OTICE

CERTAIN DATA
CONTAINED IN THIS
DOCUMENT MAY BE
DIFFICULT TO READ

IN MICROFICHE

PRODUCTS.



4
; PAmtaem - i
(CLASSIFICATION) L HW--63351 |
EEX o
@ EAF DE93 000333
HANFORD ATOMIC PRODUCTS OPERATION ~ RICHLAND, WASHINGTON
e mm ay msee
TITLE .
INCREASED PRODUCTION STUDY i
B, D, IR, F, H AND C REACTORS
J"'
AUTHOR ISSUING FILE o
D OTHER OFFICIAL CLASSIFIED INFORMATION T T
THIS MATERIAL CONTAINS INFORMATION AFFECTING ) ‘A
THE NATIONAL DEFENSE OF THE UNITED STATES N. F. Fifer - _
WITHIN THE MEANING OF THE ESPIONAGE LAWS, F. J. Kempf TV oy amma y
L] . . N . Ny
TITLE 18, U.S.C., SECS, 793 AND 794, THE TRANS- ﬁ . L b
MISSION OR REVELATION OF WHICH IN ANY MANNER ‘ Loy . ,
TO AN UNAUTHORIZED PERSON IS PROHIBITED BY ( Prrme e b :
LAW, e -
TeinaL e | ko

THIS DOCUMENT MUST NOT BE LEFT UNATTENDED OR WHERE AN UNAUTHORIZED PERSON MAY HAVE ACCESS
IT MUST BE STORED IN AN APPROVED LOCKED REPOSITORY WITHIN AN APPROVED
GUARDED AREA. WHILE IT IS YOUR POSSESSION AND UNTIL YOU HAVE OBTAINED A SIGNED RECEIPT FROM
CLASSIFIED FILES, IT IS YOUR RESPONSIBILITY TO KEEP IT AND ITS CONTENTS WITHIN THE LIMITS OF
THIS PROJECT AND FROM ANY UNAUTHORIZED PERSON. ITS TRANSMITTAL TO, AND STORAGE AT YOUR PLACE il
OF RESIDENCE 1S PROHIBITED. IT IS NOT TO BE DUPLICATED. IF ADDITIONAL COPIES ARE REQUIRED,
OBTAIN THEM FROM THE RELATED!ISSUING FILE. ALL PERSONS READING THIS DOCUMENT ARE REQUESTED

TO SIGN IN THE SPACE PROVIDED BELOW, N .

TO IT. WHEN NOT IN USE,

FILES ROUTE \ / .
ROUTE TO: PAYROLL NO, LOCATION DATE K SIGNATURE AND DATE
3 p)
e BRI PR /R v “ e .t S . e .
Mé/éw vitofs g i TR ANV el et 17
NG W
L N 4
. RS X2
SR 7 o
Ko o asyls 3
TE o % T,
¥+ s &
o ot 3&! 2
. B TG, o
d M pRaret g

Inf sfinite Reten

ion

Auaeiily

C—=3195-MS (7 — 33) A.L.C-3.L-RICHLAND, WASH.

(cL

ICATION) DISTRIBIITION RESTRICTED TQM ORL Y

e o O

'
Nl B

o




- -1- HW-63351

This document classified by: Tm;s, Document copsists of
ﬁ % . —Pages, No.i of
' ‘?9 ﬁopies. Series ’

/ % g ‘%&:’.{95‘)

M . "“4“‘ »
WYL TN
R ,;{
INCREASED PRODUCTION STUDY R
B, D, DR, F, H, and C REACTORS

April 18, 1960

Prepared By: % ﬂ 7' _ Date: ¢; zZ /- &0

N. F. Fifer 7
Reactor Modification Design:

4 Date: ’f el 3/*?4
F.™. Kempf
Reactor Modification Design

Approved By: ﬁé(lz W Date: %’Z/—é(j

H. W. Heacock, Supervisor
Reactor Modification Design




Al I

N N B v o W

20,
21.
22.

e & &+ ® e e o o e o o o o o e e
e @ e o & e & o o 8 e & o * e e e .

?JEIH:CJ#—C)U)S:C)L.ba2:5::121ﬂ163c<?ucnt.g4
kikiiZZ:U1n:E=tjC:E:C<ﬁ1c<t*C>:>BJF:Ul?ii:ra

.
-

Baker
Baker
Barker
Bell
Brown
Bowers
Carlson
Clough
Dickeman
Ferguson
Fifer
Filip
Fox, dr.
Fullmer
Gilbert
Graves
Greager

Greninger

Gross
Heacock
Hubbard
Jaske

-l

DISTRIBUTION

23.
24,
25.
26,

28.
29.
0.
31.
32.
33.
34,
35.
36.
37.
38.
39.
4o,
4i,
42,

Jerman
Jessen
Kempf
Lang
Lewis
Lyons
Maguire

=30

L)
.

U)FU:’-ECD

Nilson
W. Reid
P. Reinig

R. Rudock
Seeburger

E. Trumble

P
R
F
L
D
T
A
W
R
Rn
L
W
E.
W
R
R
W
E

C. Wood
Record Center
300 Files

Nechodom

D. Richmond

M. Smithers

W. Windsheimer



Mo

e bt

[ U R Sy

I. INTRODUCTION

A broad study program is currently in progress in Irradiation Processing Department
to evaluate the technical and economic feasibility of various methods of obtaining
increased production from the six older reactors (B, D, DR, F, H, and C Reactors).
Due to time limitations this study has been in general terms only, but has indicated
that considerable increased plant return can be obtained from an increased conver-
sion ratio as well as from higher reactor power levels. The work performed by this
Unit has been concerned with defining the reactor process component modifications,
and process piping changes between the 105 Building valve pits and effluent basins
which will be required to att:zin the production increases.

The feasibility of overboring che process tube channels and development of equip-
ment to accomplish overboring has been cons%dered and documented in a preliminary
report by Equipment Development Sub-Sectionil

The scope of study has encompassed process flow rates between 85,000 gpm and
150,000 gpm at a maximum bulk outlet temperature of 95° C. Process flow rates of
95,000, 105,000, and 115,000 gpm were also considered at 105°C bulk ocutlet tempera-
ture. Early in the study the cases associated with 105°C bulk outlet temperature
were found to be impracticable due to the required technology extension and were
dropped from further consideration. As the study progressed and the capabilities
of the various plant additions became more clearly defined, the study emphasis
shifted to cases with process flows in the range of 105,000 gpm to 115,000 gpm at

a bulk outlet temperature of 95°C. These study cases considered installation of
both aluminum and zirconium process tubes.

ITI. PURPOSE

This report has a two-fold purpose. First, the expansion study cases which currently
appear to have te most incentive for further evaluation will be presented in some
detail. Secondly, the required reactor alterations will be presented with a summary
description of facilities, study drawings and preliminary cost estimates for the
various conditions which were studied. To attain a measure of completeness those

cases which considered pressurized operation to suppress effluent boiling are also
included.

It is not the purpose of this report to compare the relative economic gains of

the cases considered with each other or with the economic gains which may be achieved
by overboring of the reactor process tubes. S? comparisons will be considered

in a later more comprehensive report by others.

III. SUMMARY

The study drawings included in this report indicate in general the piping changes
required for increased flows and bulk outlet temperatures. Flow sheets (SK-1-3812
Sheet 1 and 2) present in tabular form the recommended piping changes at particular
process flow rates. Prior to the initiation of any project action on recommended
reactor rear face piping replacement, an extensive data collection program must be
completed. The extent of existing inadequacies, calculated overstress conditions
and cavitation damage must be more clearly defined if a substantial degree of re-

finement is to be obtained.
‘"% ,J‘a Hik 1] e g
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The amount of development work that must be performed will depend upon the com-
bination of reactor and water plant modifications selected as producing the
greatest economic return. However, it appears that in any case, development of an
acceptable process tube assembly including provision for tube expansion will be
required. Development of a permanent type gas seal for application on the reactor
rear face will also be beneficial.

Table I summarizes the final study cases presented for further economic analysis.
Due to the large number of cases, a detailed description of each case is not pre-
sented. The equipment modifications and piping changes associated with each case
are, however, indicated in the attached cost breakdown sheets (Appendix - Table I).
A description of the changes necessary at particular process flow rates is included
in Section IV-C of this report.

The case notation has beern selected to be comparable to the numbering system used

in the water plant portion of the Expansion Study (3). Cases indicated as "base"

in Table I do not have associated water plant costs since these cases consider
essentially existing process flow rates. The study cases are numbered I, II, III,
and IV, corresponding to process flcw rates of 90,000, 95,000, 105,000 and 115,000
gpm at B, D, F, DR, and H Reactors. The "A" and "B" associated with Cases III and
IV denotes different top of riser pressures considered, and "Z" indicates considera -
tion of process tube overboring. Cases IIC, IIIC, and IVC apply only tq C Reactor.

The costs in Table I do not include water plant or metal handling costs. The indi=
cated project costs may be increased by approximately $3,500,000 at B, D, F, and DR
$750,000 at H; and $850,000 at C Reactor if metal handling costs are included.

These costs provide funds for charging equipment modifications, discharge area chute
scrapers and additional metal storage buckets.

Provision of adequate process tube cooling in the event of a front connnector failure
may require higher than existing rear header pressures. The following rear cross-
header pressures were considered at the indicated flow for bulk cutlet temperatures
of 95° C.

