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DISCUSSICN T IJNEAR INDICATIONS AND 'IEEIR tmd ON PLMP OPERABILITY

4 Visible linear indications on the shroud separating and supporting the
diffuser vanes and return guide vanes have been found in the JhF type
punps supplied to Texas Utilities - Omanche Peak Station. 'Ihese indi-
cations exceeded the inspection maximm of 1/16" (beyond which an
internal rejected material report (RMR) and engineering disposition is
required) and ranged in surface size frm 1/8 inch to in excess of 1
inch. It is our opinion that these indications resulted frm casting
processes and have always been present in the castings and in no way
affect the operability of the peps. They are merely more visible now
due to the operational testing and subsequent cleaning operations of
the p eps.

Since we now know of these inspection findings, an RMR has been written
on the elenent frm pep serial nmber 51667 and others and given the
engineering disposition "USE AS IS". '1he purpose of this docment is to
support that disposition and show that these indications do not effect
the operation of the p ups. 'Ihe specific considerations are as follows:

1. 'Ihe cause of the indications is well
understood.

"

;. 2. The stress levels in the part are quite
'O 1ew.

3. These parts are designed and manufactured
the sane way as thousands of nearly identi-
cal parts used in similar pmps without
failure.

4. The arrangenent of the pmp is such that
even iould a shroud be broken in tso,
the pitees are constrained so that they
would ccotinue to function in channeling
the fluid flow and would not interfere
with the operation of the pep.

l
.

*IE E: 'Ihe dimensions given above are the lengths as they appear on the
| curved surface. 'Ibe depth as discussed in the Field Rea:mmendations,

never ex W 1/2" in the radial direction. (See Section 9.)
.
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DISCUSSION OF LINEAR INDICATIONS AND THEIR tu u X ON PUMP OPERABILITY

-1-

The indications seen on these intercovers are examples of casting process
effects. As such, they are associated with the original solidification
and cooling of the casting. Our experience in the use of castings of
these alloys is that such indications are camon and are quite often seen
during receiving inspection of raw castings. Once the parts have cooled
and are properly heat treated, no driving force r e alns to cause new or
extend the existing indications. Included in Section 4 of this report is
a report by our metallurgical consultant which presents evidence to
support the conclusion drawn above.

-2-

The cmplex gemetry in the region of the part'where the indications are
found necessitated the use of the finite elment method to calculate the
stresses. A discussion of this analysis and the results are presented in
Section 3 of this report. Basically, it is our opinion that these low
stresses cannot cause crack initiation or propagation in these parts.
Section 5 of this report is a second report by our metallurgical consultant
which uses the stresses we have calculated along with load history data-

h obtained frcm the N.S.S.S. supplier to analyze crack propagation and lifeU projections using the methods of fracture mechanics. his analysis supports
the opinion expressed above and the resulting catclusion that the integrity
of these parts is not affected by the presence of the indications. One
additional consideration is that the primary stress causing load, the
hydrostatic end force, varies frm a minimtrn at the lith stage and is maxi-
nun at the 1st stage. Asstrning that the indications are caused or made
worse by operating stress, then the parts having the greatest munber of
indications would be in the first few stages. This is not the case. Instead,
the list in Section 7 shows a randcm distribution of indicaticrs.

-3-

Pacific Ptmps has designed and built pumps having essentially identical
diffuser /intercover design for mcre than 30 years. S e materials used
for these punp parts have included cast iron, bronze, and various steels
including the martensitic stainless steel used for these parts. No
failure has occurred in these pumps due to material failure in the
diffuser intercover shroud. Section 8 of this report includes lists of
operating pturps with similar internal construction.

(2)
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DISCUSSION OF LINEAR INDICATIONS AND THEIR mu;r 01 PUMP OPERABILITYe
4_

As discussed in the stress calculations, during operation these parts
are pressed together by hyarostatic forces so that the end face of each
diffuser blade is loaded in ompression. Fractures in the shrouds yield-
ina nieces that included diffuse _r vanes would be held in olace by these
catrr:essive loads and the return passace vane which is intearally cast
between the shroud and the thick section of the intercover. It is not
clausible that a niece could break off between blades since such a piece
would have a negligibly small load on it.

It is our opinion that the above discussion and associated attachments
are sufficient to justify the use of these parts as is. We recamend that
these elsnents be reassembled and returned to service. In addition,
Section 9 of this report presents sme recmmendations for field inspection
and criteria for further action.

_
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f SELTICN III

STRESS A'mLYSIS

In this section we will review the loads carried by the 3" JHF pump
intennediate cover and present the results of a finite elment stress

;

analysis. The purpose of this work was both to show the generally
low condition of stress in the area of the indications and to provide
data which could be used in a fracture mechanics analysis. This
analysis is docmented in Mettek Report #220431-2. dated Novmber 18.
1982, with the results that it is likely that the indications are below
the threshold for propagation and are conservatively below any failure
criterion over the service life of the pump.

The next page is a sketch of the intarmnM ate cover. Referring to this
sketch and the pump assm bly drawing included in Section 6, we can dis-
cuss the loads on the part. These covers are assmbled at the same time
as the impellers to form an internal el m ent bundle which is then placed
between the upper and 1mer halves of the pump case.

The water enters the first stage impeller (part #C001 on the left side of
the ass ably drawing) and is pumped to higher pressure levels at each
stage. As a result each " cover" (see sketch) has one stage of differential
pressure across it. It becanes, in effect, a piston hydrostatically loaded^
by the pressure buildup of the p mo. This load is carried by the return
guide vane, shroud, and diffuser vane into the next lower stage cover (or
into the case at the first stage).

This is the only significant source of load on these parts; h w ever, we have
considered this load to be made up of two superimposed cmoonents. First,
is a " static" omponent represented by the required design pressure increase
in each stage of approximately 145 psi. Second, is a high frequency dynamic
cmponent caused bu the blade nassane of the imneller. Exnerience shows
this to be tunicallo 1% of the develcred nressure but fnr our purooses we
used an upper bound of 3%. Sin the loads accumulate frm stage to . stage,
we have performed the finite elment analysis assuming that the full pmp
differential pressure of 1590 psi acts across one cover. Other sources of ;
stress such as hydrodynamic forces or thermal cycling have been considered I

to be much less than the pressure forces discussed above. In particular,
the possibility of significant thermal stresses and thermal fatigue are

iprecluded by the fact that the section is flooded on all sides and is
relatively thin. In addition, the ptnp goes through very few significant
thermal cycles.

|

For the actual analysis, the equivalent pressure load ^was acclied to the
icover end of the part with the diffuser vane end fixed in the axial '

direction. % ree models were run to see if any significant redistribution
| of local stresses occurs due to the presence of the indicatim in the part.

The indication was sinulated by reovire thin elments to create a notch-
''

type void in two of the models. S e third model includes the ocuplete
D. section.
' )

.

.
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SECTICN III

STRESS ANALYSIS
*

l,

On the next three pages we see the relevant results of these analyses.
In each sketch the elsent ntmber is shown in parenthesis and the
stress as either a positive or negative nunber. We have used the
standard convention of positive ntsnbers repmsenting tension and
negativ numbers representing otrnpression.
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SELTION III

STRESS ANAINSIS

As can be seen frun these sketches, the stress distribution in the shroud
is mostly due to a bending load acting across the section. This agrees
with what we expect since the load path is predminantly frun the return
vane to the diffuser vane and is intr % M into the shroud as bending
from the forces applied by adjacent vanes. In addition, we see that
absence or presence of the indication does not significantly alter the
stresses. h magnitude of the stresses are quite small especially shen
we consider that we are dealing with an alloy (CAeN) havino a minimm
yield strength of 80000 psi and minim m ultinate tensile of 110000 psi.
Ibr reference, the ASME B&W allowable for this alloy is 27500 psi.

In simnary, we have calculated stresses of approximately 2000 psi. For
purpose of further analysis, we will add conservatism by t. sing 3000 osi
for the " static" cmponent and 100 psi (approximately 3% of 3000) for
the "dynmic" u wsent. N " static" w .ent is really not static
since it is applied many times over the life of the plant; specifically,
each time the pm p is started. Frm the N.S.S.S. vendor (Westinghouse)
we have data that indicates that a reasonable upper bound for the starts
and stops is 2500 cycles. h cycles for the " dynamic" omponent has
been similarly determined by considering the expected maximmioperating
time of the pmp and the total n of blade passings that would occur.,

'1his nmber turned out to be 2 x 10 cycles. h above data was givent

O to aettex =a u ea su *te tr cture ca nic 1vsi to n ta t
the presence of the indication will not lead to cart failure.

,
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MATERIALS ENGINEERING TECHNOLOGY LABORATORIES

15 June 1982
Pacific Pumps
5715 Bickett Street.

S Huntington Park, CA 90255

, .; Attention: Ceorge Morrisey
13

SUBJECT: ANALYSIS OF LINEAR INDICATIONS ON SHROUD SECTION
OF INTERMEDIATE COVER (Ref. Pattern Drawingw

C-17519

PURPOSE: To determine whether or not linear indications inm

ix
, q! the shroud section of the intermediate cover were due to

hot tearing in the casting processes rather than sam thm delay,

j cracking phenomenon.

An intermediate cover from a safety pump was submitted for
analysis because recently, linear indications were visually
detected in the shroud section. The part was cast in 1977 by-

fS Quali-Cast Corp., Chehalis, Washington (S.O. 2820/1-19-77).
J The material was specified as ASTM A296 GR CA-6NM. Any

required weld repair was by shielded manual metal are per--

ASME Section IX. The weld electrode was AWS E410 di Mo-16.
The casting was austenitized at 1750 F, air cooled and,

tempered at 1100F. At Quali-Cast, the intermediate cover
was tested after fabrication and was accepted after 100%

P'
visual inspection of accessible areas and 100% magnetic
particle inspection of excavations.

Linear indications were visually detected on the surface near
the edge of the shroud and near the base of the dir'fuser vane.,

; Generally, the length of the indications did not exceed 0.25-inch
_ and only one two occasions did the indication extend along the

side of the shroud. Typical indications are illustrated on

sketches appended to this report. These indications are simi-
n{ lar in nature to those found on the first pump that was inspected;|

[(]_,' but were fewer in number, with one indication being somewhat longer.
|

r IRVINE INDUSTRl4L COMPLEX
ti 1805 E. Cornegie Avenue * Sente Ana, CA 92705 * (714) 5461083

. .u. -- n n.-
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d() TEST PLAN

The test plan was to remove the shroud and vanes from the diffuser

section using an horizontal band saw. The shroud was radio-
i graphically inspected to delineate the internal profile of the

surface indications. Concurrently, the diffuser cover was,

| cut into segments at 900 intervals (See Fig. 15) that were
,

used to produce four substze (R3) tensile coupons, four
standard Charpy V-notched impact specimens per ASTM A3704 on
mechanical testing of steel products, and one chemical

i analysis. Other segments of the diffuser section were macro-
etched to identify the grain structure and the extent of

; weld repair.
1S The shroud section had each vane identified sequentially from

position 1 to position 9. The most pronounced indications

} from x-ray radiography were saw cut and removed to be charac-

terized metallographically with the scanning electron micro-

a(]) scope (SEM) after the pieces were broken open along the plane
of the indications. Two additional Charpy specimens were

] machined with their fracture plane oriented parallel to the
'

plane of the indications. These CVN specimens were then
fatigue pre-cracked and used to measure the fracture toughness
(KIc) per ASTM E399. From the remaining segments of the

shroud section two standard R1 tensile coupons per ASTM A370 were-

used to determine the tensile properties in compliance with
ASTM A296, the specification for the CA-6NM casting alloy.

RESULTS

Sectionina of Intermediate pume Each vane on the. shroud section

was identified with scribe marks 1-9 as shown on the Figures 1
5 thnxch 12. The indications at the base of the vanes are high-
.

lighted in Figures 5thnxqh 12. The separation of the cover from
I the diffuser prior to cutting test couponsis shown in Figures 13
'({,- After the saw cuts, the remaining pieces were re-and 14

's

Freewe usenemos e esses cerrosen . Penwe Anae eser
,
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O
assembled and illustrated in Figures 17 through 20.

'

i
X-ray Radioaranhv The attempt to delineate the internal4

: profile of the linear indication was not successful. Only,
,

a direct shot of the entire diffuser section was used to
; identify the extent of the depth of the linear indication

} by the contrast noted at the respective positions; i.e.,

a definitive dark line on the x-ray film implied a deep crack,

j as compared to a very faint line on the x-ray film which

suggested a shallow surface crack. On this basis, five of
,

j the 9 vane locations were identified as having cracks.
'

Location 6 (Fig. 6 ) was interpreted to be most severe, and
|j positions 3 and 8 were interpreted to be less severe and'

the remaining 4 and 5 were interpreted to be surface indica-
tions. Position 2 was not detected by x-ray although noted

O vi = 1tv-,

Tensile Pronerties The results of tensile tests are listed in
] Table 1. The minimum values taken from AS M A 296 are also

listed for comparison. As noted, the minimum yield strength
I and tensile strength are exceeded. In all cases the ductility
I parameters of elongation in 2 inches and reduction in area

are only met by sample B from the R1 specimen. The other

samples appear to be slightly below the minimum specified
154 elongation. These values also compared well with the
original test report by Quali-Cast Corp.

charow T===ct Test The results from the Charpy Impact Tests
(Type A) at room temperature measured 20, 26, 16 and 18 ft-lbs
with the corresponding lateral expansion in mils of 17, 18, 11

'

and 12 respectively. No inpact are specified in ASTM A296,
'

but numbers from climax Molybdonum's literature suggest that

-

a

Premweessenemse . enesecenemen . reswe aaeree
'

.
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I
'

impact energy at room temperature could be as high as f
60 ft-lbs.

+
Chemical Analvais The spectrochemical analysis shows the

composition as listed in Table 2 and compared to the require--

ments in ASTM A296. As noted, the chemistry is within speci-

fication and again compares favorably to the Quali-Cast.

,

material test report for these castings..e

Fracture Touchness is not a requirement for the castingg
2 alloy CA-6NM but an attempt was made to measure the fracture
; toughness in order to estimate the damage tolerances of the
@ casting by other means than the Charpy Impact energy. As

noted in Table 3, the material was extremely tough because ;

j a valid brittle fracture toughness test could not be produced
in the 3-point, slow bend test. The significance of the

.

measurement is that a minimum value for fracture toughness
can be estimated. This minimum value, in turn, can be used

to calculate the critical stresses required for rapid crack
* propagation. This stress, in turn, can be compared to the

anticipated stresses that the part will see in service.l This approach shows the critical stress to exceed 80 kai, for an
0.25-inch edge defect through the tip of the shroud.y

- Metalloaranhv Three metallographic mounts were taken from the
piece shown in Figure 21 which is from vane #6 after it was
broken open at the position of the linear indication. The
depth profile of the defect can be seen in Figure 22 and is

$ delineated by comparing the dark area to the bright region that
has metallic lustre. Mount #1 is shown in Figure 23 and it

i
f represents a transverse section through the fracture face

previously shown. As noted, the grain flow,is typical of the
y corner-of a casting and at high magnifications,the microstructure
*'

was seen to be tempered martensite .as anticipated. Figures 23

through2s show the fracture face both in the. dark region and

messw. uswenee e esser conseen . Penw aass,
+ i
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an oxide film as shown in Figure 25, where secondary crack-,

ing was also found to exist (Fig. 24 ) . The decarburization

.5 located along the secondary cracks suggest that the cracks ;

.
existed prior to heat treatment. The oxide film being black |a i> in coloring also suggests a high temperature oxide. These i

features are typical of all phenomenon described as a hot
|

} tear which is comonly observed in the 400 series of casting i

alloys. A second mount was taken at a section parallel to

}#
the fracture face and, again, the grain flow and microstruc-

ture was as normally expected. The third mount was taken

:q from the fracture pieces of a Charpy specimen and |

J again shows the consistency of the grain flow and microstruc- :

.

ture throughout the casting. The indications at #2 and #8
-

are exposed in Figures 33 and 34..
,

SEM/Fractocranhv Figurer 29 and 30 show the surface of the

dark area and bright metallic area as examined with the SEM. -

v, As noted, the dark area has many products of high temperature

oxidation as compared to the fracture area which shows the

classic features of dimple rupture. No slow growth crack
i

extention was noted beyond the dark zone. A typical surface ;.

weld repair is shown in Figures 31 and 32. The inclusion was.

identified by x-ray microprobe (XRN) analysis..,B
.

" AER/.XBM A series of x-ray spectra were obtained by scanning ;
the different regions of the fracture face and weld repair

nugget area. . Trace 1 shows.the peaks typical of the base

metal' consistent with the CA-6MM alloy. Trace 3 shows a ;

.) comparison of the x-ray spectra of the black oxide area in
3 ,

order to identify any surface contamination.- other than ,

]'
potassium (K) , calcium (Ca) , Land phosphorus (P) ,, , no unusual

' contamination was observed, consistent with the discolora-

y; ; tion being-caused by oxidation instead of corrosion.- The
-

'

[N

O
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'
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remaining spectra are of the weld repair nugget (Traces 5-7)

and they identify the inclusion to be titanium (Ti) , probably
a cutting on 'the weld repair electrode.

.

CONCLUSIONS / RECOMMENDATIONS

'1. The linear indications are generally superficial in nature

except for the one located at vane #6 which was almost 1/4 of

an inch deep and through the tip of the shroud..

2. CA-6NM casting material meets the requirements of ASTM
I

specification A296 with regard to chemistry and tensile tests.
- Additional Charpy impact and fracture toughness tests showed
I the material to be extremely damage tolerant.

3. No indications of slow crack growth by any time delay
'

mechanism is suggested. The residual stresses as noted by

opening of the diffuser shroud during the cutting operation_
,

was found to be non-existent; i.e., no changes in dimensions

were observed with cutting.

4. The linear indications were caused by hot tear cracks
introduced during the original casting operation.

.

5. A fracture analysis might be performed to convincingly

establish that the existing hot tear cracks are not a potential

safety hazard. This would require better stress analysis of the

part and definition of anticipated service loads.

Respectfully submitted,

! METTEK Laboratories
.p I

.

;
Gt P
L. Raymond, Ph.D.
Consulting Engineer

dr

6

Freewe Mecommes e swees corresen e Fe&e Analyess

.

W 4 e < -- -A. - ^- - ^ - ' '"



Eight |
1

|

1

f3
V

TABLE 1

TENSILE PROPERTIES PER ASTM A370
m

-

Y.S.* T.S.* Elongation Reduction,

j Source (ksi) (ksi) (%) of Area (i)a

ASTM A296 80 min. 110 min. 15 min. 35 min.3,

S Quali-Cast 99.9 126.8 15.7 40.7
Test Report,

j 3659
A

R3 (0. 25-in) 89.6 122.0 10.5 50.4
.

jj 91.6 120.2 10.0 53.7

g 89.6 122.2 11.5 50.4

90.7 120.9 11.5 43.8

2 ''- R1 (0.50-in) 97.0 120.6 10.0 24.5

98.2 121.5 18.5 45.1

C' I
.

*Y.S. = Yield Strength

*T.S. = Tensile Strength

<r .

.
>

e
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: TABLE 2
!
I CHEMICAL ANALYSIS

Source C Mn Si P S Cr Ni Mo

ASTM A296 0.06 max 1.0 max 1.0 max .04 max .04 max 11.5/14.0 3.5/4.5 0.4/1.0

Quali-cast 0.05 .40 .75 .020 .024 12.5 4.0 0.65
Test Report
3659

'

.

85|TTEK 0.06 .60 .71 .017 .023 12.7 4.5 0.74
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; TABLE 3
J

FRACTURE TOUGHNESS ESTIMATES
't

i

i
1

-

Location B W A s pmax Peq Keq(in) (in) (in) (in) (kips) (kips) (ksi En)
*

Vane #2 .395 395 .201 1.9 1.21 2.44 140.

7

2_ Vane #8 .395 .393 .198 3.9 1.20 2.57 146

0
Type of Test: Slow bend precracked Charpy per ASTM E399-81q

Temp = 74F Rel Hum = 51% Kf (max) = 28 ksi M BIc = 5-inches

5.

*KIc Test Invalid per E399; therefore, equivalent energy
estimate of fracture toughness (Keq) based on assumption of
crack initiation at max load.-
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FULL SCALE 8530
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JOB ORDER NUMBER 220431 "'''"als Engineenng Tecnology Laborasones
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X-RAY ENERGY IN kev U

Trace 1 X-ray spectrum of bright area on fracture face of Fig. 2., Location Vane #6,
consistent with the chemistry in CA-6NM.

.

_ _ _ - _ _ _ _



'
~ ~

~ A 7 T 7 E] Q R f7 E T1 ED C E L ,

()| V'

KII4 VOLTS W W
*

FULL SCALE 1030
SECONDS OF COUNT 100
JOB ORDER NUMBER 220431 Matenals Engawenng Tutmoogy Latwatones
MAGNIFICATION 250x " '* * *** * "'**" '' " " "''*" "

12 '

I I
-

I .} I ! O l ,[
!!f. |l.I|lk {I I | | ! ii 'l !

-

I, U, Il !. ib l i l j !!! t: d ! ! !I ;!.\ Nhd| O
"

!!}llN!;['I ,i!i
! !!i [!|!

$ .N ..fI

.i ! M ||1 !I ! Ih '! i i!c 'l .! I
'

! j'i 4 '8'n

] il i' ! |
I- ! .

i I U

f
!j j! .. ! $

'

'

| ! ! I I I .

i ' !I !| h;i [ ! | | ! ! !

~ FERh|hj
:l l | | ! ji | bl

'
'l :ii T !|

, i na | T frill U T 4,1 tif Thh! ii, iib'i |n
' F

an

t i c l i
~

T ;i ill i Ii
i"

$I '| ! .I
' I

'i"{'~
i | | ! '

! - ! l

||" i I ] |[|
| 'j' |j

|]
l h! UI- ''l 'di'

li'i I!|! SI! I!4 9!i Hi! ;'- ul' i-|. t;!l
.

'
I i

[l'iili iii fjj!; |l ,p I| j y | ,l! !|if[j]j I! |[i il[ F|i 7|Ilj [I
"

[?
"

;. ; ' I' Li , .
,

i: I ! I
'

| ilI j . |-
-..I , ! !. ! li i :i

I I .[ f. ! .! l
f|!h

'0! $ IIh f;if !;f.
.

II f | !iff 3!|' d;.
'i.' ''t t . b]!
' , ' N;: ': U:

it ! [}!i h! {{!
7

M id !: !fi | |
,.

' ii i Il I J ! o ! I 'h-e 1Fe > i 'p 7 ' (: ,,

"
! ! i !! A ~1I- i-

'

l ' ! ! - " '

!I~ !I'e i' f i lih ! ii 'O I' I* i l' L T" 11 ;|li dii 494 !!!!

k' H [* gig q; ,yg g;! r| j!;[ qn tiij an op ;j q h jp+3 ;'j!'i
'

j j; J( p i Tj" T | |TTTT 41 r - +
: 1 : n a.

5 NN |$ $ I f[ t I h @M N h fb dh,M !b |Idh h Mi

g II! i H i i i j ! H | | I

'lir!ii ith1c ! Til f it r| .

i i 1i i!g kt|1f0.
III

' '

| l. M !d j
jrid!!n}iinhdri: 1;t !!1||iny!dTi |R ;h[r; g li h::;'n||! "'! J ! :|4 Oi !!|[ ! ! Ui ! i: .'; 'O ll !i i ''!'

y' l rig!t

i 1 :, i !;!i n-
iE4 -n i il s g !s |- i j| |! i.- : i |j di| 9Ih i !I!' ily jll 1 ! lil $ 9 4|! il .

|p|
I .I!i : I Ii! i !i p iin .. |! gI ij i ,

:

II ' II IN il 1 !; ' ', i i ili i ii y iII [] Il 1:; i PT 1 C I! | | {'F |_]i (d|Lii ';'; ifi iiii
haiin! m'IlIIIIIbi!T

!i '
3 ' -

uniti e "o
! !,

'l Pl! Li!W WM4d"ii im

i; !! i
-

i ! 11||1 vl n !a! !In n p y |! j
'.

I I|
!rhi!!iT '!

'

Li1!
u!j i+ !m i!%d '!W- -

i!! !iE ihi n ni i: M ii iiIi T4 i!c fi! ir' s i: * ?iTPi li in t

;,1
i>.

g2 p
-

;; ; ; g;;
-

,
. .j j,

J'
jl 'qic

[3
n ; 3 , j;

iiii .g,j[j p .\
; ; gj, q;

A "i"i[q ii!} "T Ji) i[;j
;, , , ; ,;

| |4 it! M [q
?j; ji' g f i,i jj pp;

,O Mill tii!![c;f;;iiT lip

;

n; :!: !!!' |i';
,,

,

ip !i T] ! !g lil [||i l'
N{

iciJ lp ti! p i ii,

- [ Mi !! I I jj i i I I l. | IjD!k * -NC ' " i "" O ilU h!hl !_
i

i :

!}'"
'j d'!

![fiEIlliiiii IIii ii!I Ih Iiii|I i Ifill|i! illlhli! !!Illijfi liij 13IIII
il 1||: Ii, |Ih |I!1

#li ! i.[i 'I~ [ l!ii
~

~II lif i ! ; ii i li Iii lu ||cl:ii; %Ilp nnM 2!

o
2 4 6 8 10 12 14 16 18 20 Y

o
X-RAY ENERGY IN kev

Trace 2 Same as Trace 1, but with scale expanded to show minor contaminated
peaks of aluminum (A1) and calcium (Ca).
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X-RAY ENERGY IN kev

Trace 4 Sasee as Trace 3 but with scale expanded to show minor peaks of phosphorous (P),
calcium (Ca), and potassiun (K).
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X-RAY ENERGY IN kev

Trace 5 X-ray spectrum of base metal adjacent to weld repair. Identical-
to Trace 1, complying with CA-6NM chemistry.

.



=

e , A &' . =g$ % AS 48 ' h .heup - .8 8 4 sta s . % e

: n OP C)
,.

KILOVOLTS 27.5 G9'

FULL SCALE 8440 ;
h Y!:- SECONDS OF COUNT 100

T JOB ORDER NUMBER 220431 Matenats Enginonng Technology Labotassen
" '''" * * * " ' * * " * ' * * " "

| MAGNIFICATION 250x
; 12 .i i,. g gji , jq ;

-ii i ,,

!! !i ;qi !i:i ! i !j- '..
t o11

-J , , 7] jj g g+
,

I~ h | l i lil li!I !iii
,

'i' '

il i
'

| ii

18
I I i i I I I ,i i !4||l'i i!!! H:;

e 1
~

I'
.

I
li ||l E. pi |!i!

:"'
;

~
,, ij j' '

b I q :il h (IN III|9
'

'
| i i J.

[ f I ! I E! | -| i l ,1 . ,
t I: , e

p 8 , gp ;q; g j jn g qi pp ;i n.-

i l !!f d |j I ill d : lii! I|
'

'l i

. 1 i -

j
,

l i

,

';, ,
,

l'
'

'

fr!.
ii ii! lif li!i fil il i :- T

i i ll i l

i Tryt yp-pr7 g7- nj ! I I ! rU !
'

i.[N |Til I l :11N it li IPd lili iiiD';
v' :s

j' t,II [ [ | Ili lif '!! F"
.

hii3j 'iRJ! M|| I N @ E'

a ll | 'i l H
'

=

i,

'
~

I { l l
' " '

jj 'i l ||l 7 I h (il . ') i !?l .| lI iii
'g

1 (" i || fl ji} k]!:P
,

l }f |! ; ] }| j
'

s ,

k. ..'
. ||| 1 -

i
' I

|I I ! !; ) | .

![l
k ! [ f. l[|

|

H | f i V | | 'i i: ! !
,

|i 5 ||! :; , ei i:'z-3 '

,

W i ~'
'

|
' | i'i! h ! |'

.

| :,| . ! i || .il !
, ..

IH .I

l li|l
m i i<

Ii ! d 'if iI I d l i I lj l I If I

i.!
l ' '

>g 2
i

.; ! j ipt [i ;i g;,!; ci 7;p!
i i

.

.

,
.

| ! ) | !l U- !l! !, ii ! Il l !! |!! IIE.N .,

h 'l ||| ||| |I[ j!i [!'| 'j | Il i i!!| | |
'

| f l ! I
.ll!

i . .. ! i
!g ,

i !ii' I l I!' |- 3;| |

ff|I [f!
E

l
I Iji' ''

'|t
<

i
~

| n IA i . i i ! ll '!DI Ill I;n on iln iiii ii j liv ii l
~

l t!_L j j;j [j |' I l |[ |||1
.

