of the tank. Three. pos-
itions approximately 1200 apart were selected on i3l -
the outer surface of the tank shell,  Each of these i &
spots approximately one inch below the weld {See! ~=uy
sketeh #15-4) joining the expansion ring and-the " -y
top of the tank was located opposite a steel "H" -
beam support. These spots were marked with a scrib
line to insure the fact that the same locations:. *°
were being used for taking each set of motion measu

ements. NN

»

In a horizontal plane opposite each .s¢ribed: -.:
mark a fabricated steel bracket (See sketch . #l5«A)::
was welded to_an "H" beam supporte.-The flat .face:
of the -one leg of each bracket was set at a pre=i:
scribed distance from the scribe mark . on the tank.
shell. The subject bracket leg had a hole drilled
in it large enough to accommodate the stem of &
special dial indicator. Tl

With this set-up the steel bracket was consid=-.:
ered the fixed reference point and the -tank shell .®
the variable reference point. = =~ =~ &« 5% ‘g

Readings were taken before, during, and after:
operating the NYX assembly on a tést basis. ..Beforer:
taking a reading the special dial indicator was .~ Liif
standardized. This was done by placing the. dial-:: @
jndicator on a check stand (See phote serial:i#309)
allowing the special stop attached to.the stem t6-

To take a reading the stem of the 'dial ind
cator was inserted in the bracket hole  (Seei’sketeh
15-A) allowing the tip of the stem to make contagh:
with a spot on the outer surface of the’
Then, by exerting a slight amount of ‘hdn y
on the gage, the fixture attached to the ste
gage seated itself on the face.of the ;vértic:
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bracket., At this point a2 reading was taken in
thousandths of an inch. The time and location was
recorded for each reading.

After a series of readings had been taken they
were analyzed by the Technical Operations Group.
This analysis indicated that the steel bracket or
fixed reference point moved during the operation of

. the NYX assembly, Therefore, for all practical

purposes, it was decided that an alternate set-up
would have to be devised to accurately measure the
movement of the tank shell.

Readings Taken with Pin Gage

For the new set-up {See sketch #15-B) the
concrete silo, instead of a steel "H' beam, was
selected as the fixed reference point. A steel
plate with a2 1/4" diameter by 1/2" long stud welded
to one flat surface was anchored to the silo wall,

As was the case for the other set-up scribed marks
were located on the outside of the tank shell approxe-
imately one inch below the weld joining the expansion
ring and the tank shell. These scribed marks and

the studs were opposite each other in a2 common hor-
izontal plane, All three locations were approximat-
ely 1209 apart.

Next, a pin gage with a micrometer head was
assembled to a length matching the average horizontal
distance between a scribe mark on the tank and the
head of a stud welded to one of the three plates,
Before any readings were taken the pin gage was cali-
brated to a definite length when the micrometer head
was set on zero.

Readings were taken before, during, and after
operating the NYX assembly on a test basis, To take
a reading the operator placed one end of the pin
gage on the scribe mark on the tank surface and the
other end of the pin gage on the tip of the stud.
Next, the pin gage was adjusted to give a snug fit.

A reading was taken to the nearest thousandths of
an inch at this point. The time and location was
recorded for each reading.

411 radial movement data based on the latter
set-up was formally presented to the Technical Oper=
ations Group. A careful analysis indicated that the
last set of readings was accurate.

In other works, the concrete silo, for all
practical purposes, remained as a fixed reference
point and the difference of various readings repre-
sented the amount of radial movement of the tank
shell, These results were correlated with other
data covering the operztion of the NYX assembly on
a test basis.
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Deflection of the Expansion Ring with respect to the
Bearing Ring

In the process of outlining the steps for covering
the operation of the NYX unit on a2 test basis, the Tech=-
nical Operations Group included a step for determining;
the amount of deflection of the expansion ring with res-
pect to the bearing ring. For all practical purposes,

--‘deflection of the expansion ring was the amount of move-

ment in the unit in a vertical direction.

The M & E Inspection Group and Technical Operations
Group examined the NYX assembly and decided that three
locations approximately 120° apart would be sufficient
for obtaining the required deflection data. Each of the
three locations was adjacent to a bearing pad. To facil-
itate measuring the amount of deflection in the expansion
ring (See Sketch #16),it was deemed essential that scribe
marks be placed on its outer surface. For each of the
three chosen locations four marks were scribed on the
outer surface of the expansion ring. These marks were
located at a distance of 3", 5", 77, and 834", respectively,
from the weld joining the bearing ring and expansion ring.

At the same time scribe marks were placed on the
bottom side of the bearing ring. All scribe marks were
placed on these surfaces to not only allow for greater
accuracy in obtaining the deflection measurements, but
also to aid the inspector in setting up the necessary
equipment for performing this operation. The seribed
lines on the bearing ring surface were located at a pre-
determined distance from the weld joining the expansion
ring and bearing ring.

It was the logical conclusion of the M&E Group that
the flat machined surface of the bearing ring could serve
the same purpose as a surface plate for securing the
deflection data. Next, a dial indicator graduated in
.001" was attached to the arm of & surface gage. 4 check
stand simulating the ideal relationship between the beare-
ing ring and expansion ring surfaces was devised and used
to standardize the surface gage. Before taking any read-
ings the surface gage was placed on the check stand and
the dial indicator was adjusted to a zero reading.

Readings were taken before, during, arnd after oper=-
ating the NYX assembly on a test basis., To take 2 reading
thevbase of the surface gage was positioned between the
two scribe marks on the bearing ring flat surface with
the arm of the gage extended in a horizontal direction
permitting the dial indicator to make contact with the
expassion ring surface. Next, a slight amount of manual
pressure was exerted on the surface gage to properly
position the tip of the dial indicator stem on one of the
expansion ring seribe marks. Once the inspector had ass-
ured himself that the base of the surface gage and the
dial indicator were properly positioned, a reading was
taken to the nearest thousandths of an inch.
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above referenced photograph. This specialbase served

as a stop for setting up the gage, as well as a stop for
taking the required measurements. To set-up the dial
indicator, it was placed on a check stand allowing the
special stop attached to the stem to rest on the two up-
right posts of the check stand. The tip of the dial
indicator stem seated itself on the surface of the check
stand base. At this point the face of the dial indicator

was manudlly adjusted to a setting of zeroc.’

Readings were taken before, after, and during oper-
ating the NYX assembly on a test basis. To take a reading
the stem of the dizal indicator was inserted in the bracke
et hole (See Sketch #17) allowing the tip of the stem to
make contact with the narrow vertical face of the Yifting
lug. Then, by exerting a slight amount of hand pressure
on the gage, the fixture attached to the stem of the gage
seated itself on the face of the vertical steel bracket.

At this point a reading was taken in thousendths of an
inch. The time and location was recorded for each reading.

Rotational data covering the movement of the plenum
chamber with respect to two of the four top tube sheet
lifting lugs was presented to the Technical Operations
Group by the ¥ & E Inspection Group. In turn, this data
was analyzed and correlated with other data pertaining
to the NYX assembly.

Plenum Chamber Tube Motion Measurements

At the time the various steps were outlined for
studying the movement of the KYX plenum chamber during
its operation on a test basis, one step was included for
measuring the movement of the plenum chamber tubes.

The ¥ & E Inspection Group and the Technical Operat-
ions Group agreed that four tubes would be representative
of all of the plenum chamber tubes. The four tubes (See
Sketch #18) selected had the following coordinates: X6,-
Y24 ; X28,-148; X29,-Y93; and X51,-¥27. The %X28,-Y48 tube
was located on the center of the unit at the intersection
of the X and Y axis. None of the other three tubes were
on either the X or Y axis. They were approximately 1200
apart and located on the outer periphery of the unit where
it was postulated the maximum amount of tube movement
could be detected.

Four special sleeves were designed for the subject
plenun tubes. All sleeves had precision machined surfaces
with the bore of the sleeves designed and machined to
accept a special mandrel. Orly a few thousandths of an
inch was allowed for the clearance between the plenum
chamber tube wall and the outer surface of the sleeve.
Likewise, only a few thousandths of an inch was allowed
as the clearance between the inner sleeve wall and the
outer surface of the mandrel. In other words, it was
necessary to have & snug fit for these component parts
to secure accurate measurements covering the movement of
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the four plenum tubes., A 3" hole was drilled and reamed
in the top of the special mandrel to accept a precision
ground plug type vernier scale. This vernier scale,
calibrated in 1/64", was used in conjunction with a stand-
ard steel tape.

After considering several locations as possible fixed
points for measuring the movement in the plenum tubes, it
was the concerted opinion of all parties involved that a
portion of the concrete silo could be utilized to the best
advantage. A spot was selected on the northeast corner

"of the concrete silo. To establish and hold this bench

mark as a permanent fixed point from which all motion
measurements could be secured, the M & E Inspection Group
suggested that a steel mount be fabricated. This steel
mount was mounted on a concrete pedestal located on the
silo. The assumption was made that the concrete silo did
not move to any appreciable degree when the NYX unit was
operating. As an added feature a precision ground plate
was mounted in a horizontal plane and welded to the top
of the steel stand. A 1" hole was drilled and reamed in
the center of this plate. A special pin was machined to
press fit in the hole in the plate. Next, the standard
end loop of a 25 foot Starrett, stainless steel tape was
removed. A special loop with a 2" hole was precision ma-
chined and attached to the end of the steel tape in place
of the standard end loop. A very small clearance was
allowed for the special loop with a " eye to fit over
the steel pin at the top of the instrument mount.

Measurements were taken before, during, and after
operating the NYX assembly on a test basis. To take a
reading the special eye attached to the end of the cali-
brated steel tape was placed over the precision ground
plug mounted on the instrument stand. The tape was
stretched in the direction of the vernier scale plug
previously inserted in the mandrel located in one of the
four plenum tubes being measured. With the tape subjected
to a 10# spring-type tension, it was passed over the
vernier scale and read to the nearest 1/64",

All measurements were formally presented to the
Technical Operations Group by the M & E Inspection Group.
After noting that there was a difference in the readings,
it was concluded there was movement in the plenum tubes
when the NYX unit was subjected to various temperatures
and pressures over a period of several weeks. This data
was correlated with rotational (See Part II, Section K,
Wild T1 double center theodolite) and other measurements
to complete the study of the degree and direction of
nmovement of NYX plenum chamber tubes.

NIII Precision Level and Accessories

Procurement
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The %ild NIIT precision level was procured primarily
for the purpose of leveling unit assemblies, However,
in addition to this, it was also used for alignment ang
leveling purposes as set forth in the following listed

holding rack assemblies (3) leveling forest structures
for the five telescope actuator systems, and many other
Jobs which required a unit or a component part to be level
during any one particular fabrication or machining oper~

ation,

The instrument was bought by the du Pont Company
from the Henry #ild Surveying Instruments Supply Co,,
Brooklyn, N. Y., on AXC order #788%. The order was placed
with the vendor November 26, 1951, and the instrument
was delivered to N & E Group at New York Ship several
months later. Upon receipt of the instrument, du Pont
equipment piece ;&90-54 was assigned to it., Opn April 10,
1952, two (2) precise leveling rods and base plates were
ordered on AX(C order #6576% for use with the Precision
level in determining relative elevations,

In addition to the above, four special level targets
were designed by du Pont Design at the request of the
£ & & Group at New York Ship. They were fabricated by
the Kewton Tool Co., Wenonah, N.J., and shipped to New
York Ship for immediate use. For fabrication details,
see du Pont drawing D11494] - Each of the four targets
are identified as equipment piece #790~62, Two of these
targets were later sent to the Savannah River plant site
for use during unit erection work.

assemblies. 4 verbal Téquest was made by the M & E Group
to Design to produce the required targets. 1In compliance
with the request, Design Division designed the gage and
procured it for the ¥ & E Group. Four of these newly
designed targets were fabricated by Newton Tool Company
and shipped to Kew York Ship. Upon their receipt at the
latter location, du Pont equipment piece #790-63 was
assigned to each of the four targets. Also, two of these
targets were likewise sent to the Savannah River rlant
site for use during unit erection work. :

Note: The above Wild NIII Precision Level ang targets
are calibrated in the netric system rathar than
the more desirable English system., The reason
for this selection was due to the fact that the
level and precise rods were procured as used
equipment. The manufacturer could not supply a
new instrument ang accessories within a reasonable
length of time. Also, targets designed by du Pont
were likewise calibrated in the metric system,
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Procedure for Using ¥ild NIII Precision Level

To observe the spherical level, loosen the locking
screw {13). This enables the instrument to be swung ar-
ound to the most convenient position (See Photo Serial
#310 & 311). Then turning the large illiminating mirror
(2) willallow clear observation of the bu»ble in its sur-
face. The bubble is centered precisely by adjusting the
foot screws (7).

The instrument is now ready for leveling. In high
precision leveling a very firm tripod stand must be ass-
ured. Obtain the preliminary approximate leveling with
the spherical level and along the lines of sight by means
of the tubuler level (17)., In order to render this
practical, the position of the tubular level in which its
principle tangent stands vertical to the instruments
vertical, rotation axis must be noted and is quickly found
with the aid of drum scale (5). The drum should then
always be set at the reading so obtained before the read-
ing is sighted. Pointing the telescope along the line
of sight and using the open sights on top of the instru-
ment, an approximate setting may be determined. The
azimuthal locking screw (13% is then lightly tightened
and the eye-piece (1) is turned until the cross lines of
the graticule appear sharp and black. Sharp focusing is
obtained with knob (3) and tested by moving the eye up
and down before the eye-piece to assure that there is no
movement of the image against the horozontal line of the
graticule: The vertical centerline of the graticule is
brought to the center of the measuring staff or target
by means of the azimuthal fine-adjustment screw (12%
found beside the locking screw (13).

Centering Level:

Obtain the most satisfactory illumination while
oberving the tubular level (17) thru the eye-piece by
turning the reflector (2). The tilting screw (4), placed
directly beneath the eye-piece, is then turned until the tw
half images of the level bubble form a single continuous
curve. %See Sketch #19).

ieading the Staff or Target:

The optical micrometer is utilized for all staff or
target readings. The knob (11) is turned until the wedge
lines of the graticule symmetrically enclose an interval-
line on the measuring staff or target. (See Sketch #19).
The interval-line thus enclosed gives the reading in
centimeters. The micrometer reading is observed thru
the eye-piece (18); its scale runs from right to left and
the figures thereon represent millimeters while the smaller
intervals represent tenths of millimeters. The reading
thus obtained on the micrometer added directly as a dec-
imal fraction to the staff or target reading.

The reading is then recorded and the same procedure
is followed in taking a series of readings by re-locating
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the staff along various points of tke upit to be leveled.
This having been accomplished a comparsion of readings

is made and the necessary steps are taken to improve the
levelness of the unit after which the leveling procedure
is again repeated until the desired degree of levelness
is attained.

K. Wild Tl Double Center Theodolite

1.

Procurement

In anticipation of the installation of KYX and other
units it was realized that X and Y centerlines (which are
established on the top side of each plenum chamber after
line boring) would have to be transferred to the top tube
sheet. This is necessary because the top tube sheet
{(2lthough it is keyed to the plenum chamber to reproduce
the orientation of the two pieces as established at the
time of line boring) must be installed in the tank and
oriented to building axis by itself. In order that the
plenum chamber axes fall on the building axes when it is
mated with the top tube sheet, the two sets of axis must
fall in the same vertical planes. In view of the physi=-
cal size of the pieces involved and the degree of accuracy
required, same method of optical plumbing was considered
best. But, to do this job, the "wild T1" double center
theodolite was selected and purchased from Henry Wwild
Surveying Instrument Co. on P.0O. £XC 65143. After recei-
ving the instrument at New York Ship, equipment piece
#790-90 was assigned to it. (See photo serial #156 in
Part II-A, Section 7-b)

Uses of the Instrument at New York Ship

The procedure for transfering axis from the top of
the plenum chamber to the bottom of the plenum chamber
and the top and bottom of the top tube sheet assembly is
as follows:

a. Set up the instrument on a tripod in the center of
the top of the plenum chamber after line boring and
while the plenum chamber and top tube sheet are still
level and mated.

b. The instrument is leveled, and by means of a cross
slide bore (described lzter) the line of sight of the
telescope is made to coincide with one axis of the
plenum chamber which has been established and punch-
marked on the tops of the tubes.

c. The telescope is then revolved on its vertical axis
and sighted on the floor at suitable metal bench marks.

d. A center punch is then moved across the bench mark
to coincide with the telescopes line of sight and a
punch mark made. Another such bench mark is then
established as far as possible from the first (approx-
imately 40' to 50' is desirable). This procedure is
repeated on both ends of both axes.
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cumbersome and slow, lead the way for approved details
on designing a verticality gage.

Through the cooperation between Design and inspection,

a definite plan for design of the verticality gages was
agreed to. The design of the verticality gages for the
plenum chamber, top special and tank bottom units was the
same except for the difference in size for the different
size tubes; therefore, a detail description and use of
one verticality gage will be given to represent all the
different verticality gages used to measure the out of
vertical the tubes are irn the units.

Figure 2 shows the different sizes of the verticality
gages that are used for the different units. Fig 2 also
shows a sketch with nomenclature of each part of the
gage. The shoes, both movable and fixed, are located
on the circumference of the gage's mandrel 1200 apart,
with no compression on the springs of the movable shoes,
the diameter of mandrel plus the shoes is 1/8" larger
than the nominal diameter of the tube bores. The svrings
of the movable shoes can be compressed 3/15"; this is to
take into account the blue print tolerances of the tube
bores.

To properly understand the use of the verticality
gage, a tube that is perfectly vertical in all directions,
north, east, south.and west, will first be considered,
#hen the gage is inserted into the tube bore the springs
of the movable shoes will be compressed. As explained
before the diameter of mandrel plus the shoes is larger
than the bore of the tube; therefore, for the gage to fit
into the tube bore, the springs will have to compress
forcing the movable shoes inward to make a smaller dia-
mever to coincide with diameter of the tube bore. The
compressed springs will force the fixed and movable shoes
against the wall of the tube bore giving a tight metale-
to-metal it of all the sroes against the tube wall,

The tube is perfectly vertical; therefore, the mandrel
will be. parallel to the tube; the fixed bar will be per-
pendicular to the mandrel; the movable bar will be para-
llel to the fixed bar; and because of perfect verticality
of the tube, the tube and gage will be in a perfect vplane
with the earth giving a zero reading on the level. ko
adjustment is necessary on the movable bar; therefore,
the dial indicator reading is zero.

Tubes with perfect verticality for all the different
units are set up here at the vendors shop. These tubes
are used as master gages to properly set and adjust the
verticality gages. It is not necessary to have the vert-
icality gage set perfectly. An average reading of any
two points 1800 apart will give the exact amount a tube
is out of vertical. The dial indicator is set in the
verticality gage to give a plus .125" and a minus ,125"
readings from zero setting.

A tube such as the one shown in Figure 3 will now
be taken into account. The verticality gage is inserted
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into the tube. The springs will compress forcing the
shoes against tube wall, First the north reading will

be taken., The open end of the movable and fixed bar is
set to face the north to obtain a north reading. A4s shown
before the mandrel will be parallel to the wall of the
tube; the fixed bar will be perpendicular to the mandrel,
and the movable bar will be parallel to the fixed bar.
The tube not being perfectly vertical will be indicated
on the level on the movable bar. The adjusting screw is
used to raise or lower the movable bar in order to adjust
the movable bar to a perfect plane with the earth to
obtain a zero reading on the level. The up or down move-
ment of the movable bar will cause the stem of the dial
indicator to move inward or to extend out giving a direct
reading on the indicator of plu$S or minus so many thou-
sandths, This reading is the out of vertical reading the
tube is in one foot. The minus reading on the indicator
indicates that tube is-leaning in the direction of the
minus reading. The gage is rotated with the open end of
the bars facing east to obtain out-of-verticality the
tube is in the east direction. Same procedure is used

as in the north direction. This is done in all four dir-
ections of North, East, South and West. If the gage is
pre-set in the master gage, the 1800 apart readings, or
East and West readings will be the same but in opposite
directions. For example, if KNorth reading is .005", the
south reading will be + .005" giving an average of ,005"
the tube is leaning towards the north,

To show that the gage does not need to be pre-set

/ an example will be given of such a gage. The gage is
inserted into the tube bore with the open end of the
fixed and movable bar facing north. The adjustment knob
is turned to bring the level into a zero reading. The
dial indicator shows a reading of .010" for the north
reading. The gage is then rotated 180° with the open end
of the bars facing south. The adjustment knob is again
turned to bring the level into a zero reading. The dial
indicator shows a reading of .000" for south reading.
The average of both readings is .005". This indicates
that the top of the tubes is leaning towards the North.
From these readings the person using the verticality can
mzke necessary adjustments on the dial indicator to have
the proper setting on the gage. Fig. 3 shows a vector
diagram of how the verticality of the tube is computed.