Flow - GPM Rear Header Pressure - PSIG
95,000 50
105,000 55
115,000 70

For flows to and including 105,000 gpm orifices can be instalied in rear cross-
headers to dissipate these pressures before reaching the downcomer; flows greater
than 105,000 gpm will require pressurized downcomers and a pressure reducing station
located outside the 105 Buildings. -

As indicated in Table I, study cases with the subscript "1" consider possible rear
header pressure requirements that may be necessary to insure back flow through
process tubes in the event of a front connector failure. The indicated project
costs for the remaining cases ma; be increased by approximately $100,000 per
reactor if capital costs are desired which include orificing rear crossheaders to

dissipate the extra pressure.
AT
e @%@%ﬁ@
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Case Flow
(Base) B,D,F,DR,H 85,000
(Base) at C 95,000
IA 90,000
II 95,000
1IC 100,000
ITIA 105,000
IITB 105,000
IIIZ 105,000
ITIC 105,000
VA 115,000
IVB 115,000
vz 115,000
IvC 115,000
VA 115,000
IVB} 115,000
zy 115,000
IVC, 115,000

* Costs do not include funds for equipment to handle self-suppcrted fuel elements.

Iv. DISCUSSION

A, Technical Factors Effecting Feagibility

1.

Many of the factors affecting the technical feasibility of the proposed
process changes hav
Engineering Section

a’
b.

C.

d.
e.
f.

ge.

TABLE I
FINAL STUDY CASES - REACTOR

Bulk Outlet Temp. = 95° C

Torp

580
400

Rear Header

Pressure
Required bore

No
No

Over

No
No

Costs essentially same as

520
ko5

700
450
L350
390

600
515
405
380

635
550
405

380

No
No

No
No
No
No

No
No
No
No

Yes
Yes
Yes
Yes

No
No

No
No

Yes
No

No
No
Yes
No

No
No
Yes
No

Reactor Costs*

HW-63351

Thousands of Dollars

Tube

Matl B,D,F,&DR
Al 13,050
Al -

Case IT

Zr 27,650
Zr -
ir 27,950
Zr 27,820

Ir 35,700
Zr -
Zr 28,220
Zr 30,230
Zr 36,100
Zr -
Zr 30,720
Zr 32,730
Ir 38,600
Zr -

H

C

3,450

7,200

7,700
7,650

7,650
8,450

8,450
9,250

een previously considered by Research and

?4?. Some of these factors are as follows:

Allowable graphite temperatures and graphite contraction.
The effect of enlarged outlet fitting designs on process tute
instability limits.

Rear crossheader pressure to insure that fuel elements do not melt

in the event ¢f a front connector failure.
Fuel element design.

Operational nuclear control.

Total reactcr control and speed of control
Reactor instrumentation and more specifically, the use of the

existing Panellit systems.

1,400

5,600

6,600

Additional factors which will affect the technical feasibility of the

proposed modifications are discussed below,

—
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Horizontal Rod Cooling

Some of the higher pcwer level cases may create sufficiently high
control rod temperature to require corrective action. Based on

data from a previous study, skin temperatures will approach 350°,

at which temperature aluminum softens enough that wear may take place
at an appreciable rate 5). Increased cooling capacity will be
adequate to maintain rod skin temperatures sufficiently low so

that a suitable rod life is achieved.

Biological Shield Deterioration

Increased power levels tend to increase the rate of deterioriation
of the masonite, however, earlier studies have shown that rate of
deterioration is primdrily a function of temperature (6). It has
also been demonstrated that the shield temperature can be reasonably
controlled by the use of fringe poisoning(7). This method of
temperature control will be utilized with compensating enrichment
being determined for each loading.

Concrete Shield and Foundation Temperature

Base? Sn previous work done by Reactor and Systems Design Analysis
Unit{8) the maximum concrete temperature in the reactor foundations
can be predicted as a function of fringe tube power level. With
an estimated 500 KW for fringe tube powers, the maximum concrete
temperatures would be on the order of 375° F at which temperature
the concrete deterioration should not be rapid.

Design Basis

1.

Design Assumptions

The following basic design assumptions as to feasibility of operation
were made as a basis for this study.

a. Graphite

Successful operation is possible with graphite temperatures
approaching 1000° C

b. Fuel Element Design

A design for a self supported fuel element will be developed

that will have a satisfactory rupture rate at goal exposures of
800 MWD/ton.
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Reactor Foundation

Heating of the concrete foundation of the reactor will not limit
power level.

Panellit System

The existing Panellit systems were considered to be adequate for
all cases. The validity of this statement is being verified by
Research and Engineering Section and recommendations for an
alternate method of flow monitoring will be proposed by Equipment
Development Sub-Section where necessary.

Effluent Activity

For all cases of 95° C bulk outlet temperature it was assumed
that the effluent activity would not limit power levels.

Rear Crossheader Fitting Size

In general, the philosophy behind increasing rear face cross-
header fitting and connector sizes has been that larger fittings
and connectors are currently being successfully utilized at C

and K reactors with increased hydraulic efficiency. It is
realized that some low power fringe tubes at the K Reactors

have, under certain circumstances, less proteztion from fuel
element burnout than other tubes because of the K fitting

sizes. In thils study it has been assumed that proper design

and sufficient development can provide a hydraulically acceptable
fitting with safety features compatible to the Panellit system.

Process Variables

Throughout the study, 1800 effective flew tubes and 1500 effective
power tubes have been assumed. Other process variables for the

particular cases considered are indicated in tabular form in Tables
I (Page 5) and II (Page i8).
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3. Reactor Components

a. FYuel Element

A self-supported, aluminum jacketed, I&E fuel element will be
utilized in all expansion study cases. The "base" cases consider
ribbed tubes with the present I&E elements.

b. Process Tube Assembly

New nozzles, connectors and fittings will be used with smooth bore
aluminum or zirconium process tubes,

c. Reactor Piping

Crossheaders, risers, and associated piping will be installed as
required by the particular study case.

d. Horizontal Control Rods

The horizontal control rod coolant flow rate will be increased as
required by the particular case.

e. Vertical Safety Rods

Faster acting vertical safety rods will not be required to satisfy
the speed of control criteria for the study cases which consider
overboring the process tube channels.

Vertical safety rod circuit modifications or faster acting rods

will be provided according to particular case requirements in study
cases which do not consider overboring. The new VSR's will be air
accelerated to meet speed of control requirements. The required
number of air accelerated rods has been estimate? at one fourth the
number of vertical safety rods in each reactor (9 , for the worst
case from a standpoint of speed of control. It has been assumed
that for these rods to be effectively placed, the vertical rod
channels will requive straightening. Installation of additional
vertical safety rod channels is not considered feasible at this time.

f. Operational Control

Operational control requirements will be met by installing supple-
mentary control devices such as poison columns and splines.

4, Operational Charge-Dischargg

Consideration of operational charge-discharge equipment was excluded
from this study, however, where feasible and economic, all design
changes in the process tube assembly will be compatible with OCD for
ease of possible conversion at some later date.
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Complete Reactor Discharge

For all cases it has been assumed that the reactors would be completely
discharged prior to construction activity. Proper scheduling prior to
full pile discharge is expected to minimize the production loss resulting
from discharge of metal with low exposure.

A thorough internal decontamination and an external rear face wash
should reduce the radiation level sufficiently to eliminate any
personnel exposure problems with the exception of tube removal. It is
believed that decontamination of the rear face of existing reactors will
result in working dose rates of five to ten mr/hr(10), Retubing on a
full pile basis will require a method of economically and quickly
disposing of the old tubes.

C. Description of Facilities

1.

Process Piping Systems

The attached study drawing SK-1-3812 presents in tabular form the
process piping changes corresponding to study flows and bulk outlet
temperatures. Indicated modifications at 150,000 gpm flow (Sk-1-3812,
SK-1-3823, SK-1-3829) have been included for information only, since
attainment of flows in this range does not appear to be technologically
feasible at this time.

It should be noted that the integrity of the existing rear face piping
at B, D, DR, F, and H Reactors is subject to question at present
operating conditins, and that major modifications to rear face
components are indicated at essentially existing flows and bulk outlet
temperatures. Since rear face work to a large extent determines the
length of reactor outage, other reactor changes which are required for
a particular study flow can profitably be accomplished during the

same outage. Overboring of reactor process tube channels will, of
course, lengthen an outage beyond that time required for rear face work.

a. Front Face Piping

At B, Dy and F Reactors front face piping changes are recommended

at 95,000 gpm flow. These changes are shown on SK-1-3826. The
modifications include replacement of crossheaders, crossheader
fittings, and the addition of seven crossheaders with associated
valves and strainers. The present crossheaders at B, D, and F
Reactors have as many as 84 and as few as 28 crossheader fittings

on an individual crossheader. This rather unusual flow distribution
and the small size of existing crossheader fittings makes replace-
ment advantageous at increased flows. The necessity for new front
nozzle assemblies to accommodate self-supported fuel elements as
well as gunbarrel modifications at 95,000 gpm flow provides an
opportune time to eliminate the excessive pressure drop in the

small crossheader fittings and provide a more acceptable flow dis-
tribution through front face crossheaders. It is prcposed to supply
each row of process tubes from an individual crossheader. Front
face component vibration and noise problems associated with the
higher process flow rates give an added incentive for accomplishing
the above modifications.
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At DR and H Reactors replacement of the existing 23 front face
crossheaders with 44 crossheaders is also recommended at 95,000
gpm. Reasoning similar to that followed at B, D, and F Reactors
is equally applicable at DR and H Reactors and provides the basis
for the recommended modifications. At H Reactor the two existing
24 inch riser supply lines will be replaced with two 30 inch lines
for flows of 105,000 gpm.