.c
,

2 4 6 8 10 12 14 16 18 20

X-RAY ENERGY IN kev

Trace 6 X-ray spectrum of weld metal in weld repair area seen to be identical
to base metal.
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X-RAY ENERGY IN kev

Trace 7 X-ray spectrum of inclusion between weld repair and base metal. Inclusion
consists of titanium (Ti), silicon (Si), and calcium (Ca). Particles shown in
Figures 31 and 32.
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3 FIGURE 21. Defect at vane location #6, broken open to expose
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1

~

? s 1. g : .g g J/ Jy f Mgg{ |-

Q ; 33

1%hj ; :<f+ f R' * }:)./ $g
yy- p n.. .

.h

f, .' k.g&%~ IdQiff..%?? ..$/,Q fi.R4
-

E '
.

.

@d% . - [ty.| ; /
,t , .

g . ,.e,c..- , f,y : g. .,9 . ., , a , . -.,o

fc, .> . ~ /( D 124_.'_,',,.,.. . . . Q: %, f
3pg T.4, .. S.

.

.r>; .;; >J' - N. . &;
.;,. y ..- 7y g.-

. . .

7

- p x,; , % - Q_ - g . _.g; V -&
.

W. , s. + . , . . . < -

k .t
"

;

g ,
, .

n, .; pe, , r .s,w'' O w: . . >. ..- 4 .; ,...

I -
- '' ~'

.& & ::j.:| & :j [+ f$-Q f
, .,

.
-

; 6 f Q, .'j( ; ( -| a

' .$. ',, ,Ng. .-
.

% N@wd..!(h($,}T g.j ;,h M,jYe ,

. g;4y ;.: m;F . > # .
.

. .g.i.s
. .

.c -? -, . . . .

-Q . . gv j 7 j.y .*j -

|

Q% g.y -Jj'er,*"4 k,- K4yr~whY'.
' % hg*

40 puLs - ,
- ~.

: cvg mw,. 7

O >'. s ,
.

FIGURE 26. Transverse section through light zone at vane location #6

4.

1
-- ,- , . - - _ . _ _ - _ _ - ------___.___---_-_ J



Twenty-six

. 5') fN iI .'.'.e, J ' .f. ." 3. 9. ' / ~ Q * 5 " .' U '; }N.. 5 -

*Q-
g . ' p '*; (.

| :. . ' * , % .?. . ;~.r . , ;, . + f.+ w . sm

*;.' .? e,. .. | .,

;j ii''. .
.

- -

' , . hl, '. .m) . /. .. 2 n .,..s. a.. ,.* ~ *,

-

- . . . , . ,

. I. 1[, i.. M.[. -- $ N . , ''
'

E ' '

g .g,

*'

,;,,y -

,
,

c g.y - .--

, " k:4; c
. .*,

: K. 7 *. : ..'..
9

N.; 4&'' .* . h' ' . . %w '
.;p- ',,

g -
',

. h, y

. 9 ;'3 . # ' Ri|* :!. . b.. ;,

*''&.s'4[~'| . '' .: .- .. .,.--*..QL,'..
t

| h h.h d h h['...
.

hf
!( * U[. y ~ -{.._-

'

. . . . \c . .d
.

', - .e o , :s . , k.
- '; s 7. , , .-

*

.

e y.m.
.

" ,

. 1 . .
.

-

,g :,.,; : *

~
- ,e .e,n.., . . .

<w . .-r .. . -
-

-

, ...,;*
%; ,;. :q.aiy e : . .

g -: %# .Q?h d '. - - - ) L ~ , ,:C " :.

.

'
:. .,

* y . '. , z g: t4y. : ; p 4" d . : .3.t
' -

..g .. p
.

*, . . * *

b,r .aggI Q~; ;.s g,g' ' . # . :*
. <... e. , . - 1- ...e

1 J.: - Ty?.,
-:, . . . ~ . -. es . . .s n , :... n . . , .. s . . . r , . .. - , c ,

,

i -- FIGURE 27 Macro section of plane parallel to fracture face shown in

| Fig. 22.
CMh'

l
'

O
U M ;;; * . A n : ,' V . .''

. ' ' ^ - . n :. ' - , f '.'m
" - ,

- ,- x - .

7. cv z . -|.' .s . . . . . . s .. w. 43.s. ,
t .

--

. .. 4r - : .s .
, . s . .

* ' N,p ' Q. [ . * ..
,

* '' " f ,}' y;. _ ,..;
'

,
* ' '

. \, S~
''

=

..

f. . , gg :,.

c: j '. !.h Y ,h.j'
_ ,_

' y. . L_ ,.

*
'

_.

, . yw%s. , , p. % 3_M,'. .o * - -- .,
. ,... ... ; ..

- f<f. ~. . |- f",
'

4 ',.co:f':|2em..
&

- ?
**

_+ .! y . :-
| 6 J_ . n 4.q. f , . : -. . - . .

- \ if.3 7 - . 7 -;g-. -i ; g . . .:a-
.

Y . , ' i . .' . E ' | (.\
_ ,..

?
+.s 'e-

~

n, . , _ ~. ,. c. - , ..

$. , .' ,' .

' ' ' N - .
-

x. '/.,' 4 g . t:>e . k . .%. : ,. _ .s s +.- a ,.
, .,.

.. .
.

y.
.

.

>- -

.m _ . . ... .,. - %.
f, ? ; .- . f.; f fg.

,,, u,
' .

. t, < ,. y n . .- - W' ' , - g t .-_-

.x * ( . , , .
,,9 .. :

.

!

. x . . . : 3.. !Kkg.p g , i . L:#, - 7 : .' W ,. y t,7.
*

.

s. h. . - 4 # '

],,
- e '

- -

r
- % - . . y'

'

. ''
.% -

,-f'

. ,; , . p . ! ' ,'. =W' '' %a: ',f " . h. '..,M

, . . x. ..

'~

.. "'Y '.4 , .c--v..

M
. [

' . 7 ., k.' s
- '.i3

.,- t_ .r ;; ..
.i |

..

, , ''

.
. .

. . .

.

< * ' * , , * W W- : .'-

v' . , . ,

.-
..

p ~. . +.,w .. .;. .;,:y. w . . ng, 43,
. , :.s : . , . -.= . .w> .. - . n. q . ;

_

. ,.; - .g. .. .
, . ,a, ., . :

. ....,s,..7..,.,... _ . . . .._j. .,.

. .

O m un 28. nacro section taen from cm specimen.

,

l
,

|
i

| . - ~ . - . . . . . - . . . - . - . . . . . . _ - _. _ - -_ __ _- --- -

- .

. .



.. _ - .- .-__. - - . _ _ - . - _. . _ . ._-

Twenty-seven |
|
|

|
:

j

.O
-:- ..c; . .-

ga7, , <

' - '

i <'

1 s .

~f b'

*- -
.

. .;
-

..
--

;~ -

:@
'

i? .

.,
.

#L
: L'j -

,

,y .. . ,

\. . ?'

-

s. ;.':!
.

.. ) ' sh.g-/- M7/ tJ ~
+d ,

wmw,m useer, ,

. .af| -- - O g . *~ -

;.

' 1t
d )

i FIGURE 29. SEM photograph of oxides found.on surface of dark area,
top view of Fig. 25

,

O |
'

i cy 1,
.. .

0 g . ... .. ,

# %%S
- . ' ?-( , , * ;,

<, - .. .,

1 4
2 h ,,, -

I

'

li'

!
-

s

;b
a

=.

,
.

~-/-M IL.$ ~.

wmmim peari

'{It
. ? .x .:s

{
L FIGURE 30. SEM photograph of dinples found on surface of light area,

top view of Fig. 26,

,-

,i

= * e7 m y====-4 =w#%en . e wu,-*-ww-.,w.--* .. s - -r* - a .. . ,



Twenty-eight

..

: > ,. . ,. ; '. . . , - - .; A&..g . y ,+-. + -.; :. -

.5
-_ -.-..y - . .. g :.y ,: . . e, . _. : ., . . . - ;p,--..----_...W.-.,.; g .

- -

< - ,
.

-

, ,+ .%+~h.. .. , . C+ 1
" .7.s_ ...-.

"

*Ad - " ' ' , M
. .. P f l' *

'| | ? , .f. .,: .*$ _L | '.! T e W & s.' ~ . :. . .' ' '
|. . _ = _ y. . , ,. y . - ;- _

. |
'

-

- 9 -

: ~. '' ' g f , p'|. *.{ j$ . . '

7
,

.,

* ;. v *| * * ayr # . '

'' Q,kp:.*s.- ~ ,gj.,j . a:JtM , ..;_.

~ !. ..

'
. ,

*

.9 4 : . . , . . g. _ .. s . . . , %.- - ' . .

:

.

.. . b' % ;
, ,

,

1

|b FIGURE 31. Inclusion noted at bottom of surface weld repair i

tauEh

O
- 4-h- ' ( ' \ jg ' ' 4 jf.[

' '
'

7 .

- l, .f . h . ''I ' '[ ~~

. . - r. &; p.,4. np ,."'.:,. . 9 >'

.' .i. , . . .

.'.$
.

| '.|p.5-- Q .I . . '3 . .

''
M.'

' ' '~:

' ' J - ( .. . [s''.g. . <y/*g: z ' fic. - .- ? ~ .; .-
'

.

.
.
':w.. . . .

4 R. . . . b ' ,
-

;r - . g'-
-'

.. ... .-

1: ' ,.
.

',$ ', '. '* ~ . k N $ \ '. 3$ O sin . . .E s.' "
.

.. ''
- s _ _%'Y'!,

[j..^
'%~

l A

' ,^1.Y - 5.G(Ii ~. (-
\ | 4k|"; . .p. . ( h

,

,..''

_

.. :. , -
2. 5 :. : ,w ~ t , .. s +.

.x. ,# \s ~
. > . w -. . . .

.?- 4 .- .a s' -*4'..,. ."*
,

g '.1. , ,
.

'
~

'

. ,)
. .. .

.1 .
.

w

; - ,.k . ; .

,

-

.

.- . ,_ ~. . ; _ ,. . . ..g..,
.

%.
. . , _

:ff \, -J q f.,g,; st * ,

7

4 -/HoLS R .
. . ..

'

wmmmu ar .g . c. 1 - g 4, . - .g, , ( ..

.

[
FIGURE 32. Inclusion at higher magnification identified by XRM

,

as titanium (Ti), possibly due from coating on welding electrode.,

l>

,



( Twenty-nine1

s. . ,c. ;..7 .', $l'Q &J' - '.' g.
.

3
g

1
,

. $ 1. ? YL s; -t , +. .g ~.\ _
y_ ;

- ~.- .tt.. ,

a . -....,.,,....z .. p:. ,
-

,,
. . . . .. . . x,

4. y..- . ,, - - .w .
u.

i.-.
-

.

- ~.:.,-
%;- . . . . . . . .. --

- qr. : .; . ';. .m' ; $ . ...y
.,6, . * **3 A. ,g - , . h

.y ;,.. ;. , .:.- p .u , .
. . .. . , ,;. .

.'h. ,: f "g.. . ., .m . . . , ..,.

$
. . .. , ~ ~ e'> *-

,. , :. , * . .e , ;,

} .f a - , y f ,'|[p.: ' ! ,. ? [y.; ,'|-'.
. . , .

__.
- p :..s . _. f.

.. .:..s. -,,
- ._ , s

: ., .+. .. s.. . 4 ..
'

.
.

. 6 , < %:w' ,..f. ,
v.c, .

. r. . .
. . . e ,' - *

. .
-

..

w.c ., . c . .. ,

-,: g. ... .

- -

;
-

. +: .. -:,..s. .c . -v. n, .
-s ,,un. ...\ : v

. . . s . w . , , a t.,
.., ,

. .? c. . ,: a .- -

s. .- r-
_

-. ..y .
4 '.s.

.g,
.

..,

Y ; g e. .
,y'. .., $, .. ~ 9. .; '. ..

. ., _ ..

b;. h: B ,,.
.

-

. . . .

h .} ;' .h.k *. k ,
.

.j.. ;
.

.. .

-:4. ~ f.s. . . _ .; _'-
'

v. N;- rey. ''
, - ,;Y y L. , " . ,r,.-

,.
,

:., ;f 4gf, e% ; ,"y'.
79 .. [;,'

. . 61 3, t

.w .

.

c - 4 r.

% :- . yy s

-, Q -
. . ; ,- , R, ' :. *., ..k.. ..& J ;. : L . ~

- ,- + r, >

i. .; ,1.1
n 3

-

. Q
',R . ; .| '| ;. f : ''..,,, .* hk$ u,,'f%b >Xg*f.n - + > , , ,; . - y

' *
. L . ' .: ;*~. . '. e ~ . .

. :
'

x
+

. y.' y .. .

;
. . . %h%;; ' ,. ".

=- - . y .. - . . .
~

-

; . , . . . . . ~

f, '. : m9 .

-

.,.-
-f. + . .s, . . _ -. .. . . - .

n :, t - . ~ , " -..g . , e,
, . 3 4 y.,?.' *

, O..
. \v. ;'_t. + ' M' f, . ; _L c_ .,9. : sf ! my[ . {;*--

| -

FIGURE 33. Fracture surface of segment including defect at vane
M t. location #2.

O
-
w W. ' ~ L.. . ., - .. e.x;p i .::: .. t- u.

. e. s,, . .
. .: - . ..y -[ , . , ' . . .

. . . , . . . . ..2 .." .
.. .. ,y . . _ .

.

. .

..

-
.. . 4, - -

, . + . .; - u - g = .
,?,,,~

,

.,
-

.o . . .-

.._ j. , ,, , . , , . .n . .4.t-
.;,.

.

- ;

- ' - .
'+ , s - .' ' ,4 . 't , . ' ' -*,

%
,.

. ;
ya 3 ' %. ;i ' y; ^ . ~ , )'
.

,

. . . . :
i g

.. .-7 . , _,

e 4,' .,m ,;, +
. c. ,'. <.c_ . _ _ ,

% - :*
- .' ~ ; .n. . g ' . ., . ..

*?'' . . . .i.q, ' , . , . _ . ,
'

, 7.; - f.. sr.:
-

. _ . -. . . ,
-

s

. .:_. .s n - ., . ;-
; m. .

. . . . . .. s : . : , .
g .* . ' -

3. 2 ., . .. . . . . at - n -
-

. .< .x . : .-.
.. . . inw. :.;. m.~ .L - . - ',

.
-

. - - ..
,.,

.

.-

' -
'' .,, , . -. . ,

.

.s.,;. k. .

+
. ,

.s c .

s ,g .. - -
.

.+
-

r ..
_y?"

,

.. , , . . .

. .

3 - , .. g., ,. ;.3 < - - , . . y
. ..'*- * . ". . - ..

* ",

. ' . ,ii $..' . ,,)ry
, ,

.. e 7

< ' ::. ~ s,, ~J,. m; ..L s.

. _. _,,.

v .. .
. . , .

. ,
; .- ,. . . .

.. ..

4, -.3 , ,
-> . : , ,.a,. .

p. , , ..
.

,.
-

.
- - . ..

' .fp t ...< i ' p .'. . ,' / ,* ? i
....w g

, ,
,

- A , gg. u4
c. y ;4 ; ;| q

.

ys, . s. .o . .g,,.,..,t,.,.. ..

.,
, ,. - . ,

. R. . r , c .y. ,Y .

,. m. $ .s., - {; .
.,

.. . , .
. *.

*$
.

.

r- ,. .#> , .,. .
,

,.

~

*
- . r .

_

.

.
-

.- . . . - s. . . .,. ..,..r...- ..._ ,. . . - 4 , , . m..

. <=
.,

I 'O
FIGURE 34. Fracture surface of segment including defect at vane
location #8.

.. .-. - . .



3.t a ea aa a 1 E.+2 Law Ela i.Er w E-..

N-

O4 0
.

DIFFUSER VANE

SHROUD

RETURN GUIDE VANE
DIFFUSER VANE COVER

RETURN GUIDE VANE

SHROUD ,

g 7 , %.. _
r 8, x,xy x\\s

,/ Nx s ss

m~' -
_ _ _'K

' ,'N,- ,

.e~' ' ^

,

s s \ N
, ,

. . : .

N .N'2-1 i '

'\ hxi '

' '

'4 / s

.' \\ ], , 'N Q
,

.

'

% ?
'

'
' ;

'

N,' '
s

\\' u \ |

h\y
,

- , . - -
uutme en .,same. PACIFIC PUMPS I,

- '."|2|""*t.|.t
=== - a!giiige e-

atut i . . ., io.

cosectNTnec mTHas .oon r.im. 3" JHF INTERfEDIATE COVER
3 IeneAu on sunn Att macumsen
f I

sHane commens apenar.neos o. m'L 6/82 o*TE Mt
g uuttee onstnweer spaanse cuo. apenow, **ET or
g , ar- =_ .' "" ** =r 's- - - -

_ _ _ B
|

Sketch of indication at edge of shroud near base of diffuser vane #2,
blades number sequentially clockwise 1 through 9. Profile of hot tear
crack is sketched to illustrate appearance after piece was broken open
at indication (2/3 scale).

_ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ - _



'71 i.;nd c,3'.
~

:I ti

e
- %Jdd Ilue wa ki; l.

4 ~ _:
:.n i

-

*
DIFFUSER VANE

SHROUD

RETURN GUIDE VANE

RET.'.1N GUIDE VANE
- s, s

SHROUD

f
' '

'

x
s N,

-
-

, s',

. N .. .
- ''7 y x 's

.

ss

's'
', '

\s. ,'N . _ -- s., . . . , - - . s>, .
'

., i .~_s .

_'N . \ \, \
p; i

s

, , s s .

'
I ! ,./ j "s .' .

' '

'-

'S~ d [ b D
'

'

.

.' 5 0 'k. .

o .N'
s '

\x'
, s

\\
"

.

unts
. --

PACIFIC PUMPS
- ,.

erne .e weaneo.
rnActmaas. * h4 ameem or @ seusmesamoutAn t W=
maauit i .oo = m-;;
CONCENTRIC MTHW .000 FJJt. 3 JHF INTERPEDIATE COVER

S entAn on eune Att macMatog sname consens Appnow.ceonese N 6/8/ WE ".
r3 untree enernmer speanso eso. are.ousa * * * * ''

Bnr=s . r. mnr . --

Sketch of indication at edge of shroud near base of diffuser vane #6,
blades number sequentially clockwise 1 through 9. Profile of hot tear
crack is sketched to illustrate appearance after piece was broken open
at indication (2/3 scale).



. ~ .; i in, Ti - 12 m Q EI a e atw at 1 1. . .

s
_ eL' O

,

,

DIFFUSER VANE

1 SHROUD

PETURN GUIDE VANEj DIFFUSER VANE
COVER

RETURN GUIDE VANE \ -; s ,

T-- SHROUD- ,%.

CD ,- \ f_%
' ,

,

i s
i

xxN'

! / x
.3 s

'4 . - x x|,',
, .

-
~ ' ' '*'

, r" -\ -*- *
.

'',

a,
'

/ -\ s\ xxx
, , -s s x x' ''

; / ' \i. '\ \'/j

.I y\
'

*
'

.

f- s1 .h \,'>
-

y // \O L \ -- w

N \\,

'

e
(.

\N
s

\\
~

- ,.
umL a

. ,. - . - -
on . =cir . PACIFIC PUMPS

- gal 2 g ====or @ mouemes
C000CEltT=C WITH 0 M 10" 3 JHF INTERE DIATE COVER
MRALLEL 1. 00T.

.000 FJA.S
f enaAx on aume ALL asacuumo

snane Canesens Apenow.aOnese o*L 6/82 onre im
13 untree onesswaar amanas run. aponouse ""E8T 8'
s no ;;r% or oaru ao cent me. -- B

,

i

Sketch of indication at edge of shroud near base of diffuser vane #8,
blades number sequentially clockwise 1 through 9. Profile of hot tear
crack is sketched to illustrate appearance after piece was broken open
at indication (2/3 scale).

. _ - - _ _ _ _



-. .
- _ _ _ - _ _ - _ _ _ _ _ _ _ _ _

9

'

MATERIALS ENGINEERING TECHNOLOGY LABORATORIES
f

i
|
t

t

PACIFIC PUMP P.O. 74450 |

*

|

DEVELOP ACCEPTANCE CRITERIA BASED ON FRACTURE MECHANICS, ,

ANALYSIS OF LINEAR SURFACE INDICATIONS ON SHROUD
SECTION OF INTERMEDIATE COVER 9TH-STAGE // S.I. PUMP

SERIAL No. 51928 SIZE 3-INCH, MODEL JHF, 11 STAGE

: |
|

Prepared by:,

L. Raymond, Ph.D.

. METTEK Report #220431-2 ~

SUPPLEMENT / PHASE II

18 November 1982

:

F

;

' e

Prepared for:i

;

PACIFIC PIMP DIVISION
i I

|
DRESSER INDUSTRIES, INC.

t

}' HUNTINGTON PARK, CA 90255 )
'

i
r-

IRVINE INDUSTRIAL COMPLEX
is0S E. Cornesis Avenue * Sene Ana, CA 92M5 * (714) 5401983

--



:

.

MATERIALS ENGINEERING TECHNOLOGY LABORATORIES

O
i

18 November 1982

Pacific Pumps
5715 Bickette Street
Huntington Park, CA 92055

Attention: G. Morrissy-

SUBJECT: DEVELOP ACCEPTANCE CRITERIA BASED ON FRACTURE
MECHANICS ANALYSIS OF LINEAR SURFACE INDICATIONS
ON SHROUD SECTION OF INTERMEDIATE COVER
(Ref. Pattern Drawing C-17519)

ABSTRACT

Q
An initial investigation identified linear surface

indications on the shroud section of an intermediate cover
to be hot tears and not due to any time delay cracking
phenomenon. The tears were essentially superficial, loca-
ted radially near the edge at the tip of vanes. This phase
of the study was used to characterize a CA-6NM casting
alloy by machining test specimens from an actual interme-
diate pump cover and measure the material properties with-
in the framework of fracture mechanics. The test results,

were used to perform a safe-life cycle analysis from which
it was concluded from the most conservative analysis that4

*

took into account the worst case operating conditions, the
; safety of the pump was not being jeopardized, primarily'

because of the low operating stresses producing a below
threshold operating fatigue stress intensity range.-

;
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I 1.0 INTRODUCTION

!
I

A previous METTEK Report #220431-1 (PHASE I) identified the
! source of the linear surface indications to be hot tears or;

a surface separation occuring during solidification because of,

tensile stresses in the skin produced when the surface begins

to solidify and contract ahead of the remainder of the section..

CA-6NM is an alloy modification to the widely used CA-15. One
,

purpose for the modifications is to decrease the sensitivity of

commonly detected surface separations that occur during solidifi-

cations thereby minimizing the cost of weld repair, which is a
:

common and an acceptable practice for this family of casting ~

O
alloys.

This report covers the additional work performed at METTEK Labs

in order to develop an acceptance criteria for the intermediate

covers found to contain the linear surface indications. The

approach was to:
,

e characterize the CA-619f casting alloy

with regard to the size, shape and location

i of the hot tears found in'the intermediate,

' covers, specifically in the shroud sections

e characterize the ca-6MM casting alloy from an

intermediate cover by selectively sectioning:

fo
Fessewe namensmes . sneseconemen . rain. anser

.
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,

([]) an actual cover and machining test specimens
I'

for determination of the yield strength (YS),
I

{ tensile strength (UTS), fracture toughness

(KIc), fatigue crack growth rate (da/dN) in

air and a boric acid solution (corrosion fatigue),,

and the threshold stress intensity for sustained
'

load crack growth rate in a boric acid solution
1

(KIscc).
.

determine the load history profile for start-upe

and on-line pressure pulses for a projected 40-year
lifes

analyze for the safe design life employinge

() fracture mechanics.

The entire approach throughout this phase of the program was to

take a WORST-CASE approach to the analysis. ALL values selected
.

in the safe-life design analysis were to be selected to provide
an extremely conservative approach to the analysis i.e., maximum ,

anticipated stresses, lowest fracture toughness, highest crack,

growth rates, largest possible size and shape of the hot . tear,

j located radially to the circularly shapedL shroud section.
.
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The results of the safe-life prediction analysis are presented
{ graphically in order to visually illustrate the relative location,

of the maximum anticipated operating stresses in the intermediate~

cover relative to the safe-life design envelope.

It is the intention of this study to analytically and graphically
illustrate the margin of safety existing in the current design of

the intermediate cover when linear surface indications are located
radially at the edge of the shroud section, near the tip of thz
diffuser. The approach was to use finite element analysis to

.

i

establish the operating stresses and fracture mechanics test

(]) methods to measure the important parameters that can cause

suberitical crack growth or crack extension. Then, a fracture

mechanics analysis employing the current state-of-the-art tech-

niques and incorporating an extremely conservative approach

was used to predict the safe-life operating conditions. It is
,

within this framework that any. potential hazard of operating
the pump with the existing linear surface indications was
evaluated.

1

-,
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.

.

,
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} 2.0 BACKGROUND
.

!
l As previously shown in the first (PHASE I) METTEK report

#220431-1, the CA-6NM casting did satisfy the chemical, tensile,:

and hardness requirements of ASTM STD A296-74 for corrosion-

resistant, iron-chromium-nickel-molybdenum alloy castings.

The workmanship and quality, which specifies visual examination

of the surfaces to locate adhering " sand, scale, cracks, and
hot-tears", satisfied all requirements. Magnetic particle inspec-

| tion of this alloy casting is only upon agreement between the
manufacturer and purchaser. During the original manufacture of

the intermediate pump covers, only visual examination was required.

'

Of the parts in question, the diffuser with the largest number,
size, and density of surface indications was selected

for destructive examination. On metallurgical examination, no

microstructural anomalies were found and internal shrinkage

cavities were few in number and were well within acceptable limits.
'X-ray radiographs suggested that the linear indications were

.

primarily_ surface indications except-for the vane' labelled #6.-
<

,

All indications were located-at the edge of the shroud cover,:
|

,
,

inear the tip of the vane, essentially radially oriented. !

-

.

'
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.

O
I

Weld repairs were found on the surface of the cover section
! and were considered minor, which per ASTM STD A296 means that

4

i

the depth of the cavity after preparation for repair does not
i

exceed 20% of the actual thickness or 0.16-. inch for the shroud..

Minor weld repairs can be made by the manufacturer without prior
approval of the purchaser.

Since the linear indications in question were not detected

during any previous inspection, one question addressed in the,

first phase of this study was if the linear surface indications
were due to some time delay cracking phenomenon. Residual

.

stresses were found to be non-existent by selective cutting
techniques. No indication of slow' growth by any time delay I

i

t

.
mechanism was suggested by examination with the scanning elec- |

tron microscopes therefore, the only remaining conclusion was

that the linear indications existed from time of manufacture. A

possible reason that they were overlooked was the, presence-of

smeared metal on the surface that was introduced during the

routine surface cleaning operation of the intermediate cover,

prior to visual inspection.
,

'
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| 3.0 APPROACH

I

.'
Every reasonable attempt was made to orient the test specimens

such that they are representive of the material in the location

and direction that a hot tear might extend by fatigue or stress
corrosion. For example, the Charpy impact specimens were machined

from pieces taken directly behind the region containing the linear
surface indication at the radial edge of the sh?;oud with the

fracture plane of the Charpy specimen defined by the notch, loca-

ted parallel to the plane defined by the linear surface indication. '

In retrospect, the mechanical properties established the fact that

the casting is homogeneous throughout, both within the shroud ands+-.

O cover sections.

For completeness, the results of the chemical analysis and tensile

properties taken from the Phase I report are again included as
j

Tables 1 and 2, respectively. The chemistry is seen to meet ASTM

STD 296 from all aspects. The tensile properties show the tensile
>

>

strength to be the same in both the shroud and cover sections. A
.

lower yield strength is obtained with the sub-size R3-tensile,

!j specimens machined from the cover section. In all cases, the mini- |

num yield and tensile strength are exceeded but the ductility

Parameters of elongation and reduction in area are only satisfied
,

'
by one. standard sized (Rl) tensile specimen machined from the

.

(} shroud section. No serious violations of.the mechanical property
. .a_ . .-t :.
.

Ins m, =9w s%u 9 ,s w o me



.-.____ _ _ _ _ _

Pcg9 7A,

O
I TA3121. CNNICAL ANALYSIS

:
-

i
source e m si y a cr Ni ano

AS198 A296 0.06 max 1.0 max 1.0 max .04 max .e4 max 11.5/14.0 3.5/4.5 0.4/1.0

Duali. cast 0.05 .40 .75 .020 .024 12.5 4.0 0.65
Test Report
3659

METTEX 0.06 .60 .71 .017 .023 12.7 4.5 0.74
.

.

-a
TABLE 2. TENS *.LZ PROPERTIES PER AS7M STD A370

Y.S.* T.S.* Elongation Reductionsource fkat) ihmil (m) of Area it)

ASTM A296 80 min. 110 min. 15 min. 35 min.
Qua12 cast 99.9 126.8 15.7 40.7
7tst Report
3459

R3 (O.25 1a) 89.6 122.0 10.5 50.4
i

COVER 91.6 120.2 10.0 53.7

89.6 122.2 11.5 50.4

90.7 120.9 11.5 43.8

R1 (0.50-in) 97.0 120.6 10.0 24.5
* SHR02 90.2 121.5 18.5 45.1

.