#. Installation of Precision Crane in Building #10

-~

l. General

It was the responsibility of the Field Construction
Group assigned to Kew York Ship to install the precision
crane in Building #10 for the KYX unit while operating
on a test basis. Since the ¥ & E Group assigned to the
same location had the necessary instruments and trained
personnel to perform this work, the Field Construction
Group requested the former to provide the necessary per-
sonnel and equipment. However, Construction engineers
would still retain full responsibility of the crane in-
sta%lation and supervise M & E vpersonnel performing the
WOIrK,
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In the following sections a resume of the work
procedure performed by M & E personnel assigned to New
York Ship is presented herewith. This work was performed
between August, 1952, and March, 1953. It required the
services of two men from the ¥ & E Group, one full time
and the other part time.

Layout of Center and Control Lines on Floor and at High
Elevation

A. Floor Elevation

L, The "X" axis on the top side of the NYX plenum
chamber was extended down to the concrete floor
on the south side of the silo. Secondary or
control lines (which are parallel to the extended
centerline on the east and west side) were laid
out referencing from the "X" axis located on the
floor using a ¥ild T1l double center theodolite
and a scribe for a target. All other measurements
were made with a 100! stainless steel tape cali-
brated by the U, S. Bureau of Standards.

2., The approximate location for the steel plates on
which the lines are scribed was laid out on the
floor. At these locations steel plates were welded
to steel rails embedded in the concrete floor.

3. The instrument was set on top of the plenum chamber
and its line of sight adjusted to coincide with
the "X" axis centerline on the top side of the
plenum. This line was extended to plates numbered
1, 2, and 3 located on the floor using a scribe
as a target. (See Sketch #20)

4L The instrument was then placed over the center of
the #1 plate which was located on the "X" axis.
Next, the line of sight was adjusted to coincide
with the "X" axis centerline scribed on plates
#2 and #L as shown in Sketch #20. Then the instr=-
unent was turned 90° to the east and a2 line was
scribed on plate 1lE. The instrument was plunged
and a line was scribed on plate 1W. A chalk line
was stretched from the scribed lines on plates
1E to 1W and 2 line scribed on plate #1, thus,
locsting the first lines on the floor. The east
side control lines on plate #1E were then estab-
lished by measuring from the "X" axis on plate #1
with a 100! stainless steel tape held in line with
the 90° lines scribed on plates #1 and #lE. The
west side control line on plate #lW was established
in the same manner. The above procedure was also
used to establish lines on plates numbered 2, 2E,

2%, 3E and 3WV.

5. The instrument was then set between plates #1 and
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#2 and adjusted to coincide with the "X" axis.

The "X" axis was then extended to plates #, and

#5 (See Sketch #20) located on the concrete slab,
(See Sketch #21) The east and west control lines
were scribed on plates LE and LW, 5E and 5% folle
owing the procedure as outlined above in section #he

6. The instrument was then set between plates #5E
and #6E and adjusted to the control lines on plates
#4E and #5E. After this the instrument was plunged
and control lines on #6E and #7F were scribed.
The control lines on plates #6W and 7W were then
scribed in the same manner. The didtance between
the east and west control lines on plates #6E and
#6W, #7E ard #7W were checked with the 160! stain-
less steel tape. The center or "X" axis was not
necessary on the north side of the unit.,

Temporary Installation for Assembling and Testing of
Crane ,

Since the precision crane was to be assembled
and tested at New York Ship, a temporary installation
approximately 8! above the floor level was fabricated
to facilitate the assembling of the crane's component
parts. This installation consisted of one left hand
and one right section of crane rail and the necessary
supporting steel spaced at the proper distance to
receive the crane bridge. (See Sketch #22)

In the following procedure a resume of the work
involved in setting and aligning the left and right
hand sections of crane rail is presented herewith,

a. The centerline for the location of the rail saddles
was transferred to the supporting steel from the
east and west control lines. (See Sketch #22)

The rail saddles were set on 2' centers. Then

the centerline of the saddles were aligned with
the centerline on the supporting steel and clamped
tight with hook bolts.,

b. The rails were leveled and aligned with jack
screws in the saddles. The jack screws were held
in adjustment with check nuts. The top end of
the leveling jack screws in the east and west rail
saddles were set in a level plane, using the ¥Wild
NIII precision level.,

c. The crane rails were then placed in the saddles.
First, the west rail was roughly aligned ( T 1/32")
to the control line using a 12" scale. Then,
the elevation of the rail at the north end saddle
was checked with the Wild NIII precision level
and lighted target. Next, the balance of the
rail at each saddle was set to the same elevation.
Concurrent with setting the rail at the required
elevation, the rail level (crosswise) was checked
with a Starrett 12" precision level,
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Also, at the same time the rail alignment was
checked from the side of the rail to the control
line using a 12% scale. This was necessary since
final elevation and leveling adjustments with the
Jjack.screws moved the rail laterally.

C. High Elevation

R IR

2.

3.

he

5

7.

The coritrol lines ¢n the east and west side iwere
transferred from the east and west plates on the

.floor to targets at the high elevation. (See

Sketch #21} These targets were 2® x 27 x 1/4®
angles welded and braced to the rail supporting -
steel at the north and south ends. These targets
were located at the required elevation for align-
ing the rail saddles and the rail.

The instrument was set between plates #1W and Fow
and adjusted to coincide with the lines on plates
#IW and #3W. Then, the instrument was forused

on the 2% x 27 x 1/4% angle target located on the
south end of the rail supporting steel. At this
point the high elevation.control line was scribed.
The control line on the north end target was
scribed by setting the instrument between plates
#5W and #6W about 10 feet from plate #6W in the
same manner described above. The east side high
elevation control line was laid out following the
same procedure outlined for the west side.

This completes the iayout.of the control lines
at the high elevation. .

The layout of all lines was re-checked for accur-
acy by plunging and reversing the instrument to
eliminate all possible human and instrument errors.
This completes the layout of the centerline and
control lines at floor.elevation.

The elevation, level and alignment of the east
rail was set the same as the west rail using the
Wild precision level and lighted target as out-
lined in Paragraph #3. The distance between the
rails was checked with a 100' stainless steel
tape.

The crane bridge was 1lifted into position and
placed on the rails. The level of the crane
bridge was then checked with the Wild level and
precision measuring staff. .

Wild Tl theodolite was set on a rigid platform
over the west side control line. The instrumentt's
line of sight was adjusted to coincide with the
control line. It was then turned 90° and the
crane bridge moved until the drive wheel center-
line coincided with the instrument line of sight.
The crane wheels were blocked, thus holding the
crane bridge in position 90° to the "X® axis.

The crane bridge was received with the trolley
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rail saddles welded in position. Rext, it was
necessary to adjust the leveling jack screws to

a level plane at the proper elevation above the
crane rail. This elevation was checked with the
Wild precision level and precision measuring staff.
The trolley rails were then placed in the saddles
and bolted together with a splice plate which had
a lock fitting into a hole in the center saddle

to hold the rails in position lengthwise.

A target with adjustable brackets was tack welded
to each end of the crane bridge in line with the
drive wheel centerline and at the same elevation
as the trolley rail. The adjustable brackets were
aligned with the drive wheel centerline using a
straight edge and precision box level,

A #13 piano wire was used for the final align-
ment of the trolley rails. The wire was stretched
across the crane bridge, supported in "V" slots
cut in the 2" x 2" x 1/4" angles which were clamped
to the crane bridge. The piano wire was aligned
from the two adjustable brackets with a pin gage
(micrometer head on one end) to a point 2" from
the final position of the rail so a 2" pin gage
could be used for the final alignment of the rail,

The Wild NIII precision level was set in the

center of the south rail. Wworking from this pos-
ition the west end of the north rail at the first
saddle was set to the proper elevation above the
crane rail using the 4ild NIII precision level

and precision measuring staff. The rail was clamp-
ed on the leveling jack screws with clamps fabre
icated for this purpose. This clamping was found
necessary because when adjusting the second saddle.
the jack screws at the first saddle would move.

At least six saddles had to be clamped at all times
during leveling. The final alignment of the rail
was done concurrently with the leveling., When

the north rail had been completed the south rail
was leveled to the same elevation as the north
rail. Using the %ild precision level set in the
center of north rail, %he space between the north
and south rails was set within a tolerance of

.002" with a pin gage of the proper length which
had a micrometer head on one end.

3. Installation of Crane Rails (High Elevation)

de

The high elevation bench mark for setting the crane
rails was taken from the instrument stand bench mark
which had previously been established. The Wild NIII
precision level was set on top of the plenum chamber
and the elevation of the bench mark on the instrument
stand was transferred to a target welded on the steel
column. Another target was welded to the rail sup-
porting steel at the same elevation as the rail and

e g -
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directly over the lower target. The high elevation
bench mark was established on the high target by
measuring from the lower target with a 100! stainless
steel tape.

The sdddles were placed on 2' centers. The center-
line of the saddles was aligned from a #13 piano wire
stretched the full length of the rail supporting
steel 2" from the final position of the rail. The
wire was aligned from the high control lines scribed
on the 2" x 2" x 1/4" angle targets. After the sadd-
les were aligned and clamped tight with C clamps,
they were welded to the supporting steel.

The top end of the leveling jack screws were all set
in a level plane at the proper elevation. Next, the
rails were placed in the saddles. The rails were held
together with splice plates, which had one splice
plate with a square boss on the underneath side that
fits into a square hole in the saddle to hold the rail
in position lengthwise.

The east side crane rail was roughly aligned ( * 1/32")
from the pianc wire before starting td.level the rails.
The Wild precision level was set on a bracket clamped
to the supporting steel and focused on a lighted tar-
get placed on top of the crane rail over the saddle
nearest to the bench mark. The crane rail at this
point was set ( X .005") to the proper elevation, and
at the same time the level of the rail crosswise was
checked with a Starrett 12" precision level. The rail
was then clamped to the leveling jack screws. The
final alignment of the rail was done concurrent with
the leveling.

When the crane rail at the first saddle had been set
level at the proper elevation ( ¥ .005"), the balance
of the east rail in the precision area (the area over
the silo) was set and aligned at each saddle. It was
found necessary to clamp the rail on the leveling

Jack screws at 10 saddles at all times. This complet-
ed the leveling and alignment of the east rail in the
precision area.

The west rail in the precision area was then roughly
aligned ( £ 1/32") parallel to the east rail. The
Wild precision level and its supporting bracket was
clamped to the west rail supporting steel and focused
on the lighted target placed on the east rail over

the saddle nearest the bench mark. The lighted tar=-
get was then transferred to the west rail and placed
over a saddle approximately the same distance from

the wild precision level, The west rail at this

point was then leveled and aligned ( & .005") to the
same elevation as the east rail. The distance between
the rails was checked with a 100' stainless steel tape.

The balance of the west rail in the precision area
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was then leveled and zligned ( } .005") f£q SRR
procedure outlined for the east rail. The ?

between rails was checked at 5' intervals.

h. The balance of the east and west rails whic ) .
in the precision area was leveled and align,
a tolerance of { * 1/64") - which was conside;
ate enough for the operation of the crane., |

i, After completing the leveling and aligning o
and west crane rails, the %ild Tl Theodslite
on top of plenum chamber and the instruzent
sight adjusted to coincide with the Y™ gy3is.\
"Y" axis was extended to the east and t:kemn to
west crane rails. At these locations =z 1ine
scribed. This line was used as a point for se
the drive racks for the crane and for s=:zing
crane bridge parallel to the "Y" axis.

je The crane drive racks were in 5' sectiorz znd w
doweled in position with 3/8" diameter dowels,
tooth pitch of the racks was aligned witr one ap
using a gage fabricated for this purpose.

k. This completed the leveling and alignment of the
and racks.

L. Insteallation of Crane (High Elevation) A

a. After the component parts har been assembled to the
crane bridge and trolley, tI* trolley was lifteq of
the bridge and placed on wod blocks on the floor.
The crane bridge was then lfted up to the high ele.
vation and placed on the rils and the drive gears
meshed with the drive rac* A Special adaptor was
installed on the crane drVe motor to temporarily
drive the crane with a J‘&e air motor,

b. The crane was moved tgge Precision area where the
extended "Y" axis hadérg Scribed on the east ang
west rails. The crar’'1Ve wheel centerline was

e kod for being pﬁgﬁieWith the "Y" axis on thr

: 1 : ) crane was 1

§7iés.of;n;a¥:iie§3:e west egd of thgugga;: ;;

_ gear jumped

§§°ke@tu§_§n%o;2§‘“d the crane brgggetgggg,tagd
en 1 as d Centerline wasg e

e he drive ¥ parallel to .the

nyn axis.

the wyn aXis’dge bac1

and the cran¢ z3j .
In both case gnment was checked and found to

be satisfact

Is were .
¢. The trollel aften wﬁgiﬁ checked for being parallel

to the YV 1t was checked for level-
ness.
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d. The crane was returned to the area where the lifting
gear was installed and the trolley lifted into place
on the bridge. The crane was then returned to the
"Y" axis for the alignment of the mast base plate.

e. A #13 piano wire was stretched across the mast base
plate in alignment with base plate centerline which
was parallel to the "X axis. The Wild Tl theodolite
was set on top of the plenum and the instrument line
of sight adjusted to coincide with the "X" axis. The
instrument was then focused on the piano wire on the
base plate. HNext, the base plate was adjusted until
the centerline coincided with the "X" axis. The
base plate was bolted and doweled in position and
the alignment rechecked. The crane was then moved
to a position over the staging which had been erected
for the assembly of the masts. After assembling the
masts, the crane was returned to a position approxi-
mately 10' from the silo so that masts could be check-
ed for vertical alignment with the Wild Tl theodolite.
They were set to a vertical plane and re-checked with
the theodolite.

f. The movement of the supporting steel when the brakes
were applied on the crane was checked by clamping a
6" steel scale on the east rail and setting the %ild
Tl theodolite on the floor. The instrument was then
focused on the scale and the amount of movement was
determined optically. The amount of movement was

3/32n,
5. Alignment of Probe Pins

2. Jince,the precision straight edge, which was to be
used /n conjunction with the probe pin setting gages,
did not arrive at lew York Ship in time to be used,
the Wild Tl theodolite was used in lieu of the strai-
ght edge to align the setting gages.

b. The probe pin setting gage was placed in its mating
tube ané the instrument line of sight adjusted to
coincide with either the "X" or "Y' axis, and then
the base of the setting gage was set parallel with
the "X" axis using a 6" scale as a target. The probe
pin setting gage was then locked in place. The probe
pin was set by reading the indicators on the setting

gage.

c. This completes the work on the precision crane on
Building #10.

N. "C" Unit Bottom Tube Sheet Honitor Pin Locating Slot Gages.
a. Development and Procurement
The Design Division changed the three monitor pin slots

drilled in the I.D. of all BTS large tubes to three Vee slots
pre-machined in stainless steel strips and spot welded to

v v p— -~ o
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the O.D., of "C" B.T.S. large tubes. This design change
brought about the need for two additional gages. One to
check the depth of a slot referencing from the bottom tube
end and another gage to check the orientation of the three
Vee slots referencing from the units "Y" axis.

4 detail sketch of each gage was made by the du Pont

Inspection Department and submitted to the New York Ship
machine shop for fabrication., After the two gages were
fabricated, they were inspected and found to meet all
requested specifications.

Use of gzges

1.

Functional gage for checking Slot Depth

After one Vee slot strip had been spot welded to
the G.D. of each "C" B,T.S, large tube, the three Vee
slots on each strip were checked for depth using a
functional gage qf the type shown on the left had side
in photo serial #374. The key on the gage was machined
to a nominal size as shown on du Pont drawing W13,132-E11.
Since the Vee slot strips were pre-machined to depth
and width, inspected and accepted before spot welding
to the tubes, it was only required to check the depth
of the slots referencing from the bottom face of all
large tubes.

For measuring purposes, the functional gage was
used in the following manner:

(2) First, calibrate the gage. This is done by setting
a depth micrometer to read .234". Place the
micrometer's spindle perperdicular to the bottom
side of the key's housing and orient the face of
depth micrometer such that it depresses the bottom
end of the key. The dizl indicator plunger is now
registered to the top end of the key. Set the dial
indicator to read "zero. The gage 1is now calibratezd
and ready for use.

(b) Insert the barrel of the gage into a large tube and
align the bottom of the key in the slot and check
to see if it is seating properlv. The key is then
seated in the slot firmly by applying a slight
downward hand pressurz on the key.

{(c) Hhecord reading as Flus () or minus (-) so many
thousandths from the zero setting.

(d) Analyze results:

Results are analyzed keeping two things in mind;
namely,

(1) minus (-) reading means slot depth is deep.

(2) plus (+) reading means slot depth is shallow.
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fage D¢

Design specified a tolerance of F+ .000" - ,010".
Using positive or negative readings read directly
from the gage dial indicator, final results compared
with Design's tolerance is direct and no signs (+.
or =) are to be changed. For example, a dial indi-
cator reading of + .002" would mean the slot is .002"
shallow. A reading of -.008" would mean the slot

is deep by .008" referencing from the zero setting.
In the first case, the slot is .002" over the spec-
ified tolerance and in the latter the slot is .008"
under tolerance which is within the -.010" specified
tolerance.

Before inserting the gage into a tube, the following
items should be checked:

(a) Check to see if all strips are flush with the
bottom tube ends before inserting gage. This is
necessary since the face of the functional gage will
ride the top edge of the strip and. hence, an erron-
eous reading will result.

(b) Before inserting the functional gage into a tube,
it is imperative that the large tube end and I.D.
be de-burred and thoroughly cleaned (preferably
with F.0. 128), as the presence of any foreign
material will give an erroneous dial indicator
reading.

Orientation Gage

each
face
were

(a)

(b)

(c)

(d)

(e)

(£)

This gage is used for measuring the angular position of
Vee slot with respect to a reference line scribed on the
of each tube end. These secondary or reference lines
established using the following outlined procedure:

Unit X & Y axes are established (for method of
establishing these lines, see Part II-A, Section 13).

An 18' straight edge is aligned coincident with the unit
"yt axis. For position in which straight edge is placed
on top of unit, see Part II-A, Section 13, Photo Serial

A planer gage is set to 3.500" - theoritical distance
from center of tubes in "Y" axis to adjacent row of
tubes. This gage is used for scribing all tube ends.

After planer gage is set, lines are scribed on tube
ends in row Y29.

Straight edge is then positioned on row Y29 and aligned
coincident with line just scribed. The above procedure
is repeated for row Y30. This procedure s f{Hd&owed

gntil all tubes in Yj direction are scribed with center
ines.

The straight edge is then turned with "face" toward Xp
and the above procedure repeated.
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] e lines have been scribed on the top
%£Zi§ zigzgfn;easurement of Vee slot angular deviation
ow be readily performed. The barrel of the plug type
is lowered into the tUbi untinghepi izis grz gggp?gﬁzb
tive slots. e positionin :
 dn el e o h the tube end centerlines

usted to coincide wit 4
%éiligjdeviation js then read directly from each keY,

Tse or counter-clockwise, whichever the case may be.

i The inside graduation on the gage
photo Serial 1) Should ore slot Dbe off

Y .
ents 1° deviation each wWaye.
m i ) thers cannot be read
o. the deviation of the o o

w&an 2 Tolerance on Vvee

ne interfering key.
removing tne & t be likewise exercised ir

sl 't :
+ jo, The same care mus . ‘
cleanliness of tube bore and slots prior +0 using

re
)
82" peasuring purposes.

Fun‘;l Gages

. opal requirements of the production units for
ation ! - top tube sheet assembly

close s
es in the plenum .
tube {FonC P se of functional gages. Ihese

4 ulted in the C s

funct, rzzes were used for determining the aligpment

betweel, " Tonum tube bore and corresponding top tube shzeb
t will pass chrough

tube bd “iyat the operating elemen
These gages were& .