Installation of motor operated crossheader valves on front cross-
headers at B, D, DR, F; and H Reactors becomes desirable when the
crossheaders are replaced. Utilization of these valves will result
in significant reduction of valving time during normal charge
discharge outages upon resuming reactor operation. The amount of
savings which can be attributed to mctor operated crossheader valves
at the individual reactors depends upon the power levels resulting
from this expansion program and the future cost of lost production.
Installation of these valves also presupposes that rear face cross-
under lines are utilized.

Although C Reactor currently has small (15/32" I.D.) front cross=-
header fittings the incentive for enlarging these fittings is not

as great as at the other reactors. C Reactor already has one cross-
header per tube row on both front and rear reactor faces, and has

an acceptable flow distribution. It is presumed that upon selection
of the optimum study flow, modifications to front face piping at

B, D, DR, F, and H Reactors will be scheduled for performance in
conjunction with required rear face work. Since the amount of out-
age time required to make rear face changes at C Reactor will be
significantly less than at the other reactors, changing front cross-
headers to provide larger crossheader fittings would unnecessarily
lengthen the outage.

Study cases which consider higher than existing top of riser pres-
sures have been analyzed for required piping changes between the
valve pit and the reactor front face (Case IIIA). With zirconium
tube installation, no overboring, top of riser pressures of 700

psi and process flows of 105,000 gpm, some portions of the front
piping will require replacement at B, D, F, DR, and H. Extensive
modifications between the 190 Building and 105 Building at C Reactor
would also be required if top "of riser - pressures in this range
were considered. The aitached drawings, SK-1-4087, SK-1-4088,
SK-1-4089, and SK-1-4090 show the pressure ratings on existing piping
components as well as the changes required for operation with 800
psi top of riser pressure.

Recommended reactor front face piping changes will be acceptable
for either gravity or pressurized (105° bulk outlet) study flow

conditions.
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b. Rear Face Piping

Replacement of essentially all rear face piping components from

the process tube assembly to the downcomer inlet is recommended at
B, D, DR, F, and H Reactor at existing flows. Failure of rear face
nozzle-to-crossheader connectors at B, D, DR, F, and H Reactors,
rear risers at DR Reactor and evidence of crossheader fittings
erosion at B, D, and F reactors indicates a general deterioration
of rear face piping systems and that failure of these comp?gsnts
will become more frequent until corrective action is taken‘V,

High fluid velocities through the tube outlet assembly not only
contribute to cavitation damage, but also induce harmful vibrations.
Installation of new gas seals and a sliding gunbarrel attachment is
recommended at B, D, DR, F, and H Reactors to prevent future problems
resulting from stuck gunbarrels. At present, solution to the stuck
gunbarrel problem is a necessity only at F Reactor.

Calculations indicate that the C Reactor rear face crossheader
expansion loop elbows and crossover line expansion joints are over-
stressed at present operating conditions. Riser support modifica-
tions and removal ?{ crossover line expansion joints are recommended
at 95,00 gpm flow( ). Installation of a sliding seal at each down-
comer entrance will be required with removal of crossover line
expansion joints. For bulk outlet temperatures of 105°C, the rear
face process piping must be pressurized. Required changes are

shown in tabular form on SK-1-3812, Sheet 2. In general, the
reactor piping shown for the gravity flow study cases will be
acceptable for pressurized operation. However, at B, D, F, and DR
Reactors, the crossover line will be installed above the enclosed
discharge area and will require special shielding. These lines

have been sized to allow low fluid velocities and minimize vibration.

Effluent Systems

The following is a discussion of the effluent system modifications by
components. The particular set of cha?%e? recommended for each case
are described in more detail elsewhere(12/,

a. Downcomers

The hydraulic capacity of the existing cascade type downcomers

was based on work performed by the A, L. Albrook Hydraulic Labora-
tory at Washington State University (13 <16). The following changes
are recommended for gravity flow increases to 115,000 gpm in the
cascade downcomers at 105-B, D, and F. (See drawings SK-1-3842,
Sheets 1 and 2, SK-1-3847, SK-1-3851, and SK-1-3856§.

1) Perforate all downcomer baffles

2) Remove existing baffle vent pipes

3) Vent effluent lines adjacent to downcomer

4) Reinforce portions of the downcomer concrete walls
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At the dual downcomer reactors (105-C, DR, and H) it is assumed
that the two downcomers would be used simultaneously, thus no
structural modifications will be necessary there. However, the
possibility of retaining dual effluent paths will be given further
consideration during possibie scope design.

Preliminary tests indicate that in the event of complete loss of
pressure to a tube, such as would result from front connector
failures, considerable reaf ?eader pressures may be required to
provide adequate back flowlt If this additional rear header
pressure is required, it will be necessary to install a pressurized
downcomer at 115,000 gpm flow and take the pressure outside of each
105 Building to a depressurizing station. At lower flows the rear
header pressure can be relieved by orificing the crossheaders.

If the rear header pressure requirement can be relaxed, the existing
or modified cascade downcomers will be adequate at all areas except
105-F for the 115,000 gpm case. At F Reactor, because of the eleva-
tion of the effluent line gooseneck at the 107-F retention basin,

a second downcormer will be required. The cost estimates in Table II
(Page 18) for 115,000 gpm flow have been based on use of pressurized
downcomers, nence the removal oif the additional pressurc requirement
would reduce these costs by about $3,600,000 at the five older reactors
and about $700,000 at C Reactor.

For all pressurized (105°C bulk outlet) flows, a new pressurized
downcomer and building will be constructed outside the 105
Buildings. The existing downcomers will still be retained and
utilized for shutdown flows. These changes are depicted on
drawings SK-1-3814, 3816, and 3818.

Effluent Lines

The effluent lines discussed below are located between the 105
Buildings and the Retention Basins. The Retention Basins and
remaining effluent lines to the ris=sr are discussed elsewhere(B).
The modifications for the duwal reactor areas ars based on the
effluent lines for each reactor being able to handle the operating
flow plus a 10,000 gpm shutdown flow from the adjacent reactor.

Gravity Flows

It was assumed that the reactors (C, DR, and H)having two downcomers
and parallel effluent lines would use them simultaneously.

B_Area (SK-i-3842 Sheets 1 and 2)

No changes are necessary for reactor flows up to 115,000 gpm.
C-Area (SK-1-3842, Sheets 1 and 2)

The diversion box at the 107-C basins will be modified by raising

the weirs and tep and replacing the five foot sluice gate with a
six foot gate at flows of 105,000 gpm and above.

enErorers
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D-Area (SK-1-3847)

At D Area the crossover boxes must be raised three feet to handle
95,000 gpm reactor flow. At 105,000 and 115,000 gpm flows it is
necessary to add a 48 inch 1ine between the crossover box and the
107-D basin.

DR-Area (SK-1-3847)
No changes are necessary for reactor flows up to 115,000 gpm.
F.Area (SK-1-3851)

At F Area the discharge box at the 107-F basin should be covered
for flows of 105,000 and 115,000 gpm. If the rear face pressure
requirement is relaxed, a second downcomer is required for 115,000
gpm flow and the downcomer will be tied into the existing effluent
line by a new 350 foot section of sixty inch line.

H-Area (SK-1-3856)
No changes are required for flows to and including 115,000 gpm.

Pressurized Flows

At each reactor one existing effluent lire would be converted to
pressurized service. Pressurization of junction boxes, welding of
dresser joints, addition of pressurized expansion joints and
addition of energy dissipators at the 107 basins are changes typical
of those required at all areas.

Energy Dissipators
Gravity Flows

At 115,000 gpm reactor flows the rear crossheader pressure require-
ment exceeds that possible from header orificing. Drawing SK-1-3819
shows an arrangement of throttling valves which would be located
close to the new downcomer. In the event the rear pressure require-
ment 1s removed, this unit would no longer be needed.

Pressurized Flows

A depressurization station designed for operation with reactor
bulk outlet temperatures above 100°C is shown on Drawing SK-1-3841.
Untreated river water at rates up to 30,000 gpm would be used to
reduce the bulk temperature to 95°C to prevent flashing when the
pressure is reduced to atmospheric.

Assuming a failure of quench water, the reactor would be shut down
but steam would be generated temporarily in the flash chamber and
discharged upthe short stack. Steam discharge would continue for
one to two minutes, the time required to discharge the 105°C water
in a long effluent line.
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Considering the high transient rate of steam relase such a station
would be located near the 107 basin.

With either type of pressure reducing station, a new pressurized
downcomer would be required on the reactor. Upstream pressure would
be maintained by a battery of flash flow type reducing valves that
can handle a high pressure drop under flashing temperatures without
damage to the valve., These valves would be controlled by upstream
pressure during reactor operation and by level control in the top
of the downcomer pipe during reactor shutdown operation.

Process Tube Assembly

For "base" study cases (85,000 gpm process flow) at all reactors except
105-C, the process tubes, gas seals, rear nozzles, and connectors, RTDs,
thermocouples and leads would be replaced. Attachments to alleviate
stuck gunbarrel problems would be installed on the reactor rear face.
The frcnt nozzles and connectors would be retained. At C Reactor with
95,000 gpm process flow only the process tube will be replaced since
replacement of thermocouples and leads is presently being completed

and crossheader replacement is not anticipated.