W.S. = Yield Strength
t

*T.S. = 7ene11e Strength
.- ~

v 1

|
*

F= m . an e c- . r,.,,,,,,,
|
|

|
.

|
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j measurements are noted and the variations are to be expected

in' comparison to a separately cast test bar commonly used to
i verify the mechanical properties of a casting.
:

i

The remainder of this report will present the Laboratory test
.

Program results obtained during this phase of the investigation
and the resulting analysis. Mechanical properties that were,

measured for safe-life design analysis were:

e FRACTURE TOUGHNESS

- three point bend per ASTM STD E399 @ OF & RT

dynamic, instrumented impact per ASTM STD 819-81 @-.

O OF. 30F. 60F. & 90F

correlation with STD-CVN per ASTM STD E23-81 @ OF,-

30F, 60F, 90F, 200F & 400F

e FATIGUE CRACK GROWIH RATE per ASTM STD E647-81

- Air @ RT

- Boric Acid Solution @ RT
e SYRESS CORROSION THRESHOLD

Boric Acid Solution @ RT-

.

o'
.

l

,

.

|
'

re cw . u.ca n . so c a . Fewe aasiv

STD = standard CVN = Charpy V-notched Impact

!
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4.0 RESULTS

P
4.1- FRACTURE TOUGHNESS

l
i !

j 4.1.1 Three Point Bend per ASTM STD E399
.

Charpy-sized fatigue precracked specimens were tested per ASTM

SU) f399-81@ OF and RT. The displacement was monitored both by

load-line and clip-gage-opening-displacement (COD) techniques.
*

The purpose for these measurements was the possible utilization

of non-linear fracture mechanics estimates of fracture toughness
i

such as the J-intergral, the British COD, or the equivalent
energy methods in case a valid, linear-elastic solution couldA

(]} not be obtained. The load-displacement traces are shown on Fig. 1.
The two room temperature samples were machined from the shroud

directly behind the linear indications at the base of vane #2 and
vane #8. The exceptionally high ductility is apparent. The frac-
ture toughness per E399 is invalid * suggesting an absolute mini-,

,

mum of KIc > hB/2.5* YS = 40 Ksi 6 .3 but implying a n.uch higher

toughness because of the large amount of plasticity exhibited
-

'

during the fracture process.
,

i \

The two 0F samples were machined from the cover section. Theyi
,

were again fatigue precracked and tested with a COD-gage to,

monitor displacement. Because of smaller span (S) between |

lsupports, a variation in the load-displacement curve was observed '

{("~.
(Figare 1).

) A computer printout for the analysis per ASTM f,TD
; E399-81 is attached.

,
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0.4 ' l' ~

' I
I .

'O 0.2 - , , i
I '

i 11 / i i t t I i t

-We.4 1

10' 20 30 40 50

COD, mils

Figure'I. Load-displacement traces of 3-point bend fracture
toughness tests per ASTM E399-81 using precracked
Charpy-sized specimens. The load-displacement curves
vary because the span (S) between supports varied.

I Also, the room temperature'(R.T.) tests were conducted,

.

"
under displacement control whereas the OF specimens

'

-were tested under load control.,

,

.
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SAMPLE COMPUTER PRINT OUT OF BEND E399-81 TEST RESULTS- R.T.
* |

BEND E399-81 TEST RESLLTS BEND E399-81 TEST RESULTS

IlruT DATA ISPUT DATA
'

| ID NO: 82 ID NO: #8
ORIENTATION: 2 ORIENTATION: S
TEMPERATURE: 74F TEMPERATURE: 74F,

: ! LOADING RATE: SLOW LOADING RATE: SLOW
REL HUMIDITY: 51% REL HUMIDITY: 51%

'

'
DIMENSIONS (INCH) DIMENSIONS (INCH)

(S) SPAN: 1.9 (S) SPAN 1.9
(B) THICKNESS: .395 (B) THICKNESS: .395

*

(W) DEPTH: .395 (W) DEPTH: .393
(F) RATIO BF/B 1 (F) RATIO BF/B: 1

CRACK LENGTH (INCH) CRACK LENGTH (INCH)
(M1) -MIDWAY 1: .202 (M1) -MIDWAY 1: .201
(C) -CENTER: .202 (C) -CENTER: .199
(M2) -MIDWAY 2: .198 (M2) -MIDWAY 2 .195'

t (A) AVERAGE: .201 (A) AVERAGE: .198
0.9 AVERAGE: .181 0.9 AVERAGE: .179

(S1) SURFACE 1: .190 (S1) SURFACE 1: .192
(S2) SURFACE 2 .184 (S2) SURFACE 2 .181

YS(KSI): 98 YS(KSI): 98
E(KSI): 30000 E(KSI): 30000'

PF(KIPS): .4 PF(KIPS): .4
PQ(KIPS): .92 PQ(KIPS): .895

PMAX(KIPS): 1.21 PMAX(KIPS): 1. ~2

i

SUCCESS' CRITERIA
. SUCCESS CRITERIA
.,

(M1-C)/0.05A < 1 0 (M1-C)/O.05A < 1 : .2
(M2-C)/0.05A < 1 .4 (M2-C)/0.05A < 1 : .4

(M2-M1)/0.05A <'1 : .4 (M2-M1)/0.05A < 1 : .61
.9A / S1 < 1 : .95 .9A / S1 < 1 .93
.9A / S2-< 1 .98 .9A / S2 < 1 .99

'(0.45W) / A< 1 : .89 (0.45W) / A <-1 .89
A/ (0.55W) < 1 : .92- A/ (0.55W)-< 1 : .92

KF/0.6KQ < 1 ~ . 72 KF/0.6KG < 1 : .74
KF/O.002E < 1 .35 KF/0.002E < 1 : .35 |

. .

, BIC/B < 1 : 1.56 .BIC/B <.1 : 1.49*- PMAX/1.1PQ < 1a 1.2 PMAX/1.1PQ < 1.: ~1.22
.

CALCULATIONS CALCULATIONS*

KG(KSI.IN^0.5): 48.7- KG (KSI . IN^0. 5) : 47.5
!

L
~ Reg .2 RSS : 3.9
SIC (INCH) : .6 BICi!NCH) : - .' 6 -

]
'

Li' FRACTURE APPEARANCE FRACTUREiAPPEARANCE'

- % OSLIGLE: ' O - X.OSLIQUE: .0

.
"

..d'. _ . . . , C - ~L . -
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SAMPLE COMPUTER PRINT OUT OF BEND E399-81 TEST RESULTS- 0F.
BEND E399-81 TEST RESULTS

BEND E399-81 TEST RESULTS
IWUT DATA IDPUT DATA

ID NO: #1A ID NO: #2AORIENTATION: 1 ORIENTATION: 2
I TEMPERATURE: OF TEMPERATURE: OFLOADING RATE: SLOWi LOADING RATE: SLOWREL HUMIDITY:-20%

.'tE L H U M I D I T Y : 20/.

DIMENSIONS (INCH) DIMENSIONS (INCH)
.

(S) SPAN: 1.6 (R) SPAN: 1.6(B) THICKNESS: .395 (B) THICKNESS: .395i (W) DEPTH: .395 (W) DEPTH: .395; (F) RATIO BF/B 1 (F) RATIO BF/B: 1

CRACK LENGTH (INCH) CRACK LENGTH (INCH)
,

(M1) -MIDWAY la .205 (M1) -MIDWAY 1: .208(C) -CENTER: .211 (C) -CENTER: .207(M2) -MIDWAY 2: .201 (H2) -MIDWAY 2: .202(A) AVERAGE: .206 (A) AVERAGE: .2060.TAVERAGE: .185 O.9 AVERAGE: .195(91) SURFACE la .195 (S1) SURFACE 13 .198(S2) SURFACE 2: .188 (S2) SURFACE 2 .188

YS(KSI): 100 YS(KSI): 100E(KSI): 30000.
E(KSI): 30000

O PF(KIPS): .4 PF(KIPS): .4PQ(KIPS): 1.2 PQ (KIF S) : 1.3PMAX(KIPS): 1.45 PMAX(KIPS): 1.44

SUCCESS CRITERIA SUCCESS CRITERIA

(M1-C)/O.05A < 1 : .58 (M1-C)/O.05A < 1 : .1(M2-C)/0.05A < 1 : .97 (M2-C)/0.05A < 1 : .49(M2-M1)/O.05A < 1 : .39 (M2-M1)/0.05A < 1 .58.9A / S1 < 1 .95 .9A / S1 < 1 : .93
.9A / S2 < 1 : .98 .9A / S2 < 1 .99

(0.45W) / A< 1 : .86 (0.45W) / A< 1 .86A/ (0.55W) <1 : .95 A/ (0.55W) < 1 : .95i KF/O.6KQ < 1 .56 KF/0.6KQ < 1 .51KF/O.002E < 1 : .31 KF/0.002E < 1 : .31f

i BIC/B < 1 1.97 BIC/B < 1 2.31*
PMAX/1.1PQ < 1 1.1 PMAX/1.IPQ < 1 1.01,

CALCULATIONS CALCULATIONS
-

KG(KSI.IN^0.5): 55.7- 'KG(MSI.IN^0.5): 60.4'
RSS : 2.4 RSB : 2.4;.L BIC(INCH) .3 BIC(INCH) : .9

j FRACTtmE APPEARANCE FRACTURE APPEARANCE
X OBLIGUE: 0 X OBl.IQUE: 0

! !.
'

.
,g
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One estimate of fracture toughness is based on the specimen

strength ratio Rab* or KIcE 0.3 Rsb*YS=60Ksi % . Another
,

estimate based on a single specimen COD test, assuming thati

I crack initiation occurs at maximum load, is calculated to be

between 139 and 150 Ksi % . The difference in the two
'

t

estimates is that the COD approach takes the additional
,

plasticity into account. Dynamic fracture toughness, measured
,

subsequently, is also based only on the maximum load and there-

fore ignores the additional plasticity during local yielding as

the speciman approaches maximum load.

Finally, an equivalent energy method proposed by Witt is used

to estimate KIc. The results of which are listed in Table 3-

'

and found to agree quite well with the elastic-plastic COD

analysis.
,

Since the estimates of fracture toughness are not used in sub-

sequent calculations, the accuracy of the estimate is academic

other than serving the purpose of suggesting a margin of safety

on toughness. In this report, only a lower limit or minimum,

value of fracture toughness is used to calculate critical stresses
,

and predict safe-life cycles. ;,

; , I

A computer print out of'the COD analysis per British Standards*

are attached.

!
l |

i. .I

((] _ . Rapid Inexpensive tests-for determining fracture toughness*
,

s NMAB-328
i-

F=ssw Meaneum . spee.omnemen . Fan,r an.ir
.
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SAMPLE COMPUTER PRINT OUT OF COD ANALYSIS PERBRITISH STANDARDO
I

KCOD 3-PT TEST
KCOD 3-PT TEST

SAMPLE NO #2 SAMPLE ND #8TEMP 74F
TEMP 74FA/W .509

DN/B el A/W .501:

BN/B 11 YS(KSI) 398'
YS(KSI) 398CODP(MILS):10

! PMAX(KIPS):1.21 CODP(MILS) 12
PMAX(KIPS):1.2

'

i S 1.6
B:.394 S 1.6
W:.394 B:.394

*

Z .06 W .394
(Y DR N):N Z:.06;

(Y OR N):NS 1. 9
Br.395 S:1.9

W:.395 B3.395
23.05 W .393

23.05K(COD) 3139.2.

K(CDD) 3150.3
,

,~

O
KCOD 3-PT TEST,

KCDD 3-PT TEST
SAMPLE NO #1A

TEMP :OF SAMPLE NO #2A
A/W .505

TEMP OF

BN/B 1
A/W .510

BN/B :1YS(MSI) :100
CODP(MILS):B.75 YS(KS!) :100
PMAX(KIPS):1.450 CODP(MILS):12

PMAX(KIPS):1.~440S:1.6
Bs.394 S 1.6

We.394 B3.394.
Z .06 W .394 -s

(Y OR N):N 23.06 |
:

[ (Y OR N):NS 1.6* S:1.6Bs.395 33.395Ws.395
Z . 05 We.395

Z3.05K(COD) :133.& K(COO) :150.9

.
- |

:10-
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TABLE 3. FRACTURE TOUGHNEF'i ESTIMATES
I

| USING EQUIVALENT ENERGY, ANALYSIS'

i

!

;
.

'
:

Location B W A S Pmax Peq Keq
.

(in) (in) (in) (in) (kips) (kips) (ksi En)
.

Vane #2 .395 .395 .201 1.9 1.21 2.44 140,

i

Vane #8 .395 .393 .198 1.9 1.20 2.57 146m .

'O,

Type of Test: Slow bend precracked Charpy per ASTM E399-81
Temp = 74F Rel Hum = 514 Kf(max) = 28 kai G BIe = 5-inches

*

*KIc Test Invalid per E399; therefore, equivalent energy
estimate of. fracture toughness (Keg) based ~on assumption of.'

crack initiation at-max load.

!

| :

!

.I,

.

.

.

'
.
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4.1.2 Dynamic Fracture Toughness

P
In order to determine the effects of strain or loading rate,
instrumented impact tests per ASTM STD E812-81 and conventional>

Charpy Impact Tests per ASTM STD E23-81 were conducted. The

samples we're all machined from the cover section. Typical
i results are attached (pp 11A-11D) Table 4 summarizes the test

data and compares the results and two loading rates and over a
:

, range of temperatures. The data is plotted on Fig. 2. From

these results the minimum value of toughnest; at the upper shelf,

was conservatively estimated to be 75 Ksi h and the minimum

fracture toughness on the lower shelf was 4516:.in*with a trans-
ition temperature at about 100F. These minimum values were- .

'

used in all subsequent analysis.
,

4.1.3 STANDARD CHARPY IMPACT

The standard Charpy impact tests were correlated to the

fatigue precracked, dynamic fracture toughness tests by using
*

a correlation where:

kid 2 = SE e CVN
,

where E=30 Mai and CVN is in units of
'

ft-lbs: chen, kid-is in units of Ksi $ .
:

.

The relationship appears to be quite good on examining
; -' Figure 2 and Table 4.
I

kJ
.

*1Larson/Rolfe " Fracture and Fatigue Control in Structures" 1977

. ..-. - _ .. ~.-. - .-.~. .- - . . - . -
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F. 3-P r IEST T=0F

G] SAMPLE NO :1
A/W :0.S1
BN/B :1.0

YS(>SI) 398
P D (l< I P S ) : 1.45
PM(FIPS) :1.45

S: 1.6
B:.3948

I W:.394
(Y OR N):Y

>

I;O : 65.4

RSB :2.3
I(RSD) : 65.4

h BIC/ffN 22.0
FIC NAX VALID v38.9

$ ' - ) "$,N. [ .. ? - --

'

-Y S, k KRSD MAX VALTD :/3.S
e , .' f. . . *

. 7 3. j;
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' "'
. . _ . _ __.

i. 3-PT 1ES1 T-30F

SnMPt. E NU :2
A/W 20.55

Oti/D 1.o
Yb(tSI) 398
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Table 4., SulWWtY OF FftACTURE TOUGHNESS DATA. i

'

O 30 60 RT 90 200 400 ,

METHOD '

Klc KIc--
t-- -- -- -- -- -- -- -- -- -- --

: Precracked - E395
Cherpy slow send K(asb) 72,72 60.58 [-

K(C00) 133,151 139,150-- -- -- -- -- -- -- -- -- -- --

K(Eq) 140,146 .

.

9T11AMIC CVN Kid CVN Kid CVN Kid CVN Kid CVN Kld CVN Kid CVN kid
:

,

Procracked E812
:

65.4 81.5 81Charpy lepect 84.3-- ---- -- -- -- -- -- -- --

Standard E23 24 60.0 30 67.i 26 62.$ 26 62.4' 41 78.$ 40 77.$ 43 80 3 ;

Charpy' impact *
;

16 49.0* I

)
CVN * Charpy V-Itotched impact energy in f t-lbs, t

Kid = Estimated by equivalent energy, C00 technique -- Ksi /In. -|

|KID = dynamic Kic, either measured or * calculated from Kid = SEe CVN (Ksldin.) *w
m

Elastic Modulus = 30 Msl g |
E =

:-
w
M

.
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CA-6NM TOUGHNESS TRANSITION
'

,

METTEK 08/18/8250 -.
i

,

. .

'85a

.

5

i 0 80-

40 D UPPER SHELF-
m

-

j T
7 75'7

-

t
h .70

30 D-

g y,"
ce

E O 65$!*

Ob b" O 60ijg -

w
f 20 - 4 ASTM STD d^
$ 4 x - kid - E812-81 *

U3 A o - KIc - E399-81 50-
n.

j D - CVN - E 23-81 I
h LOWER SHELF A - CVN - IMPACT ---# =

4 5 Qu 10 =

40 u-

E.

_

, * 20
8 1 - ...l.... i' ..!. _ . _ . ..

; O 100 200- 300 400
*

LAST
TEMPERATURE - (F)

FIGURE 2. Summary of fracture toughness data, plotted to,

delineate transition temperature behavior in

addition to providing absolute minimus fracture

toughness used for subsequent safe-life cycle
( analysis.
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3 Fmourcucxc-en or.

Fatigue testing for crack growth rates as a function of

the crack-tip stress intensity range (6 K) was done accord-,
*

I
ing to ASTM STD E647-81 using a compact type specimen with

*

the thickness (B) equal to 0.5-inches and the width (W)
i

equal to 1.5-inches. During tests the crack length was
9

measured optically from both sides with a travelling micro-
scope. The average crack length (a) was used in calculating
the rates. Testing was at a frequency range of 10-60Hz '

depending on the applied stress intensity range. The stress
ratio (R) was 0.1 and the temperature was ambient or about -

Q 80F.

Fatigue crack extension was monitored as a function of the
number of fatigue cycles (N). The incremental polynominal

method, a recommended curve smoothing technique described-

in the Appendix of ASTM E6 7-81 was used to analyze the data

and calculate the slope or rate of crack extension. An Apple

computer was used to perform the analysis and plot the re-,

'

sults as shown on Figure 3.
e

e
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g ._ DA/DH US. DELTA K.- SPECIMEN 6 ,!

COMPACT SPECIMEN |

- ," B = .498 in.
J W = 1.50 in. .*

|Q . '9.

[ ENVIRON:4ENT |
-

, ,

m e Ambient Air '

%, $ Temp = 800F
Q

CONDIT~ONSg ,

_ _

4E 1-60 Hs ,i

Q 1 Kip = Pmax ;T ,

4 :
- ,

|
: 0.1 - -

|

|

|

O.01 - - - l - - -

-}-
| |O DOO ?

%
-,

DELTA K y-

( Ksl- In.'/2)-

.

FIGURE 3. Measured fatigue-crack growth rate in air per ASTM STD E64'-81
of CA-6NM Casting Alloy.
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In addition to conduct..g the test in air, a corrosion-
O

g fa,tigue study in a boric acid solution representing the
'

refueling water in the storage tank. The purity of the
:

water was maintained by using distilled water and adding
| boric acid to provide 2000-4000 ppa of boron. The pH of
i

the solution was between 4.0 and 4.7 as called for in the
specification supplied by Westinghouse. The oxygen was

not controlled during test thereby again representing,

i worst-case condition by using a ' system that was not de-ox-
*

ygenated. The test results are plotted on Figure 4. On

comparison, they are seen to overlay the test results in air
(Fig. 3). Therefore, it can be concluded that the boric

acid refueling water solution does not represent a more_

O asstessive cerresien-fatisee environment. noch sets of
data are represented by a conservative upper-limit curve
given by:

.

da/dN (Micro-inches)= 2.57 x 10~0 (A K)3.0 Eqn. 1m

with 4K in units of Kai(Tn'*

.

.
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100- DA/DN US. DELTA K - SPECIMEN 2 -

i
.

.

COMPACT SPECIMEN. ,
' " "5 2"- '

10 - =-
W = 1.500 in.a,

e
a ENVIRONMENT

E Boric Acid Solution
8 Temp = 800F" e

gA 1- -

CONDITIONS

[.9 10 Hz

%% .
I 1 Kip = Pmax

,: 0.5 - ,-

/
-

..

m

-

0.01 i s - - - - f - -{-
1 10 100

'

DELTA K !
*

(Ks1-in.112)
FIGURE 4. Measured corrosion fatigue-crack growth rates per ASTM STD

E647-81 in a boric acid solution (pH4-4.7)I of CA -6NM casting
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4.3 STRESS CORROSION / BORIC ACID
t

!

I
'

An accelerated stress corrosion testing method developed

at METTEK=was used to determine the threshold stress inten-;

I

sity for sustained load crack growth in a boric acid solu-
'

tion. Again, the system was not de-oxygenated, representing
the most agressive environment. One test specimen was brokenI

*

in air for comparison. The results showed no environmentally
assisted crack growths i.e., KIscc/KIc 3r0.9.

i

The test method employs a Charpy-sized specimen, loaded by a
rising step method. A potential 9 -1.2V vs SCE is used to

;

'

(} generate an aggressive hydrogen environment that has been shown

to induce stress corrosion cracking in the high toughness HY-140
,

ship steels.
This same method of testing could not produce any4

environmentally assisted cracking in the CA-6NM casting alloy.

.

:

*Accarerated, Low-Cost Test Method for Measuring the Susceptibility,

of HY-Steel to Hydrosten Embrittlement. By L. Raymond,_Ph.D.
,

ASM Conference, Washington, D.C. November 1982
-
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- 5.0 SAFE-LIFE ANALYSIS

:

|

| A conservative analysis for safe-life operating cycles

; of the inteomediate cover of the S.I. Pump requires know-
I ledge of the largest possible size of hot tear and the;

'
operational stresses in addition to the data obtained

.

in this test program.
,

1

5.1 HOT TEAR CHARACTERIZATION

i
-

The size and shape of the hot-tears were carefully identi-
fled in the PHASE I report. The radial location of the hot .

) the tip of the blade and the superficial, shallow4 tear near

surface shape is indicated in Figure 5 for vane f2. Figure

6 shows the worst tear that was found and coincidently, it

is identified as vane #6. Again consistent with the worst

case analysis, the largest imaginable tear would be represen-

ted by a 0.5-inch deep, through the thickness (13/16-inch);

radially oriented edge crack. Because of the geometry of,

' '

the diffuser vanes in the shroud section, whereby they cross

; at about 1-inch from the edge of the shroud, it is not anti-
~'

cipated that extension of the hot-tear would exceed this
,

| value. These observations are consistent with the stress'

!
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O| analysis. Therefore, for the safe-life analysis, the

' hot tear will be analyzed in fracture mechanics jargon as<

a single edge notch specimen with the initial depth of;

crack not exceeding 0.5-inches.
.

5.2 CRITICAL STRESS CALCULATIONS

I

! Based on the conservative estbaates of fracture toughness

, on both the upper and lower shelves, the fracture strength'

!

| curve of the CA-6NM alloy are shown in Figure 7. The curves
?

! are derived from a fracture mechanics relationship for a
single edge notch specimen where, '

KIc=1.1O'Ykta

or
i

KIc E 2 7W Eqn. 2

,

i I where KIc 5 plane strain fracture toughness'

i per ASTM E399-81
,

CFB applied far field or gross stress

a a depth of crack from edge*

I>

:,

I

I
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FIGURE 7. Estimated strength of the shroud section of the.

diffuser with a radially oriented edge crack,i
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Examining Figure 7 shows the critical stress to be 31.8 Kai

and 53 Ksi for the lower and upper shelf, respectively. If
.

i

the tear were to extend to one-inch, the critical stresses

, would then be lowered to 22.5 and 37.5 Kai, respectively.
i

5.3 OPERATING STRESSES
-

t

The actual stresses the shroud experiences under operating
conditions has been carefully detailed in another section
of this report. Finite element analysis has shown that the

'

stress history profiles can be characterized as shown in
,

Figure 8 Two aspects of'the analysis are considered,

start-up and on-line pressure pulses. Conservatively,
the start-up stresses can be described an d F= 3Ksi and

R = 0: whereas the on-line stresses are A T = 0.1 Ksi and
R = 0.97. In essence, a tensile stress component of 3 Kai
is never exceeded. Immediately, it should be noted that

this stress level is far below the critical stresses described
in the previous sections i.e., for the worst case the critical
stress exceeds the operating stress by a factor of 7: 1.e. 22.5/3.

.
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5.4 FATIGUE THRESHOLD

I From the data of Figure 3 and 4, a fatigue-crack growth
I threshold stress intensity K :

threshold f r crack growth !

: is suggested to be about 4K = 8 Kai $. Figure 9A shows an
'

ideal fatigue-crack growth curve that identifies various
>

regions. Figure 9B provides some data on other steels sup-
;

porting the fact that the value of 8 Ksi4 in is reasonable '

considering the fact that we are working with a CA-6NM '

casting alloy and the data of Figure 9 Bis for both low-

strength and high-strength low alloy carbon steels.
;

~O
Examining equation 2, the following is derived:,

6K = 260'f '

9

Eqn. 3.

or for 6 (T = 3 Kai and a = 0.5-inches
t

,

A K = 4.2 Kai V in 6 Kth,

.! .

Max-operationalt threshold

!

|

t
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force or stress intensity for fatigue-crack extension of
.

| the largest possible hot-tear is below the threshold stress
intensity for fatigu. crack extension. This means that no,

i; crack extension of the hot tear will occur in fatigue be-

cause the driving force is too low, similar to operating'

,

below the endurance limit in a classical fatigue S-N curve |

analysis.

5.5 SAFE-LIFE CYCLE DIAGRAMS
<

|

!,

Continuing in a very conservative vein, if it is assumed
-

,

i that a threshold stress intensity range does not exist, but
instead, the measured crack growth rate of Figures 3 and 4

can be extrapolated along the straight line on the log
(da/dN) vs log (A K) plots i.e.,2

m
(da/dN) A (4 K) Eqn. 4=

,

applies: then the conditions for safe-life cycles can be-

'
calculated by substituting Eqn. 3 into Eqn. 4 and integrating

''

ors
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l

Using the safe-life cycle or requirement specified by the
contractor,

I

| N (start-up)= 2500 cycles /40 yrs

.

10'

N (operational) = 2 x 10 cycles /40 yrs.

i

t

and calculating the number of cycles for a hot-tear to
4

extend to 1-inch i.e., a4 = 1-inch where for the material

constants
1_

(a -5 -1) Eqn. 6N4 = (4A 673) e o
,

'O
where A = 2.57 x 10-10 and

AU" = 3 Kai (start up) and 0.1 Ksi (on-line)

Then the number of cycles to extend the hot tear to 1-inch

is shown on Figures 10 and 11. As noted over 100 yrs of-

projected on-line pressure pulses would be required and over,

40,000 years of projected start-up cycles would be required,

,I to extend the hot tear to 1-inch radial length.

I
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A design envelope similar to the modified Goodman diagram

can also be calculated, although further modified to incor-

porate initial size of the hot tear. The Goodman diagram

, is essentially a constant finite-life diagram, plotting

the stress range (40") vs. U'mean. If values of 1 x 100
i or a factor of safety of 4 is used on the start-up cycles

over the 40 yr period and 2 x 1010 cycles are used for thei

'

on-line pressure pulses, then the following may be calculated
9

: by rearranging Eqn. 5 and incorporating Eqn. 2.

: -g
T mean = (0.5 KIc) a - (2N * KIc e A e hy3 + M /2) Eqn. 7.

o
.

'
o = 0.25, 0.5 or l'.0-inchwhere for a

KIc = 45 Ksi 60 0N = 1 x 10 or 2 x 1010,

'

i and A = 2.57 x 10-10,

The stress range 47 and 7"mean can be delineated as shown

in the fracture mechanics modified Goodman diagrams of

Figures 12 and 13.,

.

As observed on studying Figures 11 and 12, the operational,

j ) stresses are far'below any combination of mean and alterna-

ting stress range that would exceed the safe-life zone'de-

lineated by the lines for ao = 0.25, 0.50, or 1.0-inches.
Obviously these zones decrease in size as the assumed initial

./~ size of the hot tear increases.-
[' reame, assenemme .- seems comessa . res,. anse s.r
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:h! 6.0 CONCLUSIONS

|

6.1 Under the worst possible operating conditions, the

largest observed hot tear would not extend to near critical
f values within the projected 40 year operational conditions

of the intermediate pump cover.,

!

6.2 Because of the low projected operating stresses,i

the operating stress intensity range is below threshold for
fatigue-crack extension. Even assuming no threshold exists,

extension from 0.5-inch to 1-inch would take over 100 years;

for on-line pressure pulse conditions and even longer for the
-

other considerations.

6.3 The storage tank refueling water would not aggravate

the conditions by causing accelerated conditions of corrosion-

fatigue or stress corrosion crack, even without de-oxygenation
of the boric acid solution.