\
the tu s with no interference. R
designed s "Tosign Division and procured by the ©
zectlon ‘consisted of rods or cylinders which could be
nserted 0 the appropriate tubese.
alled for: A rod tube gai®

Three ,
g of eg were ¢ :
dia g=e and upper shoulder diameter

with a loviys n
\iameter of 1.271
of 1.484"; 0 tube gage with lower diameter of k.3
and upper s3j4er of k.365"; and & second large tube gage
with the safjgyer diameter as the preceeding one but 2

4.375% shoul : : sed after
: meter. The latter gage was used 2
final honing- 2%: tubes. ®

Thovgh p¢ o s At S Pont inspect-
required by specifications du Pont 1insp
ggngiiiohgagwi%h Te.378" shoulder in their finmal
. 2 1t -1 :a
encounteredsh*blng to the L.375" gage when binding was

The rod %h functional gage was first fabricated frod

ggrbg? steel bing, chrome plated. However, during use iv
1t was finally au sfver forcing the gage by bang e

a result frgh.n tube roles that were not concentrice. ﬂﬁg
Section t?lat 18, + was suggested by a mwember of the Mé&b
from & solid a new, 3 tybe functional gage be fabricated

Two of thel g}ece ~ czrbon steel bar stock, chrome plated.
stituted fosot}d tYP functional £ages were made and sud=-

e o lat T the Orig.a} hollow type which was later scraped.
~t & later date, a mem.. of theDesign Division procured an
1Tproved model.fabricatd from "Elastus" - trade name O
material supplied by Horce T, Potts, Fhila., Pa. - which
iccordlgg to specificatios was more rigid and required &
1arger ending movement to distort the gage during use. The

arge tube functional gages were fabricated from carbon




ey r——

P.

carbon steel, chrome plated.
the Chaumont Manufacturing Co., Glendora, New Jérsey, and
the Wilmington Shops.

rage 29

The gages were procured from

The rod tube functional gages (total of 3) were assign-
ed equipment piece number 790-64., From fabrication details,
see du Pont drawing D112706.
of 6) were assigned equipment piece number 790-30. For
fabrication details, see du Pont drawing D112621,

The large tube gages (total

A complete story and pictorial illustrations on the
use of functional gages discussed in Part VII, Section I.

List of Commerical Gages and Tools used by Inspectors at
New York Ship

Amount,

1
1
1

34

[
[

B B B 0 1 D 1 0 b Bt et bt et et B0 4t DN e D DN et o D O ot ot ot

Description

Profilometer Head & Arm

Precision Camera, Motor and Table {Tube Pattern)
3/L" 0.D. Boroscope, Regulator & Target

Federal Dial Indicators (1" Travel

Standard Bore Gages (

(.250 Travel

(.001" Grad
#5 = 3-3/32" to 6-1/8"; #2 =
1t to 1-17/32")

Small Boroscope, 1/4" 0.D. x 3 Ft.

2"
5"

1"
3"

29
l"

to 6" Starrett 0.D.
to 6" Starrett 0.D.
to 5" Starrett 0.D.
to 4" Starrett 0.D.
to 3" Starrett 0.D.
to 2" Starrett 0.D.

Ficrometer,
Micrometer
Hicrometer
Micrometer
Micrometer
Micrometer

0 to 1" Starrett 0.D. Micrometer
1-1/2" to 12* I.D., (Lufkin) Micrometer
Starrett 12" Bench Levels

Starrett I.D. Micrometer 2% to &"
Starrett 100! S/S Tape
Starrett 25' 5/5 Tape
1-1/L" to 2-1/8" Starrett Telescope Gage
2-1/8" to 3-1/2" Starrett Telescope Gage
1/2" to 3/4%" Starrett Telescope Gage
00" to 500" Starrett Hole Gage

.300" to .LOO" Starrett Hole Gage

B & S Depth Micrometer 0 - 1"

Starrett Planer Gage
Starrett 12" Surface Gage
Etching Kachine

100' Lufkin;-8/S Tape
Starrett Dial Indicator Gage Sets
Fell Precision Level
Blue Point See-ee-Zee Mirror

L" to 4O Lufkin I.D. Micrometers
~agnifying Glasses

B & S Hermo Calipers
Starrett I.D, Calipers

6"
on
in
on
3n

to 1" Spec. Offset
to 2" Ligament Gage
to 3" Ligament Gage
to 4" Ligament Gage

Iiicrometers
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Amount Description

3745" Go & 4688 Ko Go

General Electric Halide

Leak Detectors

Set Trammel Points

Picker X-Ray Intensifier

G.E. Fluoroline (X-Ray Viewer)

Zyglo Equipment

Dy-chek Equipment

Ferroxyl Test Kit

Drafting Table & Suitable Drawing Equipment
Suitable Ring Gages to set Bore Gages

N el i 2l
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CHRONOLOGICAL LIST OF ILLUSTH:iTIONS

Photo Serial #250 - Holding Rack Tube Nest, "R" Unit

Photo Serial #31lL - Assembling the "K" Unit Holding Rack Tube
Sheets and Tubes

Thoto Serial #331 - Holding Rack Tube Nest "K" Unit - Neck
Reaming Tube Bore

Photo serial #333 - "K" Unit Holding Rack Tube Nest Container

Photo Serial #316 - Pouring Concrete in the "L" Unit Holding
Rack Upper Tank and Tube Bundle sAssembly

Photo Serial #320 - Pouring xiolten Lead in "K" Unit Holding
. Rack Tube Kest

n"K® Unit Tube Nest Holding Rack

Phob Serial #353

Sketeh #1 ~ Typical Probe Pin Socket Pattern Used for
Template Layout

Sketeh #2 - Template for 43" Diameter Tubes

Sketech #3 - Holding Rack Section - Top View

Sketch #4 - Probe Pin Layout and Check

Exhibit #1 - Fabrication and welding Procedure, Contract

8212
Photo Cerial #24,9 - Holding Rack Jontainer, "»" Unit
Photo Serial #255 - Holding Rack Tank, "r" Unit

“hoto Serial #313 -~ Upper and Lower Sections of "K" Unit
Holding Rack Tank

PhotoSerial #34L9 - "K" Unit Holding Hack
Photo Serial #251 - Hydrostatic Testing of Holding Rack Tank,

wp® Unit

Exhibit #2 - Holding Rack Tube Marking and assembling
Data

Sketeh #5 - Eelocation of Three Additional "V" Slots in

Top Ends of "C" Unit's Holding Rack Tubes

20, Photo Serial #369 - (" Unit Holding Rack assembly
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CHRONOLOGICAL LIST OF ILLUSTHATIORS (con't)

2l. Exbibit #3 « Resume of 4All Inspections Performed on the "L"

Holding Rack Assembly ‘ )

22. Exhibit #, - Resume of All Inspections Perrormed ‘on’the ﬁK"““

Holding Rack Assembly
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23. Exhibit #5 - Resume of all Inspections Performed on the "C"

Holding Rack Assembly
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DRAWING LIST FOR ®“RM & UP" PROCESS RCOM HOLITHG RAGES (EGUIPMINT PIECE #179,1)

The following list covers all vendor take-off drawings pertaining to
fabrication of "R Aand- *P" process room-holding rackss - +v: gt 0 - oo

Since American Machine and Foundry drawings (approved by du Pont
Design) did not show all fabrication details, it was necessary for New
York Ship to prepare their own dravings. Iikewiss, the M and E Group used
these drawings for final inspection purposes. '

- This list was prepared fmmexistmgdrawing files located in the
H and B Office at New York Ship on Movember 21, 1953, New York Ship
dravings are listed by number, revision number and title. . -

Ne¥YeSe Drawing

Number " Revision No. : -1 Title
82121 3 General Arrangement
82122 0.. Container ‘
B8212«3 -0 Tank Bottom
8212} 0 fnchor Bolt Locations
8212.5 0 Hounting Plate
82126 " 1 Rack Plate and Tubg Assembly
- 8212.7 ARG B Holding Rack Assembly
82128 © . .. g Rack Plate . - ,
82129 = - oz 3@ Probe Holder Long
8212310 o7 o a7 3 Plug and Muff Tube
821231 - . A I 85" Rod .Tube y -
.8212-12 . 4 Permanent Slegve (Weldment)
o ) Top End Fitbing {¥S" Foil)
8212-13 : - “h Permanent Sleeve (1eld)
. 8212«1); - - - Pernanent Slesve (Veld)
823215 - . : 0 Plug and Muff Tube
8212-15 - - ‘0 .. ¥S" Rod Tube & 355 Rod Tube
82R2w17 . - - - . 9 - Crane Drip Pan Collector
. 8212-18 0 .,, Support for Testing Molding
- . f, Rack -~ ~ -7 e . -
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DRAVING LIST FOR WKv s

UL", AWD "C* PROCESS ROOM HOLTENG RACKS (BQ. PC. 179,3)

The following list covers all gy
fabrication of “K¥, YL¥, and ucn

This list was prepared from existing
and E Office at MNew York Ship on November 21,

Process room holding racks. '

Pont drawings pertaining to the
drawing files located in the M
1953,

Du Pont drawings are listed by number, revision number and title.

Alen gt
LA

o
LR, e
)

R

>

Du Pont
Lug. No. Revision Fo. Title
W=160289 o Crane Drip Pan Collector
Assambly and Details
W=160291 0 Holding Rack Arrangement -
W=160300 0 Rack Plate and Tube Arrangement
1160307 0 General arrangenent s
D=110320 o Hounting Plate
D=113105 0 Permanent Sleeves, Sheet #2 A
D=1131056 0 Flug and Muff Tube and 35V5 Rod . :
Tube N
D=113107 0 Permanent Sleeves, Shset #1
D»113108 0 "S" Rod Tube and Sleeve Tube
D~113109 0 Permanent Slesves and Top End.
Fitting (SeFoil) s
D-113110 0 Probe Holder, Long ) -
D-113111 0 Tank Bottom ) )
D=11)2k}; 0 Rack Plate
D=11}216 o} Container
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Ve Process Room Holding Racks = "R®, #pW, #LY, KR and ¥C" Units

I. General Design and Fabrication Specifications

The five process roem holding racks designated as "RV, PR, Lt
VK" and "C® units were designed by E. I. du Pont and the American

Machine and Foundry Compeny, Buffalo, New York. All assemblies are
alike except for minor details.

i i A e e
T It & L S e BT I, L T

RRTsHNDrEA v A

After surveying the facilities and work schedules of several
fabricators, it was initially decided by du Pont that F.F. Slocomb
Company, Wilmington, Lelaware, would be awarded the contract for
fabricating all five holding racks in accordance with the speci=
fications furnished by du Ponte Du Pont would purchase, expedite,
and inspect the materisl required to fabricate the holding racks.
Orders were placed on various material suppliers for stainless
steel plates, tubes, etc., with instructions to ship the material
to the F. F. Slocomb Company. L

et Lot s

At a later date it developed that the F., F. Slocomb Company
would not fabricate the five holding rack assemblies.

Du Pont Design and ¥ and E Inspection Group: contacted Hew
York Ship and asked Kew Iork Ship if they would iabricate the five
process room holding racks providing du Pont furnished the material.
In turn, New York Ship agreed to fabricate the first two holding
rackse These were designated as YR?  and "P" units,

Sevaral factors wers in du Pont and New York Ship's favor
pertaining to the fabrication of the five assemblies. In the first
place, du Pont had an inspection force located at Mew York Ship
to cover the inspection during the fabrication of the main process
wmits. Gages and other instruments that had been designed for
inspecting the main process wnits could be readily adapted to
inspecting the holding rack assemblies. In other words, many of
the steps required for inspecting the holding rack assemblies
would be similar to the sieps required in performing the inspection
on the main process wnitse- On the other hand, New §oz-k Ship pointed
out that they could use part of the working force, including their
Engineering Department, normally assigned to the main process units
for fabricating the holding racks,

Nevertheless, du Pont told New York Ship that they had -suthorie
vation to fabricate two holding rack assemblies, DI Pont instructed
FeFe Slocorb to ship the material they had on hand assigned to
holding racks to llew York Ship. £ list of all of this material was
furished to New York Ship by du Pont. Iu Pont granted permission
to Hew York Ship to purchase the additional material required for
all five holding racks. It was evident that New York Ship might




receive the contract for fabricating the last three holding rgcks.
These were designated as ¥L¥, °K" and "C" Uniise BRI ¥i< SRR

To best adapt the American Machine and Foundry Company and du
Pont drawings to New York Ship fabricating technique, New York Ship .

asked du Pont for permission o make their own’shep drawingsy i Pepe
mssion was granted on the basis that all New York Ship drawings -’ " . |
had to be presented to du Pont and American Machine and Foundry Compauy
for their approval. Agreement was reached on this basis and all ; h
drawings covering the first two units were drawn up and assigned . ...

New York Ship drawing rumbers. . . L

v .

Tn conjunction with the revision and meke-up of the drawings’
at Mew York Ship, du Pont specified that Wew York Ship would have -
to comply with any special instructions issued by du Pont-and the -
American Machine and Foundry Company.- Static head iesting wag.v e L
waived at New York Ship with the provision that it would take plese ab
the Savannzh River site; based on this New York Ship would shipa. =
unit in two sections properly prepared for field welding the two -~

sections ab Savannah River. In addition, final cleaning of all
amits would take place at Savannch Rivere. - . . - L A

Support fixtures, for the final fa’qﬁcatibﬁ_ of a ﬁoléilgf"fack‘
at Savannah River, were fabricated at Yew York Ship. New York Ship
shipped the first support fixture to Savennah River.on May 231451953+ . .

: ' SR I BRI AT

R Lo s ;%“‘::;‘?3}:':"’ 4‘."5
11 welding for the holding rack weldment had tocbe fmerb .o+ . .

gas shielded arc welding, either‘non;cbpsmnable'Lt\mgéfcieﬁ~<";}.a¢£ 588 wr. 1<k

or consumable stainless steel electrodes or coated electrode ‘arc ‘"~
welding. S R s e

vr 2 -
<

M %
-

Tt was further specified that New York Ship should fabricate ~ -
all units in accordance with du Pont cleanliness specification’ #3056,
This involved sandblasting, passivating, and ferroxyl testing of all-
stainless steel surfaces. . T .

Ceev. 1
LT -

on July 16, 1953, du Pont authorised New York Ship %o fabricate

the three holding racks, equipmeént piece numbers 179¢3-Dy, A793eK 50 7
and 179.3-C. These were in-addition to the, two authorized ‘on March 23,

1953, and assigned equipment piece numbers 179.1-R and 179a1=Pai{ -

Later, du Pont authorized New York Ship to. use stainless stéel - ..
tubes which did not meet the minimum specifications for ;the main -. ...~
100 Area process wnits. Aﬁpecialjins‘pe‘c‘pion;(pmk;eduifé‘wé's-“ ibben & .
for inspecting the excess tubes of hand'at Hew York ShipiseThers: i
following is a list of these inspesctions3- AR it

K]

1. The 0.D.%s of all tubes had to,be ‘checked with’

- LT ]
micrometers. o B R
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II.

2. The I.Dv's of all tubes had to be checked top, center and _
tottom with a bore gage. Jiny cut~of=roundness, as long ag -
the major diameter is within B/P specs., it is acceptable
for tubes 10’ be reamed after installation. ) '

1

<,

3¢ Overall length of all tubes had to be checked with a gteel
tape, R RIS S X

LY

3

k. straightness of all tubes had to be checked by laying each - .
tube on a surface plate and checking with feeler Bages.

5+ Concentricity of the I.D. to C.D. and run out of a1l tubes (.
had to be checked by measuring the wall thickaess ab each™ - &¥ )
end of the tube with 2 ball micrometer. Lo

S« 411 Iugs, slots, cutouts, etc. had to be checked for size, . -
location and finigh, T s

7« A11 tubes had to be checked for correct finish.

. 411 welding had to be visvally inspected for so’andn,essﬁ.‘i

Due to the fact that it was discovered that mary of the excess - )
tubes did not meet the above tube specifications, the ¥ and E C
Tnspection Oroup conbacted the Design Division for their opinions,

in turn, the Tesign Division relaxed the tube 'bolerancgs,ancl._as_en 't
exasple, A, B, D. and Design agreed that tolerances of plus (032%

.
“ W,

minus +OG5" was acceptable for the I+D« of the excess tubeSs . .

L
pe

e :‘. ~

Vo °

Even thoush the original American Machine and Foundry dray
were revised and re-issued with New York hip drawing numbers, the~' = = |

P
“p o

du Pont Design Division decided that the last thres holding racks®.- ¥ | ¥¥;
would be fabricated to du Pont drawings. 4s a result of this-decision, . §
New York Ship made auto positives and twelve copies of edch drawing R
and forwarded them to the du Pont Design Divisionm, B L

Among the problems confroated by du Pont and New York SHip in st
fabricating the five holding racks was the type of lead usad in’the
racks., The drawings for the five holding racks called for typa.
ASTH B=29 chemical lead. However, New York Ship used type ASTM B#29./ ...
Grade A common desilverigzed lead WA" for the "R s "P" and VL® holde -
ing racks, The du Pont Design Division agreed to accept the gube. s %
stitution with the stipulation that ASTM B=29 chemical lead be-iged’
in K" and “C" units, ' - i

The pertinent facts relating to heat numbers probe pin -location:
mounting plates, concrete specifications, dimensional tolerances, .eteé
have been discussed in detail in other sections covering the faby
assembly and testing of the five holding racks. Co T T

“R¥ and "PY Holding Racks

A. Tube West Inspzctions




Page |

1. Pre-assembly Inspection of Tubes

A1l tubes (a total of Ll tubes identified by drawings
KIS 82121, 82126, 8212-10, 8212-11, 8212-12, 8212-13,
8212-1), 821215 ang 8212-16), were inspeected prior to
assembly. Inspection consisted of a complete dimensional
check, determination of surface finish, and examination of
circumferential bugt welds on those tubes which were welded.

The dimensional check consisted of neasuring tube outside
diameters with micrometers. Inside diameters were checked
using a plug gage machined to the required tolerance, depend-
ing on which type tube wag being checked, A1l other dirensions
were measured using a scale of the required length graduated
in 1/6h". Surface finish (MS) was determined by . feel,

The tubes that were butt welded tozether were visually
inspected for undercutting, porosity, cracks and other defects,

£1) tubes were found %o meet dinensional and surface
finish specifiecations, Visual examination of tubes butt

welded. together revealed that welds were completely renetrated
and of a sound quality,

Rack Flates and Probe Holder (See nys Twg. Xo, 82128 zng
8212-9)

The holes in the rack Plates (2/unit and identifieg as
plates 4 & B) were Jig drilled; therefore, only one tube
sheet for each unit Was given an overall and detailed
dimensional inspection. 411 bore sizes were measured using
inside micrometers, Hole locations with respect to plate edges
and to each other were measured using a 25t stainless steel
tape graduated in /16", a1 dimensions were found to meet
drawing tolerances,and the inspected plate for each uwnit was
Positioned over itg mating rack plate ang the alignment of

The probe holder Plate was likewise given an overall dimene-
sional inspection followed - by a secondary inspection during
assembly of the probe holder to tube nest. This inspection in
both cases consisted of measuring the plate with a scale
graduated in 1/6)", Results of these dimensional inspactions
were in accordance with blueprint specifications,

Upon completion of the above diménsionéi inspections, the
rack plates and probe holder ware andblasted, acid washed
and ferroxyl tested, Results of ferroxyl testing and visual

inspection indicated plates were free of rust, free iron and
surface defects,

iy
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- 3¢ Assermbly of Tubes in Tube Hest

Rack plates and tubes were assembled in a manner similar
to that for process units, Bowever, an additional Jig plate
at top end of tubes was used to help setting of tubes to align
Vee slots, and to maintain required verticality during tacking
and welding, (See photo Serial #£250). After installing
shoulder tubes ang assembling rack plates and bolting the
tox type carbon steel jig shown in Photo s=rial §250, the
top plate was then leveled using the wild N111 Precision Level
and target (Procedure for using this instrument is discussed
in Part II1, Section J). The top plate was leveled within a
range of .005" to ,012", based on readings taken at each
corner and a reading at the center of the top plate. Holding
the plates level within this range, they were adjusted in
such a fashion as to provide optimum verticality of shoulder
tubes, Verticality of shoulder tubes were checked concurrent
with leveling and shifting of platzs wmtil tube verticality
ranged frem 0 to 008" ver foot, Four shoulder tubes were
involved in this adjustment, '

+fter the above condition was satisfied, the remaining tubes

werc asserbled inte the plates, and the location of tubes was
checked to insure that each type tube was placed in its rroper

location. 411 tubes wers in their proper location. (5es photo

Serial #31))

Next, the parallelism of the Vee slots on the HCH, upR. wgw

and "F® tubes were checked, This inspection was made by first
establishing the fact that two tubes on thé center-line were

oriented such that the Vee slots were in tolerance, 4 straight

edge was then employed, and referencing from the two original
tubes, it was found that all Vee slots were in the 1/32n
parallelism alignment tolerance., This was accomplished after
some adjusting. Size of the slois were also checked using a
6" scale graduated in 1/6LY, A11 were found to be within
tolerance,

Before weldinz tubes to pPlates, the distance from the top
ends of all tubes to top of rack plate wis checked., This ine
spection was done using a straight edce and 6! ecale graduated
in 1/611”0

Tubes were tack welded and then visually inspected for under-
cutting and found satisfactory. After this the tubes were fully

welded to the top and bottom rack plates. ‘".elds were visually

inspected for undercutting, pinholes, cracks and other mechanical

defects. Welding was considered satisfactory.

The "R¥ tnit was re-leveled (using the top plate as a2
reference plane) within «018%, and verticalities of twenty-
eight (28) representative tubes were taken, (For use of

AR

- SNHT r:,’;’

L ¢



Page 6

verticality gage, see Part IIT, Section "L"), Verticalities ‘,
wvere found to be within the range of 001" to ,025" per ft, : i
This was considered satisfactory. §

The "P" Unit was re-leveled within .008Y, and verticalities
of eight (8) representative tubes were taken, Verticalities
were found to be within the range of .0005% to ,0195" per
ft. This was considered satisfactory.