Installation of self-supported fuel elements with zirconium tubes at
process flow rates of either 90,000 gpm or 95,000 gpm necessitates
replacement of existing nozzle assemblies at all reactors. Replacement
of rear crossheaders, where required, with those having larger connector
fittings also dictates a change of rear nozzles. The minimum flow
restriction in the rear face tube assembly will then be maintained at
the crossheader connector fitting. The proposed header to header
fittings (See Figures 1, 2, 3, and 4) in general meet the requirements
of an acceptable assembly and are described in detail elsewhere(l7),

The front nozzle proposed for further testing is an aluminum casting
incorporating a curved flow path and a check valve as shown in some
detail in Figures 1 and 3. In an attempt to eliminate the possibility
of a front connector failure, this design utilizes a short connector-
venturi combination which cannot be removed unless the nozzle is removed.
The flapper valve provides a quick means for opening the tube for
charging and is compatable with automatic charge-discharge operations.
End caps can be used with this nozzle.

The rear nozzle assembly used for obtaining cost estimates, (See
Figures 2 and 4) consists of a mounting flange, connector with ball
joints, and a crossheader adapter. The nozzle is similar to present
nozzles except that it has an enlarged smooth flow path to the connector
and is jointed to the connector by a ball swivel joint similar to a
Barco joint. The other end of the connector is also a ball joint which
fits in a clamp that slides in and out of the crossheader adapter.
Although this design allows a large degree of freedom of movement and
ease of "O" ring replacement, sliding "O" ring use on rear face com-
ponents have not proven satisfactory to date. The header adapter
contains a removable orifice for control of cavitation and can be
changed as tube flows change. A cap like those presently in service
can be used on the nozzle; however, it is possible that a remote opening
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cap will be in service by the time this equipment may be installed.
The remote opening caps can be attached to these nozzles. Both front
and rear nozzles are shown attached to Russell Sleeves to allow for
process tube expansion and contraction. Some reliable provision for
process tube movement is mandatory for all cases.

Reactor Instrumentation

New thermocouples and themocouple leads extending from the rear face
instrument ducts to the temperature sensing elements are prcposed in
conjunction with rear nozzle assembly changes. Replacement is recom-
mended as an economically more attractive alternate than trying to
salvage existing thermocouples. The existing zone temperature monitor
systems will be utilized, although the resistance temperature detectors
and leads will also be replaced when rear nozzle assemblies are changed.
The existing panellit gages will be recalibrated when either front or
rear process tube assembly or piping changes are accomplished. New
graphite stringers will be installed in conjunction with tube replace-
ment at each reactor. '

Vertical Safety Rods

The time required for the vertical rods to reach the point of ninety
percent nuclear control from a Panellit trip varies from rod to rod

at a particular reactor and also between reactors, the latter being due
to differences in VSR circuitry. Based on a limited amount of test
data, the time required to attainrinety percent control has been taken
typically as 3.0 seconds at B, D, and F and 2.6 seconds at DR, H, and
C reactors for a rod that does not "stick" during insertion. Air

accelerated rods can be inserted in about 1.0 second including circuit
delays.

Study cases for B, D, F, and IR Reactors which consider greater than
95,000 gpm process flow rates without overboring of process tubes require
increased speed of control. In this study the first alternate considered
involves increasing the rod speed at B, D, and F reactors to attain the
same insertion time as at DR, H, and C Reactors. This will be accom-
plished by modifying VSR circuits at B, D, and F reactors. However,

it must be noted that additional measurements of existirig rod insertion
time must be made to insure that these circuit modifications will
increase the rod speed to 2.6 seconds.

The existing vertical safety rod control circuits are essentially
normally closed (energized) circuits. Two relays operating in parallel
are de-energized upon opening of any one of a number of monitoring
device contacts initiating a signal to release the vertical rods for
insertion into the reactor. The two relays monitoring the safety
circuit are identified as IXX and IXXA.
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Contacts from each of these two relays open a vertical safety rod
control circuit, which in turn de-energizes a vertical rod holding
clutch or latching mechanism, thereby releasing the rod. B, D, and F
reactors have A-C sixty cycle control voltage for the safety and
vertical rod control power source. In these areas the IXX and IXXA
relays have a seventeen cycle time delay requirement to prevent the
safety circuit from releasing on A-C voltage fluctuations. All other
reactors are supplied with a D-C battery power source, and in these
areas the IXX and IXXA relays are instantaneous in their operation<18).

B, D, and F Reactors will be converted to D-C battery control power
thereby eliminating the 17 cycle time delay on the IXX and IXXA
safety circuit relays. The length of time for VSRs to attain 90
percent control at B, D, and F should then be about 2.6 seconds or
essentially the same as at DR, H, and C Reactors.

Further increase in speed of control can be accomplished when required
by converting existing VSRs to air accelerated operation. The deve-
lopmens work necessary to provide an acceptable accelerated rod
assembly has been essentially completed under Project CG-709. However,
considerable additional work may be required to insure proper opera-
tion of these rods in the B, D, and F Reactors. Currently there are
11 segmented or "Knuckle" rods at F, eight at D, and two at B Reactor.
These rods are all located on the reactor far side and were installed
primarily because the VSR channels were distorted sufficiently from
graphite growth to prevent gravity drop insertion of one piece rods.
Vertical rod channel traverses taken in 1948 indicated horizontal
distortion of from three to four inches in some channels. Operation
of these reactors at the higher power levels prevalent since 1948 has
presumably halted the graphite growth phenomena and in fact, brought
about graphite contraction. The rod channels may therefore currently
be straight enough to allow air accelerated rod insertion. Prior to
installation of air accelerated rods the current extent of channel
distortion must be determined and also whether' or not significant
cumulative damage to graphite results from repeated air accelerated
rod insertion.

If the cumulative damage to the graphite is no more for the air oper-
ated VSR than the winch operated VSR, the two assemblies can be con-
sidered equal because many VSRs currently have to operate in distorted
channels. Tests have been run to determine the graphite damage when
an air accelerated rod is inserted in 1) a distorted channel and, 2)

a channel narrowed to the OD of the rod (19). 1In both cases, the rod
operated satisfactorily with only minor chipping of the graphite
blocks. However, the limited test data and the difference between

test and in-reactor conditions does not permit a comparison of damage.
It should be noted that the air accelerated rod is reasonably flexible
and has a tapered nose. These features will help to keep graphite

damage to a minimum. Y N .
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6. Ball 3-X Systems

The present Ball 3-X systems will provide adequate control backup when

used with the additional poison column control facilities for the
study cases currently being considered.

Replacement of existing steel balls with balls composed of ceramic

material will not be required(ZO), although certain features possessed

by ceramic balls are desirable. OSome advantages of ceramic balls
are the lower density which makes vacuum removal easier and faster
burn out when balls becowme stuck in the reactor.

7. Horizontal Control Rods

Replacement of existing horizontal control rods with NPR type rods has

been considered briefly as a method of increasing speed of control.
While NPR type rods can be inserted in about 1.7 second compared to a
maximum speed of 40 second at the old reactors, there are several
limitations to this alternate. The amount of additional control
obtainable with the faster rods is largely dependent on the length
of rod not being utilized for control at any particular time. The
location of VSR channels and cost of providing new horizontal rod
channel appears to limit installation of NPR type rods on the reactor
near side, to the existing horizontal channels. The existing
pattern of HCRs is somewhat restrictive when considering speed of
control requirements. The cost of replacing existing HCRs with NPR
type rods would be approximately $4,155,000 for B, D, F, IR, H, and
C Reactors. Installation of NPR type rods on the reactor far side,
opposite and slightly above the existing HCR pattern, would provide
greater control of side to side heat cycling but add relatively
little control of front to rear heat cycling. Additional rod
installation would require approximately $6,900,000 for the six
reactors for duplicating the existing HCR pattern on the reactor
far side. Replacement of existing horizontal control rods with NFR
type rods is not considered adviseable at this time.

Early Study Cases

-

Table II presents a summary of the study cases which were originally
considered and also indicates preliminary cost estimates for each case.
These costs were refined somewhat in later study cases. The cost
estimates in Table II include water plant modifications and an early
estimate of funds required for metal handling equipment. Information
developed by the study subsequent to preparation of Table II showed
that it would be adviseable to indicate H reactor costs separate from
B, D, F, and DR reactor costs in the final cost summary. Table II is
included primarily to indicate the relative capital costs between
operation at 95° C and 105° C bulk outlet temperatures.

%%%“ ; %.%%&%
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ORIGINAL STUDY CASES

. *Cost in
_ Outlet TORP Rear Header Overbore Tube Thousands of Dollars

Cage Flow (GPM) Temp.(°C) (PSI) Pressure (PSI) B,D,F,&DR Matl B,D,F,DR.H C
0 85,000 95 580 4o No Al 16,600
. Zr 29,600

I 95,000 95 510 50 Yes Al 40,000 1,800

Zr 53,000 4,350

105 510 Yes Zr 61,500 8,800

IT 105,000 95 L 50 55 Yes Al 50,000 5,100

Zr 63,000 7,600

105 450 Yes Zr 72,000 10,100

ITII 115,000 95 350 70 Yes A1 57,500 6,900

Ir 70,500 9,500
105 350 Yes Zr 76,700 11,600

* These costs include preliminary water plant costs for case I, II, and II and
also an early estimate of funds to provide for metal handling.