,

i

j 6.4 The minimum conceivable fracture toughness under,

low-temperature, high-loading rate conditons would not!
'

prc, duce fracture unless the tear extended radially to 1-inch
;

and the operating stresses exeeeded 20 Ksis whereas it is
,

i

calculated that the actual operating stresses do notrJ .. .. 2 r..
'
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2 | 27 | 26 | 25 | 24 [ 23 1 22 1 ~ " 21

PART ,

PART

NUMBER j, MAT E RI AL NUMBER NAME OF PART M AT ERI AL
NAME OF PART

f%
Dl DO46 iMPL R SPACE R SLV, 3RD STG AS82 416*

'g, il [2 [4] AOOs CASE ASStutiLY
43} 0047 IMPLR SFACE R SLV, 4TH STG AS82 416,

[l'[ } AOO4-4 C ASE - uPPE R HALF sat 82 F304
JS] 0048 IMPLR SPAC E R SLV, STH STG AS82 4t6

{C ;i] AOOt-2 C ASE- LOWER HALF SA182 F304
h3i D049 iMPLR SPACE R SLV, 6TH STG AS82 4 t6

|t* J] ADOI- 3 C ASE- SUCTION FL ANGE SAiO2 F304

{l} Il * AOOn 4 CASE- DISCHARGE FLANGE SAi82 F304 |}] 0050 iMPLR SPACE R SLV, 7TH STG AS82 416

d AOSS PRESSURE REDUCING BUSHING A276 4404 D] DOSS iMPL R SPAC E R SLV, 87H STG ASR2 416

DJ DOS 2 |MPLR SPACER SLV, 9TH STG AS82 486
ASOS DOWEL A276 304

D] DOS 3 IMPL R SPACER SLV, IOTH STG AS82 416 _,

,'AS21 PIN, TAPER
DO66 SUCT ION SPACER A296 CAbNM-

Id A522 ALIGNING OOWEL A434 BC (CODE CASE 6644-4)
[13} DOG 8 SUC TION SPACER WE ARING RING A276 4404

SA361G3 AS24 ALIGNWG KEY , GA$KET [5]
D069 LOCKING KEY A276 304

ASSe FARitNG FLANGE
0072 INTERMEDIATE COVE R A296 CA6NM

7.l} A6:3 COVER SAiS2 F304 |

t] A614 PLUG LE AKOFF PASSAGE SA193 BT [4] 0003 COVER DIFFUSER ASSEMBLY

.

A6IS CASKE T 16] 14 ] 008S1 INTERMEDIATE COVE R -DISCHARGE A296 CA6NM

|4] 0083 2 DIFFUSER OtSCHARGE A296 CA6NM g
h [ A721 CASE STUD SA193 87

. )] A?22 CASE SiUD SAi93 87 0004 SPACER RING A276 304 OR A182 F304

M 0006 INTMD COVER WE ARING RING A276 440A

' [13 A758 CASE CAP NUT $A(94 T

- (1) A7$2 CASE CAP' NUT sal 94 7 0087 LOCKING KEY A276 304

|[t)] 0089 INTMD COVER BUSHING A276 440A
A7 76 SLUG

DO90 LOCKING KEY A276 304 |
#A772 SLUG ,

0095 0-RING (7)
-A780 WASHER

DSOt SET SCREW A276 ' 304
%- A783 WASHEA

31) BOOD SEAL HOUSING, INBOARD SA182 F304 0$07 DOWEL A276 304

fl] 6002 SEAL HOUSING OUTBOARD sal 82 F304 DSO8 DO*EL A276 304

DSit dowel A276 304
ll! 8711 SE AL HlG BOLTING, INBOARO SAi93 B6 k

EOOf BE ARING HOUSING, INBOARD A216 WCB
8} B763 - SEAL HSG BOLTING OUTBOARD SAi93 86

E007 SHEE T CASF E T, BRG HOUSING ,,

4( COOT WELLER, (ST STAGE A296 CA40 '
E020 DE ARING SLEEVE, INBOARD O'f4 COO 4 IMPEL L E R, 2ND STAGE A296 CA40

14 COO 8 IMPE L LE R, 3RD STAGE A296 CA40 E024 OL BAFFLE - OUTER
E02S Olt BAFFLE - INNER

4; CO2 supe LLE R, 4T H STAGE A296 CA40
E029 DEFLECTOR RING

J41 CQ6 tuPELLER,STH STAGE A296 CA40
FOOL BE ARING HOUSING OUTBOARD A216 WCB

44 CO2 .uPF LLE R, 6TH STAGE A296 CA40

M CO2S IMPELLER, 7TH STAGE A296 CA40 FOO7 SHEE T CASKET, BRG HOUSING

}4} CO29 auPELLER, STH S TAGE A296 CA40 FOl? BE ARING SLEEVE, OUTBOARD

F020 OIL BAFFLE _

_ - i.4} CO33' sueCLLER,9TH STAGE A296 CA40

,44} CO37 IMPELLER IOTH STAGE A296 CA40 F022 DEFLECTOR RING

ji] CO39 IMPELLEN, it TH S TAGE A296 CA40 F025 END COVE R A216 WCB

F026 SHEE T CASKE T . E ND COvCR
121 000. PuuP SH Ar t . A276 44

DOOS SPLIT HING AS82 466 OR A276 410 OR 4:4 F030 EE ARING, THRUST, OUT80ARO

F037 THRUST COLLAR ,
C007 IMPELLER MEY A276 304 |

M 34l D00 PRESSORE REDUCWG SLV A276 420 F038 THRUST COLLAH KEY

d|o 00 3 -PRESSURE HDCG SLEE vE KEY A276 304 F039 THRu$i COLLAR SPACE R PACIFIC FUMPS DIVISIOf4 .
f040 THHUST NUT MEWR WWMHES, K*

D014 FLE xlBLE COUPLING FEY
. rO42 RE i A n.E R PL ATt -iNNe R j

.ai 0042' eRtSS RoCG SttEvE LOCKNUT A276 40

_t $ DC>l4 tUPLN SPACE R SLV, $ST STG AS82 416 7043 RE TAINE R PLAT E - OJT E R PUMP ASSEMBLY , jTIT L E

1% C04S iMPLR SPRER SLV, 2ND STG AS82 486 F045 GEAR PUMP HOUS NG Si:E TElWGNf6M NJ 5.JTT REV ,

D 500 -J4C7? 9 2 oF 6 t
'

y
, ,, , ,,- --- 1 , , , .. , . ,,
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38 -| 37 1 36 [ 35 ] 34 1 33 I 32 1 31

WELD TABLE i

JOINT PROCEDURE WELO T ECHNIQUE . INSPECTION
PART

NAME OF PART MATERI AL , NUMBER SPECIFIC ATION SHEET NUMBER VISUAL PT MT RT HEMAHi(S

NUMDERf
,

" F046 ' I GE AR MJMP COVER ,

b }tr @ 042-2-6000-2 6000-2 REVI X X , ,X SUC TION NOZ 2 L E D
FOS 2 SHEET CASKE T . GE AR PUMP *

FOS 4 WORM (2) 042-2-6000-2 6000-2 REW t X X X Dl%HARGE NOZZLE

FOSS ' WORM KEY @ 042-2- 600$ - 0 NOT REQ'O X X LOCMING FEYS

FOS 6 LOCKNUT & WASHER (4) (042 2 S440-2 NOT REQ'O X X PwHT RE PAtR COVERS

FOS 8 GEAR PUMP SHAFT (042-2-5920 2 NOT REO'D X X NO PeHT AND Ot F F USE RS.

FOS 9 GEAR' RJuP THRUST COLLAR @ 042-2-S230-l NOT REQ'D X X iMPE LL E R RE PAIR

FOCO WOR *t GEAR (g) 042 2 S440-2 5440-3 RE V O ' X PwH T . DISCH D6F F USER TO
~

DISCH INT COVER"" F064 WORM GEAR KEY
F062 LOCKNUT & WASHER @ 042-2-6000-2 6000-T REV 4 X X ORIFICE PLATES !

(SHO*N ON ShtET 5)F005 CEAR PUMP

F006 GEAR PUMP lt.EY @ 042-2-6000-2 6000-10 REV O X X ORiflCE PL AT ES TO TUBE
(SHOWN ON $ HEE T 5)'41 F06T IOLER , GEAR SHAFT

(o ,H 042-2 580-0 SSO-6 REV O X X X PWHT COMPONENT SUPPORT
f[4] F068 tOLER , GEAR

|81 GOO 2 SEAL w/5810 4 DE TAILS SHOWN
C

C GOOS NE TAINE R PLATE @G 042-2-5170-2 517 0 -1 REV O X X X to PwHT ON SHEET 6. j

GOO 9 SOCKET HEAD CAP SCRE W
'

Goll SOCKE T ' HEAD . CAP SCRE W
GOl2 $EAL SHAFT SLE EVE [3]

GO44 ' PIN

GOIS SHAF T SLV COLLAR

GOl6 SET SCREW CUP POIN T
_

'
b GotT SET SCREW . HALF OOG POINT

GOt8 SHAFT SLEEVE KEY A276 304 ,

GOI9 SPHtNG PlN
jd NOOl-4 BASE CRADLE SA36 ,

14 HOO2. HEX HEAD CAPSCRE w SA193 87

h003 WASHER - PL AIN 8
HO30 CENTLRING PIN SA36 ;

tOSI ALIGNING DOwfL LUG SA36
I,

ttOT9 CCUPLING - PUMP HALF
S'ROO3 OIL RESERVOIR

ROO4 SHEET GASKET Ott RESERVOIR

ROIS HEX HEAD- CAPSCREW sal 93 ST

RO2O WASHER - PL AIN
s

~

$O03 THERMOMETER
SOO3-e THERMOMETER WELL

# .-
5003-2 THENMOMETER A'DAPTER

v005 MINIMUM . FLOW ORIFICE
VOOS-1 ORsFICE PL ATES SA4T9- WL 304 OR 36

v005-2 ORif tCE TUBE SA3:2 3C4 OR 386, OR S A4 79 304 OR 31 6

PACIFIC PUMPS DIVISION
DRESSE R tNDUSTRIE S, INC.

'"'' PUMP ASSEMBLY
SIZ E 6 HODUCT E NG DWu NO SHEET RLv

D SOO .I407?ft 3 or 6 > <

-
I

, , .
, e

t -. , ,, , , , .,

W
- - - _ _ _ _ _
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34
...

. 33. [ ~'' ~32' ~~ " |"" "3i
- 9

38 | 37 |- 36 | 33 | |'

i

e .

JES.!. .

_PL ANT __8_ SPI _N _NO_NO SO SE RI AL P.O

O
SJSOO32 52231/32 GAE -SI APSI-OlVO2\ - I PRESSUME RCTAiNrNG ITE14 .

SJSOO31 S2229/30 GBE -SI APSI-O / 02 .;

@ HORIZONT/4 LY SPLIT CASE, TOP V1Ew. SOLTING AND PARTING SJSOO30 52227/28 LMP-SI APSt-Ol /02
q

i FL ANGE GASKET ARE $HOWN ON SHEET 5. SJ49728 51647/48 SAP-$1 APSI-Ol /02

4 5J49729 Si(49/SO SEP-Si APSI-01/O2

@ FOR PUMP ALfGNING ARRANGEMENT SEE SHEET 6
SJ49730 516SI/S2 SCP-SI APSI.Ol /02

SJ49731 Si653/54 SDP SI APSI-Q /02 ~

j
'

@ MUST 8E ORDERED A$ AN ASSEMBLY WITH MATING PART(S).
SJ49732 $1655/56 SFP SI APSI-OI/02
SJ49735 51666/62 NAH-Si APSI.01/02 l

| @) COM.%ESSED ASBESTOS SHEET.-CHLONIDE AND/OR FLUOR'OE CONTENT SHALL
SJ49736 51663/64 NCH-SI APSt-Cl/02

$J49738 58667/68 T8x-SI APSI-Ol /02
i NOT EXCELO 200 PPM.

SJ49869 S1924/25 LLP-$1 AP SI-OI /02

@ SPIRAL WOUNO ASSESTOS/304SS LFLExlTALLICL-CHLORICE ANO/OR FLUORIOC
SJ49870 S1926/27 NEU-$1 APSI-Ol /02

CONTENT SHALL ICT ExCEEO 200 PPM. SJ49871 SI928/29 TCx-SIAPSI Ol/02 g
g II

h ETHYL PHOPYLENE "O" RANGS.- ASTM O-2000 2BA,8sO412.Ft7

CHLOMDE AND/OR FLOORtOE CONTE NT SHALL NOT EXCEED 200 PPM.

'

@ SEE !EAL OR/.AING FOR SEAL DETAIL AND MATERIAL OF mRTS FURNISt(D BY
J. CRANE CO, .

% 7
I

- @ A276 410 (Af#i ALED) wiTH 0.003/0D05 CR Ox10E PER LINDE PROCESS LC-4
i

@ COUPONE T SUPPOHT (ASMt- CODE SECT 51, SUB SECT NF ),
I

@ JOeNT 9 ANO 10 AHE SUBSECTION NF WELDS. EITHE'R PT OR MT WILL ele PERFORMED. -

. @ TEMPEHf D AT A TEMPERATURE GRE ATER THAN 1100*.

{5} TE Mr'LHED AT A TEMPERATURE LESS THAN 1100*.3

[4] FLAME HARDENED.
CONTRACTOR- WESTINGHOUSE NES

__
SERylCE SAF E TY INJECTION PUMP
SIZE / TYPE 3*-JHF-11 STAGES

f

.

'
t

I
At~

PACIFIL PUMPS UlVISIOff .

-
ORESSE R INDUST H'E S, INC. !

PUMP ASSE MBLY !""_ , '

'
SI2 L PHODUCT f '.G (% No SHE E T- REV

D 500-J49728 4 or 6 ,

~ f~ m !
TR I 37 1 36 I 35 4 34 1 33 sa

. . _ _ . - - - _ _ _ _ _ _ _ _ _
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4-8NC-5 TAP

LEGENO: h'4 NJuBENCIRCLE D INDICATES
,

FOR JACKSCREWS

A7523 (JACKSCREWS SY PURCHASER) 4 ELD PROCEDURL*

]
l~

AT543 , "'y A781 ,

O AN
.

5 ]' - { , ,
' ' 36-A LETTER FOLL0wtD 8"t THREE.A$

ca uosE NounEnS NcsCAT ES D
gg S - 'l - ; ,

... ,
,

.~

h.< M, f. .; e*t+ 1
' ' "PART Nuna8ER*b./ A721, f4 ,

A722 .-3 ,, . ,

'oa 'a'O SE E SHEET 2.'

G ', s,K .. x, ' -.

.y 1 //, . /'

{rA521A551 g j [ |
' *

Ik .N]g:
;, .,

I K * N,'

A772 m
~

m . ',
, -

'A771 m
. cx ..

.I< <e M
"

i ;''
. ? {C- -

< -

h bhy;r
' I D E 2 /:*

,

| k
SECT 30se A-A SECT 60N s-s s SECTION 0-0
(32 PLACES 3 (6 PLACES 3 .

'
(2 PLACES)

I SO. NO SE RI AL NO PLANT B S*.N NO
._!

S SJ50032 52231/32 GAE- SI APSI-Ol /02
', 0 g2 CE ) 4

l
,

S JSOO 31 52229/30 GhE-SI APSI-O /02 C
f 'IC *

e@ ~ @@@@@@@@@@@@@ ' @@ o = '= ===
p' f =~ SJ49729 51649/50 SE P-SI APS(-O(/C?

5J49730 51658/52 SCP-SI APSI-Ol/02

SJ49731 51653/54 SDP-SI APSI-Ol/02
-%

~ 4 " E \ kk 5J49732 StG55/56 SFP.$1 APSI-OI /02
4

, [-- - - ' ~ * 4 SJ49735 51661/62 Nf H-SI APSI- Ot /02
-.

,

O D 713 SJ49736 51663/64 NCH-SI APSI Ct /02
N4 - sEE CASE 80LTING SEQUENCE g

s a TORQUE DATA }- 5J49738 *d 667/b8 Th4-St AP51-Ol /02g

' {
-

@ o @@@@@@@@)@@@@@\ @Q@ G C'*e; ?> ' '/ C'
Ag

-

SJ49869 51924/25 L L P 4t AP hl-Ol /02
''

0 $
e- a mN

I .li i
1

CASE' tiOLTING SEQUENCE 3 .

CONTRACTOR. WESTINGHOUSE N E.STORQUE DATA
,

,

SERVICE SAFETY INJt.CTION PUMP
t NutsesERS I to 3e REPRESENT THE , y

. F W NM
_

TIGHTENING SEQUENCE CF CASE - /
80LTI8eG. N /

E' bP2.8@lvlDUAL NUTS AhD BOLTS TO
*

BE TIGHTENLO IN A SER2ES OF 4 ;
PftOCHES$1VE STEP 3 OF' 25%,50%. * - - - - - - - " M --

$75 % AND 300% OF F=AL Tusecut
]ILOAO- u

A
3 wnElecN TomouE LOAD: ,voo) PACIFIC PUMPS DIVISION%

DRESSE R INGUST HIE S, INC.
A/bs - 2} -82N- 5 CAP teJT irW) Fits.
A S2 - i-a -3 CAP nut .+>o ri ts.

, ,
TiTt E

; PUMP ASSE MBLY,_

,,7,3} . WJNC- 3 CAP SCR 400 FTLa SIZ E PRODUCT t NG e*G ho SHE E T REV

w4 - rG 3 CAP SC4 f5 F T LB -(A6:4 SWwN ON S EET o l D SCO-J49728 5 Or 6 (-

b da | _ . , 3 7 ,,,,,,_ ,j ,,, 56 | 55 _ L $4 J 33
.
_ _ jZ_E.~ 7. _SL_. _

L

-
__ _ _ _ _ _ _ _ _ .
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68 | 67 | 66 | 65 | 64 | 63
'

| 62 | 61- . . - . ,. ,

,

LEGE ND. AOO! - A LET TE R F O' LO*f D bY Y nHE C (41 MOPE NvYBE RS th0fC ATES PART_

\ NUMBER FOR CE SCRiPTION ANO M ATE hl AL SE L SME E T 2.y

h 4 NOMut R BOaED 'NO4 CATES NOTE.

gM g Lg__ R g If . s
Q ON SHE E T 2A NUM8F R CtRCLE D INDIC ATES WEL D PROCLCURE, Sk t WELD T ABLEj tj -ls-

g) [ moron Hoto B B A A O,

.

f - J i4 )YJ ' NO T E S:
*
. h. DooN nOLT *

T :* (4) PL ACES C A J C 21-COMPONE T SUPPORT|
| E4] C,4j - , (ASME COOC StCTION tu, SUBSECitON NF)

M D 4 D 2 -PART AS22 is A TlGHTLY FIT TE D I,0*E L TO SE cuHE POSITIVE*' '9 ''g---
E h | 4

,
.__,,) ALIGNME NT Af PvMP INbOARO E NDI I s

h-PART A524 IS A IE E T DE SIGNLD TO SE CUR E PUMP Ara 4L
*'

AttGNME N T AND AT THE SAME TIME TO ALLOW FON CASE THERMAL
e E X 6ANSION _

} _ h-SCPL wS ARE FON ASSE MBLY PURPOSE ONLY AND E,0 NOT CARRT*
, ,

[ Amr STPLSS LOA 05
J

@-DRIP POCKET OR A:N CONNECTION P-04 GN Puf/P AND MOTON9

9 OUTL INL DR AWING

Oa 2 - T Ht$ PL AT E IS NON-NF. HOmE vE N MATEHiAL e5 r4F LISTED AND
/(TLOtp NF]NF*

COM>t iE S m e T H THE MATE NI AL SPf CIF IC A1 IONSBAM CRAOLE) NFy NF
e ,- , e r - F OR BOLT ING f lGH T E NING TOFruuE DATA SE E PUMP AND MOTOR

{|~3 " e#====- f
--

e i e OUTLINE DR AWING

?] M |
8

CORRECT LOC AirN OF LLa0 COOLtR CONNECTIONS SEE PUMP C|jw @-rOR
,,

- ' '

C - - ~ - | =| e a ANO MOTOR OUTLINE DR AWING.e c_. : s. -

Q s m. . . 3:_; ___ 'y ' '- i~~ - - - u r.

.
..

fSFCTION F-F
,

"N
Avt -

_

) 99.1
A S? ?. h [M4 2i ]

.
4 h).s

A PuwP CASF -
LOWER HALF I,' , . '

.. - [4]h
,.

(' | {
'

0)
' '

.
. 'g, , ,/ -

h -,h / ', -p s,Fg g'
.f

'

* h k ik~'
-- SJMO S2 S2231/82 C AE - Sl APS - 01/02( 't

b- -
S J',nO 11 */2330 %E - SIAPSI- C'/OP. . f

-
4 "" '2"'"" '""-$''"*'- "; e

p& N.# eM @,,E /

.j pW q.
.-

'

pm...m., ; N4v7/R Sac 4 7,48 SAP - SI ApSI - 0./02
e, a. ~ .!.

r- /
,

3 SJi9/J3 d.+A w S O SE P - 5. APSt - OuO2
[ - 'f SJ49130 Si65uS2 S& - S' APSI - OaO2

h (TYP) A - A, SE CTION C-C SJ49711 % *, S/S 4 SDP - 5A0 51 - Ov02- SFCTION i
SECTION A- A

[TYP (4) PL ACES] SJ49732 %SS/b6 SF l* - St APSI - Ov02

q SECT 60N B-8 ,3

SJ4973S SifA4 /62 N AH - 54 APSI- OUO2
'

SJ49736 Set t, S / t.4 NCH - 51APSI- 0 /02 -

.

2e { Lua0 COOLER
SJ49738 M6 f/68 Tex - SI APSI - OWO2 '

CONTRACTOR. WESTINGPOUSE NES,p po,,g g
SE RvlCE SAF E T Y INJECTION PUMP g49gg .W 4 /23 L L P - 01 APSI - OUO 2g

, c, rip segg [ RO2O SIZE / TYPE 3"-JHF -il STAGES SJ49ts /O SU. *s/ 2 7 Nf u - S=APSI - OuC2

A7 SJ49s7: Sace/n Tc u - Si AeSi - Ov02. . PLATE ,i
\

f|dMhl ,N
4 /,

M N1 M. "' Al-NO "t # NT " SP'N N''
-

ASFCit0P4 F- F
' -% P H

PACIFIC PUMPS DIVISIONH=D'

ORESSER INDUSTRIE S IN C.
'"''

h PUMP ASSE MBLY'

Ut PHoDUCe E P.G DWG NO SHLET HEY

D SOO-J49728 6 OF 6SF CTION D-D

<e i 67 I ss I 6s I 64 I r. 3 +? T- ' N

_

- w.
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SEcrION VII

INDICATI(N SURVEY

Following is a list, by stage number, of the ntnber and size of linear
indications in the area of concern. For otr1parison, two other elements
are shown. Since inspection results vary with the surface treatment of
the material, one should not use these results as a measure of the

,

condition of one pump to a different one; however, any given pino will
be consistent frcn stage to stage and the point of these lists is to
denonstrate that there is no correlation between the stage location and
the ntuber and size of the indications. Since the stress is much higher
in the low ntnber stages, this helps to show that the indications are
not created or aggravated by any stress load on the part.

PLMP SERIAL NLFEER - 51667 (TEXAS)

STAGE 10. NO.'INDIC. IDKmi

2 0
3 3 3/16 - 5/16
4 4 1/8 - 1/2
5 0
6 2 ~3/16 - 1 e
7 7 1/8 - 1/2. m

'

8 6 1/4 - 1-3/8
9 5 1/8 - 1/2

10 3 1/8 - 3/4
11 3 3/16 - 3/4

PtNP SERIAL NLEBER - 51650
.

STAGE NO. HO. INDIC. IRKmi

2 2 1/8 - 3/8
3' 4 1/8 - 1/4
4 8 3/16 - 3/4
5 3 1/8 - 3/8
6 4 1/8 -1-1/4
7 10 1/8 - 1-1/4
8 1 3/8
9 0

10 14 1/8 -1
11 14 1/8 -3

|

|

IUfE: ' 'Ihe dimensions given abcne are the lengths as they appear on the :)
curved surface. . 'Ihe depth as discussed in the Field Reocuandations )

~

[ag never = W 1/2" depth in the radial direction.. (See. Section 9. )
;

., ->w,w.~ ~--s-,: .- - -. , . : -. :.:' ' ''
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INDICATIOT SURVEY

PLIP SERIAL N[EBER - 51649

STNE NO. NO. INDIC. IENGIE

2 0
3 3 3/16 - 1/4
4 0
5 2 3/16 - 5/8
6 4 1/8 1/4 !-

7 0 i
8 3 1/4 3/8 i-

9 1 5/16 {10 7 1/8 5/8 :-
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INSTALIATION LISTS

The semnd list is of the Pacific type JIC, which is the modern cast
horizontally split case multistage pianp. The significant difference
is the back-tc>-back impeller arrangernent to reduce thrust bearing
loads. These pumos use an essentially identical diffuser / cover arrange-
ment to the type JHF; however, the static load is only half that of the
JHF for the same total developed pressure due to the back-to-back
construction.
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5t'CT. DISCH. Pt' M P

Ct'51046 R 4%D Pt MP NO. NO. PR E SS. PR t 55. Tt MP. SP.

\ t(K' AllON NO. L' NITS Silt TTG5 RPM GPM F5tG F5tG *) GR. PRODLCT Ox

.* %f3
II) 01 GR%ND11%1%

29165/66 4 2" 8 3570 250 45 820 270 933 l eed* aier
v' (GR AND H ul N. MH Hk.4%

GARLAND.11\% 29179 80 2 2%" 10 3560 395 82 1132 31 2 912 i eed* ater(ITY Of GAki4ND

il A (Ot NT) ItlC ((MiP
L O\ LNG 10N. %. M 29181.82 2 2%" 10 3560 390 70 1820 302 917 l eed* ater

MilnlN 4 Iit C1RK' ((H)P
Pl 4R54Lt. Il % % 29t h6 94 9 2" 10 3560 276 70 1140 302 917 l eed*ater'*

e

9
' ilDi % All R Oil CO

Sn PI IDRO, L Alli . 29259 I 4"X 6 3585 650 - $35 88 .75 Gavime

.

PHIL 41)I I PHI 4. P 4 29 301'02 2 2" 6 3550 220 - 540 105 1 01 200 t)I 4All 4%1tc pillNING (U

Alt 4Nilf PIPI LINI CO 29 hia 1 6"\ 4 35NO 1390 20 467 55-9s .s55 34* 4 P15our Crude

(.4kDI N t il) 51-\l10 % 29309 I 6"\ 4 35nu 1350 650 1150 $5 98 .855 34* AP4 5our Crude
-

bl A5M O' k. Il \ %

j iIHI N INill 51 Ril S. INC.
- Sitt l H). N C. 29313/l4 2 1%" a 3565 117 30 720 267 934 f eed*ater

4
GI %l R 4l Pl 1 Rot I t M CO

i 10RR wCl.CAllt. 29 130.'31 2 lb" 6 3575 55 24 590 228 952 l eed* ater

( till s M R\ k'l Oil 00
1. ( HR abo. INDi n t 2916364 2 2% 4 3570 250/386 35 280/330 50 .557 Alk) late

.g
' Sill Lt Olt (UMPG)

lu)MINGttl. CAtti. 293?4 1 3" 8 3580 525 85 817 60-90 .7 82 A.. Gas

N St N Olt ( OMPAN)
1 1%I% O n5. P t. 2-144n 1 3" 10 3580 525 13 965 400 739 l urarne

t 5 A!R 1Okt i IllLL AIR IORCl B DI
06D1 V L 1 All 294?6 1 2%" 8 3570 300 20 650 90 72 3 P-4

j Si tND 4RD 4 4t i t M Ril .
18 4T 4 6. PHillPPl%I 5 29577/7M679 3 2" 5 3570 30 4 8 744 212 96 l eerl* ater

*

f OD1554 lit ITDil NI (O
3D155 %.11 \ 45 29591 1 3" 8 3575 658 15 765 250 .943 l eed* stery

, n

i P W AMI REC 4% P11RO ( ORP.
_j S%)IN).TlXA5 29647/48 2 1%" 8 3600 160 145 555 96 .545 Still Prod u-

IOutleu (Inletes
% OODL A% % ( OR P
%OOOL4%%.Il\u 29672 1 2S'' 6 3550 600 350 950 100 .70 Rgh Od IH T.I

9 11 4 ) Pi1ROlit41(UNP
( H 4LMI l'!I , l. A 29690/91 2 2%" 6 3580 240.420 10 755/715 220 957 l eed* aier

,

A( ADI4 ( ORP.
R A) NI . L 4 29699 L 2" 6 3600 146 475 100 .735 H C.