A P A—— YT Wi o~ < w2t

After the units were leveled within the ranges stated above,
all tube bores were reamed in an area adjacent to the tube
welds This was done to produce a round bore of proper size
as welding tends to shrink the tube in the area. adjacent to i
to the tube weld, (See photo Serial #331) !

Upon completion of the "neck" reaming operation, the tube
bores were checked in the following manner:

a., Tube in positions 2, 3, L, 5, 8, 9 and 10 (see Dwg. Wo. i
HIS 8212-1), were functional gaged with a L.375"
diameter functional gage. All accepted the gage for
the entire length after minor repairing.

b. Tules in positions 1, 6, 7, and 9 were checked with a
standard dial indicator bore gage. fter minor re-
pairing it was found that these tubes met drawing bore
size tolerances.

c. The top 3" in the four rod tube bores were checked with
a profilometer to determine if the 63RMS had been maine
tained. They were all satisfactory,

de f11 tube bores were visually inspected for evidences of
scratches, gouses, etc., and accepted,

L. Fitting of Tube Nest to Ccntainer

Vith the tube nest placed in the container and the assembly
resting on a level platen, level readings were taken on the top
edge of the container at each corner using the Wild N111
Precision Level an? target. (For view of container before the
tube nest is placed inside, see photo Serial #333) Results in-
dicated the container ("R"$ to be level within .020%, Verticality
readings were taken on six (6) representative tubes. ' Results
of these readings indicated verticalities ranging from ;001" to
«012" per ft. For "P" unit, the container was leveled within
003", Verticality readings were taken on five (5) representative
tubes. Zesults of these readings for "P¥ unit indicabted verti- i
calities ranging from .000% to ,010% per ft.
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Page 7

ifter these checks the 23" x 3" x & flange plates,
(for supporting the tube nest), were tack welded into the cone
tainer. The tube nest was then removed and the flange plates
were fillet welded at top and bottom around the entire container,
Welds were examined visually for undercutting, cracks, pine-
holes, and other mechanical defects. The welding was considered
satisfactory and the tube nest was replaced in the container.
The tube nest was fully welded to the container and then the
following inspections were made:

a. The fillet weld joining the top rack plate to container
and the fillet weld joining the flange plate to the
bottom rack plate were visually inspected for underw
cutting, cracks, pin holes and other obvious defects.
The welds were considered satisfactory. -

b, Verticality readings on the previous six (6) representa-
tive tubes were taken and favcrably duplicated within
003" to ,00L4" per ft. with the original readings
above ("R"), Verticality readings were not taken at
this stage of fabrication on "P¥; however, they were
tzken at a later date as discussed in the next section.

Pouring of Concrete and Lead and Subtsequent Operations and
Inspections

Prior to pouring of concrete and lead, the interior of the
tube nest and centainer was inspected for cleanliness. Upon
satisfaction of this inspection the concrete was poured, and"
care was taken to provide vibriation in order that honey combing
would not result. The concrete was allowed to set approximately
48 hours before pourinz lead. (Ses photo Serial Number 316).
The concrete filled the area between the top and bottom rack
plates.

-

The container in the area in which lead was to be poured wasg -
preheated with torches., (For explanation of lead pouring, ‘see - :
photo serial number 320). This was done to prevent lamination
due to thermal shock. ILead was then satisfactorily poured,

After pouring of concrete and lead, the tube nest was
functional gaged and final bore sizes were cbtained as follows:

a. Tubes in positions 2, 3, L, 5, 8, 9, and 10 (See duge
Fo. NYS 8212-1), were functional gaged with a L3657
diameter gage. All tubes accepted the gage for the - .
entire length after minor repairing, NS

At

R

b, Tubes in positions 1, 6, 7, and 9 with a standard dial in-
dicator bore gage and ring gage. These tubes were ; -~
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6.

accepted; however, tube bores were above minimm
drawing size. Some tubes were .001" to ,OOL" over
bore size tolerance in one direction only (This
latter statement pertains to YP™ unit only,) WR®
unit was satisfactory,

€. Bore sizes were taken en all other tubes for a depth of
18" (from top end of tubes) using a standard dial ine
dicator bore gaze and ring gage. All werc found to bLe
vithin drawing tolerance and acceptead,

The probe pin holier plate was then installed, inspeeted, and
found to be in proper location., This inspection was performed
using a straight edre matched to the unit centerline and a scale
graduated in 1/6L". VUsing the straight edge as a reference line,
the location of the probe pin holder plate edges were thus
determined. Timeasional inspection of the plate itself was
perfornsd prior to installation and found satisfactory. This
inspection has been previously covered in section 2 alove,

Discharge process water tube and lLiquid level control tubes
were dimensionally checked, visually inspected and exawined for
cleanliness, This inspection was performed usinz micrometers
and a 100' stainless steel tape., Tho tubes were clean and weld-
ing was accepted. The tubes for "R" wnit were 22tw]/Lt long we
L3" beyond drawin: size, The tubes for MP" wnit were 21'-103n
long == 23" beyond drawing size. This allowed the field in both
cases to cut these tubes to the required length after the field
weld is made.

Probe Pin Socket Inspection

As stated on HYS Dwg. o, 8212-7, all probe pin sockets were
to be located with respect to the actual centerline of the tube
it serves and not with respect to a coordinate. As callediop

on the drawing, welds for probe pin sockets were to be made with
the "Nelson" stud welder,

A holding rack contains a total of thirty-seven (37) large
tubes, Of these twenty-cight (28) were 5.000% in dizmeter and
nine (9) were L.500" in diameter. In addition to the large
tubes, there were also four (L) rod tubes welded into the unit,
For all tutes, both large and small, there was one probe pin
socket located and welded at a stipulated distance properly
oricnted with respect to its companion tube (See photo Serial

#353)

To check the location of the probe pin sockets serving
large tubes required four (L) terplates. Iach template was made
to conform with the probe pin socket pattern shoun in Sketch #1.
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Serial Number 320

New York Shipbuilding Corp.
Camden li, New Jersey
October 31, 1953

PROJECT 8980 - SAVAMWAH RIVER PLANT
POURING MOLTEN LEAD IN WK® UNIT HOLDING RACK TUBE NEST

After the space between the top and
bottom tube plates has been filled
with concrete and has set for 48
hours, the top plate is covered with
7" of molten leads The lead is kept
’ molten with a gas torch until the
6 full 7" is poured, then the heat is

removed and the weldment is allowed

to cool in still air,
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{ PRELIMINARY

-

e WoY.Eo Project
Fabrication zrd Welding Procedurs
/15753
Contrast = 8212
Holding Rack Process Room

Index

Dro Noo

8212-1 General Arrangement

8212=2 Container

82123 Tenit Bottom

8212=l, snehor Bolt Locationsz (No Schaduls)
8212=5 Mounting Plate
8212=6 Rack Plate and Tubs Assexbly
8212-7  Holding Rack Assembly (see 8212-2)
821.2=8 Rack Plabe (see §212-6)

§212=9 syobe Holder Long (Fo Schedule)
§212-1¢ Plug ané Nufi Tude

g212-11 =" Rod Tube sné Slecve Tvbs
§212-12 Permaneat Slseve Weldment
8212-13 e " ?
g212 =1k " " ®



NoY.X. Project ,
L/15/ 85
Fabrication and Velding Procedure
Contract 8212
Holdlng Rack Process Room

Dr., Noo 8212=1 = General Arrangement.
Holding Rack to be worked approximately as follows:

1. Premachine all tubes %o finish size and 1ength ineludinz 7
slot and holes at top of tube afters

(a) Butt welding tubes together to form full leagth tuds.
(b) Welding plug, where rsquirsd, in bottom end of tuhas

() Welding lug, where required, at top end of tubs.

2. Ascemble Rack Plate and Tube Assembly in a menner similat ir
Tube Sheets on reactors but using an additioral jig plzir o
top end of tubes to help setting of tubes {o eligy war I7-7:
and to help hold verticality during tacking and welliliyg:

(a) During essembly, tubes to be tacked to Loth raecl: pdic'c:
on oubside, using coated electrodes.

a Y
“Lat 2

(b) Weld tubes %o bottom rack plate with L/L™ Tilleh,
Alrcomatic Tube Velders.

(6) Weld tubes to %op rack plate with 1/L" Filllet ermiid
tubes a8 far &8 possible %o help meintain requiia: ~ .
ticality, using either Manual Aircomadbic or com'iu: .

electrodes,

3, Assemble Container complete, sxcept for closlng pla%he &L
throat which must be left loosse until after Rack Plute 1:z:
Tubé Assembly 1s welded into Conteiner,

Lo Set Rack Plate and Tube Assembly in Condainer snd w»id .-
rack plate to bearing angle.

5, Test this assembly for tightness at boittom rack plsie = 11
to hold against any leakage during pouring of comerabs i:te
Rack Plate and Tube Assembly.

(Sheet 1 of 2)




L/15/53

Dr. No. 8212-1 - General Arrangement (Cont®d)

6o
70

8o

9.
10,

11,
12,
13.
k.
15.

16,

Fit and weld closing plate in throat of Container.

Agsemble and weld tank bottom complete, leaving i" excess all
around on top edge.

Fit and weld Container Assembly %o Tank Bottom, leaving %the
1" excess on top edgs.

Test for wabter tightness

Cut Container Assembly and Tank Bottom apart and prepare edges
for field welding from inside, usiug 75° included ves, 1/167
root face and 0 root opening. In cutting apart it will be pex-
missable %o use powder cutting from inslde and thru center cf
excess followed by chipping to proper edge and bevel.

F411) Rack Plate and Tube Asgembly with concrete.

Pour lead on top of Rask Plate and Tube Assembly.

Set Probe Holdsr in places

Shoot Probe Pin Socket Studs.

Assembly welding to be by Manual Aircomatic Process where
possible, except coated electrodes to be used for tight spols
or where access is limited.

Detall Procedurss are to be preparsd for easch aasembly.

(Sheet 2 of 2)




MeVoloc ESCJSG"Q

Farrication and Welding FProcedure

L/15/53

Centract €212

Dr. No, 8212 - 2 = Container
Dro No. 8212 - 7 = Holding Rack Assembly

1, Make up 1" side plate wish 1/2" shelf plate (&) and
bracket plates o

(a) Leave shelf? pnilate blanlk wisth no holes.

{b) Straighten after welding-

at’]
'3
w2
o)
cv
(O]
@
A7
2]
i
£

2. Make up 1" side plate @ with 1/27 shel
bracket plates (19) similar %c awoves

3, Make up 1/2" shelf plate ah corners DS. @ 373 130} or (31)
eash with bracket plate and doubler Piate iy

(e) Ieave shel? plate aznd dscubler blani,
{p) Straighten after walding iT nessssary.

Lo Prepaz'e butts on shell plates and aszcmbliss above for welding
from inside, using 759 f'wlvd"é vee with ?/‘26““‘ root face end 0
oot opening, exceph 30 int for closing nlaw fij?) to te preparsd
for-welding from outsids, using backing strip with 609 included
vees, 1/32% root fage and 1/6" root opening. Fstablish butbs Go
sult material and %o glive cezhplpsc prriphery &b bottoE edge of

-~

Contalrner w:@.m closing plaie u.j) FESTOFS 6,

{.

5, Assemble side pletes with flangs
after £irst buildling up edge o:E’
in wey of stiffeners:

W'd

ata stiffesers &5 Tollows,
e

3
& «nd veversing weld bevel

(a) Plate (B} with stiffener (&)
(b} Plete (1) with stiffener GO
(e} Plate (6 with stiffener (12)
(@) Piate (9) with stirfener (21

6. Tack and £i% 1l 1/2" shell plates including corner pisces and
closing plate.

7. Weld all butts from insids.

{Sheet 1 of 2)




Dro
Dro

Noo 8212 = 2 = Conbainer &/15/53
Noo 8212 =7 - Holding Resking Assembly

8o
9

10,

12,
136

15.
16,

170

18,
19,
20,
21,

~

Fit, tack and weld 1" side plate asssmblies.

Back Chlp joints and weld from oubsile, except do net weld
olosing plate @3

Fit and weld cormer shelf plate assemblics and flenge plete (Z).

Drill holes to suit Mounting Fiate Dr. No. 8212-5. Use jig %o
loocate holes.

Remove ¢losing plate (::) °

Set Rack Plate and Tube .Assembly irn Conteimer snd weld o

)
supporting sngle.
Test assembly for %ightness at hotiom rack plate surficient %o
hold ageinst eny leakage durizg pouring of councrelfe izbo Rack
Plate and Tube Assembly.
Refit, tack and weld cloging pieds {13! in shrest cf Conbtaines.

Fit and weld Container %o Tank Bottom 3o that entire unit can b
tested for water tighirsag.

Cut unit apart and prepaze vobiLem edze Doy Tield wel
using 759 included wvoo, 1/157 »uzo’% fage and 0 mcob o

F1ll interior of Reck Pladz and Tubs Aszenbly wibshk sousrete.

Pour lead on top of Reck Plzte sznd Tah> Adsembly,

Set Probe Holder, Dr. No, 3212-%, in ©iacs.

Shoot Probe Pin Scocket Studs.

(Sheet 2 or 2)




WoYo¥n Prajoss
Fabrication and Velding Proocedure L/15/53

Contract 8212

Dr., No., 8212 - 3} - Tank Bobttom

i . . - ‘:A
10, Make up manhole covser with doubler fl}}

l. Prepare butis on shell nlateg for welding from inside using
750 included ves with 1/i6" root face &nd 0" root opsaing,
Ieave 1" excess on %op edge of in way of Contbalner.

2. Cut 1™ radius clsarance hole in gtiffensrs in way of butd welds
in shell plates.

3. Assemble side vlates with stiffensrs as follows:
(a) Plate () with etiffesers (10) and @2)
(b) Plate (2) with stiffemers (8) emd {14
(6) Plate (3) with stiffeners )
(a) Plate with stiffeners @ _
Lo Asgemble bottom plate (i) with stiffener (gﬁ)
5., Tack end £it all 1/2" shell plete assemblies and sorner plesces.
6, Veld complete from inzide.
7. Beok Chip joints on oubside. g
8, Layout and cubt manhole opening. .

9, Shbiot welding studs for manbole coval:

11, it and weld Tank Bottom to Conbainsr so that ni% ora Bo
tested for water tightnsss. Note 1" esxesss bo 2z 1al% on oD
edge at this tims.

120, Cut unit apart and prepere bottom edge fox £1i212 woid from insid
using 75¢ included vee, 1/16" yoot fece and § rost opzning. Pewd
outbing may be used to cutb thricugh cenber of 1% sxcesgs from ingl

o

followed by chipping to proper edgs 8zd bavTel

(Sheet 3 of 1)




NoYoko :Pr(‘rject

Fabrication snd Velding Procedure

Contract 8212

Dr, No. 8212 = 5 = MNounting Platee.

£t

l. ¥Yachine and drill parbs prior to weldiag.

2o Veld boss to vnlate.

JRUSNUT—

L/15/5;
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Y.X- Project

L/15/53

Fabricaticn and Welding Prooedure

Contract 8212

=

Raokk
Ragk

Dro NOo 8212 it 6

Dr., No. 8212 o & Plate

Dlate and Tube Lssembly

1, Layou% Rack Plate %o

around in Coutainer,

2, Layout %ubes on 7% centers,

3, Make up carbon steel jig plate {is% unit
of tubes, Layout propsT iines for orisznd

and holes,

Drill pilot holes in Razgk Plabtes anﬁ

and drill and ream ncls for small tu

5, Trepan uoles in eack plabte individually. Ko coangersink requirs
Toleranos ,005% = ,000%,
6. Tubes o be completsly Ffindsbed »ricer to assemblye.
7. Agsemble Rack Plates asnd tubes as Tollows:
(a) Set bottom rack plate in pot chuck Jige
(v Set Pive (&) sheuidsr tubes in placs,
{g) Pu%p tep reck plets over sacullsy tgheaa
(4} Clamp asgspbly together anéd align in pol chusk.
{e) Teol shoulder tubes, exceph one with slot, on inside of
hoth plabes.
{7 a3zenble all remalning larg> ¥FIiss.
{2} Bt jig plety vop Lopo of 53170,
{n: Ovriznt tubes with slobs and Lolel, preparly uslugz lzyms
ilinog on tudwa and jig plada.
(j) Tacx ell pemaining large tubss cn tHOHp sids of bor rack
pla%eo
(k) Set smell %tubss andé bzok o top slds ¢f rack plats.
{(Sheet 1 0F 2)

vlate for larger

1t

finish size %o give 1/8" olearance al

)
tubes with slois

tube

o use at %op end

8

{o

s
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Dr.No.8212«6 - Rack Plate & Tube Assembly(c 5ea)
Dr.No.8212=8 = Rack >late ont*da

(1) Turn pot chuck with assembly over and fteck all tubes on
outside of bottom rack plate.

(m) Tacking to be done with costed slecirodes.

8.Weld tubes to rack platies, using skip welding as requized 'n
maintaln alignment and verticality,

(a) Weld tubes to bottom plate wish 1/L" £ille®, using oliie
Aircomatic Tube Veider or Manual Alrgomatic.

(b) Weld es much of each tube to top plate as ean be reqw: 2

with 1/4" fillet, using Mamual Airgomatic and coabed oo

9.Remove Jig plate at Gop of Bubes.

10, Fit and weld support picces (339 to 'S™ Rod Tudeg, Concr
of piece (@?} to radlus of HuLasz.

11. Set Rack Plate and Tube Assembly in Sontainer and TniT
accordsnce with scheduls for Dxn. No.8212=2.

L&

(Sheet 2 of 2)




No¥oXo PI"O:}@CQ'

Fabrication and Welding Frocedure

, L/15/53
Con%ract 8212

8212-10 = Plug and Muff Tube

8212=11 = "S"™ Rod Tube & Sleeve Tube Weldment
8212=12 «~ Permanent Sleeve Veldment

8212=13 - Perpanent Slesve Weldmensp

8212=14 - Permanent Slesve Veldment

1o All tubes to ve finished machined to size and length including

2o

vee slots and holes, where required and with lugs for prcbe pin
socket and pluge ir ends of tubes w=ldcd in plage prior to
assembly in tubs sheet,

Tube weldmsnte mads at No¥.50, aga followss

(a} prepare butt weld for 75¢ included vee, 1/32" root face and
0 ront opening.

b} Use suitable jig to maintein allignment during tacking and
welding butt.

(o} Weld as followss
{1) P21l 3nside of tube with Argon Gas.
{2) Weld rent pass with Helierc witinout using filler metal.
(3} Weld second pass -iith Heliare using filler metal,

{2) Compiete weld using coated electrodes. Argon not required
inside tube for this wela.ag,

3. it and weld lugs Ho tep ends of *ubes where required.

{a) Machine lug %0 na.s contuus Ge wubeo

{b} Use jig to set and hold lugs during welding. Allow 1/16" Zor
finish machining,.

{e} Cool inegide of tube with water during welding.

{Sheet 1 of 2)




LN

Contracts 500/50L
dpril 15,1953
o Straighten tube, if required, by heating and quenching.

{a) Determine trueness of tube in lathe and select side to be
heated,

{b) Heat required spot using Hellare Torch.
{6) Cool heated area with air or water.

50 Finish Machine tube
{a) Machine off weld inside and outside.
(b) Machine surface of lugs.
(e} Machine ends of tube,

{1} Bottom end of tuves Det."A™ & "C" Dr.No.8212-11 to be
beveled for 90° included vee, 1/8" deep.

(d) Mill vee slot in top end of tube. _
(e) Drill and tap holee in top end of tubeo
6o Weld plugs in bottom end of tubss Det, "A™ & "C™ Dr.No.8212-11,

{a) Plugs & tube to be beveled to give joint with -90° ineluded
vee 1/8" deepo

7. Weld assembly for supporting probe holder, Section B = B
Dr. No. 8212=6, to one tubs Det., "A" Dr. No., 8212=11,

{a) Assembly, section B=B, Dr. Ho., 8212-6, to be made up as
e unit prior to welding to tubeo




Caet,. o

Ea

C.

3.

tiQl

1.

The two mounting plates were tack welded to the container

flanges and match drilled, (See Dug. Wo, NYS 8212-5) Therefore,

Page 10

there was complete assurance of proper fitting of the pair,
These plates were inspacted using a scale of the required
length graduated in 1/64" and found satisfactory. However,
it was important that the proper mounting plate e fitted to

the proper flange in the field.

plates were marked "A®, #B#, wC¥ and YD" on the end and was
to be so assembled.