E. Development Programs

Successful design of the necessary reactor modifications upon selection
of the optimum study case will require an extension or extrapolation of
existing technology. This section presents a discussion of some of

the problems affecting reactor design which will require initiation of
development programs.

1. Process Tube Assembly

It appears that production gains may be attained by increasing the
size of the outmoded outlet fittings at B, L', DR, F, and H Reactors.
However, development work is essential to ths design of a hydrauli-
cally acceptable process tube assembly.

!
{

It should be kept in mind that changing the outlet fittings will
effect tube power limits and outlet water temperature limits at the
older reactors. The present fittings cause some degree of pressuri-
zation to suppress boiling on the fuel charge and also cause dual
panellit trip protection for certain flow changes and for power surges.
Englargement of the outlet fittings could actually reduce the outlet
temperature limits. The seriousness of these'effects must be

known and carefully ana%gz?d before a final selection of enlarged
outlet fittings is made 1),

7 N i v ey
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In addition to determining the effects of enlarged outlet fittings,
extensive tests must be performed to assure the adequacy of the pro-
posed front and rear nozzles and connectors. Emphasis must be placed
on accurately defining the conditions under which the present flow
monitoring system fails to function as required. Reactor flow charac-
teristics with the new process tube assembly must also be known for
proper fuel element design.

Gas Seals

Past efforts to develop flexible radiation and temperature resistant
gas seals have resulted in a silicone rubber boot for use on the rear
face. These seals are easily installed and have an estimated life
expectancy of five years. About thirty boot type seals have been
installed on B Reactor for the past year and appear to be satis-
factory. Other reactors also have varying numbers of these boots

in service.

Development should continue, with efforts directed toward obtaining

a permanent type gas seal. An integral unit providing both an accept-
able metallic gas seal and an attachment to allow process tube expan-
sion would be especially beneficial.

Process Tube Expansion

Corrosion buildup between the rear gunbarrels, donuts, and cast iron
blocks has become so severe that approximately 85 percent of the rear
gunbarrels in the bottom half of F Reactor have become stuck. As a
direct result of this sticking, process tubes are no longer allowed

to expand and contract freely, and the Van Stone flange on the

process tube is stressed. Repeated cycling under these axia% lgad
conditions eventually leads to fatigue failure of the flange!\?2/,
Although the magnitude of this problem is greatest at F Reactor, it

is expected to become more severe at the other reactors unless correc-
tive action is taken. Installation of zirconium tubes will essentially
eliminate problems resulting from water leaks if adequate provision

is made for process tube expansion. The amount of expansion that

must be provided for zirconium tubes is approximately 1/5 of that
required by aluminum tubes. Development work has been expended on

the problem of aluminum tube expansion in the past, however, most
solutions to date are quite expensive. The least costly attachment
(Russell Sleeve) has been used in this study as a possible solution

to stuck gunbarrel problems. Additional development efforts can
profitably be spent to obtain an attachment which does not utilize
"O-Rings" since replacement of these rings on a Russell Sleeve
attached to a zirconium tube would require tube replacement. Since
the thermal expansion of zirconium is so much lessthan that of aluminum,
the possibility of allowing the reactor shield to move with tube
expansion should also be considered.

w1 Q.ﬁ’.ﬁﬂ@j‘a"
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Rear Crosgheader Orificing and Pressure Reducing Station

High rear crossheader pressures may be required to provide adequate back
flow in the event of a front connector failure. Considerable develop-
ment work will be required to determine optimum orifice spacing in rear
crossheaders and the magnitude and severity of resulting vibrations at
flows up to and including 105,000 gpm. For flows greater than 105,000
gpm a pressurized downcomer and depressurization station will be
required at each reactor. The depressurization station will dissipate
the high rear crossheader pressures and allow the existing effluent
systems to be utilized at 115,000 gpm flow. Some development will be
required on the pressure reducing station to properly size the valves
and obtain an optimum arrangement.

Vertical Safety Rods

For non-overbore cases with zirconium tubes, VSR modifications are
dependent upon fuel element size and active zone pressure drop. The
first modification will require increasing the vertical rod speed to
2.6 seconds total insertion plus circuit delay time, at B, D, and F
reactors. Additional measurements of existing rod insertion time must
be made to insure that the proposed circuit changes will sufficiently
increase the rod speed.

For study cases which require faster than 2.6 second rod insertion,

air accelerated rods will be installed. Development work will be re-
quired, first to determine accurately the extent of existing vertical
rod channel distortion and secondly, to obtain a method of straightening
these channels as much as possible without shearing the graphite keys
which hold the vertical channel liner blocks.

If the channels must be broached or reamed to allow accelerated rod
operation, additional problems are encountered. The channels after
broaching will still not be perfectly straight. It is known that
sufficient forces can be transmitted to the vertical channel liner
blocks, during removal of adjacent process tubes, to break these blocks.
Pieces of broken liner block can protrude into the rod channel and
prevent complete rod insertion. Straightening rod channels may require
applied loading sufficient to shear the keys holding the liner blocks
in place unless special procedures are followed. When these keys are
sheared there remains ng restraint to keep front and rear layers of
graphite around the VSR channel from protruding or sliding into the rod
opening. The obvious solution tc this problem would be installation

of a liner to provide a smooth surface for rod travel and also protect
the graphite from possible damage incurred by accelerated rod impact.
However, installation of a liner does not appear practicable. Ceramic
liners are unacceptable because of the extremely thin wall required and
brittle fracture that could result from rod impact, or from dropping a
rod in a channel full of 3X balls, Metallic liners with good nuclear
characteristics such as zircaloy are unacceptable because of the tempera-
tures encountered (760°C) and corrosive action of CO2 on this metal.

DECLASSIR
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Stainless steels at these temperatures could become brittle and un-
acceptable from a strength standpoint in addition to their undesirable
nuclear properties. The higher neutron capture cross section of
stainless steel would reduce the effectiveness of both VSRs and the
Ball 3X systems and would in all probability require enrichment of
vertical tube rows adjacent each VSR channel to offset the poisoning
effect of the liners.

Space restrictions and the necessity for 3X balls to flow around an
inserted rod require any metallic liner to be in contact with the
graphite. Cooling such a liner would require removal of heat from the
graphite surrounding each liner. Water cooling is unacceptable due

to the rod shadowing which would result and gas cooling requires pro-
hibitive volume flow ratec.

Additional testing will also be required to determine more accurately
the effect of rod acceleration in slightly distorted channels.

Rear Face Piping

Prior to any project action regarding the recommended rear face piping
changes, an extensive data collection program must be completed. Data
on rear face piping motiun, crossheader fitting damage, and actual
thermal induced stress levels must be obtained. The following is a
list of the proposed test work that should be programmed:

a. Rear riser motion and strain measurements
b. Crossheader expansion measurements

c. Extensive inspection of rear crossheader fittings and analysis of
cavitation damage.

d. Material evaluation of an existing rear crossheader.

e. Crossheader, riser and crossover line boiling and flow stability
studies. ¢

f. Instrumentation of C, H and either B, D, F, or DR to give up-to-date
pressure drop data of individual rear face piping components.

g. Additional rear face vibration measurements.

The above tests will provide a basis for future project action. Al-
though more detailed study and development programs will be necessary
to fully define various problem areas, it appears that these problems
can be solved with the application of sufficient engineering effort.
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APPENDIX

COST BREAKDOWN FOR TABLE ‘I . FINAL STUDY CASES

(Cost in Thousands of Dollars)

BASE CASE - 105 B, D, F, IR, and H

Feature

Process Tube Assembly

Nozzles, Seals, Front Venturi, Pigtails

and "Y" Connectors
Retubing - Al.
Russell Sleeves

Rear Face Piping

Crossheaders

Riser & Crossunder
Crossover
Miscellaneous

Instrumentation

Panellit Gage Recalibration

Graphite Stringers

Termocouple & R.T.D. Leads

Electrical Modification

Mise. Items - not detailed

Development
Temporary Construction
Decontamination
A.T.P.'s
Sub-Total
Construction Overheads
Total Direct Cost
Construction Engineering
Contingency
Escalation
General Overhead
Management Services
Design
TOTAL PROJECT COST

B, D, F, DR

1,020

1,120
620

740
740
370

HW-63351

k=

255

280
155

185
185
145

10

175
125
80

3,450
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CASE IT - FINAL STUDY CASES @
GRAVITY FIOW - 105-B, U H and C
ZCost in Thousands of Dollars)

(Base Case)

B, D, F, &R _H C_(A).)
Process Tube Assembly
Front & Rear Nozzles & Caps 620 155 --
Venturi Connector Assembly koo 100 -
Orifice and Rear Connector Assembly 420 105 -—
Gunbarrel Modification (F&R) 1,200 300 -
Gas Seals (F&R) 155 50 -
Retube - (Zr. Tubes) 8,240 2,060 -
Retube - Al. - - 325
Front Face Piping
Crossheaders 1,155 330 -
Front Face Valve Operators 240 60 -
Rear Face Piping
Crossheaders 740 185 -
Riser and Crossunder Lines 720 180 -—
Crossover Llines 370 145 75
Riser Support Modification - - 25
Effluent System
Effluent Line Modifications 100 -— -—
Reactor Instrumentation & Electrical
Panellit Gage Recalibration 140 35 --
Graphite Stringer 120 30 30
Electrical Modifications 120 30 30
Misc. ITtems 100 25 25
RTD and Thermocouple leads 380 95 --
Miscellaneays Work Items
Temporary Construction 200 50 50
Decontamination 200 50 50
ATPs 200 0 50
Sub-Total 15,820 4,035 660
Construction Overheads 2,330 __615 _ 190
Total Direct Cost 18,150 4,650 850
Construction Bngineerirg L4o0 125 50
Contingency 5,500 1,400 255
Escalation 1,100 280 65
General Overhead 1,000 295 50
Management Services 500 150 60
Design 1,000 300 20 _
TOTAL PROJECT COST 27,650 7,200 1,400
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CASE III - FINAL STUDY CASES

GRAVITY FLOW-105 B, D, F, DR, H and C
zCost in Thousands of Dollarsj

Process Tube Assembly
Front & Rear Nozzles & Caps

Venturi Connector Assembly
Orifice & Rear Connector Assembly
Gunbarrel Modifications

Gas Seals

Retube - (Zr.)