/- JONf5 a L 4L (.lli1% Sii I L ( O
^ Pil15HL Rbil P% 29710 11/12 3 6"X 4 3570 1600 5 575 228 953 I cede ster

Skt LLY Oil (UMP AN)
l(x 0 tilLLS. N M 29'84'85 2 1%" 8 3570 153 40 640 85 .795 Lean Od

t.Oll AD ( ORP. 29809 I 4"X 6 34 30/ 7JO 413/ 1030/ -45 69 H .C-

3820 300 1030

(O% lsLAND tA 29814'15 2 2" 6 4070 360 60 110 307 .916 f eedwater

404D14 CORP.
IGW.IA 29835 l 1%" 8 3570 153 10 563 820 .734 H C.

Ts \ 4t O. INE .
luR I AR1Ht R.11 % % 29841 1 2" 4 3570 350/175 7.7 168/358 40-60 .805 Lubrwat ms Od

% ARR1 N PITRoll LM CORP. 29853 l 2" 8 3600 185 45 545 175 .50 Lean oil

M A) 5% IL LI . OK L AHOM A 29854 1 3" 4 3600 900 310 6 30 105 .72 Anh Od
(Outlet) (Inlet)

OHIO Olt COMPANY
4 49t kH AM. Tl X45 29857 1 14" 6 3650 146 20 600 Amt. l.03 Salt water

.

GOLI ADCORPOR AllON 29810 1 4"X 6 3430 7 30 473 1030 451 .69/ HC
- 00% 15L AND Lf)Ll51 AN A 3820 765 300 1030 38/ .768

3660 694 83 547 -44 .77
{ 2890 95 372
+

D41k)O OIL COMPANY
JAPAN 2996 1 1%" 8 3570 108~ - 610 100 76 01.

CONTi%l NT AL OIL (U
PONC A (ITY, OKLAHOM A 29968 1 1%" 8 3565 105 114 800 80 .8613 was Dutillate

PARKl;. DAVIS & CO.
HOLLAND. MlCHIG AN 29994/95 2 1%" 8 3570 125 14 712 228 .952 f eedwater

IDIMIT50 KOSAN (U., LTD.
TOKUV AM A. J 4 PAN 30046/47 2 2" 6 3565 200 200 $50 100 .51 Deathamaer t eed

CITY Of VIRGINI4
VIRGINI A. MINNL50TA 30147 1 .2%" 8 3560 340 24 906 240 .947 leedwater

2
{x -

5



St ri. DIM H. PIMP
CL STOME R AND Pt' M P NO. NO PRISS. PR t h. T l MP. SP.

LOC A TION NO. t NITS Sl/l SILS RPM GPM PMG PSH, *l 4 R. PR ODI ( 'l

IL P4W N ATt'R 4B G AS 30180 81 2 6"\ 4 4He 1500 16 955 10 1 24 treank l igiod
Tl RRI L CTY.,114 45 30188 92 5 4"4 6 3600 800 16 9*5 to i 24 Oruns l iqual

AC ADl4 CORP
IG4N, LOUISI AN A 30215 1 2" 6 3600 145 0 475 100 in lH

CONSL Mi R$ COOP. RI I ., LTD 30368 1 1%" 10 3565 100 0 to im ?4 %; shou
kl GIN A. S A$ls.. C AN AD 4 30369 1 1%" 8 35'O 100 100 650 255 6? t hi

30370 1 2" 10 3575 190 0 9t H s 125 he, t hi

4TR ANS%I STF RN PIPINI 12 Mi s i th ur
Kt RMIT, it A AS 30374/75 2 2" 8 4060 I M6 '7 5 0 637 t 3? lo37 100 99 med ..s e n.,nk i

iW) STD , DIV 01 HL MBL1 OIL 3 tee weer a
A Ril INING CO. 30477 1 2% 8 35MS 410 8 8M 1004 loo 99 I 21 H ww
B 410N ROL Gl . LOl'IS14N A

l'NION Olt CO 01 C 4111 36484 4 4"X 8 3580 664 5 85% 236 6' %rh%
%ILMINGTON CAtll ORN!4 Ju487 1 4"N 4 35?0 595 13 41o 290 6' % rhih4

(UNTINI N14L Olt (U
PONCA Cli), Okl AHOM 4 30590/91 2 1%" 8 3570 110 40 550 105 ?4* l un t hi

N 4PH-SOL RIIlNING CO
MU5klGON, MICHIG 4N 30656 1 2" 8 3580 175 0 #40 100 h25 \Pl 5 5' 3 %*

ST AND ARD OIL CO 01 INDl 4N 4
% HITING. INDl 4N 4 30698.99 2 6"X 6 3540 960 33 8 30 240 9* I mla ect

CITII S SI R4 K t OIL CO
L AST CHICAGO. INDl 4N A 30?30 1 2" 6 3570 220 245 535 90 526 IN

CITil5 Si RVICt OIL CO
LAST CHICAGO INDl 4N 4 30774 1 2S" 8 3550 350 10 660 75 .75 Nrhiha

ASHLAND Olt & Ril . (O.
CATLE TTSBt'RG. KI NTLTkV 30802/03 2 2%" 6 3570 400 50 540 90 73 57 6* 4PI

CAlllORNI A COMP AN) 30908 1 3" 6 3680 500 0 4?5 160 ?' Lean Od
RANGELY. COLORADO 4150 487 550 1200 190 799

30909 4 3" 8 4020 487 450 1200 90 795 l ean ud
3780 550

At STR4Ll4N OIL Ri f . FTY. Al'RNI LL
Nt % SOUTH % All S. AUSTR ALI A 27971/72 2 2" 6 4200 260 0 650 260 hk \ auum keuJum

CITY Ol' \ LRO BE AC H
\ t RO BL ACH, F LORIDA 30822/23 2 25" 10 3540 300 70 l'20 300 9183 l eed ater

PETROLIOS Mt.XICANOS 31905/96 2 lh" 10 3570 110 30 860 150 53 % au t rude
Mt XICO 31098 I IS" 10 3570 70 0 900 100 hai itude

31099-106 8 2%" 8 3580 350 10 8 30 60 h4 (rude
31107-10 4 lb" 10 3570 100 0 8 30 80 h4 (tude
31111 1 2S" 8 3580 350 0 $ 30 lou .85 (rude
31112/13 2 2' a" 8 3580 350 10 800 8u 8? ( rude
31114 I IS" 10 3570 100 0 800 100 nn ( rude

ASHLAND OIL & RrilNING 31153/54 2 4"X 6 3580 60c 500 600 440 $1 %rbth.i
CATLITTSBL RG. At Nit CKY 3tl60 1 4"X 6 3580 6 35 25 610 332 .6 ) %pht he

4LUMINUM CO Of AMI'RIC4
PolNT COWL ORT. Tt X AS 312081)9 2 3" 8 3580 655 150 850 20 .79 l ean oil

CHI MSTR AND CCRPOR ATION
GONZAll2 F LORID A 3120!!! 2 4"X 6 3820 900 33 944 267 9M l erJ* eer

CITY Or (HILLL
ROCHt ti .. lLLINOIS 31241/2/3 3 3" 10 3565 240 12 ll5t 227 952 l eed*ahr

PHILLIPS PI:TROLil'M CO.
SH E L N) TE XAS 31250/51 2 1%" 6 3570 160 2 586 100 1 023 2dyi DI A

M ARU21N OIL CO., LTD.
SHIMOTSU, 34 PAN 31256 1 2" 4 3570 250 10 490 270 647 kcastor Chese

SOUTHE RN C AtllORN14 I DISON
LONG Bt ACH, C ALl!O ANI A 31324/5/6 3 2%" 10 3570 425 50 1870 270 975 I ucl od

SIGN AL OIL & G AS
hot 510N TEXAS 38396/97 2 l%" 8 3570 90 65 580 225 .663 t can oil

SHE LL CHLMICAL CUMPANY
YLNTUR A, Call!ORNIA 31428/29 2 1%" 6 3570 75 38 625 120 .93 Ccta nah Solutnin

DOW CHFMICAL G)MPANY 31439/40 2 1%" 8 3570 110 0 660 100 .45 Reerior rharge
i Rt i POR T. TLX AS 31446 I IW" S 3560 90 0 5 35 500 .t S 8 29.3* API

CITY Ol' COLOR ADO SPRINGS
COLOR ADO SPRING 5. COLO. 31470/71 2 2%" 10 3580 400 27 1127 250 .94 l eedm ater

SHFLL OIL COMPANY
SORRE NTO, LOCISI AN A 31551 1 2%" 10 3570 350 50 890 70 1,0 lie * b m

HUMBLE OIL & RLi~lNING 31582 1 6"5 4 3580 1600 40 6 35 90 86 Sour 0 rude 1

600 Mao |

INDI4N ALUMINUM CO., LTD.
CALCUTT A, INDI A 31586/87 2 3" 10 2960 185 12 782 25 0 .94 l eedecer

3
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58 Cf. DIM it Pt MP

Ct$104)It A Pt MP No. NO. Pit i Si PRIkV 11 MP. SP ~

8004110% NO. l'Nti5 Sit t Sit.S RPM (.PM PSH. PSH. 1 t . 4. PRODi t t

'
? AM 4 Ott CD . L ID 31$91792 2 2" 10 3S70 ISO O 923 ton 7h kcasi ir t here

.

)H AM A,14P 4N 32593/94 2 2" 10 2970 140 to 500 luo 74 L nitmme t hurt

31595/96 2 2" 10 2970 203 250 655 290 66 Platformme t heyr

5HOW A Oil COMPG) 31615 I ?" 8 2960 220 70 490 Inu .' 4 i nalmmr t here

14PO 31616.17 2 '4" 10 2970 250 99 6 13 24'l 66 Plattoimms t bere

l' 5 4TOMIC i %i kt,) (04f

RINCON Pt l it 10 kH O 31621/22 2 10 3570 193 SO 1060 29:1 929 l erJ* A t
.

Pont RINI Oil COMPO)
SWI4 61 SPRi%5 t 4Lil 31685 I 1%" 8 3570 125 0 650 10 746 9 3 9* 4PI

Mll5L bl5HI Olt COMPANY
3APAN 31691 1 1%" 10 3330 1 33 140 640 250 635 $9 6* 4N

( 11) 01 H ROW N% IL LI
BRO 7.%5\ lll t .11 % 45 3171),14 2 2%" 8 3570 340 959 291 92) l eed* ace

(II) Ol % Al( Hil(K'lli 5
L Ol lil 4 N A 31777/78 2 1%" 8 3370 17S 40 653 275 .93 f eederet -

A14% 31607 1 2%" 10 2960 315 149 670 Itn 73 Ht

MlRSt%.itRAli 318 A 09 2 2%" to 2960 324 40 SSS 105 .77 H(

Mllst alMit OIL (UMPW)
k 4% 45 4 AI.14P O 31836 l 2" 6 29110 221 21 3 los 100 629 lt hRG

Cll) 01 61 HON)
ANillOS), A es M 31849 I l%" 6 35$$ 105 S S20 227 95 l eeJ* ater

5fAND4RD Oli(0 - OHk)
( Li \ l L AND, 01110 3 t &61 1 4"% 4 3530 686 0 37$ lio 200 % HL

GO% )ltNMI NI Of THL RL Pt BLIC
01 1% DONt 514 31878 83 6 3" 10 2970 275 72 990 330 902 i erJ* *ter

(mDI N P1 IROLI t'M (URP
kH. 5 Pill %GS.11 % 4% 11969 1 2" 10 3560 250 62 6)? 120 .32 || Ik

t % ION C A R blDI C111 %O0 4l 5 38973 1 6"% 4 3920 1140 15 780 250 94 l eeJe ates

514DRil l.15 % 4% 31974 1 6"% 6 3570 1140 IS 780 250 94 t redecer

( RO*.N t i Nilt 4L Pt illOLI L M
HOL 5 TON.114 45 32014.1 $ 2 1%" 40 3370 72 0 975 125 .842 loluene

" * Pl 5 4 32056 57 2 1%" 6 3570 55 17 6 343 212 95h Condens te

.14G4 N4. SP AIN 32061'62 2 3" 6 2970 454 14 7 449 ISS .982 If * MI 4 .. -

''

32082 33 2 2" 6 29'O 166 14 318 110 66 Naphtha

32Ont 59 2 2%" 8 2970 260 26 560 230 91 H Met

32090 l 2%" 8 2970 26u IS 570 100 10 n tera

sf ul>4RD Oil 01 0 4L il OR N14
FITISBt Rt,. ( Alll OR NI4 32154 4 4"4 4 3170 730 13 41) 50 909 Crude t hi

(413 Ma e

il P uo %4tlR4L 645
ODI M 4.114 45 32163 4'S 3 2h" 8 3570 360 18 818 225 953 l eed* eiet

It l Pl S 4
( 4~;I 4Gl % 4. 5P41% 32177/8/9 3 4"X e 2950 71s 34 679 250 .943 l eedwater

f t ROR 4 G450ll%i 00 32192 1 2%" 10 3570 3M 35 99$ 150 88 llc

De i!Oll, Mit HH,4% 12193 1 2 '' 4 3570 365 250 800 ISO 80 H( IHil

IOutleo tinleo

Cl 4R A Oil & RillNING
bll t 1\L 60. IL LINOls 32201 l 2" 6 3575 240 0 470 100 .7 ) Narhiha

4| P4W %418R4L 645
tv" 6 3570 120 0 6 35 IOS .995 MiAOLHsu.Il%45 32279 80 2 a

!.MiltR AN Oil COMPW)
16 % 45 (l|i.15 %45 37429 1 1%" 10 3570 66 2.36 822 64 60 .86 160 e70; 4romatus

51 WD 4RD Oil 0104Lil ORN14 Oilfrid
L. A H 4tR A, C Alll ORN14 37471 8 6"X 4 3980 9)0 55 1015 105 1006 Bune'% at er

%I4%D4RD Olt 01 ( 4LilOR%l4 Oilt wkl
L;, H 48R 4. C ALH ORNia 37501/02 2 2%" 10 3570 440 35 1240 100 1.006 Bnne-% aies

( H1 STR 4%D CU
DICJiL R, 4L4B4M 4 37504'06 2 3" 8 3730 500 29 894 228 0 952 l eede sier

CITY Of Al % t'lM
%I 5 LlM. MINNI SOT A 37538/39 2 2%" 10 3375 360 37 8200 270 0 933 t ordecer

410%O0111 M 1%( .
Lil5M4R Loll 5164 37S62 3 4"X 6 3980 890 20 790 227 .958 % .t er

MON 54N10 CHI M CO
( lHM OL 414 b4)OL.,18 % 45 37571 73 3 6"X 4 3S80 1920 74 600 297 .92 nater

Lt 5 Sit t L CORP jap-
eT4 Qt 6 5NI . Pl NSSYl.V 4hl4 37395 1 6%" 2 3560 900 0 312 210 .9 $ $ l ente nier yy

St.4%151 001t POR 4 TION
,

MP4, il X 45 37600/01 2 2" 8 3550 218 170 646 IOS 35 Butane

W.R Git 400 (OMP4NYg
< MI MPHis.1l NNi su l 37606/07 2 1%" 6 3565 139 20 3 )4 250 .94 weer

4
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$UCT. DISCH. PtMP
CUSTOMtR & PLMP NO. NO. PKt SS. PR E SS. TEMP. SP.

(-. . B11Tl5 ATOMIC PO%LR LAB.
LOC A TION NO. UNITS SIZt STGS RPM GPM PSIG PSIG 4 t.k. PRODI ( T

"N SCOVILLL, IDAHO 37613 1 3" 10 3580 100 0 1550 120 0 989 %mr
i .!

j $OUTHE RN NITROGIN CO4

v S AVANN AH, GEORGI A 37615|]6 2 3" 4 3570 4 30 0 300 210 959 water

PO% E RINL OIL COMPANY
SANT A I L SPRINGS. CA 37634 1 6"X 6 3580 1750 60 610 AMB 0 75 G mime

CE LANI SE CHI MICAL CO.
B AY CITY, TEXAS 37659/60 2 1%" 8 3560 35 0 550 llo .70 Le n Od

f lNCH PRUYN CO.
GLL N l ALLS. N!% )ORK 37615/86 2 6"X 6 3575 1200 41.4 240 255 0144 i ced. 4ect

AM. POT ASH & CHIM (T.)R P.
TRONA, CAlll ORNI A 37696/97 2 2" 6 3570 269 35 550 281 0 03 Condenwie

PHILLIPS Pl? ROLIf %l CO Benienc &
S't.II NY, TEX AS 37759;'60 2 1%" 6 3550 60 1.7 545 100 .875 ( nL*hesenc

MOBIL OlL COMPANY
K APLAN, LOllSI AN A 37781 1 2" 6 4050 360 60 710 307 916 w at er

SLNTIDI RIIINING CO
(VRPOS CHRISTI. Tt XAS 37808/09 2 1%" 4 3570 125 0 305 60 0 87 h ienes

SOUWE RN PIRU COPPLR CORP. De. crated
ILO PERU 37839.'40 2 4"X 8 3565 735 98 1075 324 0 907 Condenwte

PURE OIL COMPANY Hhabon w!! 54
LE MONT, IL LINOIS 37841/42 2 2%" 8 M70 224 0 867 100 .857 %i Sulfur

RE PUBLIC STE E L 00.
"!d ARRE N, CHIO 37854/55 2 2" 10 3570 200 10 450 153 0 981 Conden we

INDUSTRI A DE L ALCAll Roderfeed
MI XICO 37892/93 2 3" 4 4140 676 15 615 22 955 A ater

CHFMSTR AND CO. Boder
GONZ ALEZ. I LORIDA 37896 1 4"X 6 3880 900 33 944 26) 935 warer

PHILLIPS PETROLLUM CO.
PHILLIPS. TEXAS 37902 1 2" 6 3550 220 195 510 92 .533 HC

(VNTINENTAL OIL COMPANY
70NCA CITY, OKLAHOM A 37954 I 3" 8 3570 $10 0 675 105 0.741 Naphtha

HUMBLE O!L & REFININGCO.
BAYTOWN. TEXAS 37978 1 2%" 6 3570 330 10 645 265 0 695 Varwl

COMMONW E ALTH PETROCHLMICALS
PONCE, PUERTO RICO 37984/85 2 2%" 10 3570 295 0 970 10's .855 Toluene

HUDSONS BAY OIL AG AS CO. 204 % t. Mea-%aterSYLV AN LAKE G AS PROC. CAN. 38000 1 2%" 8 3570 379 79 992 110 0 998 Solutwn
HYDSONS B AY OIL & GAS CO.

209 % t. Mea. WaterALBERTA, CANADA 38001 1 2%" 8 3570 379 79 992 110 0 998 Solutwn
COMBINED LOCKS PAPER CO.

BaderCOMBINID LOCKS, WISCONSIN 38012/13 2 2%" 10 3570 360 28.54 1075 240 .947 t eed.ater
T.ESTERN ILLINOIS POWER COOP.
PEARL, ILLINOIS 38014/I5 2 3" 10 3565 567 68 1093 302 0 917 f eedmater
CDMMON% EALTH PETROCHLMICAL BoderPONCE, PUERTO RICO 38023/24 2 4"X 6 3570 875 45 780 287 .92 4 eedmater

GETTY OIL COMPANY
PERSIAN GULF, ARABIA 38068 1 1%" 6 3420 126 10 465 .240 0 95 Water

EMPRFS A N ACIONAL DEL PFTROLEO
CONCEPCION, CHILL 33151 1 24" 10 2970 230 25 525 340 0.17 Hvy-nap thah

EMPRESA NAC10NAL DEL PETROLIO
Crude 45T GregornCONCLPCION, CHILL 38158/59 2 6"X 6 2970 1250 0 420 50 0 85 25% Clarencia

ROHN & HAAS >

DeacratedDEER PARK. TEXAS 38210/11 2 1%" 6 3560 125 23 536 260 0 938 BI % ster
CAROLINA POwf R & LIGHT
ROXBORO. N. CA ROLINA 38310 1' 4"X 4 3570 1815 133.I I 552.11 350 0.89 Condensate
EL PASO NATUR AL GAS
3AL, NEW MEXICO 38337/38 2 1%" 8 3560 80 550 900 75 0.825 Lean Od
REFINFRIA DF PFTROLEOS DE
ESCOMBRE RAS - SPAIN 38344 I 3" 6 3550 500 15 510 100 - 0.713 Naphtha
CITY OF M AROUETTE
i ARQULTTE, MICHIGAN 38351/52 2- 2%"- 10 3565 350 70 . 1120 302 0.917 teed *ater

% STANDARD O!L COMPANY
? * fhGLEWOOD, CALil 38356/57 2 4"X - 8 '3570 730 15 1215- 100 1.025 Salt %ater

,

HUMBLE Olt & REriNING CO.,

{ ENICE, CALitORNIA 38383/84 2 2" 6 3565 180 5 700 230 .951 Water
FORCA E LUZ DO PARA
BELLM, BRAZlL 38386 89.

-
-

4 3" 10 3580 600 90 1850 . 321.2 .9086 Water

>

'

.

5

e
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St Cl . !)l501. PtMP

(t sroMt H & Pt Mr NO. NO. PRI$% PHt 5%. 11 MP. SP.

ten \1h>% NO. t %115 SI/t 5765 RPM GPM PS16 PSin T GR. PRolH Cl e

b.ni\slM\\ tit
:h. 11 N u 3h437 39 3 3" 6 37R6 575 24 749 250 0 944 bl %4t et

(f u .
F. n s \ s t li) . k \\S h 3s461 1 6"\ 6 357 o 825 2n 8M5 259 0 937 1 co! 4ter1*ll:1 i Ws Pi I Koll t \1 (()

A \\ sis 4 lit , k \\wM 3n462 6 3 2 6"\ 6 3570 B25 20 It M 259 0 937 l er t * 4'riFi' u l Ws tt I ksail l \1 (1)

k \ss e t ||\ k \\s u )M4e,4 65 2 l' : 4 3460 80 2 39 416 100 0 461 Pror wriih I lh Pi i W ilI i M L 0
Dn+. L

v i' ! NN a. ; i ( W Ni g 3 i4 4 * M '9 2 2" 6 356H 234 11 694 loo 1 Olb \l m-' n' t s uMn 6i ; i

H .ikt

i H \! i! a sN \ 3 n 4a r- 1 2% 6 3565 240 10 755 220 0 957 I ced * a'oi! W t u e t smP \M

*.4... . . , . . .n Wiiv. lins tevy 91 2 U. 6 3460 !!6 20 54o 2' ta 94 lil M a.61 Y tei o

h e N NI u ti k

3n6 b." 2 24 6 3*60 2 -m 5 72' 22'i u 95 war\d ' .'N.
?i'sv- ili W:D )

B ole

.< '<t. .. it i s hM P \M

i t \H W# Pt 3h692 93 2 l 's a 3'50 14s 20 649 25 4 94 I teds e

'. v! \\ s t"! t i Air \M
! ( ; * % ' F L '.!!< nM ' 34'00 al 2 3" 6 Jam 6df 0 "5 219 96 % Aer

Lt id la \ 35'24 25 2 2 6 3560 240 5.6 550 220 0 955 w te\< P i iv a
:S U tiiN

iW ' IOW O \ 34676 7' 2 h" 6 3560 290 5 '25 224 0 95 % e ctU . :V

bak r
'ti t:!s P, m :.t t .t!

!( >0 N\ \ tin J ed 3M692 93 2 la: 8 3550 144 20 64) 25 0 94 t es d 4.s ei

-s .< . OilP \ M
#6 ist ' A l '. t ^t \ Wm 01 2 3" 6 38440 600 0 774 216 96 % 4 ert

il dr..3

. tei ss kii Isiw (O
ss ass et i klo Egii 38755 1 2 || 3'50 225 15 625 304 0 665 ( cten-

i m Nt.s I.i! . K ill %
[m . i}stn 1 p. Itl N I OI 131 \\ \ 4:>l5 3 54 2 2" fi 3570 29u 70 720 3 t ti .913 % ice

> >

\._, ! . ', i:O'. 4 \
* 's !Ot ISI A N ) 40155.56 2 3" 8 3570 315 72 742 300 .918 % ,s er

ar ' .il ATI 5 Pl I'ROCid il
.t hiihit II .\ u 40166 1 2" 6 3560 285 39 330 315 0 544 HC

s

7 ! \ u .,. iv

v s ' k: \ l . L oll5I \\ A 4J168 69 2 2'T 10 3560 410 0 865 60 1.0 % ater

if A V O IV.
3 r.A. t K ist A\ \ 40170 1 4"X 6 3560 820 0 500 60 1.2 Brme

1. \ v: . ' Pt r k utt ; '.i

N i \ l1 %.11 \ As 40171 1 2%" 4 3860 425 15 550 250 0.9431 f eedwater
+

N \ r ( tr . 4 % .T r !!! MK At l\D.
a:W . INDI A 40172/73 2 2" 10 4000 230 37.5 1402.5 250 0 944 w ates

s\f O?i.on (fuvir u (Nu
1:OMF W.l\bl\ 40174-76 3 4"X 10 3328 655 42.1 484 250 0 945 w ater

Sit e.*w w A Ort a G \S
U 1 O li t < 11 \ \S 40253'54 2 2" 6 3550 210 5 660 210 0.06 % aver.

\Me n o < if' Mt \L S
IL t \1t M M 4 b \'14 40259 60 2 2" 10 3575 120 40 1190 258 0 938 f eeJ*ater

Flit f %I\i l PING (O
ok Av.l . Il % As 42509 I In" 10 3550 60 102 67 1045 212 0.% % ater

L'nifinmp
(OMP \NI \ l SP ANOLA DI PIT.
stGi f lR G SP \lN 40355 1 6"X 6 2960 850 35 490 3l0 0.622 Chartre

(OMP A%3 A 15P A%0L A DI PITRO.
\LGI(IR AS SP AIN 40382 84 3 3" 10 2900 385 15 810 250 .94 Boder l eed

COMP AN14 i SP ANOLA Di PITRO.
t.t Gl(IR u. SP AIN 40393|94 2 3" 4 2900 350 50 370 298 .92 % ater

Dic arl.
( ORP lin I O\ll N10 DI LA PHOD
OllNI AkO. CHILI. 40411/12 2 2" 4 2%5 200 l$0 448 60 .84 Kerosene

$llt LL Olt (O.
I Ril PORT. TIX A5 40413 1 6"X 4 3570 992' 570 900 -40 69 . Hydroartion

-- SHI L1 Olt 00.
/ . I RLI PORI. TLX A5 40413 1 6"X 4 3565 1015 570 900 119 .69 Hydroarbon

SHI L L Olt 00.
I Ki t PORT. TI.XA5 40411 1 6"X ' 4 3565 1015 100 545 119 .65 Hydrocarbons

SOUTil%I STI R% OIL & RLi'.CO.
CORPUS OlRISTI. Tl XA5 40456 1 3" 4- 3565' 600 ' O 482 250 .94 Feed water -

6~

L- -
- - .~, , --.w.,. . .}



SlTT. DISCH. Pt WPCL'STO4t R & Pt'4 P NO. NO. PRESS. PRI SS. T t M P. SP.
_

LOC A TION No. ONTTS Sill STGS RPM GPM PSIG PSIG *l- GR. PRODt'CT

ST4t'lll R CHI MICAL 00
LONG BI ACH. Calli . 40524 1 3" 6 3570 433 0 619 100 1 06 Dea soluison,

| A TL ANTir Rt ilNING CO
j PHILADi l PHI A. PI NN. 40556!$ 7 2 4"X 4 3!60 655 3 518 222 9(f H,0

dot'GL 45 OIL COMPANY
'

PA R AMOUNT. C Alll ORNI4 40559 I 2" 6 3570 130 15 480 105 858 Dierl oit
UNION B 4G(AMP P API R CORP.
PR ATTVILLI . AL AB4M A 40565/66 2 6"XB 6 4400 1900 75 1200 298 92

* ONION 84G< AMP PAPI R WRP.
P". ATT% II.L1, ALAB4M 4 40567 1 2%" 4 35 200 75 605 298 LO w tera

CITY Of %IL LM AR. MINN. Hoder%ILLM AR. MINN150T A 40568 1 2%" 10 3580 400 58 1245 300 954 l eedmater

Tt \ 400. INC.
SORRI NIO. LOllSI AN A 40576 I 4"X 4 3560 820 0 500 110 12 Beme

MOHIL OIL CO.
,

TOR R ANCt. CALilORNI A 40606'07 2 6"X 4 3570 1500 13 6M5 5 110 1066 Rnhamine

PHILLIPS PITROLil M CO
BORGER.TLXAS 40613 1 2'' 10 3570 250 0 625 AMB. .58 Hu!4ne,

CITY Of Amis
AMIS.IO%A 40614/15 2 4"X 8 3570 730 90 1240 303 92 water
Gl.4 P L.D. RextorOS%I.GO. NI% iORK 40631/32 2 1%" to 3570 420 80 1225 140 10 w ater

, G f . A P t.D.
Rea tos

; l orked River, New Jerry 40635/36 2 2%" 10 3570 420 80 1225 140 1.0 % ater

CE LANi St CHI MICAL m.
,

BISHOP,TI\AS 40658 1 1%" 6 3800 120 15 547 100 89 Steihanol
St QL Of A RIIINING CO.
HE RCL'LI S, CA LII . 40695 1 2%" 6 3570 325 70 625 120 .73 Hydrocarbon

'1
5t 0001 A Ri f INING CO.
HiltCOLE S. CALII . 4n699 1 2%" 8 3565 485 70 650 2?S .68 Hydrosarbon

.