Overall Dimensions (%PH)

The same method of checking this unit was followed as
outlined above fer "R, K11 overzll dimensions of the con-

tainer were checked and found to meet drawing tolerances vwith

exception of length of container, Length of container was
69-3/8% instead of 70" # 1/8" drawing dimension. This dis-
crepancy was accepted by the lesign Thivision,

The flange plate around the top of the container for

supporting the assembly was also given a dimeasional inspection

as outlined in Seetion 3 zbove. A1l asnchor bolt holes were
m2asured using a 25 stainless steel tape graduated in 1/16®

and found within drawin; tolerance. (These holes were drilled

from a jig on
dimension)

The two mounting plates were tack welded to the flanzes and

which 2ll holes were within 1/6L" of drawing

jig drilled, (See Dug. Yo. FYS 8212-5) therefore, th.re was

complete assurance of proper fitting of the pair.
were inspected using a scale of the required length graduated

in 1/64" and found satisfacto=-. However, it was irportant

that the proper mounting plate be fitted to the proper flange
In visw of this fact, flange plates were marked
and "I'" on the ends and way +o0 be so asserbled.

in the field,
vhn, mER, uCw

Tank Bottom (See Lug. To. NYS 8212-3)

Inspection of

All welds

wndercutting, cracks, pin holes and other mechanical defects.

Welding and Fiteup

were visually inspected for determination of

After minor repairs, all welds were satisfactory.

Fiteup of
draving. %The
the container
bottom,.

plotes was in accordance with the above listed
same fabrication procedure as that followed in
was adhered to during fabrication of the tank

In view of this fact, flange

These plates

Ry -

=

Rt 3 sy A,




.

2.

3.

b

5.

npn

1.

2.

Page 11

Overall Dimensions

411 overall dimensions of the tank bottom were checked and
found to meet drawing requirements with the exception of overall
length which was purpcscly made 5/16" loag to compensate for the
container being 5/16" too short. These inspections were made
using a 100' stainless steel tape graduated in 1/16",

Fitting of Tank Dottom to Container

During the fittiny of tank botton to container, alignment
of centerlines, mating of centering devices, and relative
location of 13" plates and holes in same were checked, The
fitting and alignment of container and tank botiom was satise
factory.

The location of the 13" plates {four on container and two
on side of tank botbom at top) with respect to each other were
neasured using a 25' stainless steel tape graduated in 1/16",
Hele locations ware also checked usin-c this tape,

Hydrostatic Testing

The tank bottom was properl: supported in a vertical
pos®tion and £illed with delonized waber. Static head wos
201d four heurs, then the asserbly was visually inspeched.
Yo leaks were found.

Sandblasing

The entire tank bottom was sandblasted, acid washed, and
ferroxyl tested, (See photo ferial #255 and #£313) Results of
ferroxyl testing and visual inspection indicated a1l surfaces
were free of rust, free iron and surface defects, The entire
assembly, tube nest container, and tank bottom was cleaned with
a solution of M0-128 pricr to shiprment., Visual inspection
showed the asserbly te be free of dirt and oil.

The "R" Unit holding rack was shipped by truck to Savamah
River Flant site on May 2£, 1953

Tank Bottom (See Dug. ilc. NYS 8212-3)
Inspection of weldinz and Fiteup
(Same as Laction C-1 atove)
Overall Iimensions
All overszll dimensions of the tank bottom were checked
2

and found to meet drawinc retuirements with exception of the
following: .
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3.

Pace 12

a. Dimension from field weld to bottom of container:
15 - 7-13/16", Dug. size 15' - 73" & 1/8,
(Section Z=t), ]

be Timensions frem field weld to bobttom of container:
15 « }=11/16%, Dmg, size 15! - hiv & 1/8n,
{Section C=C).

o

c. Dimension from field weld to bottom of container:
4t ~ 10.5/8"; Tuz, size 14t - 93" £ 1/8",
(Section I~D)

‘These discrepancies were accepted by the Design Tivision

on 6/12/53, )

The above measurements were taken with a 25! stainless steel
tape graduate? in 1/18%,

Fitting cf Tank Bottem tc Container

During the fitting of tank bottom to container, alignment
of centerlines, mating of centering devices, and relative
location of 1%” platzs and holes in same were checked. (Ses
photo serial #34,9). £11 measurerments were made using a 25°%
stainless steel tape graduated in 1/16%, The fitting and
aliznment of container and tani: botton was satisfactory ewxcept
as follows:

a. Center~to=center distance of holes in 13" platus on
tank botbom measured 6-15/16% rather than 6-3/L" & 1/16% ag
specified on drawiass.

be Vertical alignment of holes in 13w platas on comtainer
and tank bottom was 3/322% off.

ce Overall length = top of container to bottom of tank
bottom measured 21' - 5-3/16"; dug, size 21' - 53~ % 1/)m

The above discrepancies were accepted by Ilesign Tivision

on 6/12/53.
Hydrostatic Testing

The tank botitom was proporly supported in a vertical
position and filled with deionigzed water. (See photo serial
#251) Static head was held for (l:) hours. Welds were subjected
to hammer testing in accordance with the 1950 editioa of the
Unfired Pressure Vesscls Code, o lezks were found upon come
pletion of visual inspection.
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Page 13 |

5. Sandblasting

The entire tank bottom was sandblasted, acid washed and
ferroxyl tested. Rssults of ferroxyl testing and visual ine
spection indicated all surfaces were free of rust, free iron, !
and surface defects, The tube nest and container was cleaned
with a solution of FC=-128 prior to shipvent. Visual inspection
showed the assembly to be free of dirt and oil.

The "P* Unit holding rack was shipped by truck to Savannah
' River Plant site on June 17, 1953.

III. Salvaging of lLarge Tubes and Rod Tubes at New York Ship For Use
in "L¥, UWEY and "C* Holding Rack Assemblies

Tubes required for "L¥, "E?® and "C" holding rack assemblies
had not been ordered either by du Pont or the original vendor.
Since tubing was not 2 stock size, it would have required a mill
order with a four to six month delivery.

Top tube sheet tubes from the 100 Area process units s Which
had been declared scrap by the du Pont Inspection Department, were
re~inspected and fomd to be acceptable for the large tubes and
were utilized, This was possible due to the fact that tolerances
for finish and size for the holding racks were rmch more liberal
than on the process units, and in addition, these tubes did not
require O=-ring seating areas. . (

Rod tubes required were also not a stock item size. wuantity
required did not justify a mill schedule, and delivery would not
have met requirerents. The vendor for the rod tubes was National
Forge and Crdnance Co., Irvineﬁ, Pa, Material was furnished by
New York Ship on order AXC 167% and was bar stock 2-1/8% diameter
x 66" long, AISI, type 30k S/S. The tubes were machined %o =
length of 65" & 1/14", The U.D, was 1.875" 4 000 = <0047, and
the I.D. was 1.057" & ,013%, The maxirun permissable camber was
0.030" in 3' or .D1O" per foot. 211 surfaces were to have 125
RMS mierc-inch finish.

A1l tubes iere stenciled at any point on the circunference
one inch below the top end of the tube, and stenciled with the
tube letter (see Dwz. #160300) and also with the corresponding
building number. In the case of the L=1/2" diameter tubes, the
designated Few York Ship number was also stencilzd on the same
plane.

The 0.D, of L=1/2Y diameter tubes reclaimed varied in size.
In order to make the rost efficient use of these tubes, they were
grouped according to size for each unit. For listing of large
tubes for ¥L', ME" and "C" units, see Fxhibit #2 preseanted herewith.

Du Pont Design Iivision agreed to accept the rejected tubes




821); - 8215 - 8216
HOLDI: DACE TUBE MARIING AND ASSEMBLING DTATA

After lathe work is finished and before tubes are submitted to du Pont Inspectors
for checking, each tube shall be marked with a number (or series of numbers) ,
indicating:

1st - Inspcctors reference number

ond - (Building number (L, K or C as the case may be)
(and Tube letter. (See Drawing #160300).

3rd - 1,7, Ship Pesignation number. (Used on Iiv &a, tubes only).

Marlding shall be by 1/l stencil and shall be located at any point on the circumference,
about 1/2" below any reduction of cross section at top end of tube.

Especially numliered tubes have been assigned to siven assemblies and those tubes must
be used in the assemblies indicated.

For 821} - "L¥ use the following tubes 5% dia.

1-LA 1) - IC 27 - 1D
2.~ 1A i5 - 1 28 - LD

3 ~-1A 16 - 1C 29 « 1B = 7
h - 1A 17 -~ IC 30 ~18B~3
g - LA 18 - 1C 31-1I8B«1
A - LA 19 - icC 32 « IB - 10
7 = L& 20 = 10 33 -« LB -« 13
8 « LA 21 - 18 3« 1B - 17
9 - LA 22 - LC 35 - LB = 19
10 - LE 23 - IC 36 - 1B - 2
11 - LT 2) - LC 37 = 1B = 27
12 - IE 25 - IC

13 - IF 26 -~ 1C

For 8215 = "K" use the following tubese.

38 - KA L7 -~ KB = 6 56 = IC 69 - KD
39 - K& l8-F3~-8 =~ 57 -KC 70 = ED
10 =« KA 19 - KB = 11 58 - KC 71 - KB
41 - KA 50 ~ IB = 12 59 = KC 72 - KE
42 - K& Gl - KB - 15 60 - XC 73 - KB
I3 ~ KA 52 - KB - 18 61 - KC 74 - KP
Iy - KA 53 -« KB - 20 62 « XC
45 - KA 5l = KB - 21 63 - KC
L6 - KA 50 « KB - 25 6l - KC

65 - KC

66 - KC

67 = XC

68 = KC

EXHIBIT ¥2

R 7%\



For 8216 - "C" use the following tubese.

75 = CA
76 - CA
77 - CA
78 = CA
79 - CA
80 - CA
g1 - Ca
82 - CA
83 - CA

8l -CB =2
85 - CB « L
86 « CB = 5
87 «CB ~9
88 - CB = 1
89 - CB = 16
90 = CB =~ 22
91 - CB ~ 23
92 - CB = 26

93 - CC
oL - CC
95 ~ CC
96 - CC
97 = CC
98 - CC
99 - CC
100 - CC
101 - CC
102 - CC
103 - CC
10l - CC
105 - CC

EYHIPIT #2

106 - €D
107 - CD
108 - CE
109 - CE
110 - CE
111 - CF

(Ciche' T)

ot o0 ST e

oo b E L




that Rew York Ship had available to fabricate the holding racks
for L%, "K' and *CY., Some tubes could not be held to I.D,
tolerance of £ ,005" with 125 RMS micro=-inch finish, so permission .
was given to use ¢ +032" and -,005" to be acceptable with the
1‘0389’ tubeS‘ [

_~'e‘“ oot

One hundred and five (105) welded tubes, which were not
acceptable for use in the main 100 Area process units and six (6)
seamless tubes wers re-inspected and accepted for fabricating into i
the "L", "E" and "C" holding rack assemblies. ({See Section VeI ‘
of this manual for further information concerning tube salvaging
operation.

Major Fabrication Changes on ‘L%, "E" and “C% Process Room Holding
Racks

A. VLR Unit
1. A revision was received from Tesign relocating the two

1=21/6L* drain holes to the position showm on du Pont
drawing I11h2kh.

2. Other minor changes are covered in the revised drawings !
listed for "L", "K' and ®C" Units in the front of this
manual,

Be "E¥ Unit

Same as "A" above,
C. "C" Unit '
Sane as "AY above, except as follows:

1. Three additional Vee slots were added to the top of items
10 to 1l inclusive shown on tube arrangement Wi60300. - The ..
existing Vee slot machined in tube ends on the Ko side-<-- . . -
before the revision was received at the du Pont Inspection
Department remained in the tube ends. See Sketch £§ g
presented herewith covering this revision. Also, see -
photo serial #369 showing the machining of these three- .
additional Vee slots.

2. Container drawing D11h2l6 and tarnk drawing D113111:
A member of the Design Division requested that the- L
vertical weld seams adjacent to the field joint-on both - * . -
container and tank be xerayed for a distance of six . .
inches from the field joint. The resulting films were
Judged with the same stringency as required under
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Paragraph U68 of the 19L9 edition of the ASME Code. All
radiographs were acceptables ( This request came about
as 2 result of complaints received from the field that L
& K units were x-rayed at the field joint and defects
were found in the vertical Joints adjacent to the field
jOi.n‘bc)

Inspections Performed on the vt Holding Rack Assembly

A pvesums of all inspections performed on the L% holding
rack assembly are covered in Exhibit £3 presented herewithe

Inspection Performed on the "K' Holding Rack ..ssembly

4 resume of all inspections performed on the K" holding
rack assembly are covered in Exhibit #l; presented herewithe

Inspections Performed on the "C" Holding Rack Assembly.

A resume of A11 inspections performed on the "C" holding
rack assembly are covered in Fxhibit #5 presented herewnithe.

-




EYHIBIT #3

RESUME OF ALL INSPECTICRS PERFORED O THE "IV

[ICLTING RACK ASSEMBELY
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©. I. DU PONT DE NEMOURS & C0., IKC. Report Number 76L4-L
Construction Division Ct: J. B. Johnson ’
R, ¥, Mason=D.A.Hauser~SRP -3}
%, ¥. Mason=W.P.Buncan-SRP
i. L. Bunker- J.G.Brewsr
J. &, Brewer
Ho B. Gage
F. C. Breuninger
L. Jo Carroll .
~f) R. H. Barto - HYS {3}
/\;.!&:/,:/
Hovember 12, 1953
New Tork Shlp -~ GCamden, N. J.
FIELD IRSPECTOR®S REZORT
TO C, J, VEITH - M & E FILE
FROM L.J.Piatek - (O.R.Frandsen DATE Ochober 21, 1953
FROJICT N0, 8960  PLANT __Savannah River ORDER NO. _ AXC=1673
BQUIFHERT Holding Rack EQ.PC.NO. 179.3
DRAYIEG NOS, Listad below J0B RATING )
VENDOR zw York Shipbullding Corp. __LCCATIOH Carden, Nc. J.
This report supersedes report number 763-1L which was .issued inccrrect.
The following is a summary of all inspections mada on LT unit kolding
rack, Inspsctions were performed during the period Aug.10, 1953, through
Octcobar 29, 1953, by Du Pont inspeliors agsignsd to Wew York Ship. Draw-
ings used in conjunction with inspections wers supplied br Du Foent Eagrs
Dept, D;arings refsrred to in dhis report are drawing numbers ﬂ¢1602§9,
W.150291, W.150300, W-1803G7. D=110320, B-113105, D=-113105, D-113107,
D-113108, D-113109, D=11311C, D-113311, Dwelllzls 2nd D-114256.
A, Tube Nest - inspactions pericrmed
1. Pre-azssembly inspection of tubes: A1l bubes {a total of 41 tubes
identified by drawings D=113105, D-123106, D-112107, D-1132108,
end D=113100}, wers inspscied pricy ©o agsembly. Inspeciion con
sisted of a complete cimensional check, determination of surifece
rinish, and examinabtion of sirounferential butt welés on thoss
tubss which were welded.

A11 tupes checked were found to be in As HMade®™ condibtions and
borea of sll tubes were undersize, These tubes werse put into
unit and welded. After welding all tube bores were bnen machined
tc B/P sizes. This procedure cmitted ona machining operation.

On previous units Tube bores were ma chined cut to B/P swﬂﬂg prior
to installation inbto shests. After welding tubes into un it Iube
bores wers again machined out. This cacond machining opera* on
was e remove excess metal in the tube bores {necking in of umelal
sed Dy welding tubes intc sheeis.
e TR DY N
SELLLTTN SR LN
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After machining, all tubes mef dimensional and surface finish specs.
Visual examination of all tube walds revealed that vwelds were
completely penetrated and of sound quality.

Rack plates and probe holdsr - see awg. ndo D-114244 & D=113110

The holes in the rack plates were Jig drilled two at a timej there-
fore, one plate only was given an overall and destailed dimensional
inspection., All dimensions were within b/p tolerances and the in-
spected plate was positioned over the second rack plate. Alignment
of the two plates was checked visually and congidered satisfactory.

The probe holder plate was likewise given an overall and detailed
dimensional inspsction followsd by a secondary inspection during
assembly of probe holder to tube nest. Results of these dimsnsional
inspections were in accordance with b/pe

Upon cemplation of the above gimensional inspactions, ths rack
plates and probe holder were sandblasted, passivatsd, and ferroxyl
Lested. Results of ferrozyl, testing and visual inspection indicated
plates were free of rust, fras irom, and surfase dsfscts.

Assembly of tubes in tube nest

Shoulder tubes were first placed in the rack plates thereby maintaine-
ing proper spacing between rack plates. The top plate was then
leveled with a Wiid NIII Level and the platss were adjusted in such
fashion as to provide optimum verticality of shoulder tubes.

The top plate was level within a range of .005%, based on readings
taken at each corner of the plate.

Vertiealisy of three representative tubes renged from 0017 to ,0107
per £%. and fabrication was centinuad.

The remaining tubes were assembled in the plates and the location
of tubse was checked to make corbain sach type tube was placad in
proper position. All tubes wers in proper lccation.

The paralielism of vee slots o the ©Cv, 5D¥, 9Et, and "FY tubes
was eheslked. This inspection was mads by first establishing the
fact that two tubse on the centerling were oriented such that the
ves globs were in the 1/32% parallelism alignment golerance., This
was accomplished after some adjusting. Size of slots was &lso
chacked. All were within b/p tolsrancsa.

Baefore welding tubes to plates, the distance from top ends of ail
subes to top rack plate was chackedo Thasa dimensions met b/p
requirements.

T AT
SRTeaLTRD
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Tubes were tack weldsc¢ and then fully walded to the top and bottom
rack plates. Welds wire axomined visually for dstermination of
eracks, pinholes, and soundness of welds. The welding was considersd
satisfactory,

The top plate was then re-leveled within 008" and verticalities of
& representative tubes wers raken. Verticaliviss were found to be
within a range of 00057 to .025" per ft.

A1l tube bores wers reamed after welding was completed. This was
done to produce & round bore of proper size as welding tends to
shrink the tube in the arsa adjacent to the tube weld and all tube
bores were small when first imserted into nest as explained in 2
previous paragraph.

Fitoing of tube nest to contalner

With the tube nest placed inm the conbainer and ths zasembly resting
on a level platen, level rgadings wers obtained on the top =dge of
the centainer gt each corner DY meant of a Wild NTII Level, Results
showed the container te be level within 008%, Verticality readings
were vaken on 5 rewrzsentative subess Resulss of these readings
showad vorticalities ranging from 005" %o L0257 psr .

£ ¢

After these checks, the 2 1/8% x 3% .: /2% flangs plates, (for sups
porting the tube nest}, were tack welded inbto the <o
fuba nest was then removed and the flange plates wers tack welded
at vop and fillet welded &% botbem arcund the enbirs container,
Welds ware anamined visuzlly for cracks, pinholes, end soundnz2s8.
Welds wers considered satisigsiory and the tube nest was replacsd
in the conbainer and the following inspectlons wers mades

k owe

A, Tha fills e
f 4 W

v ta
‘lle

ol 7
and the £1d joining the flange plats Lo U i
rack plate were visually ins soted for cracks, pinhsles, and
soundness., The welds were considered satisfactorye

Pouring of concrete and lead and gubsequent opseratlicn and ingpesctions

Frior to pouring of concrsts snd lead the intsrior of tho tubc nest
and conteiney was inspzetad for clsanliness. Upen satisfaction ¢
phis inspection, thz concrate was pourad and cavs Was pakon o provide

sibrazicn in order that honey combing would nog result. The consreve

5

was parmitted Lo set spproximately 36 hours bafors pouring lead.

The container in the area in which lead was €0 be poursd was preheated
with Gorches. This was dome te pravent laminadion dua e tharmal
ohock. Lead was then satisfzetorily pourede

ASTH-B29 Grads 4 cowmmon de=silverizaed
instead of ASTN-BR9 chemical lead as 3
type of lead was aceepted by Mro, Ho G
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After pouring oif conc

rots d, tha tube nssd was functiocnal
gaged and final bore gizes vers cbbaireas &

g followss

A. Tubes in positions 2, 3, &, J 8, 9, and 10, {ses dwg. no.
W-160300), were functional egaged with 2 £.375% dia. gage.
All accepted the gags for the entire length after minor
repairing.

B. Tubes in positiens 1, ¢, 7, and & wers chesksd with a bore
gage. These tubgs wWers sccepbed and readings indicabed tube
bores were above minimum drawing eizz. Some tubes were 0017
Lo LOOLY over bors sise tolerancs in ona diresction only.