Front Face Piping
Crossheaders
Valve Pit to Riser Piping
Front Face Valve Operators

Rear Face Piping
Crossheaders
Riser & Crossunder Lines
Crossover Lines
Riser Support Modification

Efflyent tem
Effluent Line Modifications

Reactor Instrumentation & Electrical
Panellit Gage Recalibration

Graphite Stringers
Electrical Modifications
Misc. Items

RTD and Thermocouple leads

Miscellaneous Work Items
Temporary Construction
Decontamination
ATPs

Sub-Total
Construction Overheads

Total Direct Cost

Construction Engineering

Contingency
Escalation )
General Overhead R
Management Services D
; R
Design e _‘?
R g
TOTAL PROJECT COST %33
Other Project Costs &%
Front Face Piping ¢"'

VSR Circuit Modif. (BDF Only) ‘9

Overboring

HW-63351
B, D, F, & DR H _C_
620 155 155
400 100 100
420 105 105
1,200 300 300
155 50 50
8,240 2,060 2,060
1,155 330 -
- 285 -
240 60 —
240 185 —
720 180 -
370 145 75
- - 25
150 -— 35
140 35 35
120 30 30
120 30 30
100 25 25
380 95 -
200 50 50
200 50 50
200 50 50
15,870 4,320 3,175
2,330 630 475
18,200 4,950 3,650
400 130 90
5,500 1,500 1,080
1,100 300 215
1,000 320 200
500 150 110
1,000 300 255
27,700 7,650 5,600
250 50 -
120 -— -
8,000 -— -
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CASE IV - WITHOUT REAR HEADER PRESSURE

GRAVITY FLOW 105-B, D, F, DR, H, C
(Cost in Thousands of Dollars)

B, L, F, & DR H c
Process Tube Assembly
Front and Rear Nozzles & Caps 620 155 . 155
Venturi Connector Assembly Loo 100 100
Orifice and Rear Connector Assembly 420 105 105
Gunbarrel Modifications 1,200 300 300
Gas Seals 155 50 50
Re-Tube (zr.) 8,240 2,060 2,060
Front Face Piping
Crossheaders 1,155 330 -
Valve Pit to Riser Piping - 285 -
Front Face Valve Operators 240 60 -
Rear Face Piping
Crossheaders : 740 185 -
Riser and Crossunder Lines 720 180 -—
Crossover Lines 370 145 75
Riser Support Modification - - 25
Effluent System
Effluent Line Modifications 340 - 35
Reactor Instrumentation & Electriﬁal
Panellit Gage Recalibration 140 35 35
Graphite Stringers 120 30 30
Electrical Modifications 120 30 30
Misc. Items 100 25 25
RTD & Thermocouple lLeads 380 95 --
Misc., Work Items
Temporary Construction 200 50 50
Decontamination ..200 50 50
ATPs 200 50 50
Sub-Total 16,060 4,320 3,175
Construction Overheads 2,400 630 500
Total Direct Cost 18,460 4,950 3,675
Construction Engineering 400 130 100
Contingency 5,540 1,500 1,100
Escalation 1,100 300 200
General Overhead 1,050 320 205
Management Services 500 150 120
Design 1,050 300 275
TOTAL PROJECT COST 28,100 7,650 5,675
Other Project Costs
VSR Circuit Modif. (BDF Only) 120 - -
Air Accelerated Rods (44) 2,130 800 -

Overboring 8,000 2,000 -
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CASE IV . WITH REAR HEADER PRESSURE

GRAVITY FIOW-105-B, D, F, DR, H and C
Cost in Thousands of Dollars

B, D, F, & DR . _H C_
Process Tube Assembly
Front & Rear Nozzles and Caps 620 155 155
Venturi Connector Assembly Loo 100 100
Orifice and Rear Connector Assembly 420 105 105
Gunbarrel Modifications 1,200 300 300
Gas Seals 155 50 50
Retube (Zr.) 8,240 2,060 2,060
Front Face Piping
Crossheaders 1,155 330 —
Valve Pit to Riser Piping - 285 -
Front Face Valve Operators 240 60 -
Rear Face Piping
Crossheaders 740 185 -
Riser & Crossunder lines 720 180 -
Crossover Lines 370 145 75
Riser Support Modification - - 25
Effluent System
Pressurized Downcomer 660 165 165
Depressurization Station 1,140 285 285
Effluent Line Modification 60 - 35
Reactor Instrumentation & Elect.
Panellit Gage Recalibration 140 35 35
Graphite Stringers 120 30 30
Electrical Modifications 120 30 30
Hise. Items 100 25 25
RTD & Thermocouple Leads 380 95 95
Miscellaneous Work Items
Temporary Construction 200 50 50
Decontamination 200 50 50
ATPs 200 50 50
Sub-~Total 17,580 L, 770 3,720
Construction Overheads 2,620 730 555
TOTAL DIRECT COST 20,200 5,500 L,275
Construction Engineering 950 150 110
Contingency » 6,000 1,650 1,300
Escalation eﬁ?ﬁ 1,200 325 240
General Overhead %z:};f’“;?,, 1,100 300 240
Management Services o P, 550 175 135
Design “’c;g& 1,100 350 300
~ TOTAL PROJECT COST »{& 30,600 8,450 6,600
lrcuit if. (BDF Onl g 120 - SO
VSR Air Accelerated rods (QK 2,130 800 —
Overboring 8,000 - -
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" SATE ALVE 2° Nk - S7L. 7290 7800
2 THRED - 0-LET Y. ax 3Ioons C 3R, doaNr Foaed| _ acd 1260 FO& WSTRUMENT ZOANA. 1
73 PIPE 76" /;r arrl l I TAILT a0 775
74 PIPE. E /%% g A 3?3’ 200 7S
5 THRED-O-LET 10T X sreanG C- 3n. savwr iomEl 800 778 FOR INITRUMENT COMN, b
/6 CHECK YRLVE /6° 4co” |[CFre 400 /200 LXISTING JE/ORE C6-558 £EUSED R
/7 WELD NECK FLANGE /67 Joo®  |ASiM-A 0596 gkl 8Co 775 (LRSS B RATING ’
8 PIPE 36" oM T A soo 775
/9 PIPE 67 0.656° | 3CH. 60 |ASTM-4-106 f_f._l goo /200 EXISTING BEFORE CG-358 REUSED
20 FLANGE /€7 200* {437 IR X J00 1200 CLAIS F® PRTING | FXISTING BEFORE C8-358 REUSED -4
27 BASE FlL T L AT T T TSt 200
|22 1VSTRUMENT COMN. IR TAPPED NPT . ! SHOUD FE WEIDED
23 | GATE JALAE i 300% iy ryes w04 | 60C 300 CLASS B° RATinS | e cavsinctons
¢ VERTICAL ZISER E RSk Vragcar seg * 800 7200 33—
25 PIPE 8" C.8C06 JCH._ 690 SITM-A0é A 60 1204
26 GATE iRLVE ar Co0¥__TuSTHA-ZE shwc| 200 /800 LX]STING BEFORE CG-338
27 CHECK 1ALVE a7 CO0%  |ASTH-7-216 GR_HCBI 1200 1800
28 GATE ALVE 2% CO0Y __\ASTM.A-2/8_GR Wed 1220 /800 3
29 PIPE <" SCH B0 __|4STH-R-406 3R A /280 /800
0 GATE VALVE. 2% Joo¥ _[c-9n. [ 900 CIANSS B RATNG | )VALVES CEPLACE P AOOVINEFE C 372, c
3/ WELD NECK _FLANGE 4 200% {15TM 210546 GBI 800 1200 CLASS “8° PATING
32 PIFE i 0.432° | SCH, 80 STH-#-106__G#, A 1180 1720 B
33 INSULATING FLRANGE 34 d00* __|AS7M-2-105-36 621 500 1200 I i 4 vkl
34 STRAINES o d00®  crs-asn.a-zsr 527 800 7200
s CHECK VALVE é" OO CFA-ASTMA-35/-52 T 800 1200 18-8 37 REXITALIC
k3 WELD NECK FLANGE [ 200% lasrae- 182 se. £ 304 800 1200 CLA3S B RATING | (4Q) REPLACE F PEOUCER %39 R
7 HWELD WECK FLANGE <47 300 ¥ lasru-182 o8 F304 120 1100 CLASS “A° RATE LA IACE T 4o0 37 FZANE e
38 PIPE _CROSSHEADER P SCH_ 40| TYPE 304 ol 347 | Aoo /800, YSED EXISTING PIPE ON C8-558
39 ECCENTRIC REDNER e nd” SCH. 403 WSTHA-38 GR_T7 304 24 1000 (2 REPLACE V SCH. B0 _3/3T
40 | 7UBEF ConNECTOR L Y 0./13° 134 ScH. 40| 18-8 7rPE 108 27 /800 ]
4/ VENTURT e BEF_ G.L | DNG H-1-]5342 - ) 1600
42 FLEXIBLE CONNECTOR / 9./25° TEFLONE 35T T S 1040 1100 1609
43 WELD NECK FLANGE 2" G00™ __ USTM-3-105-46 G# T 1800 /800 CLASS "8’ PATING ¢
PYER W25 2* SCH, BO__|ASTM-A-106 . 6R. A /330 2000 E
45 WELD NECK FLANGE 8" 600% LISIH-405-46 G8.1 /200 1800 CLASS "8" RATING
& WELD NECK FLANGE 4" 400% _UsTH-A/0546 eo T 800 1200 CLAIS “B% RATING
¢z PIPE <7 SCH. 40___ASTH-4-/06-46_6#. 1 776 /7150 (ASREQD) REPLACE “7 MTL. A/06 GR A
Il 48 1 GATE ZALIE a” E? /37 TVPE 704 600 300 (2] FEFLACE 7 400%. 3
_|PT] PIPE. /67 0.656 | SCH. 60 __|ASTM A-106-46 6£.I| __ 800 1200 ENISTIMS BEFORE C6-558
s S0 FLANGE 2" 300% _W3TH.4-/05°46 682 600 900 4) CERLACE Y 400" -
al 5 care aive 2° 300% | ¢-37L. 60¢ 500 (2) BEPLACE T 400"
5z WELD-O-LET Zuod" | X STRONS | £t STRONG | ¢ - STZ, 800 72 3
! 53 PIPE 36° 1% FEe soo 275,
Fix GATE VALVE 6" 00* C-S7L. 800 1200
&l IS5 ECCENTRIC REDUCER 6 d SCH. 40| S/ST_TvPE 304 é70__ | _se00 (23) REPLACE ¥ ICH.80 YST
56 WELD NECK FLANGE 4" 300* | c-57. 690 900 CLASS 8" RATING |(12) WSUATING PLANCE -BOXANCE T 400% C-37t. ] '
57 CHECK VALVE 4 300% | /57 TrPE 204 600 08 CLA33 “B° RATIHE REPLACE % €009 C-3T2.
58 STRAINER 47 300% [ 5/5T TrPE 304 600 900 CLASS "B RATING |(7) REPIRCE “ 400% C-ITX.
59 GATE yaiyE 2" 600% | c-sTt. 1200 1800 CLASS 8" RATING
60 LAP JOINT FLANGE 4° 300¥ | 3/37 TYPE 304 590 900 CLASS B° PATING |(BQREPLACE 7 400% 3737 TVPE 304 1
G/ PIPE 24 SCH 40 ASTMA/0ed6-eA. 1| /00C /500 ]
l B
i 3
] = e = o
| GENERAL NOTES . T AL
- CAABFICATVOR w,
= . AlL INSTRUMENT TUBING TO BE CHECHED - W
! ’ ;ﬁoe ORERATING PRESSURE OF GOO PS/ HONE —==- |~" /o [~
owe. Bugvy | MGV MR
u 2. AFTER PIPING MOOIFICAT!ONS HYDROSTATIC TEST AL o SK ‘__ l e | ]
: PIPING AT /1200 PS/ FOR 800 PSI SERVICE '/- 4066
f scALL: AONE
oaawn sarel. <Al -
" CHEL! OA] - 6
{ g .
. ous. vs O B Tourr PLA
i oy 1056/
-t Do, 1208
U. S. ATOMIC ENERGY COMMISSION .
: HANFORD ATOMIC PRODUCTS OPERATION
‘ lllllll.. feernis
! PROCESS WATER PIPING
‘ PRESSURE RATING .
| 2R/ +9982 DR PROCESS PIAING CAOSSHEADER MOS. VALKE AIT 70 //Véé'fA/UZZZ[
' #1-997TT0M YALVE PIT TORISER ,[l,_- TOR NCREASE PRODUCTION
V-394 0 | PROCESS FIFING VALVE AIT =
Bwl_owe %o CRAWING TR e e T s
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1 2 J 3 | 4 J . | .