E WMPAN14 LSPANOLA DL PLT.' l ALGICIRAS, SPAIN 40721/22 2 1%" 8 2950 105 0 470 220 .957 % ater

MOBIL OIL CO.s

j j TORR ANCt, CAlllORN!4 40776/77 2 1%" 6 3560 104 40 540 212 .965 Condenure> <

x ", ' N AS A M ANNT D SPACI CR AIT CI NTl R
High PurityCLL AR LAKl Tf.XAS 40729 1 6"X 4 3420 1350 0 600 120 1.0 w ater

CHINESI PITROLIUM CO
PlantTAl% AN. I ORMOSA 40799 l 2" 4 3570 200 7.5 '414 5 85 1.0 % aier

f lRST NITROGt N CORP.
BoderDON AL DSONVIL LI . L A 40804 7 ; 3560 100 25 700 250 .942 f eed* ster..

ATL ANTIC RlIINING CO,
PHIL ADL LPHl4, PA 49820 1 6"X 8 3550 1956 325 1385 250 692 HC =/H SI y

t CO AST AL ST4TI $ PITROCHL MICAL'' CORPUS CHRISTI, TF XAS 40835 1 1%" 6 3560 115 125 575 100 .852 Oil
004ST AL S T ATE S PI TROCHI MCI AL
QRPUS ( Hit!STI T1.XAS 40836 1 1%" 8 3570 85 50 660 93 847 HC
SHILL Olt (OMPANY
WILMINGTON Calli . 40870 1 24" - 3570 280 202 1095 02 AMB. .78 Gasslme
SHELL OIL CO.
LOS ANGI LIS. Calli . 40871 1 2%" - 3570 280 50 1I43 AM s. .78 G4.iline
AMI RICAN Olt CO

Hears t'utSALT Lui CITY, UTAH 40892 1 2" 8 3575 216 19 370 350 .614 Neptia
MORrHY OIL CO.

- SteamMt R40X, LOl'IS14N A 40907 1 1%" 6 3570 125 0 525 212 96 Condenste
MLRPHY OIL CORP.
MI RAl X, LOllSI AN A 40908 l 1%" 6 3570 125 0 525 212 .96
COMPAN14 i SP4NOL A DI Pl.T.
ALGICIR AS. SPAIN 40912 I 2" 10 2950 100 0 675 95 .86 Aronutw H C,
MMPAN14 ISPANOL4 Di Pf T.
ALGI CIR AS. SPAIN 40913 I 8''X 6 2900 1900 0 550 97 .86 - Aronwisc H C.
Si OUOIA RillNING CO.
HI RCULl S. C Alli ORNI A 40978 1 24" - - - Hydrwarbon
MOBIL OIL COMPANY
TORR ANC1. CAlll ORNI A 40993 1 4"X 8 3570 700 0 800 100 .743 Dntillare

Gamihne &

StQ0014 RIIINING CO

9 SEQUOIA REf'INING CO. -

HI R( Ull S. CALil ORN14 490995/96 2 4"X 4 3570 885- *.9 341 60 .765 Crude Od
[

UnnableHERCULES, Calif ORNIA 41001 1 1%" -4 3350 35 . 1.25 325 80 .756 - Platformate

,

b

- *,7 / w wy*De y*Yg %'t> WM a8* r PDMR W9#76>'*%fPe'*4*4M9 P8*TF W'*% A 9 N #4P* *** - 3+ m-*a6*+m- e- 4 .-
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Ct'SIOMIR & Pt MP No. NO. 50C7. DISCH. PLMPLOCAllON No. UMTS Sill STUS RPM GPM PSIG PSIG T GR. PRODL CT

PRESS. PRE SS. TE M P. SP.
$1(Ji 014 R11INING ( O.

O 11Wl(O Man (O
HI kt 1 Li S. ( 4tilOkN!4 41019-21 3 4"X 8 2550 640 80 925 80 .733 Gawhne
PAS ALH N A.11 N 4% 41030/35 2 4"X 6 3570 700 15 750 250 .94 l eed % ater
MOpit CHI MK tl ( O
blAtMONI.Il\M 41 % 6 I 1%" 10 3565 87.5 35 76511 RR % CHI MK'4L INI'L INC. .776 H)JrmerNnlOMI N140.10% 4 4tl4tl5 2 2S" 6 3570 315 20 760 240 96 Bl. userL.NION CA k hlDI CORP
G AR), INDI \N A

41126|27 2 2" 6 3550 244 15 500 250 1.0 B1SI Ut'OI s 8I i INING w tera
HI R(l LLS. Calli OkNI A 41138/39 2 1%" 4 3550 1 35 0 325 228 .95 Trmed H aterHi SS Olt %Ikt.IN ISL ANDS ( ORP.
51. t R'.JIN. \ lkGIN ISL ANDS 41154 1 2%" 8 3570 435 35 620 165 694 Hydimarbon

O
HI SS Oil \IRGIN ISI 4NDS( ONPs # $1 ( RolN.\lkGIN ISL ANDS 41155 1 2" 8 3570 222 10 620 275 6 38 Hydrmartain

'-

Hi SS Oil \ IFblN ISt ANDS CORP.
ST . r 40lN. \ lRGIN ISL A NDS 41156 1 2%" to 3570 435 35 850 440 .723Hi SS Olt \ INGIN 151 ANDS CORP. H dimarb"n3
St. t kolN. \ lkGIN ISL ANDS 41157 1 2%" 10 3570 283 0 850 440 .723 HydraarNnDOH CHI MICAL (0
I Ri t PORI. TL X AS

41199 200 2 4*X 4 3570 755 Ill 554 230 .95STAND 4RDOIL 01 KI Nit.CKY w tera
PASC ALOL L A. MIS $1SSIPPI 41207 1 4"X 10 3570 *e x; 51 II61 250 .944 l eedw at er

Bailer
ST AND ARD Ott Of C4Lli .
L A H AHR4. 04Lil ORNit 41211 1 2'1" 12 3580 33 0 0 1650 100 1.006 Sah % aterST 4ND4RD OfL OI Calli .
L A H ABR A C ALH ORNI A 41210 1 2%" 10 3570 400 0 !!25 100 1006 Salt w aterHL MHLI OIL & Ril .(V
B4 TON ROUGt. LOL!$14N4 41260/61 2 1%" 8 3570 142 15 700 125 .852 Hydrocarbon

AromaticLL PASO PRODt CTS (O
ODI SSA. TI A AS

41317 L 4"X 8 3800 600 700 1300 80 .57 ButaneO PHILLIPS PITRCLt.UM
PUtR10 R'w

41374??5 2 2" 6 3550 225 14.7 590 100 .855 To Luene
PHILLIPS PI TROLILM
PCI R TO RICO

41376/77 2 1%" 6 3570 85 0 520 100 .86 Benzene
%YCON CHIMICAL
OlI YLNNL. %)OMING 41402/03 2 2" 6 3560 224 5 495 244 .953 Feed water
MOBIL Olt CO
BE At:MONT.TLAAS 41434/35 2 6"X 4 3570 1495 60 545 110 .71 Naptha Charge
KU% AIT N ATION4LPI T.CO.
SHUAIB4 KL% AIT

41477/78 2 3 '' 8 2970 465 70 535 110 1.0 Lean Amine
CALTI A OIL
R 4LNHIIM. GER M ANY 41488-90 3 6"X 6 -

-

STA ND A RD OIL 0F Calli'.
%HITTil R. calif 0RNI A

- - -
- H aier i

41527 1 2%" 10 3570 400 0 !!25 100 1.006 Brme nster
ASHLAND OIL & Ril.CO.CANTON, OHIO

41535/36 2 2%" 6 3550 580 234 800 300 .745 Gas Oil

'

ASHL AND Olt & Ril . 00. I

CANION, OHIO j41541/42 2 3" 10 3550 575 85 850 330 .60 Naphrha
|

A5HL AND OIL & RIl'. (U.*

CAN TON. OHIO
41543/44 2 2" 6 3550 430 237 '790 100 .78 NaphthaST AUIl'i R CHLMICALS (V.

HOUSTON. TEXA5 4l581/82 2 4"X 4 3570 840 Flooded 600 228 .952 Water
AMI RICAN I NK A CORP.
LO% LAND. Tt NNI SSE L 45600/01 2 4" 4 3900 630 Flooded $45 240 .946 Feed Water

g . CITIES SI RVICE Ott CO.
LAKI CHARLES. LA. 41605 1 2" 6 3570 210 67 600 304 .92 Water
WARRIN Pf1ROLIUM
MONT BE LVit H. Tl XAS 41646 8 2%" 4 3860 425 15 550 250 .9431 Hot Water
DRLS$f R f NGR. CO
t T. STOCKTON. TEX AS 46148/49 2 4"X 8 3550 700 10 1210 90 1.06 -r> MLA-

Diastycol AmineDRISSIR LNGR. CO.
FT. STOCKTON. TEX A5

46 tSO/51 2 3" 6 3550 ' 750 1870 230 170 1.07 orMLA
Dasslycot Amine

O KUWAIT NATION AL PLTROLIUM
DRLSSI R TNGR. (R
IT. STOCKTON. Yl x45 41652 1 2%" 8 3820 350 10 1210 70 . 1.06 osMLA

Disslycol Amine
SHLIA84. Ellw AIT 41659 I 3" 10 2950 524 20 490 llo .705 Light Naphtha

8

.___. _._ - -mm.m.+3



.

CL'STOMER a PL'MP NO. NO.
St'CT. DISCH. PL'MP

LOC A TION No. 1; NITS SIIt STGS. RPM GPM PSIG PstG 4 GR. PRODt CT

PR ESS. PRI SS. Tt MP. SP.
.

Ett% AIT N ATION AL PE TROLIUM
SHL AIBA kI'w AIT 41661/62 2 6"X 8 2950 847 25 706 110 6R$ Naphthan. N ATION AL IR ANIAN Olt 00'

) TlHR4N. IR AN 41680/83 2 1%" 6 2950 50 10 247 100 65 H(V PHILLIPPS PI TROLI LM'

Sil NY. Tl X A5 41781/82 2 1%" 6 3570 75 13 525 125 947 w aterSHE LL Ott CO
%OOD RIVt R. ILLINOl$ 47193 1 6"X 8 3570 1210 115 1185 50 785 A PI

Lean Oil 44 4*
SHI LL OIL CO
HvoD Rl4 LR lLLINOIS 4t?94 1 4"X 8 3570 1196 225 1150 72 .74 H>Jros a honCAROLIN A I ASTM AN r

COLL MblA. 5 C. 41856 58 3 2W" 8 3550 440 24 835 267 934 l eed w ier
Bmkr

SUNTIDI kliINING CO. a

CORPt'S CHRisit. TI N AS 41866 1 2%" 6 3570 200 260 640 345 656 H(SL'NTIDI RIllNING CO
(URPL S CHRISTI. TI \ 4S 41867 68 2 2%" 6 3570 200 10 660 105 828 Bensene

i

KORI A Olt CORP
LILSAN CITY. KORI A 41944/45 2 2" 8 3570 215 0 585 100 .709 Hydra.rtwnAMONIACO I SP4NOL S. A
MAL 4G4. SP4IN 41992 1 1%" 6 3600 6_ 2.4 425.7 150 642 NaphthaMOBIL OIL CO
BI ALMONT. Th % AS 42027/28 2 4"X 8 3550 800 312 750 110 47 PropaneTL A 40). INC.
t NGLI POINT. NI % JI RSt Y 42031/32 2 1%" 10 3550 85 0 702 100 854 T olueneN ATION 4L IR ANI AN OIL (O
Tl HR AN. BR AN 42102<i4 3 6"X 8 2950 900 6 810 225 95TR ANSH ISTI RN PIPE LINL w tera

riOil.TlXAS 42182|83 2 4"X 6 3700 700 0 1050 130 1 07 SultmolIL P4SO NATURAL GAS CO
I ARMINGTON. N1 % MI X K'O 42191/92 2 6"X 6 3800 1600 50 960 90 815 HC lean Oil

,m
/ O TI SNE G) OIL COMPANY
! 4

CH4LMETTL. LOl'151ANA 42221/22 2 2%" 6 3570 247 10 780 228 95 Hoi % ater
x

CF LANLSF CHLMICAL CO.
BISHOP, TI X AS

42225/26 2 4"X 6 Ja00 900 5 832 220 .915 % ater

-

imMPANI A ESPANOLA DL PETRO,
/ ALGLCIR AS, SPAIN 42262/63 2 3" 10 2900 385 15 810 25 0 .94 4 4 crSHELL OIL CO.

%OOD RIVER. ILLINOIS 42268'69 2 2%" 8 3550 290 12 196 225 .953 E aierAMF RICAN MI SSIR CORP.
BROOKLYN.NLw')ORK 42271/72 2 1%" 6 3550 120 5.6 500 100 .88 MethanolTLx 4C0. INC.
EILMINGTON. CAlfrORNI A 42287|88 2 3" 6 3570 470 2.85 563 94 .91 D m hed

Met hanol &
TEXA W.INC.
CILMINGTON CAlllORNT 4 42295/96 2 4"X 6 3570 640 21.4 631.4 95 .782 MethanolHl'MBLE OIL CO
GARDI.N CITY. lot |SI ANA 42320 1 6"X 4 3600 800 25 676 267 92 f eed w ter

Boikt
AME RICAN OIL COMPANY a

TLXAS CITY. TEX AS 42321 1 1%" 8 3560 70 0 712 190 .9667 CondentreCONTINE NTAL OIL (V.
LAKE CHARLES. LOUISIAN 42347/48 2 3" 8 3570 $30 16 776 240 95 81 naterASIATIC PITROLLUM
DURBAN. SOUTH AI RfCA 42360/61 2 2%" 8 2960 332 66 578 446 91 11 G.O. A Asphalt(VMBINE D LOrg S PArt R (V
(VMBINED LOCKS, %ISCONSIN 42368 1 2%" 10 3570 400 28.54 1928.54 250 947 I ced naver

goije,
AME RICAN POTASH A CHEM CORP.
TRON A. calif 0RN14 42369/70 2 4"X 4 3570 750 62 880 280 .93 u nterSTAND ARD OIL CV. 0F CALII'.
INGLI. WOOD. CALII, 42379 1 4"X 8 3570 730 15 1215 100 1.025 Brine waretASHLAND OIL & REFINING CD.
LOUISVILLE KE NTUCKY 42385 1 1%" 10 3570 144 50 650 100 .735 NaphthsASHLAND OIL A RFFININGCO.
LOUISVILLL. KINT' ICKY 42386 1 2" 10 3570 180 80 700 400 .57 NaphihaII ASHLAND OIL A RErlNING CO.
LOUISVILLL. KE N'TUCKY 42387 1 2" 10 3570 180 to 700 400 .735 Naphtha

,

CONTAlWER CORP.OF AMElt.
CALI, COLOM BI A

42477/78 2 2** 10 - 3550 235 60 1000 298 .92 f eedmaterSILADELPHIA. PENNSYLVANIAN OIL COMPANY

42479/80 2 3" 10 3550 410 10 800 300 .664 Light Naphtha

9
. m w w --.v w r - .= - - - c...,~._,_._....__..
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SUCT. DISCH. PLMP

(TSTOME R & PL' M P NO. NO. PRLSS. PR E SS. TIMP. SP.

L OC ATION NO. l' NITS S12 k STGS RPM GPM PSIG PSIG *F GR. PRODI CT

~ ANGl Li S. C Alli . 42465/86 2 2%" 6 3550 405 66 658 250 .958 % aterTI A ACO. INC

Steam

J ANGE LLS.( Alit . 42507 1 1%* 8 3570 153 5 7 25 210 .96 Condenute. 00. INC.

HI NDL RSON. KI NTLTA) 42588|89 2 3" 10 3580 6 35 10 972 338.7 .887 W aterCITY 01 HI N DI R SON

SANT A II SPRINGS. C Alli . 42601 1 2" 10 3550 200 0 920 100 .775 NaphihaPO" t RINI Ott CO.

Cauu w

CH ALMI TT I . LOL IS14N A 42604 1 3" 10 3550 420 5 1200 110 1.11 Solut enTt NNI CO Olt CO

Boder

BIALMONT flX45 42644/45 2 4"X 6 3570 850 24 655 250 .94 F eedw aterMOBIL 011 C9

% ater 92 % Tflhn
L'NION C ARblDI CORP.
Tl N AS CllY.11 A AS 42648.49 2 3" 6 3570 800 965 150 291 10 Gasa Liq 81

Water Ph8 9 /

TI AAS CIT). Il 44S 42650/51 2 4"X 8 3570 1000 12 1086 221 95 0.04 % Alchoholt NION C ARBIDI CORP.

ST AND 4RD olL CO. 01 C 4Lil .
E HITTH R. C Alll ORN14 42652 1 2%" 10 3570 440 100 1200 100 1.006 Brme w ater

ASHLK)%N. 4Rk ANS AS 42746/47 2 6"X 8 3570 1350 400 1170 280 .92 F eed * aterBRO %N & ROOT. INC.

SOL THI RN C AL IDISON
S AN ONot Rt NL Ctl AR GI N. STA 42768 I 2" 10 3570 235 15 1050 90 1.0 % ater

CO AST AL ST ATis Pt T. CHI M
CORPt S CHRIST 1. TI A AS 40836 1 1%" 8 3570 85 50 660 93 .847 HC

GOODil 4R TIRI & RUBBl R CO
BI AL MONT. Tf X45 42821-23 3 4"X 6 3565 910 10 575 240 .95 f eedwater.Ph8

Gl'Lt R LI INING CO.
D4tLAS.TIAAS 42858 1 4"X 6 3580 700 0 590 AMB. .735 Hydrocarbon

Steam
Tl N 4( O. INC.
LOS ANGl LI S.04LilORNi t 42859 1 2%" 8 3570 416 4.8 759 8 210 .96 Condenute

NORTil%I STI RN Ril ,00

ST. Pr t L PAR A. MINNI SOT 4 42870 I 25" 6 3570 345 0 350 100 .75 H ydrocarbon

-

9I AND ARDOILCO 06 Calli'.
RTH%1STI RN Ril . (O.
P WL PARK. MINNI SOT A 42872 1 2" 10 3550 170 0 865 100 .84 Hydrocarbon

Od l'ield

INGLl%OOD. ( AlllORN14 42910 1 4"X 8 3570 7 30 15 1215 120 1.03 Bnne w ater

Od i wid
$1ANDARDOltCO 01C4lli.
INGLl%OOD. 04Lil ORN14 42911/12 2 4"X 8 3570 730 15 1215 120 1.03 Brme % ater

TRANS$ ISTI RN PIPI LINI
PYOTI.TIAAS 42926/27 2 2%" 10 3570 440 0 1074 100 1.0 15181 Amme

751 % ater
l'NION 0 %RBIDI CORP.
Tl 44S CITY.T14 45 42932/33 2 3" 6 3550 480 0 710 101 1.024 25't Dathanolamm

AMIitR AN 011 00
Tl %AS CITV. Tl X A5 42936/37 2 1%" 6 3570 153 1 474 150 .98 %:ver

GRI AT NORTHl RN Olt (D.
PINI Bl ND. MINNI SOI A 42999/00 2 4"X 6 3575 713 0 575 225 .956 Water

SL'N OIL (U
TOtt DO. OHIO 43017/18 2 6"X 4 3570 1000 12 564 216 .96 water

ASHL AND Olt & EllINING CO
C ATLI TTSBL. Rb. KI NTL'CKY 43053/54 2 2%" 6 3550 350 100 675 100 .75 Cyclohe=ane

MON 54NTO (O.
l . GRi l N400D. 5 0, 43061 1 1%" 6 3570 148 5.3 510.3 228 .952 % ster

t NION TI X45 F1TROLICM
RAYNI.LOllSIANA 43101 1 2" 8 3550 160 60 775 307 .916 Deserated Water

Hish %sc. Iuel Od
sot'THI RN C ALil . I DISON
U ATSON PI MPING A HTG ST A 4312423 4 6"X 4 3570 1750 800 1400 200 .978 "C" t uel Dispi. Od

Boder
(OLL MBI AN CARBON
L AKl ( H AR Ll S. LOLISI AN A 43217 1 2" 8 3575 250 30 775 267 .93 f eed*ater

SCN OIL CO-
MC ALLI N. TI % As 43140 1 2%" 6 3550 589 360 930 13 .615 HC

MIL LSTONI POINT CO
12 4TI RI ORD. CONNI CTKTT 43159/60 2 3" 10 3570 540 80 1190 150 .980 Water

II.G.O. A
ASI4 TIC PtTROLSOM
DU. BAN 50. Al AICA 43168 l 2%" 8 2960 332 66 578 446 91 Asphalt

.

Boiler
LLil R CARBON & CHLM.

LASKA 43245/46 2 4"X 6 3570 685 - 25 750 230 .955 t eed*ater

IRGIN ISL ANDS W ATTR A PwR
ST. T HOM AS. VIRGIN ISLANDS 43255/56 3 3" 3 3570 630 23 885 263.7 .94 ~ Water

]
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SUCT. DISCH. PLMPCUSTOMER & PL MP NO. NO. PRESS. PRESS. TE M P. SP.e
LOCATION No. UNITS SIZE STGS RPM GPM PSIG PSIG T GR. PRODUCT

SO SE RVICI S
BARRY STE AM PLANT 43261 1 4"X 6 3570 750 83 753 250 942 w ater

l i
{,' S AN J ACINO G AS PROCE SSINGALADI A PARISH. LOUISI AN A 43275/76 2 1%" 6 3550 162 280 480 51 .482 HC

SAN JACINO GAS PROCESSING
ACADI A PA RISH. LOUISI AN A 43281/82 2 IW" 6 3560 95 5 425 225 .953 l eed*ater

COLUMBI A NITROGI N CORP. Treated
AUGUSTA.GI ORGI A 43299 1 3" 4 3550 690 40 420 266 .94 w ater

K ANSAS CITY POWf R & LIGHT
K * NSAS CIT), MISSOURI 43300 1 6"X 4 3550 1788 160 678 350 .95 w ater

HERCUll S INC. Ol~ WILMINGTON
PL AQULMIN E . LOUISI AN A 43304M5 2 6"X 8 3570 1000 15 1300 250 .94 f eed*ater

PAN AMI RICAN PE TROLE UM
FOX CREI K. ALBl.RTA,CAN ADA 4331316 4 2" 10 3570 466 300 1075 115 1.08 Lean soi ent

STANDARD Olt CO Ol- CALII.
t|HilTER. CAlll ORNI A 43341 1 24" 10 3570 440 100 1200 100 1.006 Brine nauer

PETROBRAS
RIO DE J ANilRO, BR AZIL 4336446 3 4"X 6 3575 650 15 805 250 .942 w ater

ABADAN PETROCHEMICAL LWhtAB ADAN, IR AN 43367/68 2 2" 10 2950 125 200 625 90 .49 Hydrocarbon

ABADAN PTTROCHLMICAL LyhtABADAN, IR AN 43369 1 1%" 10 3550 830 30 750 228 .952 Hydrocarbon

PHILLIPS PETROLIUM CD.
AVON, CAlllORNI A 43445/46 2 4"X 6 3550 830 30 750 228 .952 W ater

HUMBLF OIL & REFINING
SteamB ATON ROUGL. LOUSIAN A 43451/52 2 2" 6 3570 298 124 660 212 .958 Condensate

C. PFl2ER & COMPANY
TERR A HAUTE, INDI AN A 43453/54 2 2" 8 3550 180 5 950 228 .45 l eed=ater
SUN OIL COMPANY
M ARCUS HOOK, PA. 43459/60 2 4"X 6 3550 750 13 640 240 .947 w ater

9 WESTINGHOUSE APD
BELL G ARDENS, CALIF. 43461 78 18 2%" 10 3570 650 80 - 300 .918 % :ter

,m CUASTAL STATES PETRO.
,

3 CORPUS CHRISTI, TEXAS 43483 1 l%" 8 3570 165 50 700 400 .842 HC
/

~./ ST AUF FE R CHEMICAL CO.
.HENDERSON, NEVADA 43525/26 2 4"X 8 3550 720 21 1835 229.5 .951 f eed=ater
AME RICAN OIL CD.
TEXAS CITY, TEXAS 43582 1 6"X 8 4600 1301 105 2145 100 .86 Oil
AMERICAN Olt M
TEXAS CITY, TEXAS 43583 1 6"X 8 4600 2488 1874 417 105 .606 HC
AVERICAN Ott CO.
TEXAS CITY, TEX AS 43608/09 2 4"X 4 3570 700 90 471 45 .431 Lean Od
MORGAN CITY LOUISIANA
MORGAN, LOUISI AN A 43635/36 2 2%" 10 3570 450 78 1004 313 .910 Water
TENNE CO MIG. CO.
PASADENA, TEXAS 43667 1 4"X 6 3570 700 !$ 750 250 .94 l'eedmater

BIG THREE INDUSTRIAL GAS A EQUIP.
Bl.1 PORT, TEXAS 43691 1 2%" 8 3570 315 20 1000 260 .938 W ater
ALLIED CHEMICAL

BonerBATON ROUGE, LOUISIANA 4373432 3 3" 10 3550 500 21 1111 260 .9 38 i eedwater
AMERICAN OlL COMPANY
TEX AS CITY, TEXAS 43769/70 2 2%" 6 3550 327 5 550 240 .945 Water
STANDARD OIL CO. OF TEXA5
EL PASO, TEX A5 43785/86 2 2%" 6 3550 900 62 565 287 .928 feedwater
IMPERIAL OIL
REDWATER, ALBERTA. CANADA 43813/14 2 4'*X 6 3570 701 24 6 842 254 .94 Br eater
SOUTHWESTFRN OIL & REFINING
CORPUS CHRIST 1, TLXAS 43817 1 3" 4 3570 600 0 482 250 .94 Treated Water
HILL CHEMICAL COMPANY

BoderBORGER, TEXAS 43437/38 2 1%" 8 3570 120 243 714.5 250 .944 f eed ater
CONSOLID ATED EDISON CO. OF N.Y. s

NEW YORK CITY, N.Y. 43848 I 8%"- 10 3550 130 5 927 220 .955 Water
,

- i* TRANSWFSTERN PIPELINE CO.
!