¢, Bore sizes were obhained on all other tubos for & depth of
13%,. A1l wers within h/p tolerante.
The probe holder plasz then instbeiled, inspecisé and feund Le
be in proper location. Probs pin sockste vers welded to probs holdsr
plats and brackste. 411 probe pin sockels ware chzcked for size,
isaation, end elevation 411 pat grewing specifications.
Fitving of #LT unit sclonoid to unit tube nzst was inspectet. Tz
solencid aszembly operabed mechanica i1y according to drawing apecifi-
zations.
- - - . - Y - . -
Discharge process water bute and liguid leval control zukes were
dimensionally checked, visuvally inspected, and examinsd for clean-
liness. The tubss were clean and welding was acceplbad.
B. GContainsy = Dwg. No. D=115240
1. Insoection of weldiug and fitup.
LT -;n"ﬁq o .y o -l" r o] @ {7’ o) Yo -r‘-" }r\'l 3 o :{
411 weide were visually examinesc LOr Cracss, pinholeg, ana
soundness. After minsr repairs 211 welds wers satisfactorye.

_ . . . e e s e Avemigd

Fit-up of plates was in CLOrCAncs with anove listad GUAWINg.

- . L e S T R I SR s, o S

In genaral, the fabrication procedure followsd was 1n aseordIngt

: AR . . . 2 oen mansd 3t e d 3 . BT ey o
sith an outline preparsd by vendor and ideppifieg ag LOLICGWS.

2, Overall dimensions

A1l overall dimensiocns of container WEIrE epacked and found Lo
meet drawing tolerancese
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Tank botton = d¥ge

REPCRT
1

5
Piatel/Frandscn

0"?;“

Lengeh of cortainer was 70 1/16

b

The flange plate around the top
ing the asssmbly was 2also given
A11 ancher bolt holes were with
holes weire drilled from a jig o
1/64F of drawing dimension.:

o

Sanéblasting

The entire contaliner was sandbl
cestad. Results of fsrroxyl te
indicated assembly was fres of
defacts. .

Report #76&@L
Pege 5 of

5
[4)

of the coatainer for supporie
a dimensional inspection.
in drawing tolerance. {(These
n which 211 heles were within

ssved, passivated and ferroxyl
s3¢ing and visual ingpection
rust, frss iron, and gurface

Inspsction of z To

. 2 - o e P PR, B sy s £ meas o~
211 welds wers visually iunspoztod 2o doversination of cracks,
pinheles, &nd scundnesso. piuey miner repairs o3l welcs wEDE
gabisfactory.

C. o q. - - s 3 - f‘..kq 2 -~
Fit-up of plsies was in sencrdznes with sha zbovo listod draw-
3 &, ? P 2 - e Yo guta £ ¥~ .
ing. The same fabricabticn procedure as thav feoliowed in the
conbainer was adhersd to during fatricaiian of the tank bottom

-~ -
Overall dimsreicns
511 overall dimensione of Lhy wEnx rottom wars checkod and
found o nest, bp reguiremsnihi.
Fighing of tank bottom %0 gontaingr.

. s - o A te e 4 g . ) .

During the fitting of tank botitom o combainsy - aligmment of
conberiinue and mabing of csnbering devices vare cheskad., The

o 3 oy | QP PR 4 e = e ] 3 P S L =
Fiveing and alignment of coltainer 2nC vank botiem wes sablss
fachoryo

*% 7 Y > 2 S o 3 Ao ~ I e » 3 S
a. DOverall length = top of container t@fbba;s% of Lank bobiom
o o e A S z 5 i3 ] ]
mosguved 217 = 5 1/AU3 B/P B = 5 L/EW SLALT.
- - . & . . 2 : .
Pubes wore cheshked to find if taey ars 1w oa plime of £ L7329
* s = s e et Ty P s
Two tubes wers found to be 1328 vader B/P spues. Np. hoy O
Design accepbed thls condiszion L0/20755.
Rydrozvatic Sesting
The venk bottom was pPropsrly supported in 2 vertical position
and £illed with de-lonized watele. Stztic head was held & hre.
- o S 3 g Ae -
Welds wore subjected ¢o hammer tasping in assorgances vitdh the
3 3 ~ . - " T anl
1950 edivien of the Unfires Pressure Vesaels Codeo Ho 1enxs
were found upon compleiicn of visnal inspectisis
;-;,"?Sx"i'._‘ s e
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5. Sandblasting

The entire tank bottom was sandblasted, passivated, and
ferroxyl tested. Results of ferronyl taeting znd visual
inspection indicaved ¢15 surfaces wors fres of rush, Ifree
iron and surxacc defects. The tube nest and contalner, was

K

o c:’
]
9
{

cleaned with a sclusion ¢f “FO-
Vigsual inspadc icﬁ showed the 258

At

2« - ‘*\
and oii., The assembly wasz shi F;a e

1%’
o )

bes free of dirt

T
or to °hipmanbo

Xe

ruck October 29, 1953,

6, Heatp Humbers

As | AN -
Heat numbers ars asz followss

Tor Hold Roolk Conbainar Tenk Dotion
2z R -~ , I'4 3
62807 Side plaves 52807 Side Plavtess (2}
&2 ind platss £2753 Bodtowm plabe
sy
O

L
s
23

7

g End platves
2 Flanmge

PR 40l féatgbs

Angle plates

3
[ oo vt
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H, L. Bunker=J.G.Brewer

Jd. G, Brewer

H, B. Gage-

F. Co. Breuninger

L, J, Carroll
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Jo B. Johnson - File

Dacember 31, 1953
New York Ship - Camden, N. Jo

*IELD INSPECTCR®S REPORT

TO C, Jo VEITH - M & B FIlE

FROM Lo J. Piatak __DATE _ _/98/>)

PROJECT NO. 6980  PLANT Savannah River _ ORDER NO. AXC-1672

EQUIFMENT Heolding Rack EQ.PC NG, _17%.3K s

DRAWING NGS, Listed bzlow JOB RATIHNG

WDOR New York Shipbuilding Corp. LOCATION Camden, No do

The following is a summary of all inspaeticns made on PEY un
Inspections wers vezLarmgi during the p-sch Octs 2¢, 195
Dac, ?&9 1953, by Du Pont Inspgctors assi igned o New Yor
used in conjuction with psoscsiohs were supplied b
Dept. Drawings referred v0 in this report are frav'n' v
W»L60291 W=160300, W-160307, D- 1’0)20 L«Ll}l@is
D-113108, D=1h31099 D=113110, h91133119 D=-1142&4%,

Q
m o

4

1 EGA

[N

{vor
o]
783 MO R N
<y
53 )
t oy
lute
¢ 0 Ey R oct
o
(o 0 B3 BT 4
05
Pe

gwt
oY it

FNL

o
v} [| [0

€

A. Tube Nest- Inspections performed
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1., Pre-assembly inspaction of tubss
indeatified by dwzs (D=113105, D=
D=11310%9}, ware inspected pricr ©
of a compisbe dimensicnal chcckp
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A1l tubes checked were found to be in TAs
bores of all tubes were Lnderuzzco Thes°
unit and welded. AfL
B/P size. Afber mas
finish spec¢ificatic:
vealed that welids W
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Ao Jo Piatek

Rack plates and probe holder - seg dwg. no. D-11424k and D=113110

The holes in the rack plates were jig drilled two at a time;
therefore, 0”8 plate cnly was given an overall and deitailed
dimensional inspection. A1l dimensions wers within B/P toler=
ance and ths inspected plate was pOSluAQﬁEG sver She sacond
rack plate. ﬁlignmer of the two platss was checked visually
and considered satisfactory

The probe holder plate was likewiss given an overall and
detailed dimensional inspection Fc‘io izd by & secondary ins
spection during assembly of probe Holder to tubs nest. Results
of these dimensional inspections were in accordance .1Ln B/P.

Upon ccmpletion of the above dims nsional inmspsciicns, the o
plates and prob~ holder were sandblasted, passiveted, and
ferroxyl testecc Results of ferrexyl testing and visual in-
spection indicated plates wers fres of rust, free iron, anc

surface defectso

Assembly of tubes in tube nest.

Shoulder tubes werae first placed in the rack plataes Lhersdy
maintaining proper spacing between rack plates, The Lop plate
was then leveled with & Wild HIITI Lsvsel and the plates were
adjusted in such fashion as %o previde ophimm varnisalidy o
shouldesr tubsas,

P 005, based o TRAUs

The %op plate was Jevel within & range of
ings talken at each errner of the plais.

Verticality of three representat
005" per ft., and fabricaticn w T
WETEe assembled in the plaubs znd the locadion of tub2
L0 nake cbrta;‘ each type tube was plased in prover dosiltian.
£33 tubes were in proper location-

KN ~ o
ubes ranged from 00D
- - *
ntinued., The remaiaing $1o3%
8 »
i)

<y
]

The parallelism of ves slots on the “C”, npt, 9RF  angd YFC subos
vwas checked. This inspa“ ton wes made by first establishing Lhs
fact that twe htubss on the centerline were osrieatsd suer tnab
the vee slots wers in the 1/32¢ parailelism alignTsnt Colovanio.
This was aceomplished after some adgus ing, Sizez of slots was

also checked., ALl ware within B/ /P volerance,

Before welding tubes Lo plates, the distancs from top ends of all
tubes to %op rack plate was checked. Thesz dimensions mab B/?
requirement s,

:,.., X} kel = 3 akat

Tl troateys
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A, J. Piatek

Tubes were tack welded and then fully walded %o the top and
bottom rack plates. Welds were exanined visually for determi=
nation of cracks, pinholes, and soundness of welds. The weld=
ing was considered satisfactory.

The top plate was then re-leveled within .C08% and verticalitviss
of eight (8} represantative subas were baken. Venticalitles
were found te be within a range of .C00% ©o D10% psyr fo,

A1l tube bores were reamed after welding was comploted. Thio was
done to prcduce a round bore of proper sizs as welding ben

gas
shrink the tube in the arca adjacent %o zhe tube wsld and all
tube vanes were small when first inserted inbo nest as explained

in a previous paragraphe

Fitting of tube nest to container

With the tube nest placed in the container & 25Sembly 1'es%e
8

c!. A Tm oy
3 ‘o
2o

ts

n <
ing on a level platsn, level readings wers ¢b ed on the 4op
edge of the comtainer av aseh corner by msans of 2 Wild NILX
Level. Results shcwed the container ©o ba le Wit
Verticality readings were taksn on Five {31 ¥ 3
Results of these reading showed verticallisisas g

to 0097 per fio

After these checks, the
supporting the tube nest
The tube nest was then T
velded at top and
tainer. Welds we
scundness., Welds were consider

{;
ta

shtom aveund the entlr

11y for cracks, pinholss, and
1 sahiefactory and ths ubs n2st

was replaced in thR container and the £

made:
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{a} Ths fillet tack weld joining the oD rack pl
and the fillet weld joining the flangs p-at
rack plate wers visually imspected f¢r ¢
soundnass., The welds were considegred sa%
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The container in the area in which lead was to b2 pouved was
preheated with torches. This was done to prevent lamination
due to thermal shock. Lead was then satisfactorily poursd.

ASTMB2S chamical lead P.0.,375 was used as i
Two cubic vards 2500 1lbs central mix, 1/2% ston
P.0.L12 concreve was used in this unit.

After pouring of ccncrete and lead, the tubz nest was funsbiconal
gaged and final bore sizes obtained. Thess were all found to b2
sagisfactory. The overall {center to center) dimensions of tubes
in ¥ and Y directions was found to be 1787 under B/P dimenslons.
Mr, Hev of Desizn verbally acecspted this conditicn via telephone
conversation 12/23/53.

The probe holder plate was than installed, inspested and found

to be in prover locatiocn. Prote pin sockets were welded te probe
holder plate and brackets. 411 prebe pin sockets were chackad
for size, lecation znd elevatiocn. A1l me% grawing specificatinms,
Fitting of "KY unit solencid to unli Ttuse nest Was inspocteds

The solencid assembly operated mechanically aceording o drawing

e N

specifications,

Discharge process water tube and liguid lsvel gontrol tubes were
dimensionally checked, visually inspected, and sxaminec for cleanlie-
nsss. Theee tubes ware found to be zlsan and welding was eunanted.

Container - Drawing number D=1142%6

1o

30

Inspacticn of welding and Tit-up.

A1l welds, after minor repairs, were satisfaciory. F T
plates was in accordance with above listed Graviinge

Overall dimensicus

211 overall dimensions of conbainasr wers cneshcd and Jaonn L0
within drawing tolerzancs,

The flange plate arsund the top of the conlainoy for LU oTLing
the assembly was also given a dimensional inspzciislle ALY
anchor bolt holes ware within drawing tolsrance. (Thosg noles
were drilled from a jig on which all holes were within 1/8k% of

drawing dimensions.

Sandblasting

cated assembly was free ¢f rust, free iron and surface defests.
RINTNITTED
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C., Tank Bottom - drawing number D=113111
1. Inspection of welding and fit-up

A1l welds were visually inspected Tfor defects, Aftsr minor
repairs all welds were satisiactoryo

Fit-up of plates was in accordance with the abovs listzc drawlng.
2. Overazll dimensions

The slope of bottom plate was found to ba 1% shest. Overall
dimensions met B/P specificaticnse

3, PFitting of “ank bottom to coentainer
During the fitting of tank bovbom wo econtainer<alizwusnt of centers
. 5

<
lines and mating ¢f cenbtering Gevices wars chiachknd and Jound satis=
factory. '

Overall length-top of containey Lo botbon =8 theonk Loevson mossused
21t § 13/16%, D/P dimensicn= 217 5 1/2 § AR
In process of 1lifting container vo mageh with tank batitom, LOp
ends of some tubes wers demaged. The vendor ussd 2 flaring teol
to round oubs the tubes ané honcd bsres of thess ¢ub2s for z babter
finish., Reinspsction of thess tubes after rapeiring showed that
subes were Found setisfastery erd all mes drawing cproificatione,
pubes were checked bo find iF they wers in g glan. ol g 3 72mn,
A1l tubses wewme found to b2 in & pians of <L/347.

k. Hvdrosbtabic Lesting
The tank bobttom was properly sutpovtsd im 4
Pilled with de-ionised waber. 3I%ablic ngad ¥
Welds were subjecsed te hammer txsting in ac
edioion of the Uniirsd Pressure Vesscls Gads Tound
upon compiedion of visual inspzotion.

5, Sanddblasting
The entire tank bottom was sandblasted, pessivetad ant fervexyl
sested. Results of lerroxyl testing and visual inspevtion indl-
cated 2ll surfaces were ires of rusi, frse irem and surface cefects,
The tube nest and container were cleansad with a seluticn of
FO 128 prior to shipment. Vieuzl inspectbion stowed tha gssemdly
o0 be free of dirt and oil. The assemply wWas shippead 12/28/53.

oo g
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13002-2A) flanges
AQOOZeZA}

62797-2B End Plate
62574-24 Cover plaie
737 = End plates

57} Angle plates
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E. I. DU PONT DE NEMOURS & CO.

Report Number 945-C

Construction Division CC: R.K.Mason-D.A.Hauser-SRP (3)
R.X.Mason-E . W.Bolin-SRP
HoL.Bunker-dJd .G, EBrewar
JoG.Brawer
H.G.Hey .
F.Co.Breuninge
L.J.Carroll
Ro.Ho.Barto-NYS {3}
JoBo.Johnson-File
‘ May 20, 1954
7Jﬂ‘ ' New York Ship-Camden,No.do
FIELD INSPECTOR'S REPORT '
TO Co Jo VEITH =« M & E FILE
FROM O.R.Frandsen DATE May 18, 1954
PROJECT NO, 8380 PLANT Savannah Rivey ORDER RO, AXCw167§
EQUIPMENT Holding Rack EQ.FPC . NO, 179,35 €
DRAWING HOS. Listed Bezlow JOB RATING
TNDOR Hew York Shipbuilding Corv. =_=,=,L(‘3G11.'l’ION Camndsn, Bo Jdo

" The following is a summary of all inspecticns on "C" unit holding rack.
The following drawings were used in conjuction wi%h inspections and are
referred to in this reporty W-160289, W-160291, W-150300, W-160307,
D-110320, D-113105, D-113106, D-113107, D=113108, D-113109, D-113110,

D-131311. D-11h24k, D-115248, and sketch E

A, Tube Nest - Inspections Performed

1. Pre-assembly inspection of ¢tubes:
ings (D-113105, D-113106

inspected prior to assemoly.

L5238,

211 tubeg identified by drawe

D-113107, D=113108 and D-113109), wers
Inspaction consisted of a complete

dimensional check, determination of surface finish and examination
of circumfersntial butt welds cn those tubes which were weldsedo

411 tubsa checked were found €& bs
bores of all tubes were undersize.
unit and welded.
B/P size.
finish specificeticns,

After welding, all tubs
After machining, all tubes met
Visual inspection

Made” condition and
tubes were pub into the
bores were machined to
dimensionzal and surface
of all tube welds re-

in Yis
Theae

vealed that welds were completely penetrabed and of sound quality.

2.

Rack plates and probe holder - drawings D=1142%4k and D-113110.

The holes in the rack plates were jig.drilled swo at a times
therefore, one plate only was given an overall and detailed

dimensioconal inspsciion.

A1l dimensions were within B/P

tolerance
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and the inspected plate was positicned over the second rack plate.
Alignment of the two plates wers checked visually and considered

satisfactory.

The probe holder plate was likewise given an overall and detailed
dimensional inspection followed by a secondary inspsction during
assembling of probe holder to tube nest., Results of these di-
mensional inspactions were in aceordance with B/P,

Upon completion of the above dimensional inspections, the rack
plates and probe holder were sandblasted, passivated, and ferroxyl
tested., Results of ferroxyl testing and visual inspection indicated
plates were free of rust, fres iron, and surface defects,

Assembly of Tubes in Tube HNest

Shoulder tubes ware first placed in the rack plates theresby main-
taining proper spacing bstween rack plates. The top plate was then
leveled with a Wild NITX Level and the plates were adjusted in such
fashion as to provide optimum verticality of shoulder tubes.

The top plate was level within a range of 005" bazsed oo readings
taken at each corner of the plate.

Verticality of threzs represantative tubss ranged from 0019 to 005"
per ft, and fabricaticn was continued. The remaining tubes were as-
sembled in the plates and the lscation of tubss was checked ¢o make
certain each type tube was placed in proper position. All tubes
were in proper locgtion.

The parallelism of Veec slots on the WC#, "DE  ©EY, and ¥FF gubes
was checked. This inspection was made by first establishing the
fact that twe tubes on the centerline were oriented such that the
Vee slots were within She 1/32% parallelism alignment tolerance.
This was sccomplished after some adjusting. Size of slots was also
checked., All were wizhin B/F tolerance.

Before welding tubes tc plates, the distance from top ends of all
tubes to top rack plate was chegked. Thease dimensions met B/P
requirements, i

After welding the tubes to tha plate, a2 drawing revision was recelved
from Design as showvn on sketch #EL5238. This revision required the
addivion of three zdditional V¥ slots as shown: on the above
mentioned sketch., The alterstion was accompliished by leveling the
tube nest and laying out the X1 centerline, using this centerline

to set the Cincinnati Milling machine, designed for cutting the
pionum chamber ®V" slots, the three additional slots were cub at
1200 intervals in each tube. The original ®V¥ slot located on the
X2 axis was left in the tube; therefore, sach tubas now has four (&

ny® glotso
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The top plate was then re-leveled within 008" and the verti-
cality of (8) representative tubes was taken. Verticalities
were found to be within a range of .000% to .010% per ft.

All tube bores were reamed after welding wss completed., This
was done to produce a round bore of proper size as welding tends
to shrink the tube in the arsa adjacent to the tube weld and all
tube bores were small when first inserted into nest as explained
in a previous paragraph. ‘ :

Fitting of Tube Nest to Container

With the tube nest placed in the container and the assembly rest-
ing on a level platen, level readings ware cobtainzd on the top
edge of the container at each corner by means of a Wild NIII Level.
Results show the container ¢o be level within 005", Verticality
readings were taken oan five representative tubes, Results of
these readings show verticalities ranging frem .000" to ,008" per
ik A

After thess checks, the 23" x 3" x 1/2% flange plates {for sup-
porting the tube nest), were tack welded into the container., The
tube nest was then removed and the flanga plates were tack welded
at top and fillet welded at the bottom arcund the entire container.
Welds were examined visually for cracks, pinholes, .and soundness.
Vields were considered satisfactory and the tube nest was replaced
in the container aad the following inspections were mades

The fillet tack weld joining to tovp rack vlate tc container
and the fillet weld joining the flange plate to the bottom
rack plate were visually inspected for cracks, pinholes and
goundness.

Pouring of Concrste and Lead and Subsequent Cperations and In-
spections.

Prior to pouring of concrete and lead, ¢the interior of the tube
nest and container was inspected for cleaniiness. Upon gatis-
factory inspection, the concrete was poured and care was taken
te provide vibration in order that honey combing would not
result. The concrete was permitted to set approximately 24 hours
before pouring lead.

The area in the container in which lead was to be poured was pre-
heated with torches. This was deone to prevent lamination due to
thermal shock., Lead was then satisfactorily poured.