R YT
ITEM Ne|l DESCRIPTION A s |ars 0% | MATERIAL  |\ONSHOCK HYDRO \ GASKET |REF. DWG|  REMARKS QUAN,
47 GA.VA. VINSULATING FLG. 4’ 300" 8.8TL. 720 oo P-4822 |REPLACE WITH d00°csIL| §
48 | C.VA. YV NSULATING FLS +° 300" S.NTL 720 Nnoo REPLACE WiTH 400°Csre| 2
N KM ORIFICE FLANGE 2K G0Q" |ASTM A10S GR | 1440 2175
50 PIPE 4 237 SCH 40 |ASTM AlOG GR A 776 1150 REPLACE MTL WIIHAK%GARY| A5 RIGY
E) ORIFICE PLATE MAY REQR RESIZING
52 STRAINER 4" 300" S.STL 720 1100 REPLACE WiTH QOO 3L 1
53 GLOBE VALVE 4 300" S.8TL. 720 oo REPLACE WiTH £a0°csn |
1 s¢ GATE VALVE an’ 600% [ASTM A216 GRWCB| 1440 | 2178
55 PIPE 2’ 218 SCH BO [ASTM A106 GR A | 1330 2000
56 CHECK VALVE 2° @OO0" |ASTM A216 GRWCB| (440 2175
57 PIPE 2’ 34 SCH 40 [ASTM A 106 GR A 723 1075 REPLACE Mro)mmo&qxa ::‘s;(Tva
sl se GATE VALVE 2 100 C.STL. 720 1100 REPLACE wirn 400"c ste| 6
39 PIPE 4 337 SCH BO [ASTM A 106 GRA | 1279 1920
60 W.N. FLANGE 4° 400 [ASTM AI0S GR | 60 1450 P48 19
Y] NOZZLE 8 .40G | SCH 6O {ASTM A10G GR A 860 1300 "
G2 PIPE a 140G | 5CH 20 |ASTM AIOGGRA | &60 | 1300 ) N
63 GATE VALVE 8 400" |ASTM A2IG GA WS 9¢0 | (450 " -
G+ CHECK YALVE 8 400" |ASTM A216 GR wcuj 960 1450 "
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HW-6335/

)\
. l v 10 [ " n PA a& S L_
_ . RS
e DESCRIPTION e AL e T 17 Jouan.
/ PIPE 24" 0 o ScH o | ASTM A0 GRA 803 /200 P-2817 J
2 COYPL /G 73 b000? | ASTM ANl GeR | 1200 /800 . ]
3 COUPLING " Goocod | ASTN Avce @A | /200 /800 - 4 4A
< cousLIMG 3 G000* | ASTM A.106 GRA 1200 /800 . R
5 SUP-ON LLANGE 2¢ 600 | ASTM 4108 GRr /200 /800 . W/ORIFICE PLATE h
[ weoLES $ 048" SCHIO |ASTM Riok GeA 2000 3000 Y% ORILL
7 WELOLET ’” SCHG0  |ASTM A.106 GRA /200 /800
a CHECK VALYE M 600 1200 /800 P-4822 , -
9 WELPNECK FLRNGE % o00* ASTY A0S Gel /200 /800 §
0 WECE mLvE % oo 960 /450 -
1 WELD ECKE FLAVGE ' dood  |asr Aies Gcer /200 /400 1
P DI0E % ScHB0 |amm A% ceA | 13r0 /%0 1°
2] "y secrion xvae | 74 AT ATl | o0 | 1200 ]
" NELD-LECK FLANGE Je doo?  |Astm mies et 960 1450
s AISE FLL %" 4 ASIN B453 g goo 1200 |
- orzE o Food  [ASTTY 410546 GRI 960 450 $—
" TOUPLMG S /4 60008 | Astm 4103 G /200 /800 ]
2 CHUPLIMNG /" oa* | A aios crY 1200 /800 :
” vozzLe 4 qoot  |Asme g108 GRI 960 1450 ]
2 RSER % /4 e pas ool | a0 /200 1.
2 CIPLIG ’” 60004 (a5 A-108 Gol 1200 (600 ]
22 wozzLE 2 0! |aTM A0S GR Y 960 1450
23 nOZLE Pl q00f  |psm 4105 Gl 260 1450 |
M wnozaSs é 4004 {ASTM A-105 GR) 360 1450 B
oz WELD-MECE, FLANGE ¢ Good  |asm A-105 Gr1 960 1450 —
Tz pipa é SOw 80 |AT™ a-106 GR A 1180 1800 HwS 7150
27 GATE YALYE 3 doof  |MTMA2K GRuca S60 1430 T
2 INSULRTING FLANGS . , ¢ Jo¥ | A-106 GRA goo 1200 § Jmsre v CLABY B RATING h
» STRAMER 4 fo0* |crapsmAlsis|  seo 1250 I IS
) CHECK vaLve ¢ oot IST TYPE 304 60 1450 ST AL PAWE
¥ LAP JOINT FANGE ¢ Joot 1RSI AI8E Fiok 720 /100 cLASS A REPLACE WwITA ¢00"ssr 46 |
2 ECCENTRIC R&DUCER &' SCHR IST ryee o4 (7] /000 REPLACE wrrn 3¢H 80 t6 |
33 LAP JOINT FLANGE 4 300%  |ASTI AILL 62 304 720 /oo cLAsSS A REPLACE W/TH #00®csn “%
E?] PIPE 4 ScH 4o SI7 JyPE 204 960 1440 7
5 TUBE COMNECTION i oy | Y:sendo | 188 rvpeg04 | 170 /800 ]
£ ven rues -] REF | OWG #5348 e | )50 /600 H-1-5342 T
- 37 FLEKIIE COMNECTION /° 0.125" TEROU ¢ SSTERAID| 1100 1600 —
» SLP-OM RANGE /6* Socd AST AIOS Ger 960 1930 P-4817 €
] mpeLE & SCH BO | ASM 4106 GRA | 2090 Jooo ° -
“0 NIPALE 4 3CH 80 | ASTm pice GBA | /460 2200 " -
q GATE VALVE " 60C®  [ASTM A105 GR1 /200 /800 4 1
42 GATE YALVE /4 6004 1ASTM AjOS GRY /200 /800 ’ |—
93 GATE VALE 4 Joo*  |Asm Agk-Gcemes | 70 no P-4822 | REPLACE WITH 4007C-STC 7
44 WELDOLET 24x 2 8&CH 80 1330 2000 P-4825 | SOLIDS FEED CONNECTION
45 PIPE 2 218 SCH 80 WSTM 4106 Gr A | /330 2000 "
4c GATE VALVE 2 600" |4aTM A216 G weS| 140 2178 " .
. GENERAL NOTES.. S— - — < Rl bl
: ramr Se g
- /. ALL INSTRUMENT TUBING TO BE CHECHED '..‘ - N
= FOR OPERRATING PRESSURE OF S00 Asi. _ =
2, AFTER PIPING MOOIFICATIONS HYCROSTATIC TEST ALL ~ SK/. 40 9 l -
PIPING AT 1200 PS/!, FOR B00 Ps) SERVICE
SCALL: Aowk
o o €0
- VfAsars 2.29~
i i
- 05«
=" 20. /808 - n
HANFORD ATOMIC PRODUCTS OPERATON |~
sunmat @ naerare
| T PROCESS HIATTER Bty
l‘- RESNIRE AT
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HW-6335/
- Q 2