#
i ARD COUNTY TEXAS 43854/55 2 4"X 6 3700 950 0 925 .30 1.07 Sultino!

- SASOL
x SOUTH AFRICA 43856/37 2 3" 10 2950 360 254.2 654.2 103 .49 HC

SASOL
SOUTH AFRICA 4385840 3 4"X 8 2950 550 274.2 654.2 100 .476 HC

11
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SLCT. DISCH. PUMP
CL'STOMER & PLMP NO. NO. PRESS. PRESS. TEWP. SP.,m

| ) LOCATION NO. UNITS SIZE STGS RPM GPM PSIG PSIG *F G R. PRODUCT

r
'

(...ONTICATINI I DISON
N APOLI, IT ALY 43893 1 1%" 10 2960 65 63 640 120 .89 H ydrocarbons

NIPPON PI T. & RI I . (D'
JAPAN 43913 1 6"X 8 2950 1290 255 1205 140 .833 Hydrocarbon

COtt MBl4 NITRu;l N CORP. boder 4

i

ALGUS'I A.GI ORGI A 43914 1 3" 4 3550 700 40 420 266 .94 Icedmater

GL LI OIL CORP.
Pt R% IS. MISSISSIPPI 43921 1 4"X 6 3570 800 0 585 90 .844 HC

GLLI OIL CORP
S ANT A l l SPRINGS.CAtll . 43961 1 2" 10 3500 450 1230 250 7% .695 HC

NI TROGI N INC Boder

DON ALDSON\ tLLI . LOLISI AN A 43981 1 2" 8 3550 190 29 709 250 .944 t eed*ater

H All A RillNI Ril S
H All t 15R AI L 43985/86 2 4"X 10 2970 630 0 670 250 .63 Naptha

CIT) 01 O% 4TONN A
0% ATONN A. MINNI SOT A 4400s 1 3" 10 3570 480 100 1150 310 913 I cedwater

ClTil S St R\ 101
LALI ( H ARLI S. B OL1514N A 44019 I 3" 6 3570 460 0 600 200 .94 -

SINCL AIR kOPPI RS
PORT ARTHt R. Ti l 45 440$$ 1 2%" 6 3570 300 15 665 200 .955 f eedwatert

OXIX ANI CHI MirAL CO.
841 PORT. TI X AS 44056/57 2 2" 10 3570 240 12.5 955 120 .80 Organus

SOUTH %I S14 RN OIL & Ril CO.
CORPL S CHRISTI.Tl x AS 44059'60 2 3" 4 3760 490 0 470 80 .734 Neptha

I L P ASO N ATL R AL GAS 8 O. Duglyco-
00)ANOSA.TIX45 44069/70 2 4"X 8 3570 677 100 1200 95 1.052 lamme

i L P ASO N ATL R AL G AS CO. Duglyco-
(OY ANOS. Tt XAS 44071/72 2 3" 6 3570 788 1l70 240 172 1.056 lamme

I L PASO N ATUR AL G AS CO. Diagly ce
CA)NOSA.TLXAS 44073 I 25" 8 3880 372 to 1200 95 1.052 tamme

[G7 HR AIN PI T. (O
'

4HR AIN. AR ABB AN Gl'LI 44092 1 2%" 10 4000 455 30 1215 150 .875 Gas Oil

C A'ROLIN A PO%I R & LIGHT
H A R TSVIL Ll ,50. C A ROLIN A 44097 87 2 2%" 10 2550 300 23 1313 100 .994 Ocndenste2

Hi SS Olt VIRGIN ISLANDS CORP.
ST. ( ROl%. V!RGIN ISL ANDS 44099 1 2%" 8 3570 500 150 765 350 .66 Hydrocarbon

TtNNICO OIL COMPANY
CH ALMI TTI . LOllSI AN A 44105 1 2%" B 3570 338 40 700 200 .70 Naphtha

CL1TR AL i ARMI RS I i RTILill R (V. Boder
CC N ALDSONVILLI . LOL ISI AN A 44I15 1 2" 8 3570 190 29 709 250 .944 l eedwater

L'NION CARBIDI
BRAZIL 4416446 3 3" 6 3570 480 15 743 220 .96 f eedwater

0% t NS-ILLINOIS
TOM AH A% K, %ISCONSIN 44198 1 1%" 4 3570 80 15 423 250 .983 Condenote

t L PASO N ATUR AL GAS
Tl It Rt LL COU NTY. TLX AS 44199 I 6"X 4 4100 1500 I6 955 10 1.24 Organic Solvent

i L PASO N ATt It AL GAS
T L R R LLL (VUNT Y, TLX AS 44200 1 4"X 6 3600 800 16 955 10 1.24 Organic Solvent

HI SS OIL VIRGIN ISL ANDS CORP.
ST. ( ROl%. VIRGIN ISLANDS 44268/69 2 2%" 10 3570 350 0 850 440 .723 Hydrocarbons

AGIP 054 INC.
GROTTOLL. lT ALY 44270 1 3* 10 3050 $30 15.1 918 212 1.024 MLA

TE LLLPSI N PETRO CHt M.
TEXAS CITY, TLXAS 4427840 3 4"X 4 3570 1000 18 507 230 .95 Feedester

Et STINGHOUSI. PAD
FITTS80RGH, PLNN. 44288-95 7 1%" 6 3570 85 -- - 200 1.0 Water

(VMMONwI ALTH PETROCHLMICAL
PI NOt.L AS, PUERTO RICO 44330/31 2 l%" 8 3570 120 0 625 120 .841 Toluene

FISS OIL
ST. CRolX, VIRGIN ISLANDS 44338-40 1 2* 4 3550 270 15 440 250 .942 Feedwater

AMLRICAN OIL COMPANY Ethane-
TEXAS CITY, TEX A5 44389/90 2. 2%" 10 4900 475 535 1535 84 ..430 Propane

O'EMONT, ILLINO15NION OIL COMPANY
44401 1 4"X 6 3570 110 138 695 289 .65 Hydrocarbon

UNION OIL COMPANY
,

112 720 330 64 HydrocarbonsLI MONT. ILLINOIS 44402 1 6"X 6 3570 880

U.S. CHEMICALS
HAVER HILL, OHIO 44442/43 2 4X 6 3570 750 10 .700 227 .952 Feedwater

~ 12
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SL17. DISCH. PtMP

CUSTOME R A PUMP NO. NO. PRtSS. PRESS. TEMP. SP.

.
LOC A TION No. UNITS SilE STGS. RPM GPM PSIG PSH; *l GR. PRODt CT

( COMMON %TALTH PETROCHEMICALS
Pentane &

'- Pt NULLAS, PUERTO RICO 44478/79 2 2" 6 3570 250 185 490 100 .524 Liphier

HUMBLF Ott & Rf FINING
BAYTOWN.TLXAS 44494/95 2 6"X 4 3570 1100 20 647 90 82 k eruwne

COVMON% E ALTH PETROCHEWCALS
PLNUELAS PUERTO RICO 44599401 3 6"X 6 3570 1100 15 780 250 .94 f eedwater

( rude l ower
STANDARD OIL OF OHIO
TOLEDO, OHIO 44602 1 2%" 10 3570 457 25 750 130 .69 Naphtha

VIRGIN ISLANDS WATER A PO%IR
ST. CRO!X, VIRGIN ISLANDS 44678/79 2 3" 8 3570 6 30 37 893 265 .e 3 n ater

HESS OIL VIRGIN ISLANDS CORP.
ST. CROlX, VIRGIN ISLANDS 44592/93 2 6*X 4 3570 900 65 765 250 .942 * ater

Maldic Dntillate
CRt.0LE PETROLIUM CORP'
AMUAY. \ LNEZUE LA 4478547 3 4"X 6 3550 850 0 680 120 .83 Hy drotiner

F ARMI R CHI MIC AL ASSOC.
TUNIS, NORTH CAROLIN A 44788/89 2 2%" 6 3570 350 33 653 240 947 l eed* ater

SIGN AL Olt A G45 CO.
HOUSTON, TEXAS 44801 1 2%* 8 3570 300 0 727 100 87 Hydrosarten

MOBIL OIL DE VEM201LA
VENE2UELA 44857 8 2" 8 3570 254 38 648 500 .7 35 fly drocction

MOBIL Ott CORP.
DURBAN. SOUTH AFRICA 44826/27 2 4"X - 4 2950 475 13 350 60 .85 Crude Od

CITIES SE RVICE OIL CO
LAKE CH ARLES, LA 44907/08 2 3" 10 3570 458 4 832 105 .794 %J-Dntdiate

CENTR AL TERMICA DE ACtCA
SPAIN 44911 14 4 2%" 10 2950 343 350 1150 220 .925 l uel Oil

Ga hne &
ATL ANTIC PIPE LINE CO.
ALTOON A, PE NNSY LV ANI A 44915 1 6"X 8 3570 830 37 1847 ATM .R56 twnxeod

F ARMt R$ UNION CLNTR 4L EX
LAURE L. MONTANA 44927 l 2%" to 3950 450. 0 1205 100 .87 l uel Ods

CARIBBF AN t,ULF R0rlNING
- SAN JU AN, PUERTO RICO 44950 I 2" 8 3550 225 15 625 350' .665 - Hydrocarbons

'O' EL PASO N 4TUR AL GAS CO.
PUCKETT COUNTY, TEX AS 44953 1 6X 4 4100 1500 16 986 10 1.25 organ Solvent

t L P ASO N ATUR AL G 4S CO.
PUCK ETT COUNTY. TEX AS 44954 1 4"X 6 3940 800 16 986 10 1.25 Organic Solvent

.
.

MAR ATHON OIL CO. .

2 . 2%* 8 3570 425 21 836 254 .94 Condenute
ROBINSON, ILLINOIS 44957/58

. Roder
Ti XAS t ASTM AN CO.
LONGVil W. TLX AS 4497840 3 3" 6 3780 575 24 - 749 250 .944' I cedw ater

-

-

STANDARDOIL01 OHIO -

740 25 825 265 .915 n ater
LIMA. OHIO 45028/29 2 4"X '6 3570

Iwere hate 555.?-
STAND 4 RD OIL Ol' OHIO
LIM 4. OHIO . 45057 ~l 4"X 6 3570 570 15 494 . 304 646 59 6* API

Treated Ikeerated
- MONSANTO COMPANY .

228 955 - Water
k Vt RETT. M ASS. 45064/65 - 2. .8%" 8 3570 96 15 680

GULI OIL CORPOR ATION -
SANT4 i L SPRINGS. Calli'. 45070 I 4"X 4 3600 600 - '20 600 240 I.95' I vedeaier

-. HoHer i ecJ
M AR ATHON OIL COMPANY
ROBIN 5ON,lLLINOl$ ' 45086/87 2 2%" '6 3570 328 246 818 219. .96 nater -'

CITY OF WILLM AR
WitLMAk, MINNLSOTA 45108 1 2%* - 10 3550 400 13 1213 225 - .954 l eedwater'

,

kNJ4Y CHIMICAL'
LINDtN, Ntw JI RSLY ' 45119/20 2 2%" ~ 6 3570 360 71- 450- '40 15 3 11 C' liquid.

. : Boder i ced
OXOCHEM iNTI RPRISI .

' 3" ' 6: 3570f- 550 = 20 597
.

.947 Water --PUtit10 RICO 45139/40 - '2. ' 239'

. hoder i ecd
' OXOCH4 M INT) RPRISI:
J PUI RTO RICO - 45141/42 - 2 1%" 8 3570 151 ~ :10 605 : 240- .947_ H ater .

UNION ELECTRIC
tR ANRLIN COUNTY. MISSOURI 45161/62 2' : 1%* 14 3570 - , 80 140 > 600 . ' 800 < ' . l .0 - ' D eser

UNION ELECTRIC CD.
~ 140' -600 i100 - - 1.0 - Water -FR ANKLIN COUNTY, MIS 8OURI : 45168/69 2 l%" ' 4- 3570 - to

c +. ~ 'IGESS OIL - .

. [ L ST. CROIX, VIRGIN ISLAND 45879 - I .2* 4 3550 270 . 15 440 .250 ; .942 : I eedester .-,

CELANESE CHEMICAL
pag 8PA. TEXAS 1 .45187 I- 2* $3 * 3550 - . 218 ' - !?O . 646- 1105 - ' .55 : Butane -

4- , i;

. L188A 01110 J45217 1 4"X
< . n seest l eed --

VISTRON COItr. ' . . le . | 3570, , 938 .. . Si . 1861 - . 250 - ; .96- ' Water : ,
'

y
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SUCT. DISCH. PUMPCUSTO4f R AND PUMP NO. NO. PRtSS. PRt 55. T E MP. SP.[- g \ LOC A YlON NO. UNITS Silt STGS RPM GPM PSIG PSIG 'I GR. PRODUCT
N
*) AMOCO chi MIC AL $ CORP. 45226/27

CHOCOLAIL B4)OU.TI N AS A 45342 3 4"X 4 3570 650 36 548 270 .945 % ier
i RIKSBI RG Mi k \1 RKST ADS AB
GOT i l#0RG. 5% 3 DI N 4E41 I 2%" 8 3500 285 43 995 261 .9375 Condenute
NORTH % i STI RN Rt i INING CO.
ST. PAUL P AR K. Ml%I SOT 4 45343 1 2%" 6 3570 38 0 145 621 240 .75 Hydrocarbon
SIGN AL Olt & G AS CO.
BAKI RSI || LD. CAlil ORN14 45359 1 2" 6 3550 250 0 466 100 .773 Naphtha
ST AND ARD OIL OI Calli .
HONOLULU, H4% All 45417 1 2%" 6 3550 35 0 5 448 77 82 Kerowne
UT AH CONST. A MINING (0

Boiler i eedSAN LOAN, PI RU 45418/19 2 3" 10 3570 530 40 1838 309 .92 w ater
HL'Mfill OIL & klI CO
LINDI N. NL% J1 RSIi 45425 1 2%" 6 3570 325 37 520 90 .79 Acetone & H O

2
01 IICI 01 SALINI % ATI R
ROS%1 LL, NI W MI NICO 45433 1 2" 8 3570 175 0 800 75 1.008 Seam ater

OlllCt Of SALINL % ATI R
ROS%I LL. NI % MI XICO 45434 1 2%" 10 3:70 175 0 1500 75 1.025 Seasater
%) 4NDOTTL CHLM.

E t hy.ene !Oude/GilSM AR. LOUISI AN 4 45501/02 2 2" 8 3550 118 52 580 150 .906 H 0 Soluimn
2MOBIL OIL CORP.

(V) ANOS4. TE X AS 45545 1 2" 10 3570 252 8 1150 132 .985 Solutwn
15%T'8 ML A

TI KAS L ASTM AN
LONGVIEW, Tt X AS 4556547 3 2%" 6 3570 365 22 720 250 .94 %:ter

Boiler f eed

I
CEL ANI.5L CHI MICAL CO.
BISHOP. TLX 45 45628 1 4" 6 3800 900 5 830 220 .956 Condenute

Deaerated

CITY OI LAKl% ORTH
LA Ki NORTH, i LORID 4 45645/46 2 4"X 8 3570 765 129 1115 346 .894 Water

Boiler Feed

i % I STINGHOUSE ILICTRIC CORP.
VARIOUS NUCLE AR SITIS 45648-55 8 2%" 10 3570 400 -

; !TXACO
- 300 1.0 Borated Water

\ j. ORT ARTHUR, TFXAS 45658/59 2 4"X 6 3570 810 9 710.7 60 .814 Kerowne
ICOPETROL
BARR ANCABI RML34.COLOMBI A 45665 1 4*X 4 3700 810 27 612 260 .94 Water

Boiler f eed

CAROLINA PO%E R & LIGHT
SKYLAND. NORTH CAROLINA 45700 1 3" 6 3560 625 110 466 350 .89 Condennie
MOBIL OIL CORP.
BE AUMONT, TLX45 45706/07 2 6*X 4 3570 910 0 500 180 .92 H.C.
COMMON %I: ALTH EDISON

,
ZION STATION 45796/97 2 3" 10 3580 495 1 1343 80 1.0 Water
COMMON %TALTH LDISON
ZION STATION 45798/99 2 3" 10 3580 495 1 1343 80 1.0 Water
(VMMONwl ALTH IDISON
ZlON STATION 45800 1 4"X 10 3580 990 1 1343 80 1.0 Water
COMMONWL ALTH IDISON
ZION STAllON 45801 1 4"X 10 3580 990 1 1343 80 1.0 Water
MAGMA (OPPER
SAN M ANULL, ARIZONA 45812 14 3 2%" 6 3560 422 36 652 240 .948 Condenmie

Deserated

F ARME RS CHIMICAL ASSOC.
TL h!S, NORTH CAROLINA 45857 1 2%" 6 3570 350 33 653 240 .947 Feedwater
Gull OIL CORPORATION
SANTA I L SPRINGS. Call!^. 45873/74 2 6"X 6 3570 1600 65 750 AMB .86 Dumi

Canolme or

HISS O!L YlRGIN SIALDNS
ST. CROlx, VIRGIN ISLANDS 45 % 1 1 6"X 4 3570 900 65 765 250 .942 Water

i THIRM AL SYSTI MS. INC.
OKLAHOM A CITY, OKLAHOMA 45964/65 2 2" 8 3550 200 14 > 690 250 .943 Water

. TENNICO OIL CO.
CH ALME TTL, LOUISI AN A 45995 1 3" 10 3550 475 0 805 145 699 NapthaI
KYUNG IN LNLRGY CO.
S.KORtA 46254 57 4 2%" 8- 3570 215 -2.2 830 215 .915 l'aet Oil
STANDARD Olt Ol' CAltl'.
l*0NOLU LU, H A% All 46022 1 2%" 6 3550 365 5 488 77 .82 Kerosene

GLAQULMINF. LOUISI ANAFORGI A PACITIC
4614345 3 4"X 8 3570 800 13 1253 227 .95 Feedwater

.

GULL OIL CO.
ALLI ANCL, LOUISI AN A 46166 1 4*X 8 3550 830 100 710 380 .706 Ligh FurnaceOil
UNIONOIL(U Of CAllt
RODLO, CALilOFNBA 46169/70 2- 4"X 6 3570 720 28 800 258 - .94 Soller Feedwater

14
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SUCT. DISCH. PtMP

CUSTOMER & PUMP NO. NO. PRtSS. PRESS. ItMP. SP.

LOC ATION No. UNITS Sill STGS RPM GPM PSIG PSIG T GR. PRODtCI

P PHILLIPS PETROLil M (0.
SAN ROQU L, % t Nt.2CI LA 46171/72 2 2%" 8 3450 323 120 850 90 x4 l e,n t ,d

NORTHI RN Pt TROCHI MIC AL CO
MORRIS. lLLINOIS 46183-85 3 6"X 6 3550 1100 93 85si 228 e3 f eed aier

SUN Olt COMPANY
1 ABUCAO, PCI RTO RK'O 46197-99 3 3" 6 3570 592 16 590 219 .940 t erJw awr

'

ConJenwic a
CITY 01 %IRGIN14
%iRGINI A. MINNI SOT A 46239 1 2%* 8 3560 340 24 906 240 94? MacLp

* GL LI Oil CO
At tl4NCI , L Ol lSI AN A 46240 43 4 4" 6 3570 750 0 795 22o 955 s ecJa. ace

H m tis
GL LI OIL CO
ALLl 4NCF , LOL Isl 4N 4 46252!5) 2 2" 10 3550 228 13 750 267 755 wmat u

Hi SS Olt VIHblN ISL ANDS
S1 CRolN.%IRGIN ISLANDS 46291 1 2%" 10 3570 250 0 550 4*l '23 H y dt i artu n

SHt L L CHI MIC 4L
HOL S TON.11 N AS 46292/93 2 2" 4 3550 265 35 382 2'4 O r andenwie

HARVli AL L MINUM CO.
ST. CROIN. \lROIN ISL ANDS 46314 1 3" 8 3880 590 27.2 1973 260 9b l erdw ater

l ue wi or
4TL 4NTIC RICHit i L.,
%H41COM COUN1),u AShlNGTON 46324/25 2 3" to 3570 418 69 1964 300 7h Sw . Od

A11 ANTIC RICHIil LD
%H %1COM COUNTY W ASHINGTON 46326,27 2 2" 10 3570 184 155 966 115 1 01 I c.n bl 4

SOUTH CAROLIN 4 INDUSTRIES
I LORI NCE, SOUTH CAROLIN A 46335 1 4"X 8 3550 980 20 950 250 943 l eeJu ater

( rude ( ondenvCONTININTAL OIL CO
% RE NSH ALL. MINNESOT A 46349 I 3" 6 3570 583 0 450 40 7 81 AHny

% 6 STINGHOUSI E LLCTRIC CORP.
PORT LAND GE N.1 Lt CT. CO 46368/69 2 2%" 10 3570 400 300 10 ft. rated % ater

AKF RGRUPPI N
STORD. NORH 4Y 46380/81 2 2" 10 3550 264 sh 1103 280 .928 l eedm ater

S CONCLPCION RITINTRY, CHILL
EN4P

46413 1 2%" 10 2980 230 25 525 340 635 Nartha

L'NTON CARBIDL CORP.
GARY, INDIANA 46429 1 2" 6 2550 244 15 500 250 10 Itoiler i vedw ate-

F ARMERS CHE MICAL 46459
TUNIS. NORTH CAROLIN A 46475 2 4"X 10 4000 770 - - 240 .947 llader l eedwate

CHINLSE PETROLE UM CO.
T AOUt EN. T AIW AN 46472/73 2 2" 6 4500 280 22 1062 240 .948 f eedmaier

ATLANTIC kiCHFIFLD I urruse Od w/
L. CHICAGO,1NDI AN A 46499/500 2 4''X 8 2570 928 30 960 125 .89 15 : Sulphur

S & Q CONSTRUCTION
SAN ARDO.CAltlORNI A 46517/18 2 2%" 8 3570 425 10 855 280 .947 l eedwater

HLSS Olt VIRGIN ISLANDS COR P.
ST. CROlX, VIRGIN ISLANDS 46520/21 2 4"X 6 3570 600 50 750 25 0 .94 l eedmater

PUt RTO RICO OLLEINS CO.
PUERTO RICO 46414/15 2 2" 10 3570 243 25 1000 190 .785 Dnpolene

DOUGLAS OIL COMPANY
f AR AMOUNT, CAlliORNIA 46606 1 2" 8 3550 265 5 649 100 898 Diewi

B AT A AN RIl lNING CORP.
BATA AN, PHILIPPINES 46610 1 2%" 8 3550 325 0 575 110 .71 H> drwarbon

AIR PRODUCTS & CHLMICALS
PACE. I LORID A 46725/26 2 2" 8 3550 220 5 755 250 .942 Boder i eedwate

GETTY OIL CO
DLLAW ARE CITY 46705/06 2 4"X 6 3570 580 18 849 230 .95 Boder l eedmate

AGRKO CHIMICAL CO.
BLYTHEVILLE, ARKANSAS 46722 1 6"X 4 3570 1300 27 683 248 .94 I eed H ater

AIR PRODUCTS & CHEMICALS CO.
PACE. F LORIDA 46725/26 2 2" 8 3550 180 5 755 250 .942 lioder l eedm ati

BELL OIL & GAS CO.s

! ARDMORE.OKLAHOM A 46839/40 2 2* 8 3550 214 5 508 100 .738 Hydrocarbon

ATLANTIC RICHFIELD CO.
W ATSON,CALIFORNI A 46863/64 2 2" 6 3550 205 0 455 121 0 64 Hydrocarbon

e WATSON.CAllIORNIA
ATL ANTIC RICHFIELD CO.

46878/79 2 2" 8 3550 . 232 30 498 157 0.592 Arentane

ATLANTIC RICHFIELD CO.
W ATSON, calif 0RNIA 46880/81 2 2" 6 3550 286 243 491 333 0.45 Hydrocarbon

ATLANTIC RICHFIELD CO.
HOUSTON, TEXAS 46886/87 2 6"X . 6 3570 920 4 661 216 0.68 H y drocarbon

,
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SL(T. DisCIL PCMPRh70MIR & PL MP NO. NO. PRt 55. PRE 5S. Tt MP. SP.LOCAllON %O. L NITS SIIt STG5 RPM GPM P516 PSIG *t GR. PRODLCl
! ATLANIN' RICHI|| LD CO( j HOL'SloN.IlXA5 46892/93 2 6"X 4 3570 1385 238 595 200 0 71 Hydrosarbon

A'l 4 NTIC R ICHI 11 L D 00
HOCSION. Il % 45 46894'95 2 3" 6 3570 466 301 660 100 0 76 knh Abioil
ATL ANik RN Hi ll LD( 0.
HOL STON.16 \ 45 46914/15 2 3" 6 3570 350 120 470 100 0 565 LwhiHC
All 4N11C RICHI11 L D ( O.
l . CHICAGO INDl4N A 46922.'23 2 4 "1t 6 3570 720 15 510 100 0 73a Napht ha
ATL antic R K'Hi ll L D CO
l . CHICA(,0.1% Dl 4N 4 46928|29 2 2" 6 3550 226 116 62: 235 0 95 boder l eed* ater
GRI AT NORTlH R% Olt CO
PINI B1 ND.MINNI sol 4 46948 1 3" 10 3570 445 10 860 350 0 77 No 2 f ue4 0d
41L ANIN' RK HI U LD(0.
PHIL 4DI LPH14, PI NN 46957/58 2 6"X 6 3570 1310 33 6 38 100 0 725 Hydrosarbon
4TLANTIC itK HI 16 L D ( O
PHIL ADl LPlH 4. Pt NN 46959 60 2 6"X 6 3570 1095 24 585 289 0 672 Hydrosarbon
ATL ANTIC RK'HI H LD(O
t ( HIC WO. INDI b 4 46989'90 2 4"X 6 3570 690 190 570 200 0 70 Naphtha
HI 55 OIL \ ist(,IN ISL ANDS

H,d rmarbon5T ( ROIN %IRGIN ist 4NDS 46998 1 2%" 8 3570 467 35 627 275 0 69 Luial
AB GOT 4VIRkl %
Gott BORG. Sul Di N 47005 1 2%" 8 3550 264 78 1080 297 0 920 f eed*ater
AkiRGRLPPIN
STORD.NOR%4) 47006 1 2" 10 3550 265 63 1895 280 0 928 f eedaarer
ST AND %RD()ll((3(H C4Lil .
PASC 4GOL L A, MI5515hlPPI 47023/24 2 4"X 8 3570 575 7.3 936.3 100 0 765 Naptha
S T AND \RD OIL 00 01 C4Lil
IL P450 Ti \ 45 47025/26 2 4 '' 8 3570 575 7.3 936.3 100 0.765 Naptha
ST AND %RD Of L C0 01 ( 4Lil .
I L $1GL NDO 47027/28 2 4" 8 3570 575 154 8 9 36.7 100 0 72 N4Piha

m L'.51 CHI MM AL5 CO
f TL 5 COL 4 lLLINOlh 47029 31 1 2% 10 3570 226 27.3 1153 225 0 95 Proceu % sterkj l .51 CHI MIC AL CO.

TL5 COL 4. lLLINOl5 47032/33 2 l%* 10 3570 122 140 8 999 135 0 995 Scrudt>er n tera
LS.1CHIMM4L(u
TCS( UL A. lLLINOl4 47014/35 2 2" 10 3570 220 69.5 1005.7 135 .8887 120 Proof f thanol
ST AND4HD Ott of ( 4til
INGi l % OOD, C A LH OR N14 47036-38 3 4"X 8 3570 575 15 1215 120 1 03 w ater

Odfekt Brine

i 4L(0%bRIDGl DOMINK'AN 4
,L TiLi R.11 A 45 47047,48 2 2%" 8 3550 220 0 646 150 0 736 NaPiha

Ol'u t R ST 4|t OIL Ril CORP.
( ON(,0. % . 4. 47054/55 2 1%" 10 3570 119 0 575 loo 0.722 Hydrocarbon
HL Matt Olt & R11IN1%G CO
Blill%G5. MONT A% 4 47069'70 2 2W" 6 3570 356 16 485 370 0 48 Kerowne
ATL ANilf RICHill LD 00
CHI RRY POINi kil .. H A5H- 47081 1 4"X 8 3570 782 10 897 220 0 957 Boder teedwater
i L P ASO PltODt CTS
001554, il 1L 45 47088/59 2 2%" 8 3570 400 18 780 230 0 953 n' aver
ATL ANilC RM Hill LD CO
('HI RRY Pol %i Ri l .. % ASH 47082 3 4"X 8 3570 782 10 897 220 0 957 Boder tecdearer
C4klBBl AN GL LI Illi (D.
C4Y AMON. Pt i R TO RND 47104 1 2" 6 3550 250 30.2 458 300 0 66 Naptha
CAklesl 4N Gt;LI Ril CO
! \Y 4 MON. Pt'I R TO RICO 47105/06 2 3" 8 3570 420 95 7 835 250 0.744 Dmdlaie
RlYNOLDS MIT ALS CO.
GltlGORY, TEXA5 47110/11 2 3" 8 3570 628 60 $15 298 0.921 Boiler tred=ater
LIOCID CARBONIC
Gil5MI R, LOC 151AN A 47117/18 2 2%" 10 3570 138 5 953 228 0 952 Boiler l eedesier

Deserated

OKIR ANI:
I4.3 952BA) PORT.TtXAS 47820/21 2 3" 10 3550 510 PSIA PSIA 120 08 OrBanics

STAND ARD OIL OT CAlil .
30 1030 Oilrend seineLA H ABR4, CALil ORN14 47153 1 6"X 6 3580 1020 PSIA P514 105 1.004 n ater

- PHI LPS.DODG1 CORP.
2 1002' MORLNCl, Alt!lON A 47154/55 2 2%" 8 3550 352 PSI A PSIA 230 0.95 3 Condenssie

E ' TEXACO.INC.
BLRHICK. LOUlstAN A 47 t ?)/74 2 3" 6 3570 480 5 720 230 0 952 Water
CITIL 5 5t RVICI HLLE X, INC.
HKKOK, K AN545 47193 1 4"X 6 3840 1050 15 765 236 0 95 f eedwarre
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St C1. Disfil. Pt'MP
CL'STOMIR AND PL MP NO. NO. PRI SS. PRl55. TIMP. SP.

O(T)NTIN! %T4L Oil CO
LOCAllON NO. LNil5 $12L STG5 RPM GPM PsIG PsH, 1 t,k. PhoDtCT

.