ASTMB29 chemical lead F.0., 376 was used-as specified on B/P, Two
cubic yards 2500 1lbs central mix, 1/2" stons, 8" slump P.0. 412
concrete was used in this unit.
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After pouring of concrete and lead, the tube nest was functional
gaged and final bore sizes obtained. These were all found to be

satisfactory.

The probe holder plate was then installed, inspected and found

to be in proper locaticn., Probe pin sockets were welded to

probe holder plate and brackets. All probe pin sockasts were

ghecked for size, lecatvion and elevation. All met drawing speci-
ications.

Fitting of ®C¥ unit solenoid to unit tube nest was inspected.
The solencid assenmbly operated mechanically acecrding to drawe
ing specifications.

Discharge process water tube and liquid level contrel tubes were
dimensionally checked, visually inspected, and examined for
cleanliness., These tubes were found to be clean and welding was

accepted,

B. Container - Drawing number D-114246

1,

2,

3

Inspection of Welding and Fit-up.

Fit-up of plates wae in accordance with the afcremsntioned draw-
ing. All welding was accepted. after visual examination. Follow-
ing ¢this inspection, a request was received from Mr. H.G.Hey of
Design, that the vertical weld seams adjacent te the field joint,
cn both the tube nest conZainer and the tank, be radiographsed for
a distance of six inches from the field joint., The restulting
films were judged with the same stringency as required under Pars
U68 of the 1945 edition of the ASME Code., All x-rays were ace

cepted,
Overall Dimensions

A1l overall dimensions of container wera checked and accepted.

The flange plate arcund the top of the container for supporting
the assembly was also given a dimensionzl inspsction. All anchor
bolt heles were within drawing tolerance. {(These holes wers
drilled from a jig on which all holes were within 1/64" of drav-
ing dimensionsog

Sandblasting
The entire container was sandblasted, passivated and ferroxyl

tested. Results of ferroxyl testing and visual inspection indi-
caved assembly was fres of rust, free iron and surface defects.
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C. Tank Bottom - Drawing number D-113111

1

2,

3.

'

56

1mw,

Inspection of Welding and Fit-Up.

Fit-up of plates was in accordance with the aforementioned draw-
ing, All welding was accepted after visual examination and x-ray
examination as described in Section B=Par, l.

Overall D;mensions

The slope of the bottom plate was found tec be 17 short., Overall
dimensions met B/P specifications.

Fitting of tank bottom to container

During the fitting of tank bettom to container, alignment of
centerlines and mating of centering devices were found to be
satisfactory,.

Overall length of the top of the container ¢o the bottem of the
2§7t?m container measured 21°'5 1/8%, B/F dimension-21%5 1/2%
L%,

The profile of the tops of all tubzss was checked to establish
their plane. All tubes were found to be in a plane of £.,015%,

Hydrostatic Testing

The tank bottem was properly supported in a vertical peaition
anf filied with deiocnized water. Ststic head was held for one
hour., Welds were subjected ¢o hammer testing in accordance with
the 1950 edition of the ASME Unfired Pressure Vessels Code., No
leaks were found upon completion of visual inspection.

Sandblasting

The ertire tank bottom was sandblasted, passivated and ferroxyl
tested., Results of ferroxyl testing and visuel inspsction
indicated all surfaces wsre frea of rust, free iron and surface
defects.
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located in the top of the PeD.P. tank
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surfaces : ) )

20, Exhibit #13 - Inspection report covering ferroxl testaag and
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21, [Exhibit #ih - Inspection report covering hydrostatic Lest
of PeDePe tank

22, Exhibit #15 - Inspection report covering the fipal inspec=~
# tion and dimensional check of the P.D.P. {ank




7774 PHYSICS LABORATORY PROCESS UNIT IRAWING LIST

Tne following list covers all du Pont drawings pertaining to fabri-
cation released to the M & E Group at New York Shipbuilding Corporation,

Camden, Re Jo

This list was prepared from existing drawing files located in the

M & & Office at New York Ship on November 6, 1953.

For reference purposes

and, convenience, all drawings are listed by drawing number, revision num=

ber and title,

Du Pont Dug. #

W1.3LL76
W131L88
W13LL89
¥131L90
W131956

wi32hs2

wL32L53

W157317
p112748

1139824

Revision

26

53
107

L9
L2

Lo

Title

Tank Arrangement

Grid Beam Arrangement
Cover Plates
Diaphragm Arrangement

Grid Beam Support Arrange-
ment

Bottom Plate Arrangement,
Sheet #2

Cover Plate Arrangement,
Sheet #2

Tube Centering HMat

Laboratory Eldge.
Tank Bot. Unit

Bottom Plate retalls
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Design
1: %orhees, Walker Foley and Smit.h

s A,fter reviewing the basic design:-of the TTTM Phys;cs I.a.bora- ‘

tory ;P.DeP. process unit with ABC and the du Pont Company, an
Architectural and Engineering Fiyn in New York City was awarded
the contract to design the PeD.P. unit based on du Pont Speci-

. Pications. This firm was Voorhees, Walker, Foley and Smith,
‘Due ko the fact that du Pont had fabrication work in process

" gimilar to the P.D.P. unit, they were designated by AFC to
arrange for the fabricating and assembl:.ng of this unit

" assigned equipment piece mmber 770. ~Voorhees, Walker, Foley

" and Smith were retained as consulting engineers :f.‘or the P.D.P.
pmjecto .

2 . Hew Yoz‘.: Sh.lpbulding Corpora.tion »
At an early date Am gra.nted appro‘val for du” Pont to include .

*"_the 777M Physics Laboratory unit in céntract AXC#1673. " Th&.s -
- decislon was reached after du Font.requested that New York.
“Ship review the Voorhees, Walkery Foley and Smithidesign and -
consider negotiating for the fabrication of the unit, " In turn,
New York ‘Ship indicated that they ‘coild fabricate the unit and-
meet the required shipping date if du Poni would purchase and -
expedite the materials required for the subject unit, "Dui Pont
replied to this proposal by stating that they would procwre
all of the‘major materials. required for the job. - However, -
o du Pont pointed’ out o New York’ Shlp that they :anticipated -
.- minor cha.ngea “An desigz ‘debailsy’’ -1t was ‘agreed by du- “Pont &

. New York Ship that less. shop fa'brlcation delay would be incurred '

'if these minor design ‘changes were turned over to New York.Ship.-

, with the mquest t.hat they procure the unforeseen itans 1oca.11y. .

It was fmally concluded by ‘@& Pont and Hew Iorh. Sh:.p that
~all work and mat.erulﬂ we’ald ‘be covered by contract Axc~167

Procuranent -

‘ Orders covering the supply of matéiu.al for the fabrica- ; 'v UL

“ tion of the T7TM Physics Laboratory process unit were placed. "
" on Ga O« Carlson,” Morris'Wheeler,.Je T. Ryerson,.Hs Me Harper,
L Anti-ComSive Metal Products, C&nden Copper Works, Almrimm
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COmpany of Amem.ca, Ue S. Steel Coe, a.nd the I.ukens steel
Co. Materials were inspected and accepbed by M & E field

inspec‘bion personnel pmo_;- tq shipping, o .Now, Iork' Ship. e

-.‘-"r 2 b

" To clarify the final steps req*-ﬂ.red in the inspection of . .
the 4% P.DsPe process wnit, a special meeting was- held on .
-December 12, 1952, by representatives, of oi Pont’ “Design,

- :du Pont Construction, du Pont K & E Ins;:ect:.on “Section,’ ‘Voorhees, .
Halker, Foley and Smith and the New York Ship'buil@ing COrpora- = 3
tion. i‘he fon.ow:.ng i.n.i'omation was deveJ.Oped AT B

(a) ity stainless steel paits mst j:e suitabl olea n@e.‘ g
. and pass the ferrom]. test. R . ‘;_?A” .

(b) Pra.oz: to slri.pp:.ng all parts ﬂ:.l'i. Ye ';mspeci':ed i‘or :
“loose dirt and other Loreign mabter and be steam
- cleaned, - Surgical cleanliness wili" not be required

since some assembly and ad)ustment of. parts must
be done in 'bhe i‘ield.

=Y e "S‘q

(c) Hole locat:.ons in each’ gr.id 1. 'ba‘dimensional]y

..-f{ﬂ' kT

PEPe

. bo-the éenter holé:of- the bos “Tolerance ‘on d:.stance -;
" £rom any hole .o ‘adjoining ficke will: be £7.020n, - :

’ohose specified for tube shest assembliess Hole N
" :-.:7 5 -locations from beam to Bean-will not be’ required, S
. However, these locations: “will be checked Yetween 3
~‘oril beams in order to see if'desired distances can E
be obbained- by using Mms-"of the proper thickness. -t A

..r...--A

beé 1/32 . ,,':'i'_’ = . . ‘.’ *

. . .
g AR St e Dt gr e 2y ardy Al

» .7 Tbottom plates wz.ll ‘e checked. _- Tolerance‘wm be - -

wt

¥
have to completely seat on,

~*__'- " beaw ‘side pldtes,: - . Thistwill be “Gone 1 the field:
- e by tappingld éhtl,,y«wi AmET, ¥R E

th '];ead %mme

( ‘hedght from support.ing beams at
-gnd o tpp sof..3/80: sida plates of beam_ :
“within'l, #, from beam ‘t@keam SN
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D. Assembly and Shipment

1. Assembly Inspection

The grid beam assembly, cover plates, diapiragn assembly,
grid beam support assembly, tank and WI" beam framing assembly
were visually inspected and checked for dimensions and align-
ment by the M & E Inspection Department prior to shipmente
The various steps required for covering the inspection of
all component parts of the 7774 Physics Laboratory process
unit have been discussed in cetail in the sections that

follow.

2., Shipment

After all component parts of the TTTH process unit had
been inspected and accepted, they were packed in wooden boxes
and shipped to the Savannah River plant site on Jamuary 15,

1953.

1I. Orid Beam and Grid Geam Support Assemblies

A. Grid Beam Assembly Inspections

1., Material Inspections

a. Stainless Steel Type 30k

The type 30L stainless sieel material for fabrication
of the grid beams, support plates, and diaphragm agsembly
were given a 100% inspection upon receipt at New York
Ship. This inspection consisted of the following stepss

1. All plates were checked with a magnet to determine
if the material was of austenitic structure.

pected for surface condition,

2, All plates were ins
defects and dimenslionse

jmbedded iron, mechanical

3. Terroxyl tests were performed at random on the
plates to determine if any free iron was imbedded
in the surface. Any indication of free iron was

removed by grinding.
L, All heat numbers and mill markings were recorded

for each plate. In most cases when a section of
a plate was cub from the’ original, heat numbers

were transferred.

All of the material inspected was accepted after
minor repairs and released for fabrication. - X
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s b. Aluminum Material Inspection

A1l aluminum bar stock, plates and angles received at New
o Yorik Ship were given the usual visual inspection. After
RASRA IR : inspecting this material, it was found satisfactory and -
D released for fabrication.

2. Side Plates for Assemlling Grid Eeams
a. Inspections After Sandtlasting and Acid Washing

’;‘/ ’ After fabricating eacn grid beam support plate and before
‘ assenbly into a grid beam, it was sandLlasted and acid washed
accordinz to the established cleaning procedure. Since two
support plates are required for each grid beam, und there
o were 2 total of thirty-one (31) grid beams in the assembly,
Sy ‘ the above operation involved the cleaning and inspecticn of
) sixty-two side plates,

v The following resume covers inspections made on these grid
R beam support plates (3/8% thick type 304 stainless steel)
' after sandblasting and acid washing:

(1) All plates were sandulasted before assembly for
purposes ofs:

N, -
,Q;; T ad, Removing scale
“ i b. Freeing surfaces of iron contamination, or
USRI s any other surface contamination
(2) Foliowing sandilasting, the plates were visually %

& ‘ S inspected. Al1 were accepted (See "Grid beamn sand-
LT ey blasting proilem® at end of this section)

(3) All plates were then acid washed using a standard
acid wash solution developed for this job, and
followed by a clean viater wash (deionized or distilled
water). Plates were then visually inspected; all
were accepled.” (See part I-A, section 3, paragraph
c, ‘or acid wash formula)

(k) Support plates were ferroxyl tested using the standard
ferroxyl test solution; all were accepted. (See
Part I-A, Section 3, paragraph "C" for ferroxyl
test formla). . .

be Grid Beam Sandilasting Problem

Four grid beam support plates were mistakenly sand-
blasted withoul huving protective masking tape over the
bevels on top and bottom edges of the plates. Blue print
specificutions for surface finish on these edges was 125
RS micro-inches. This finish was destroyed by sandblastings

" however, subsequent reworking restored the finish and’
plates were acceptable by Design.
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3. Cover Plate Inspection (Pre-assembly)

Prior to assembly of grid beams, all cover plates were
dimensionally and visuall, inspected after falricating at
New York Ship. Du Pont drawings WL3LL(Y and 13982k show .
the dimensions on the twenty (20) different type cover plates . k
for the grid beam assemblies. 41). of these were machined :

from alumimum plate stock,

Since t.ere were twenty (20) different type cover plates
fabricated for the grid beam assembly, the inspection of
each type cover plate from the standpoint of todls and gages
used will be treated in a general discussion. I% will be
presented in this manner rather than outlining a detailed
inspection procedure, since all gages and tools used were

of the commercial type.

As shown on du Pont drawing W131L89, each of the twenty
cover plates is identified by an appropriate cover plate
identification numter; namely, Pl, P2, P3, Ph, PS, P6, PT,
P8, P9, P10, P11, P12, P13, Pll, P15, P16; P17, P18, P19
and P20. A breakdown of these different type cover plates
and t:e inspections performed on eac. is nresented in the

fellowing paragraphs.,

a. Type Pl Cover Plates (See Detail #1 on du Pont Drawing
W131L89)

(1) Length, width and Tnickness Caeck

- These dimensions were measured using a surface
gage and surface plate., (See pnoto serial #109)
Since the length and widt: dimensions as 5:10Wn on
the drawing are in decimals, this method of measuring
was necessary from tne standpoint of accuracy. The
thickness of each cover plate was measured at each
of the four corners using a 0-1" outside micrometer.

(2) Hole Diameters

The L4.033" hole diameter was measured using a dial
indicator bore gage and ring gage. The location of the
hole with respect to the peripher: of the cover plate
was checked with a surface gage and surface plate. The
method of measuring the location of the hole was similar
to that shoun in photo serial #109,

The four 9/16" diameter holes were spot checked using
a 67 scale graduated in 1/6l". The location of these
holes with respect to the sides of the plate was also

checked using this scale.
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Page 6

Cover Plate Locating Grooves

A snap gage was machined to the profile of'ithe cover
plate locating groove. This gage was used tg: bheck each
type cover plate before removing it from the} mill fixturxe,
thus insuring that each groove was properly xgiilled 'before
leavin; the machining location. :_:. ,

Runout on the grooves was then checked ui‘wfa depth
micrameter from the parallel side of the pla,te %o the
respective straight side of the groove on on& endxand
repeated on the opposite end, Reacings were “comoared to
determine if they were the same or within the allowable
tolerance.

.-.'_'
e

ALl other dimensions were measured using a 6% éca’l.e
graduated in 1/6hL",

P2 Cover Plates (See Detail 2 on du Pont Drawing wW131L89)
Length, Width and Thickness Check

These iaspections were performed as outlined above
in paragraph l-z.

Hole Diameters

These inspections were performed as outlined above
in paragraph l-b, except as follows:

{1) The additional four 5/10“ tape drilled 16-NC=2
holes were checked using a standard thread gage.
The relative location of these holes with respect
to each other, and the plate edge was measured
using a 6" scale gracuated in 1/6L",

(2) The four cutouts on each enc of the cover plates
were measured using outside micrometers, inside
micrometers and a pair of outside transfer
calipers. :

Cover Plate Locating Grooves

Inspection was performed for these plaues as outl:v.ned
above in paragraph l=c. 2

All other dimensions were measured using a 6" ,scale

graduated in 1/6Lv. SEEE

Type P3, Pk, PS5, Pt, and PT Cover Plates (See Detazls on
Du Pont Drawing W131LE9 and R13982L) R,

All fractional dimensions as shown on the drawing for .
these type cover plates were measured using a 6% scale graduated

.
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Design Division was contacted for their comments. The gﬁ.d
beans were accept.able to Design, prov::.d:..n(, the following condit:.ons
vere mets

- . Y v
oo 2".‘- Cal F L O ’:*-s—m P
s ‘ ,‘ - s J« 3 4. e P R VI S

W Place éh:un stock on the undez; cu‘c; area. )
2. Heliare weld th:.s shim stock to the 3/8" st.ainless steel
plate (grid beam support framing). , .

3e Grmd ox *‘.ﬂ.e 'bo common plaue H’i‘bh tops of adjacent beams.

-

Hew York Shlu compensaued for t.he above error by f‘ollou:mg,
Designts reques!;cas outlined above. Inspection revealed that
& wWas sa 1si‘actox'y.> ) e

.«_

D:t.screpancies I‘omld in 300-1/2" tie bolts:

The 300 - 1/2” tie bolts with a l-'—" ‘high hex nut called for
on order number AXC 6721% were inspected by field inspectors
and accepted prior to shipping to New York Ship. However, at
the time of use at Hew York Ship it was discovered that the ,
weld joim.n‘, ‘t,he bolt and r.mt aid no’t. meet specif:.cat:.ons.

Dmm.ng number D-13982h ind:.cates ’chat each bolt and nut was -
" to be-joined together with nimimum- clromni‘erent:.'ﬂ. Welde ‘hetween
(1) bolt stem &nd-bottom of nub and between {2) top ‘of bol‘l'.
- stem and threaded portion of ‘nut after nut Vas assembled on
bolt, - s Rt

,w; P o - DR

. Weld number ’(1) on’ each tie bolt was of  ppor quallty and entirely
too large. -Each weld was' approximately 1/8" ‘wide and from 1/4n
to 3/16" in depth which permitted bearing at only one point on
the welo instead.of full surface -bsaring of the -nut a5 indicated

- on draving.. Ti& opter edges on the bvtton portioch of the hex *. -

= nut. shoulﬂers ~had aléo been melted*when ﬁﬁs weld vas pu‘l’. on, gy

structure (See photy: sezial;’*’lll), the 1engbh, -width’ and didponals
were measured using a-100' stainless steel tape to determing:

{ AR -

To provide & max:.m amounb of I:earz.ng surface, i‘b was’ necessary
to machine. this weld until a 1/16" wide flat surface on the entire
-clreumference was. obtained. - After the above isituation was corrected
on all tie bolt assembl:;es, inspection revealea that re-machming

was satisfac’oozy. . )

, This completed all inspections on a.,semoled gzid beams p |
,’&o assan‘bllng .'intd ﬁ:e grid beam support assembly. Y

r.,; CLRAL e

After assembl:.ng the B beam i‘rzeamim> or gn.d beam support
- the.
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Page 9.

A oy

A,

frame was square. All component parts (excluding the diaphragm) were -
then fit and bolted or nelded to the "I beam frame, (For details, see .
du Pont drawing W131956). It should be pointed out that the "It baam
frame (carbon steel) was covered with plates and angles fabricated from
type 30L stainless steel material in order that bearing betueen the grid

beams and carbon steel frame was impossible. (Assembling of grid besms ~» °
into this structure is discussed later). '

TR
—vh PR

[P
e A
N S B

- When the grid beam support structure was completely assembled (exclude
ing diaphragm assembly), a final dimensional and visual check was made by ;
du pont Inspectors before dismantling for sandblasting and acid washing
stainless steel parts. Fiteup and dimeasional checks vere satisfactory,
and then the assemcly was dismantled for cleaning, ‘

RIS IR

A1l stainless stecl plates, angles, bolts and other miscellancous
stainicss stecl parts that comprise the skeleton grid bean support
structure were sandblastec and acid washed to remove traces of iron. All
pieces were ferroxyl tested, and after minor grinting to remove iron
inclusions and other mechanical uefects, they were accepted, These pieces

vere again as:embled into the "IV teanm support structure for final fit-up
and welding,

Hext the diaphragm assembly (Lee du Fonb draving W131490) was fabri-
cated and assembled into the frame. It was fabricated from ;v thick, type
30k stainless steel plates. The assembly was fabricated in four sections.
All material was inspected prior to fabrication. For report covering
tuis inspection, see Exhitit 7. :zach of the four plates were sandtlasted '
and ferroxyl tested before assembling into the PIM beam structure, - After 5.
tnis the four plates wore fit anc welded inbo the frase, T

At this stage of fabric.tion two major inspections were performed by
the du Pont Inspection groupe The Iirst major inspection was to determine
if the top surface of the diaphragm platc was within the required distance =
from the top surface of the grid Leam support plate; and the second, to ™
deteraine out-of-roundness of the hole cut in thec diaphragm plate. These -
inspections are coverec in detail in Exnivits 2 and 3 presented herewith, "%

Seda ﬂ"‘”:‘fé%‘ 3
S

.