S/2E RATING NON - SHOC, AN, |
rrem | oeseriprion | s aarion o '53,,',‘, Wy ReRAs
/| Frange 1z 600" ASTM A-10546 GR) | 7s00r
Z | PiPE 12 | 562" | ASTMA-06-52T GRA ;;45{3_3:‘ 10 75°
|3 | rLance 8 [#00“AsTMr05-36 G R 1] g00° | 200 X
4 | PIPE 8° 750" _|___do9° /1200 R
| 5 lramee | 67 ) oao‘asmm ms n  GR-1 1200 /800 j
6 PI1PE 7 |ese | screo 06 uR.A 900 /350
7 WALVE 16" 4CO”" #3TM 2/6 GR-WC B 800 1200
3 | eifE 36 [ wso | IR A 500 1200 _
9 uup(zu. wuc;___gg:__ 1250 | w 900. 1200
10V PR 3@ _|nes0 ) o | . 800 1200
77 PIPE 36" | 1250 ” " goo’ 1200
7 FLANGE 36 | m'ﬂsm 05- '42 GR. 1 800 7200 —
PIPE 36" | 280" | BT i 800 /200
| vewTumi 36 T a0o0 /200 s
BASE ELBOW 3¢ | nzso [ ,,g“,‘o’x’,’kzcm goo ~ | " 1z60 MUICR CANSTRYCTIaN.
NOZZLE 4 400 ﬂ5’ Y-A105-46 GR.ICLS 800 1200 :
17 RIGER % resor [33T n.caax ,b’f'”‘ 900 1200
73 VORZLE - NA0=AETM- 4/054eu/a/u.a 800 1700
9 FLANGE 5* " |porasriaicssesricis| T ado 7200 —
T a | PiPE 5" 375" [5cm. 30 sstmarce szioRAY T Jid0 775 | .
2| check vatve | - 900% 3iTM A 26 GRWEB| 800 7200 [NSULAVION TIANGE ]
2, STRAINER(SPECIAL) | _5° 00" CFB-ASTH- A3 517 (LB 800 /200
23 90° £L80WS Pg | SCH 40 §:ST TYPe 204 777 800 1200 ‘BRI REPTACE Witk +3(n 85 57
74 | REDUCER g 5" Feuso 35T m7rPE 364 | 800 1200 PO AEPLACE WiTh o 3¢¥ Y
25 VALVE,GATE 4° 300" 53T @00 300 78) REMACE WiTh 3" 4007 5.8T
& FLANGE 4 300” 557 600 300 78V REPLACE WITH S 400 3-3T -
27 | prPE 4 T T seH. %9 g7 7250 7875
28 FLANGE (VAN STONE) < B spo" éL.8 600 ! 00 REPLACE WITH 4" 8007C STL
29 BRANCH CONAL. % SCH. 403 ST TrPE 304 e - 1750 "
30 | vewrurs REF | OWG H-1-9342 ——eed /100 1600 - i
31 FLEX. CONNECTOR ’° £23 TEFLL’W;‘-?J'T BRRID hoo /a00 ]
5z_| VALVE .GATE | #° {v00"asTmai6-Grwea| - sa0 | _se00 T
33 | THRED-0-LET % EX-STRCNG  C-STL 800 _ Lwoa. .| . L E
38 | FLANGE 2" 400°ASTM-AJ05-46-GR- | 800 7200 R
35 | PIPE 2° ICH 40 C-STL 600 -} "800 - |mEPraTE Wird /2-5cH 80 PrEgsTE], ©
36 VALVE 12° 300” CSTL. L [ Y] 200 . [RIREPLACE WITH 400" C-STL N
37 | cHECKk VALVE /2 300" CSTL 400 300 2) REPLACE WITH 400° C-STL i
\b‘—-@ 38 | Pree 4 SCH.80 A-106-GRA 1280 1920 - ]
39 | vALVE ‘- 300° 55T TYPE 30% 600 900 (5) REPLACE WITH 400" C-STL ]
40 | cHECK VALVE 4 300 557 TYPE 304 600 900 Y2] REPLACE WITH 400® C-STL —-
—® FLANGE 8" 400" ASTM A105-86-GR -1 400 1200 - -
PLpE 8° SCH. G0 ASTMA-106-6R.A 800 1200
VALVE, GATE 8" S00° ASTMA216-GAWCE 800 /200
CHECK VALVE 8 $o0* " 800 /200
VALVE 24’ 300" SST TYPE 3C4 600 900 4\ REPLACE wiTH 400" &-STL €
VALVE wWeLND /1G] 2” 1200% C-STL FLANGE 2400 . 1600 i
STRAINER + 300" 551 TYPE 304 600 00 11y REPLACE WITH 400~ C-STL ]
VALVE, GLOBE 4 JOC*™SIT TrPE 304 G600 300 () REPLAGCE wWiTH 400% C-STL
VALVE, GATE 2’ 600° C-STL 1200 1800 -
PIPE 4 SCH 40 ASTM A-106 GR A 776 1150 . (35 REQD)REPLACE MTL WITH-R/06GR B
FLANGE 23 600" C-5TL 1200 1800
PIFE 2’ SCH 40 ASTMA-I0bGR-A 730 1100 (AS REQD! REPLACE MIL WITH-706GR 8
PIPE 2" SCH 80 C-STL 1330 2200
PIPE 2y, SCHdQ C-STL 1000 1500
REDUCER WITH FL33 | Jad” 3CH B0 WITH 400" LG T304 800 4200 W8I NEW FITTINGS FOR 5°SATE YANE ;
] ]
=L REvsIONS 1 A 1 K I o li
prve—e—— s
P NONE - ?,‘:"/ —
oare T/00
3 9 scaLe: NONE """"":‘u‘-:-———-
DRAws oary wy o oy |3 -7-60
ﬁwnn.—u«o ]
GENERAL NOTES ... o s MONDY ey EM
/. ALL INSTRUMET TUBING TQ BE CHECKED FOR 800 ASI = _l0561
OPERRATING PRESSURE. | ot DO- 1208
. $o%7 FACE- 105 ]
2. PIPING 7O 8E WYOROSTATIC TESTED AT 1200 RS, N U, ATOMIC ENERGY COMMISSION — |
Fir26735 | PRGCESS FIBING VALVE PITJ05 HANFORD ATOMIC PRODUCTS OPERATION
[41-26418 | PROLES PIPING FRONT FACE <108 D seninaL @ niecraie
136947, P 13ER - 105D
Hisiro| Precess e v rrioss—| _PROCESS WATER PIPING
126 1} PRCCESS PIPING FRONT FARCE-105 -
Wer 26/03 Pﬁgc:s: PIPING VALVE PIT-1058 PRESSURC RAT/NG& "
.- 26/02] VALYE PIT TO RISER-1058
f}mmm S URE AT RS TOE VALVE PIT 70 INLET NOZZLE
|X3088] PREISUAE RATINGS [0S OR |
[SK--4087| PRESSURE RATINGS 105 C “fffffzpigcgcﬂfipk:‘:‘;ir?”
F i) oRAw e TR -~ Suweesn
-

==t - SK[4050
7 ] ' [ ' l 0 ' W l n "