[ LA Kl. CH ARLI S, Lot 1514% 4 47231 1 4"X 8 3570 650 6 7v6 110 0 74 % pht ha

xs PETROLIO BR ASILLIRO 5 A Gn.line Dicwl
BR ASIL 4 730 3416 4 4*X 8 3570 675 14 9 1054 104 0 95 Oil

3ONI & L4t GHLIN'
AllQL IPPA. PI NN A 47310k!2 3 6" 8 3570 900 1150 267 0 947 % ster

MOh!L OIL (T)RP
TO R R AN( 1, CALil . 47313 1 3" 6 3570 $00 7 657 220 0 965 w aie,

o MOBIL Olt ('OR P
T M K4NCL, Calli. 47384 1 3" 6 3570 600 7 6 35 220 0 965 n tera

Hl 55 0ll % IRGIN 15L AND
ST. CRol\. \ lkGIN !5L AND 47315-18 4 2" 4 3570 290 15 440 250 0 942 l eeds ater

C11115 51 R\ICI OIL CO
L AAI CH A R Li f, Loll 514N A 47325/26 2 6" 4 3570 1001 0 4'5 120 0 74 H> drourbon

A5HL 4NDOIL & RI|l%ING
CANION OHIO 47359 1 2" 10 3570 Soo 120 143n 375 0 70 ca Oil

ASHL AND Olt & RI flNING
( AN IC '.. OHIO 47360 1 2" 10 3570 500 160 1415 100 0 67 Napht ha

PHiliIPS PtT ROLIl'M CO
BORGl R. Il X AS 47381/82 2 3" 6 3570 575 60 513 150 0 715 Hydrmarbon

bl%ICLOR 5 4 Conden sate
B 4RCE LON A. 5P4iN 47383-85 3 23" 10 )S50 444 42 8 999 8 260 093 f eeJ. 'er
V;NICLOR S A. Condenute
8 4RCI LON A. SP AIN 4739495 2 IS" 8 2950 44 107 $13 212 0 956 f eeJeater

INSil't TO % i NI ZOLANO
DI Pl IROOllMIC A
IL I ABLA20. \lNI ZLI.LA 47410-13 4 2's" 8 3550 486 - - 284 0 926 l eedw aier

MONTI C ATINI i DISON SPA
PORIO 4 4RGHI R A 47427/28 2 1%" 8 2950 53 82.5 452 104 0 784 Hydrourbon

ROC A ISL AND RIi1%ING CORP
INDl 4% APOLis.1%D14% A 47459,60 2 2%" 8 3570 320 20 565 100 0 70 Nartha

'

INSTITL'TO VI NI ZOL ANO
PITRCQLIMICA
I L T ABLAZO, \ t NI ZLI LA 47512 14 3 3" 8 3570 480 20 4 845 8 240 0 94 n ater

P4CllIC P% R & LIGHT & ID 4HO
P% R CO . 314 BRIDGE R PW R PLANT /
%)OMING IONii l) 47549/50 2 1%" 4 3570 60 180 637 1 30 10 H ater

P40111C P% R & LIGHT & ID4HO
P% R CO . J14 BRIDGE R P% R.
PLANT /%OMING tLNIT 2) 41555/56 2 1%" 4 3570 60 180 637 1 30 1.0 w ater

P4CilIC P% R. & LIGHT ID 4HO
P% R CO , JIM BRIDGI R P% R
PLANT /%OMING ILNIT 3) 47561/62 2 l%" 4 3570 60 180 6 37 1 30 10 n arer

SUN Olt CO
TLL54, OKLAHOM4 47603 1 2" 8 3490 245 0 650 120 0.76 L nd6ned NaPthe

ST ANI) A RD OIL CO Ol' CALit . Oilrnkl Bree
INGLl w ooD. CA L H . 47620 1 4"X $ 3570 575 15 1215 120 103 W ater

L'NION Olt CO Ol~ CALII'.
nlLMINGTON. 04Lil OR NI A 47636 8 6"X 5 3570 1213 135 1000 85 O SI 1 erbins i vel

HLDWN B AY OIL & GAS
ID50N, AL BI RT A 47672 1 4" 4 4100 1710 4l 1007 110 1 02 Tresime Solution

5 HILL OIL CO.
blNTL R A, CAlllORNI A 47683/84 2 3" 4 3550 500 - - 90 0 88 29* API ( rude

H4RVI Y 4LL MIN 4 00RP.
5T. CRott. VIRGIN !5L ANDS 47703 8 3" 8 3880 590 27 1073 260 0 938 - l eede ster

AMI RICAN Olt CO
% HITING,1NDI AN A 47724/25 2 4"X 10 3550 524 58 1598 241 0 95 H p drocarbon

AME RICAN OIL CO
% Hlil%G. INDI AN A 47730/31 2 2%" 10 3570 400 1 36 1178 110 1.0 Leon Armae

MOR PilY Ott CORP.
MI R AU X, LOLL 51 AN A 47745 1 3" 8 3570 $90 2 593 100 0 699 Hydrocarbon

ML'R PHY OIL COR P.
MI R AUX, LOLISI AN A 47746/47 3 24* 6 3570 410 250 560 100 0 505 flydrocarbon

MLR PH Y OIL COR P',
MI R AUX, LOUlsl A N A 47748/49 2 2%* 6 3570 335 250 560 800 0 503 Hydrocarbon

THilt mI AL SYSTF M51NC.
OK L AHO4 4 CITY,0KLAHOM A 47750 I 2" 8 3550 200 15 690 250 0 943 # aier

|
DRl55t it(LA R K lilv.

| OLI AN Niw )ORK 47761/62 2 1%" 8 3570 les - - 228 0 9$2 l eedester

I

t

1
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SLCT. DISCH. PtJMP/n Ct STO4t R AND PLMP NO. No. PR t 55. PRESS. It M P, SP.\

{v; f.UC 4110% No. 0%ITS Slft STGS RPM GPM PSIG PSIG 'F GR. PRODt CT

114400 Olt(O
S AN ARDO. C Atit oRNit 47763 1 2%" 8 3570 425 10 R$$ 280 0 947 f eeJ*ater
CR 4 INC.
(Ut i I )\11 Li . A 4%MS 47778 1 4"A 6 3570 365 8 608 130 0 684 H y d r* arbon

CHIN 151 P1 IROll t f ( OR P.
K AOHill NG.141H AN 47816'17 2 2'i" 4 3570 420 14 399 2 30 0 95 w ater

51 Oil CO 01 ( Al li .
I L 5t GL NDO.( 4Lil ORN14 47828'29 2 2" 8 3550 200 20 714 218 0 956 tioder f eedaaier

6111) OIL ( O
Dl L A% 4Rt (II), DI L4% ANI 47849 50 2 6"X 6 3570 1152 40 900 280 09) l eedm a'er

i NION Olt CO ll> d rmath.nLI MON 1, lL LINOIS 47856 1 6" 6 3550 880 112 720 330 0 64 SaturateJ uaHy

L NION Olt CO
88 4L MONI. Ti \45 47B5 7 I 4 '' A 6 3$70 660 65 739 140 0.758 H> drocarbon

INDI AN I 4RMI k51 i R T
1%Dl 4 47663 1 2" 10 2900 190 29 709 250 0 944 i cedw ate-

% i L P ASO PRODL CIS CO
M ODl u t. Ti \ 45 47865 1 4"X 8 3550 ano 700 1300 ar) 057 Bur a ne

54NDI4 CORPOR 4 TION Med wDe+nued
4L Bt 004 RQL I N Mi \h O 47875 1 2" 10 3550 250 0 1000 120 10 % ater

A) ONG IN t %I NGY
AORI 4 4'585 I 1%" 10 3570 1 35 24 650 365 0 634 H> drocarbon

Kit NG IN I NI RG)
LORI A 4?886 1 1%" 10 3570 125 28 692 225 0 697 Naphiha

A)L NG 1% i NI RGY
kOR14 47887 1 1%" 8 3570 106 45 660 170 0 742 Naptha

( HINT %I PlIROLI L M
K 40H5IL %. T Alw AN 47888'89 2 3 '' 4 3510 600 300 600 85 .75 JP4

L NION Oil (0 Of CALil . HtJrourbonO %1LMINGTON.C Alli . 47920 1 2" 10 3550 248 2.5 785 5 80 0.825 Dnt dlate

\j PL lillr L TILilli s BO ARD
BROWN 5 VILLI, il 445 47925 l 1%" 6 3550 160 19 519 225 .96 H aier

AMOL 0 CHlMK' AL5 (ORP
T L X 45 (ITY, Tt .tAS 47939 40 2 2" 10 3550 205 113 613 57 .515 Prop >lene

AMO( O CHf MIC ALS CORP.
TI AA5 (!!Y,11445 47943/44 2 2%" 8 3570 351 95 515 50 .529 Propane-Propylene

t.I DL PONT Di NI Mol R$
BlILI,nl ST VIRGl%I A 47963'64 2 2* 6 3550 200 - - 200 .963 % ster

GiTTY Olt CO.
B AKI R5t it LD,( 4Lil . 47977 1 4" 6 3560 775 20 855 240 0 947 Boder t'eedsater
GI TT Y OIL CO
R 4 A L R 5t it LD. C Allt . 47978/79 2 4"X 6 3560 775 20 855 240 0.947 Boder f eedmaier

A MI plc AN Olt ( 0 70+20
TE X 45(IIY, TI AA5 47993 I l%* 8 3560 Ma ti. 0 712 190 .9667 n ater Condennie

PIMCA 1% P
C A R AC A5. % I N120t L A 48033 36 4 3" 6 3550 570 45 552 234 0 951 n tera

il %Nt(O OlL 00
( H 4LMI TTI, LOLL 514N A 48139/40 2 3" 8 3570 600 50 725 240 0 951 Boder l evde ater

I L P A50 N 4Tt:R 4L G45 CO.u

JAL,Nin MitKO 48141/42 2 1%" 4 3550 125 250 618 273 0 93 nater
' DolGLA50ltCO

P4R AMOUNT, Calli . 44157 1 4"X 6 3550 600 0 750 150 0 895 Capod

Moull Olt CORP.
4.00051 A. K AN5A5 48154/59 2 2%" 8 3570 335 52 585 130 0.725 Hydrocart>cn

. CR A IN(*.
(Ul t f ivlLL), K AN545 48218 8 2%" 6 3570 307 90 527 250 0.655 Naphtha

MOBIL OIL (1)RPOR A TM)% 2il RNDALL,% AMilNGION 49222 l 24" 8 3570 335 55 Max. 585 130 .725 Hydrocartion

Pt TROLIOS WitK ANOS
AGL A Dt. LCF , V i h. 18AGU A DCLL t, VI R. 44237/38 2 2" 8 3550 200 30 700 68 90 Crude OG

> N AllON AL IR ANI AN OIL CO
i TLHR AN, IRAN 48239 I 6"X 8 2950 900 6 810 225 .95 Wates

(T)NSUMI R$ PO%FR 5MAP.YV5ILLI., MICHIG AN 48248/49 2 2" 10 3570 24f SO Man. 800 135 .797 Hydrocarboa

PHILLIP5 PITROLil'M (U.
R AN545 (liY, K ANS AS 48280 2 6"X 6 3550 825 20 885 259 .937 Boder teed Water
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F CT. DISCll. Pt W
CL SIOMB R AND PtMP NO. NO. Pal ss. PRi ss. T o d P. se

t(n 4110% No. L N!!S Sl/l STh% RPM OPM PSH, P%Ib 1 bR l>Rf o nt t |

CO LST4 L $1411 S Pt T RO.
CORPt 5 CllRISTI. Tl % 4% 44243 1 2" M 3550 220 0 ?00 Hio 92 %.' -(N

CON 50 LID A TI D I DISON
L ONG ISL WD(IT), NI% )ORK 4003-05 3 2%" 4 3570 360 50 462 22b 95 %

* PI TROLI05 Mi \lf 60% IM
4GL'A DLICl,\lR 4Mhl7 1 2 k 3550 200 30 7?u 6M ve ( r mh ' hi

A5HL WDOlt A AlI CO
ST. P AI L P AR A, Mlut SOT s 48346 1 2" 10 3570 500 120 1430 375 'O bn < ni

* ASill WD Oil & RI I CO
'T P it L P tR A. MlWI SOT A 4h347 1 2" 10 3570 $00 160 I414 6' Y >

GL11 514115 L !!Lilll S 170 7h

S AN b4hRin L.10t 1514N 4 48354-56 3 2%" 12 3570 350 $0 1100 235 91 la Mt a

\M1 RK W Pi i t O 01 11 A45 6" 94
MotNil'Lt n4Nr.TIA45 48359 60 2 2" 10 3550 195 0 Mi hio hit in .l.

\MI Rh n PI T CO 01 TI \ \S
Mut Ni l'L i SS WI,1l \ \$ 48361 62 2 1%" 8 3570 104 J 769 110 v+ I4 %.Nhaa

HI Mist l Oil & Ri f ( O 100 ?O5 212
B 4lON ROL bl . L 4 45369 1 2' a" 6 3510 350 150 755 3isu 9% %s. a( .ee

ILLINuts Poulk 0 20
Di t %Il R. ILLINOI) 48414 12 3 It/ 8 3570 150 123 Mo. $50 so 625 % 2iiniit

PL hilC 51 R\ k i t il( ikk 6 45
LINDI N. Nt % Jt R$l i 48416|17 2 4"\ 6 3570 679 $ 8t$ 228 .9 ' i n.l R M

( 4Lil \ eR. M P tR50N51 A LTDi
B \llR \IN 44420,21 2 3" X 3570 $63 141 6 967 6 150 iW I m l'o

C ALTl \ iR M P AR$0N5 L A t il' l-

B ulR 41% 44433'34 2 2' a" B 3570 400 34 717 235 9* n me

SOLTHIRNC\Lil I DisON ( O 1640 50 6710 9v2
iONG BI ACH bl N. 514 44462'63 2 6"\ 4 3570 1680 So 66?$ 200 94'i i ve'l hl

50L Illi RN C \lli I D150N ( O 1680 $0 6710 9< 2
llL N11NblON Bt M H bl N 5T4 48464 6$ 2 6"4 4 3570 1680 SO 667.3 200 .9'2 l ul a N

# %ISTINGHOL S1 P AD/
\ MIRK W Olt(OMPW)
HOOD Ri\ L R, ILLINUl5 48493 1 3" 6 3$70 48u 200 750 100 75 Hea. , %Phtha

82
L 5 N il N A-27 44532 I l 'e s" 6 3570 85 110 1 09 %.ict ulumn

$ T JOI P API R (O SIMONS-I ASII RN CO.
POR I $1 JOI. I LORID \ 48541/42 2 l ' a" 10 35$0 9M 0 922 130 10 ( inknwie

MOBIL 011. CORPRO4 TION
ABBl % ILLI. LOL 158 W 4 48 $6 3 1 2" 6 3900 280 - 300 916 5 cam Cor.Jenvie

NORTH 1 RN PI T RO( HI M (0.
MORRi$. ILLINol5 48568 1 6"X 6 35!0 1100 9. 3 850 228 .931 l ecaw ater

,

0045T AL ST All 5 G 8 5 PRODL.CING CO
CORPL 5 'llR1511.Tl % A5 481$ 71 1 6"% 8 35$0 900 00 1050 100 .90 On Oil

0045I 4L ST4il 5 G 45 PRODL CING ('O
CORPL5 ( HR15f t. T1 X \5 48572/73 2 3" 8 35$0 $00 100 1000 120 1 01 2rr . Du

HI $5 OIL - % IRGIN I5L ANDS
ST. ( Roll, \IRblN ISL AND5 48596 1 4" 6 3$70 600 $0 750 250 94 I ced H me

GL L1 Olt ( OMPW)
5 WT 4 11 SPRINb5.04Lil. 48645 1 2" 10 3$70 300 1200 200 100 83 H y dr+ aten

51NCL41R ROICI R$
PORT 4RIHL R.TI A45 486*0/71 2 25" 6 3$70 400 15 66$ 220 995 healer l evd H ater

ASH L WD Olt. INC,

TON 4% AD A. Ni % )ORK 48699/?00 2 2'a" 10 3$70 390 7$ 733 100 69 % hthaP

PHI LP5 DODG1 CORP , L AR 4MORI OPH 4M A
DOL GL 45 - MOpl NCl, ARil 48726 3 2"a" 8 35$0 382 - 2 30 953 ( enJenste

N 4 TION AL IR WI AN OIL CO.
Tl HR 4N. IR 4N 48727 29 3 6"X 8 29$0 900 4 810 22$ .9 $ H ater

GIORGIA P4(lllC
PLAOLI MINL, lot l514N A 48742 1 4"X 8 3$70 800 13 118. 227 95 l eed % sier

PtMIX
C050LI AC40LL, Mf XICO 48745 1 2'' 8 3550 198 21.6 726.1 2$0 .944 16ailcr i ed % ier

NORTill R N IL LINOl5 G45 th
MOR RIS,lL LINOIS 49779/80 2 4"X 4 3$70 40$ 0 901 60 674 Nphtha

8 P O C.
44R(L 5 HOOK, P4 48433 1 2%" 10 3370 371 ISO 1044 180 995 22N De4 lean

a P O C. 17$
M A RCL's HOOK. P A 4A435/36 2 6"X 8 3170 1220 4$ l235 148 Mn .84 i n vem Gn Oil

B P O C. h be nilAlight
MARCL5tK)OK.PA 48837 3 4"X 8 3$70 1300 12$ 950 16$ .a t H( 71 H2O

I

y2 ,

1 .
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SUCT. DISCH. PUMP 'CUSTOME R AND PUMP NO. NO. PRESS. PRt SS. T& MP. SP.LOCATION NO. UNITS SIZE STGS RPM GPM PT i PSIG 'l- G R. PRODUCT
( !MEX
% LXKV 48845/46 2 14" 4 3570 120 0 375 180 974 % ater Condenute

Pt Mi X
M EX K'O 48847/48 2 2" 8 3570 180 0 825 180 974 nare CondenwieMOBit OlL
BL AL MONT. Tl X A5 48866/67 2 1%" 6 3570 1 75 - 225 150 .82 Hydrma & n
CONTINF NTAL OIL 00

10 300CIL LINGS, MONT AN A 48873 1 2%" 8 3570 400 20 Mas. 660 325 Mn. .708 Dutdtce
CL 4XK DIV - DRI SSI R IND
OL L AN. NE W )OR A TE ST I AC 48811/12 2 2%" 6 3580 360 15 726 228 953 Nder l eed w tera
MOBIL OlL CORP COW ISL AND G45
PLAN T, K APLAN, LOUISI AN A 48919 I 4"X 6 3570 690 100 566 83 697 Lean Od

450 679

B P O C.
M ARCUS HOOK, PA 48934 1 2%" 10 3570 713 1600 Mat 1600 Man. 140 .78 0.8 %i 1H2$

205 1400 Hydrorreceed Od

N I O C. - F LL OR
TE HR AN, BR AN 48965/66 2 4"X 6 2970 690 75 550 380 .89 Hydrmarbon
SINCL 41R.RODGE R 5
POR T AR THL R. TI X A5 48983 1 4"X 6 - -

GASCO.INC.
- - - - -

HONOLULU, H4% All 44993/94 2 t%" 10 3570 125 28 Ma. 849 2 30 95 % ster

8

G45CO. INC.
HONOLULU, H4% All 48995/96 2 1%" 10 3570 93 10 Mat 725 68 .77 Naphtha

O

WLLII R CARSON & CHEMICAL CORPKEN 41, ALA5K A 48999 I 2%" 6 3570 359 25 750 230 .955 boder f eed % aterHI RCULI.S. INC.
PLAQULMINE, LOUISl AN4 49031 1 6"X 8 3570 1177 22 1400 248 .94 l eed # aterM AI L ARD TXPLOR ATION,1NC.
I LOM ATON. AL ABM 4 49038/39 2 3" 4 3570 600 $ 450 228 951 Boder f eed % ierN 3 O C. - F LOOR
Tt HR AN, IR AN 49050 1 24" 10 2950 395 5 515 100 .720 Hc tsquICLilPS PE TROLEUM CO

f GER. TEXA5 49058 1 3" 6 3570 360 60 664 120 .85 Light rycle Oil
\

N ION Olt COMPANY - FLUOR
LOS ANGELI $ 8ET, CALIF 49062 1 3 10 3570 494 23 685 120 Max. .715 Light Naphtha

100

TAMPA ELECTRIC
255 575 958 220 1.0 No. 6 f uel Oal

TAMPA, F LORIDA 4906749 3 2" 6 3550 255 580 950 100 0.9 Low Sulfur
PHILLIPS PITROLFUM CORPOR ATIONCH4!04,ALAB4WA 49078/79 2 1%" 6 3570 130 15 500 250 .953 Water w/PH = 7.5%DR L55E R CL A RK (TEST F ACILITYI
OLL AN. Sin YORK 39389 1 2" 4 4420 530 $ 600 200 .964

100
n ierSTANDARD Olt CO a

PASCAGOULA MI55155frPI 49134 l 6"X 3 3570 1600 1425 305 35 0 .67 Hydrocarbon(DNSUMER$ POW ER CO.
49147/48 2 2%" 10 3570 350 25 850 40*to 108 .77 Laft IfC

A mb. .77

(DNSUMIRS PO%IR CO. 49199
49202 4 3" -

GOT A45 L AR$F N. INC,
- - - - . .*

hl% YORK, hin *ORK 49292 1 1%* 4 3570 95 88 4 30 313 .912 B F. n atesGOTAA5 L AR5t N. INC.
ht? YORK, NEW YORK 49293 I 1%" 4 3570 93 48 4 30 313 .912 B F. water107A 45.L AR5t N,INC.
hEJ YORK,Nt% YORK 49294 1 1%" 4 3$70 95 48 4 30 315 .912 B F. WaterHEP Of t VIRGIN 15L ANDS CORP.
ST. CROlX. VIRGIN 15 LANDS 49295/96 2 4"X 4 1570 1350 20 5)0 110 ,727 Hydrocarben

1200

HESS Olt VIRGIN 15L ANDS CORP,
5'. CROlX, VIRGIN 15LA NDS 49297/58 2 4"X 4 3370 1350 20 130 110 .727 Hydrocarbon

3200

(VLUMBIA hlTROGIN CURP.
AL'GUsTA, GtORGIA 49348/44 2 3" 4 3350 400 17.3 480 242 1.2 35 30K200UNION CAM COR P. 3SAV ANN AH, GIORGIA 49345/$6 2 2" 8 3530 200 150 Mas 826 300 .918 Wster

l$.50 791 254 .943 Desuperheater
Hi SS OIL (C, t I
VIRGIN 13 LANDS 49376/77 2 1* 4 3370 260 15 440 250 .942 WateriXPETRO.(UR?.

PPtNL5 49396 1 4"X 4 3170 730 39 il 782 244 .943 SL WaterwilC CTTY ELt.CTRIC/U1
Ntw JtRSEY 4940244 3 14* 8 3570 ill 118 4$ 2.6 250 .94 No. 6 Mesadual

16 4 $0 .84 Crude
(DLUWel4 NITROGEN (VRP.'

AUGUST A.GIORGI A 49435/36 2 3" 4 3550 $06 43 393 140 1.22 E 'II2 3

V
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St*CT. DISC 11. PCMP
CUSTOMER AND PL MP NO. NO. PR E SS. PRESS. TEMP. SP.

LIK ATION NO. UNITS SIZL STUS RPM GPM PSIG PSIG T GR. PRODLTT

ST AND ARD OIL (OMPtNY
P ASC at.0L l 4. MISSl>$1PPI 49462'63 2 2%" 8 3570 330 80 885 150 1 01 Lean Des

PHl! LIPS PI TROlll M CORP
%OOD ( ROSS. L'1 \H 49474 1 2%" 6 3570 380 105 545 235 655 HC

MX 11 RIIINING ( O t R M P)RSONM 785 6
PINI BI ND. MINNI 'OI 4 49476 8 4"\ 6 35?0 820 300 Mas 285 6 110 .945 181 Men Soluta,n

01 Ni X
LAL RI L 49490 1 2%" 6 3570 245 20 365 317 64 Hydrourbon

GlTI) OIL*
Dl L4W ARI 49513 1 44" 6 3580 1170 750 50 AMB .75 Naphiha

ML RPH) OIL 49542 1 3" 8 - - - - - - -

CI NI \ LORD B4(UN & Di\ IS
MONT4NA 49491 1 2%" 6 3570 475 20 365 317 64 Hydrocarbon

Hi $% Olt \ IRt.lN ist 4NDS ( OR F. 50
SI ( kol\.\lRt.IN ISI ANDS 495!253 2 6"\ 6 35t0 1350 100 Mas 7W 250 94 B F. % ater

HI S$ 0ll \ IRt.IN I5L ANI>S t ORP 50
ST. ( ROl\. \ ikt.f N ISL ANDS 49554 1 6"A 6 3570 1350 100 Mas 750 250 94 B l . Water

CHI 4 RON Olt 250
PI RI AMBO).11 A AS 49559 60 2 2'2" 6 3620 422 233 750 275 Mas. .94 Condenmie

H 4% All AN INDI PI NDI NT RI l'.
0 4HL . H A% 4ll 49589'90 2 2%" 6 3570 363 4 435 110 .732 Naphtha

PITROLIO BR 421LilRO 170 .95
540 PAL LO. BR 42tL 4960346 4 2%" 12 3570 580 50 1300 194 .954 Fuel Oil

COMMON 41 ALTH PITRO( HI M.
PI NL I L AS. PL I RTO RICO 49651 53 3 6"X 6 3570 1100 15 780 250 .94 B F. watei

ni ANDOTTI CORP 1 ORD. B ACON & D4Vir
GilSM 4R, LOllSI AN A 49656'57 2 3" 10 3570 500 37 1044 340 .895 B l . %ater

MOBIL OIL CO
BI4LMONT.Tl\45 49660 61 * 4"X 6 3700 800 52 Abs 930 Abs 260 938 Lean Des
B ASI %) ANDOTil CORP 49657 1 3" 10 - - - -

F PITROLIO BR421LilRO
- - -

MOBit OIL CO t 4 C. MC KII)
B1 Al'MONT. Tl.\AS 49709/10 2 3" 6 3570 465 155 772 125 .87 Lean Dea

BR AZIL 49740 1 4"X - - - - - - - -

SL'N OIL
TULSA 49752 1 2" 6 - - - - - - -

CHIN A PITROCHIMK AL 49794'95 2 2%" 6 - - - - - - -

ST AND ARD OIL 150 860 Desulfus OGO &OF OHIO 49839 I 4"X - 3370 1300 1000 1000 140 853 DISDL OLD
ST AND 4 RD OIL
Of OHIO 49840/41 2 4"X - 3570 790 150 1575 180 .99 221 Laan Dea

-

4
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SECTION IX

FIEID RBmDERTIWS

Although the preceding report clearly dm onstrates the usability of these
parts "as is", it is our opinion that the following field program would
be prudent but not so btuur.uisr= as to distract frm other inportant
activities.

hhenever the ptmps are opened up due to sczne operating proble or normal
maintenance, the in+amadiate cover in the shroud section should be
visually inspected to determine the extent of the indications. Note that
we do not rewm.ud scheduling a special disassably for the purpose of
inspecting these parts. The reason for this is that we feel the above
report eliminates all concern for failure and that the cost and risk of

j
doing damage to a good ptmp during disassably and reassenbly cannot be !

justified. However, we do rewm. d intermediate covers be inspected
on at least a ten year cycle. Since this is generally advisable for
plant reasons other than these intercover. indications, we feel this is a -

prudent maximian inspection cycle.

The actual visual inspection should be made to a controlled sucedure
since individual interpretation can be very misleading when dealing with
this type of indication. We would suggest that Article 9 of Section 5
of the ASME Boiler & Pressure Vessel Code would serve as a good guide

e in this area. Other non-destructive methods such as Magnetic Particles .

( Ofr) or Dye Penetrant or radiographic exanination are not rew..dded
since they require special preparation of the part or technique to be |
used and would probably not be useful. Our own factory trials using Mr-
on these parts shows that good visual inspection is more than adequate
to detect significant indications of the type we are considering. j

A log should be kept of the findings. 'Ihis should include at least the .
quantity and size of indications found on each intermediate cover. In |addition, we reatmenand that all indications which extend more than 1 inch i

radially tcwards the onnter of the part be referred to Pacific Ptsups for 1

possible further analysis. Note that this is roughly double the depth of |
any indications we have so far seen so we do not anticipate any problan

,

with this criterion. The actual langth of 1 inch is based qxan the depth |
of the shroud in a radial direction before a vane 3a encountered. It is '

also approulmately the sane as the notch depth introduced into the finite i

element model. A higher level of acuplexity in the stress field is -
introduced if the indication extends into ar along a vane. However, even
in this case, we h=Have the stress levels to not he significantly
increased in the plann amusing opening ~af any crack.

i

e 4

(.- ;1

W j

u .,

,

t e

h

t

i

3 m 't a -ma , d A - --

-^



SECTION IX

FIELD RECDtDEATIONS

We can sumarize our reatmmendations as follows:

1) Visually inspect the shroud section of the inter-
mediate cover during normal or mergency maintenance
or every 10 years (but do not open planp only for
intercover inspection).

2) Ing all indications found in the shroud for each
part. A map is not reatmnended. Oserall statistics
are the key.

3) Report to Pacific all indication having a radial
depth greater than 1". (See sketch.)

Again, we suggest the above program even though we are convinced that
the indications pose no threat to the integrity of the intercover or
operability of the ptmp.

.
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