:‘%

i Pelasas
% am

tFraeag

(SN

Metallic arc welding was used to Join the ciaphragm assembiy to the ~ T
plates and angles covering the "I bean structure. All welding was then -
visually inspected for undercubting, cracks, and other surface defects,
Necessary repairs were mude, re~inspected and found satisfactory,. R

sefore assem:lin  and aligning grid beam assemblies into the grid
beam support structurc, all stainless steel material in this structure
vas visually inspected for cleanliness and then ferioxyl tested, This - ;
test revealed that the ciaphragn assemtly was not satisfactory, The o
entire asseably was then moved under a sandblasting hood, and the =~ .. %
diaphragm and mating parts were again sandtlasted and acid washed. Afbersir
visual inspecting and ferroxyl testing, it was found savisfactory and
released for assembling of grid beams into the structure. However, at
a later date it was uiscovered by inspection that two sta’nless steel
angles (Gee detail 7 on du Pont drawin, W131L90) and four stainless ste




EXHIBIT #1

THSPECTICH REPORT COVLEING MATERIAL IHSPECTION PLEFORHED On 3

THICK TYPL 30h STATHNLISS STEFL
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EXHIBIT #2

INSPECTION EEPORT COVLRING MLASURLMINTS MADE ON CONTOUR OF

DIAPHRAGH PLATE WITH RiSPECT TO THE GRID B:AM SUPPORT PLATE
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SXHIBIT #L

THOPECTION RLFCRY COVARING HMEASURIE HTY MADE Ok DaCH

GKID DBFAY COVER rLATE HOLE WITE ReSPRCT TO EACH OTHLR
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Page 11

4s stated in #1 aLove, eaci: hole in a beam was to
te measured with respect to the center hole in the beams.
This additional inspection was waived due to the method
used for alipgning cover plates. A4s shown in Sketch f£1,
centerlines "A% and “B" were established by New York
Ship, and from these lines, centerline "C" was estaldished.
After establishing centerline "C" across the entire assembly,
cover plates ?1 and P5 were set using a fixed page as
shown in Sketch #l. The gage was inserted into the two
cover plate holes and centerline "I was made to coincide
with centerline "C". Cover plates Pl and PS5 were then
firmly bolted. Working out from centerline "C" in any
direction, adjacent cover plates were set to previous
cover plates just aligned using the 7.000" center-to-cen-
ter plug gage. It can now be readily seen that measure-
ments from the center nole in a beam to all other holes
in the beam was not necessary and, itherefore, this inspec-
tion was waived.

The inspection required in #2 atove was performed in the follwing
manner:

As stated in #2 grid bew:i height from the 1® plate
supporting teams at end to tue top of 3/0" side plates
of the beam must be within 1/16" from beam to beam. As
an alternate to taking phjsical measurements, a visual
inspection of the 3/8" side plates in conjunction with
a dimensional check of the cover plates was made., It
was physically inpossible to measure the required dimen=
sion without aismantlinyg the end cover plates on each
beam. Tor the resum< of this inspection, see Exhibit

#5e

The inspection required in #3 is covered in an inspec-
tion report presented nerewith as cxhibit #6.

The inspection required in #L is covered in an inspec-
tionreport presented herewita as Ixhibvit #7.

The inspection required in #5 prior to shipping is
covered in an inspection report presented herewith as
Fxhibit #8. For steam cleaning of gric beans, see
photo serial #1.05.

III. 7774 Physics Laboratory Tank
1. Cleaning Specifications
In conjunction with the desizn of the 777ii - P.D.P. physics
laboratory tank (equipment piece numter 77U) specifications were

written pertaining to the amount and type of inspection required.

One phase of this program was the degree of cleznliness
required aduring the fabrication of the unit. Du Pont cleaning




INHIRIT #5

THEPICTION RIPORT COVIRING 4 a5UNLil .- Molbk FROM THI
I LUPPORTING PLafh O THI. GRID kial STFCCTUR. TG THE
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IXHIBIT #6

|
L]
IHSPLCTION RIPORT COVERING VIRTICALITY CHICK
AR COVIR PLATH AREANGEMFNT INSPECTTION
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EXHIBIT #7

L:iSPECTION FhPORT COVERING MEALURMME
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specification no, 3228 entitled, "Project ¢90U - Savennun Fiver
Plant, Austenitic stainless stecl material, parts, subassembllies
and fabricated products, 300 area, 777=1t bldg., P.l'e o jrocess
equipment and piping® was written, approvec and duted July

29, 1952.

-

oo R e

Duc to the nature of tine process for wiich this tack was
desisned, onl.y some sections of tue alove refercncec specificae-
tion applied to the whysics laboratory tank, However, this state~
ment nust not te construed with tne fact that a hish cepree of
cleanliness was required in the fabrication and handling of k
the tank. Special instructions were writlen for procurin_ the
material used to fabricate the tank.

Twe of the standards for cleanliness were the ferroxyl test
for frec iron znd tie "white cloth" test for organic contunina-
tion andé dust.

(O g o st

It was specified that the cdu Tont inspector hac to svot check
at least 10% of tie total interndl snd external area of the tznk
for the prusence of free iron. The ferroxyl (ferricyaniue) test
(See Part I7-A, Section 3C for tae percenta es of potassium
ferricyanide, nitric acid, anc cistilled wuter required to :zke
w the ferroxyl solution) was specitied for locating taose areas
where embedded iren anc scale was present. In addibion o winite
= lintless cloth was specified for picking up or locatins the
- areas w.ere oil, grease, or smudge was present.

‘A

Pleg ey
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For the tank the specification iaicatec that tiwe ferroxyl
test solution should be appliec witn a swab or witn a slastic,
glass, or non-ferrous atomizer. The presence of free irun was
Géetermined with the appearance of a decp tdue color within 1
to 2 minutes. Iron contamination coula be removed by an. con=-
venient means, providing the stuinlecs steel suriace was nod
damaged. In any caz:te the contaninated urea was to be rebested
until clear of free iron. After each ferroxyl test, any tlue
stain was to be removec witn a solution made up of 10% acetie
acid and 3 to L of caxlic acid. After any type of test 211
arcas vere o be hot water rinsed free or test reagent ane acetic
acid,

X hthr] S} ot K ot bt oty Ay

12 Ao
+

z

)

s
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Wire brushes, steel wool, etc., were recomendes for cleane
ing welds and other surfaces subject to ferroxyl test. Srinding
was to te donc with aluminum oxide whecls. 011, yrez.e, paint,
dirt, etc., wac subject to removal by a detergent, solvent wash-
ing, vapor degreasing, or other cleuning methods aporovec ty the
au Pont inspector prior to acid cleanin,;. It was furtner specie
fied that wela film, weld flash, anc surface iron conbamination
should te removed to secure bright metal. blasting with sand
or aluncun grit wac recommended for all surfuces that nzd to
pass the ferroxyl test.

In the case of embedced iron acid cleaning was hi hly recommendeds
Onc of the commerical solutions proposed was z plelding solution of
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10-16% HNO3 - 2% KF at a ‘temperature of 120° - 140°F, However,

the du Pont inspector was not allowed to permit the surface of the
stainless steel to be pitted or inter-gramularly attacked to a degree
that was considered hamful. As in the case of the ferroxyl solu-
tion the pickling acid had to be thoroughly washed from the surface
of the stainless steel with clean water.

All component parts, such as the stainless steel tube center-
ing met; were to be cleaned prior to assemtling in the tank.

Before shipping the tank, all surfaces were to be free of con-
tamination and finally inspected by the du Pont inspector using
the duove prescribec methods. Where necessary, to prevent contam-
ination during shipment, the tank and its component parts were to
be protected with a suitacl:- wrapping material free of oil, lint,
etc. Closure devices for the tank nozzles, etc., were wood or metal
with full face rubier gaskets and nuac to be sufficiently sturdy to
stand the abuse of shipment anc handling, It was intended that
all closures would remain in place until the tan: was rigrged into
place for permsnent installation at the plant site. I, was further
specified that the du Pont inspector make certain that all such
closure cevices would not leave’ any contamination after they were
removes at the plant site.

Drawing Specifications

Special notes were added to the drawings when the 777 P.D.P.
physics latoratory tank was desicned.

Since the tank shell, bottom, top flange and nozzles were of
welded construction, all weld quality and workmanship had to be
in accordance with A.S.¥%.E. code for uniired vessels, paragraph
U-68, 1949 edition. In addition, all welding procedures zand opera-
Tors had to be qualified in accordance with the ASME toiler code,
Section IX, 1949 edition. It was specified that all welding be
by inert gas, shielded are welding, either non-consumable tungsten
electrode or consumzble stainless steel electrode.

All butt welds had to be radiograpaically examined throuzhout
their entire length and interpretez in accordance with the non-
destructive test as specifiec in paragraph U-63, section H - (2 to
10) inclusive of the ASME code for anfired vessels, 1949 edition.

All material for the tank anu its component, parts had to be
type 304 with .008-C max. stainless steel in accordance with du
Pont engineering spec. S~¥~30L-M (unless specifically noted other-
wise). 1In addition, the tank shell hacd to ke sufficientl; true=-
to-round, so that the gifference between the maxinum and minimum
diameters ‘measured on inside of tank) at any cross section, did
not exceed 0,0250" of insice aiameter -~ 16! - 2 3/L%, The top bear-
ing surface of the 3/L" thick top flange had to be finished
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in thoe same norizontal plane within f Y/u". To ve suf.iciently
truc to round, the differences between the maximum and minimum
ciometers measured on the outsice of the ring at any cross-scetion
c¢id not excced 0.250% of tne outside ciameter 10'= 9 3/ Lo,

As menbtioned above the stainless stecl mats and chairs were
considerea component parts of itne tant. The mat was designed enc
fabricated in three sections. The threc sections had to be weluec
together in the field after the tunk was erccted on the plant
site. Drawing specifications 3 idicatee that the top and botuiam
of the mat be in a level plane after final assembly within £ 3/16%
at any »oint.

Fabrication Inspection

after receiving the ei ht oo 30L stainless steel plates
measurin ; 172" x 9t x 154" frun Ge Je Carlson, Coatesville, Va.,
abt lew Yorx Cnip, the plates were visualiy ins.ected for the
nresence of frec iron, Jaminatiuas, cruciy, end suriacc tlcmishes.
The h-at aumbers ane mill markin, nomiers stenciled on the eizht
piates cesinated for tae tang shel! were recorded &b the time
of the visual inspection. Ti ctancuere ferroxyl test was enploy ed
for debecwing frec iron.

after removin; the surfacc cefects by srincing, etce, the
olates were re~inspected win: a stancarc ferroxyl solution.
Other stainless steel plates, an 1es, ring, and other shapes
were received at lew York Lhiv and insvected in a similar manncr.

une special stainless stecl plate 1t x 210" in ciazeter was
procured from G. C. Carlson on purcuasc order 4°C 615.. It was
shipped to Lukens Steel Company, Lvatesville, Pa., anc & signed

t
H

to order number AXC 6L5hi.

In tars, the Lukens tteel Cormany formmeco toe disnec or botton
heat (see pnotograph serial 710J) of the pihysico lzloratory tenk
in accordance witw =cteil cranin; i=1127hce.

As notes on aryan_emcnb cravwin, .=-131c76 all weldin_ = hzc %o
te by inert =zas, saielded arc welcing, cither non=-concumatile
tungsten elcctrode o consumcble stainless stesl electroce. nov=
ever, the ciametric weld on the boltor hrad wWas R.Ge witis coatet
electrodss insteac of witi «rc weldin, -5 prescrited. The cu
Pont Tesign Division Jue coatactsd in regard to this ciscrepancy.
They saic this tyme of welcin was satisfactory provicin the
x-ray examination indicatec a solid weld containing no slag ox
flux. Any such cefecis nad 1o be grouns oub ana rewcleed using
tue inert arc process. Tois decision was reached after it was
reported that 755 of The wele it Lesn exanined with no uefects
found.
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After all welding was complete, the cilametric weld (ses
ILxhitit #9) was visually inspecied. 1In conjunction with this
all xeraye were cheched, The welu seam and all x-reys were
accepted.

In the process of caecking the tottom head for dimensions it
was ciscovered that the slope ¢id not meet cdrawing specifications.
Petail dra-in , D=1127L8 callec for a 1/2" uniform tlope to the
centerline, (bottom cf tank) for any radial position. Tids uniform
slope was necessary to make for proper drainzje when the tank was
in operztion. Tae MAe ruilt" cimencions revealced that this slope
vas either greater or lesc than that specified. To muke the slope
conform io druwing specifications it was cecided that welc metal
would be added to the low spots and tne high spots grouna downe
In the final analysis, it was necessary for lew York Ship to
blend in the hish suots and tue welc surfaces throush more grind-
ing than was originally contemplated. A& final cueck was made
on the slope of the bottom head using a standarc strairht edgee
after the Lotbom head had veen placed on a platen the straight
edgze was located in o vertical plane comnon to the radii of the
tank bottom head., The distance frum the bottom face of the
strai,.ht edge to the inside surface of the tank Lottem head was
measured with 4 steel scale along the radii anc tac clone. was
Jjudgec uniform ana acceptia.le.

After tae plates for the tenx shell had been laid out and
prepared using a 1/L% vevel for 2l vertical a.d horizontal
seans, the plates were visual.y .nspected and checked witn tne
standard ferroxyl solution. when found acceptable they were
weldec together. Next, the welded plate sections were rolled
to meet the dimensicas called for on urawing Wel3lL76. after
rolling, the surfaces of the rolled sections and the teveled
edges of the p.ate were visuall; inspectec and checkec for the
sresence of free iren, oil, eic., wiih the aid of ferroxyl solu=-
tion. Mext, thesc scctions were fitted together and welcec to
form the tank caell, at all tirns inspection covered preparas=
tion and fit-up of all seamt prior to welaing., The tank shell
was checkes dimensioneliy for madmum out-of-roundness, helght,
and diameter.

After the centeriines nad been located on the tank c¢hell
ané tanlc votton head the nozsle openin_s in boih were located
and cut out. In turs, the du “ont stancard nozzle necks or
sections of stundard schecule stainless stecl pipe were welded
to the subject twe main components of thc tank. This was followed
Ly setting the tan.: shell on the bott.m head. %Yhe seam or juncture
Letween the two nain sections was checited for fit-up, preparation,
ard cleanliness prior to tack welding and welcing,

A1l butt welced joints (See Ixxitit #10) both vertical and
circumfereatil were x-rayea ant examinea according o A.0.4.Te
boiler coce for 1949 under paragraph U=6b. Thc jilms were examined,
repairs made, re-x-rayed, anc the weld seams were found acceptable.




YXHIGIT #9

IHSPECTION REPCRT COVEPING INSPECTION OF THE LIA-
METRIC WilD OX THE BOTTCH HLAD OF THL P.L.P. TANK
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SPECTIC RTPORT COVERING THI. X-RAYING OF ALL TalK BUTT WELLS
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Since New York Ship had No. 25-12 welding rod in stock they
contacted du Pont for their opinion regarding the use of 25
(chromium percentage) - 20 (nickel percentage) welding rod for
welding the medium carbon stsel hot rolled 5" x 35* x 5/b" angles
to the type 30L stainless stecl taak shell, Basec on the fact
that 25«20 welding rod had a greater percentage of nickel in it
than 25-12 rod called for on the drawing, du Font apnroved the use
of 25«20 for this particular application. The flange-type angles
were bent to conform to the contour of the tank shell and fabri-
cated in three pieces to run continuously around the tank. There
were two flanges fabricated for welaing to the tank sacll at eleva-
tions from the bottom of th. angles amounting to 3t-6" and 1lit=6u
respectively, Before welcing the ungle-type flanges to the shell
of the tank, the vhell surlace areas in and adjacent to the above
referenced elevations were visually inspected for cleanliness with
the aid of standard ferroxyl solution. The carbon steel angles
were inspected for the sresence of mill scale, rusl, oil, grease,
paint or other celeterious m.terial,

After completing the welding of the 5" x 33" x 5/0% aniec type
flanges to the outer surface of the tenk (5ee photograph, serial
#104), the welu seams were visually inspectea using a standard
flashlight., Some weld overlapping was found and removed by grind-
ing until deemed acceptable. At the same time the three welded
Joints in each 5% x 33" x 5/0" angle flange werc checkea for loca=-
tion in relation to the centerlines of the tank as shown on the
plan view of the tank - arrange.ent drawing L-1311476.

tefore welding the 3/L" x 3" carbon steel ring to the ! ank
shell with the top surface of the steel ring 2" from the top
esge of the tank shell, a decision was reached by the Design Divie
sion pertaining to the i" weep holes. (See Exhibit #11). It
was decided that the top fillet weld Jjoinin: seal ring to tank
must be ground cown flush with the top surface of the rinz in
the vicinity of each weep hole in order to provice good drainage

frum the ceal ring. This was not necessary between weep holes.

As in the case of the top and bottom 5% x 33" x 5/6% angles,
this ring was welced to the fan: shell using 25-20 welding rod.
Before wcleing the angle to the shell, the tank surfuce in ang
adjacent to the area designated to be covered by the rin; was
visually inspected for cleanlinces with the aic of ferroxyl solu-
tion. The carbon steel rin. was inspected for the presence of
mill scale, rust, oil, grease, paint, or other deleterious mate-
rial. 4after the ring was weldec to the tank shell the welu was
visually inspected using a standarc flashlisht, :ome weld overlup=-
ping was founa and removeu Ly grincing until deemed acceptatle,

Ne majer difficulties were encountered in fabricating the
alance of the tank assembly. The four 24" x 24" x 1/2" stainless
steel taftles located over the four outer tank bottom head nozczles
were checked for location, dimensions and welaing, Prior to weld-
ing the baffle plates, the interior nozzle welds wers ground
down and inspected.
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EXHIBIT #11

LESIGN SPLCIFICATION COVERING ;" VRLY HOLES
LOCATED IN THL TOP CF THE P. D. P. Tall
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Next, the tank and all of its components, including the cen= .
tering mat and chairs were sandblasted (See Exhibit #12) and passi=~
vated. All surfaces were inspected for cleanliness using the standard
ferroxyl and white cloth tests. ¥here necessary tne surfaces were
re-sandblasted and re-passivated. In any event the tank had to
meet the requirements outlined in du Pont cleaning specification
Number 3228. The tube centering mat, mentioned above (See Exhibit
#13) was checked for dimensions and cleanliness at the sanme tine.
tach of the three sections of the tube centering mat was visually
inspected for cleanliness and sprayed with ferroxyl solution to
test for free iron. Layout and chairs and height dimensions were
checked to drawing W-157317. Dimensions fell within the allow=
able tolerance of £ 1/16t, .The tank pockets located at the top
of the tank were also visually jnspected using the ferroxyl test
and checked for dimensions.

After it was determined that the tank and its components were
acceptable for dimensions quality of weld and workmanship, along
with cleanliness, it was hydro tested. The tank (See Ixhibit #1k)
was filled with water containing 20 gallonsof "Glim"® detergent to
an inside height of 15t~3" and altowed to stand for eight hours.
Theoretically, the "Glim® detergent reduced the amount of surface
tension of the water, thereby made it possivle for the inspector
to detect more leaks, All weld sesns wWere visually inspected
for leaks, and no leaks were édetected.

After draining the water from the tank, it was re=-passivated
and flushed with de=-ionized water to remove the detergent.

Before shipping, all tank outlets were measured (See Exhibit
#15) for proper orientation with the aid of a calibrated steel tape.
All noszzles were inspected for location and orientation. The
nozzle flanges were checked for du Pont standards including the
diameter of the bolt circle, flange face finish, hole size and
orientation and neck size. Tank height ané girth measurements
were checked using a calibrated steel tape, 6% and 20" scales.

Shipment of the tank and its components took place after the
nozzles were blanked off to meet shipping specifications. Other
parts of the tank were protected to prevent contamination in ship=
ment. A review of the "as built" dimensions indicated that all
dimensions were within the allouable blue print tolerances. The
unit was accepted for dimensions and cleanliness on January 10,
1953. It was shipped to the Savannah River Plant site on January

15, 1953.




EXHIBIT #12

IHSPECTICN REPORT COVERING IHSPLCTIONS MADE AFTER
SANDELASTING INTLRIOR ANL EXTERIOR TANK EURFACES
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EXHIEIT £13

INSPECTION REPORT COVERING FERROXYL TESTING AND INSPECTION
OF TUEE CENTERING MAT FOR P.D.P. TARK
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EXHIEIT #1L

7

TSPECTION REPORT COVEIRIGG HYDTLOTATIC TiST OF P.D.2, TANK
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EXHIBIT #15

INCPECTION HEPORT COVIRING FINAL INSPECw

TIC: AKD TTOUNSIONAL CHECY OF THL P.D.P. Ta-¥
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