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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 oroduction 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 attain the production increases.

The feasibility of overboring the process tube channels and development of equip-
ment to accomplish overboring has been considered and documented in a preliminary
report by Equipment Development Sub-Section(i).

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

I 95,000, 105,000, and 115,000 gpm were also considered at 105°C bulk outlet 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

il dropped from further consideration. As the study progressed and the capabilities
of the various plant additions became more clearly defined, the study emphasisJ
shifted to cases with process flows in the range of 105,000 gpm to 115,O00 gpm at
a bulk outlet temperature of 95°C. These study cases considered installation of
both aluminum and zirconium process tubes.

II. PURPOSE

This report has a two-fold purpose. First, the expansion study cases which currently
appear to have _ 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.

oi lt is not the purpose of this report to compare the relative economic gains of
I the cases considered with each other or with the economic gains which may be achieved
I " by overboring of the reactor process tubes. Th_s_ comparisons will be considered

in a later more comprehensive report by others.(2)

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-I-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

1 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.
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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 tD_s report°

The case notation has beer_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, I05,000 and 115,000
gpm at B, D, F, DR, and H Reactors. The "A" and "B" associated _th 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 inc?ude 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 outlet temperatures
of 95° C.

Flow - GPM Rear Header P2essure - PSIG

95,000 50
lO5,OOO 55
115,000 70

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

As indicated_n Table I, study cases with the subscript "I" 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 ms) be increased by approximately $100,000 per
reactor if capital costs are desired which include orificing rear crossheaders to
dissipate the extra pressure.



STUDY CASES - REACTOR "_#:,',<_
FIN.AL ....... ..... _,_.<Q

Bulk Outlet Tempo = 95° C

Rear Header Reactor Costs*

Pressure Over Tube Thousands of Dollars

Case Flo_._._wTo_.q2_ Required bor.._._eMarl B D F &DR H

(Base) B,D,F,DR,H 85,000 580 No No A1 13,050 3,450 -

(Base) at C 95,000 400 No No A1 - - 1,400

IA 90,000 Costs essentially same as Case II

II 95,000 520 No No Zr 27,650 7,200 -
IIC 100,000 405 No No Zr - - 5,600

IIIA 105,000 700 No No Zr 27,950 7,700 -

IIIB I05,000 450 No No Zr 27,820 7,650 -

IIIZ 105,000 450 No Yes Zr 35,700 - -
IIIC 105,000 390 No No Zr - - 5,600

IVA 115,000 600 No No Zr 28,220 7,650 -

IVB I15,000 515 No No Zr 30,230 8,450 -

IVZ 115,000 405 No Yes Zr 36, I00 - -

IVC 115,000 380 No No Zr - - 5,675

IVA I 115,000 635 Yes No Zr 30,720 8,450 -
IVB I 115,000 550 Yes No Zr 32,730 9,250 -

IVZ 1 I15,000 405 Yes Yes Zr 38,600 - -

IVC 1 115,000 380 Yes No Zr - - 6,600

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

IV. DIS_CUSSION

. A. Technical Factors Effeqtin_ Feasibility

I. Many of the factors affecting the technical feasibility of the proposed

process changes have been previously considered by Research and
Engineering Section(4). Some of these factors are as follows.

a. Allowable graphite temperatures and graphite contraction.
b. The effect of enlarged outlet fitting designs on process tube

instability limits.

c. Rear crossheader pressure to insure that fuel elements do not melt
in the event of a front connector faLlure_

d. Fuel element design.

e. Operational nuclear control.
f. Total reactor control and speed of control

g. Reactor instrumentation and more specifically, the use of the
existing Panellit systems.

Additional factors which will affect the technical feasibility of the

proposed modifications are discussed below.
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LI_J ."._" ,'_ ,_ _" , • _._, ':_J#,

2. HorizontaIRo d Coo!_n_ "'_M

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 350o ,

at which temperature a_uminum 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.

3. 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 primarily a function of temperature (6). It has

also been demonstrated that the shield temp@,rature 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.

4. Concrete Shield and Foundation Temperature

Based on 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.

B. Design Basis

1. D__e_ignAssumot%ons

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

a. Graphi,t,e

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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c. Reactor Foundation

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

d. Panellit Sv@tem

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.

e. Effluent Aqtivitjy

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

f. Rear Cros_header 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 protection from fuel
element burnout than other tubes because of the K fitting
sizes. In this 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.

2. Process Variables

T_a_oughoutthe study, 1800 effective flew tubes and 1500_ffective
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 18)o
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3. Reactor Comoonents

a. Fuel 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 Pi_ing

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 Safet_ 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 estimated 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 require straightening. Installation of additional

vertical safety rod channels is not considered feasible at this time.

f. Opera tional Con trgl

Operational control requirements will be met by installing supple-

mentary control devices such as poison columns and splines.

4. Ooerational Charge-Discharge

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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5. 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/ht(10). Retubing on a
full pile basis will require a method of economically and quickly
disposing of the old tubes.

C. De_scriptionof Facilit_gs

I. Process Piping Systems

The attached study drawing SK-I-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-I-3812,
SK-I-3823, SK-I-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 conditims, 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 Pioing

At B, D 9 and F Reactors front face piping changes are recommended
at 95,000 gpm flow. These changes are shown on SK-I-3826o 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 proposed 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 gpmo

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 motor 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-

i header fittings the incentive for enlarging these fittings is notas great as at the other reactors. C Reactor already has one cross-
header per tube row on both front and rear reactor faces, and ha_

| 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

I 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 Ho 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 attached drawings, SK-I-4087, SK-I-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°

o

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

_.. _,.. __t___ _ _3 b_n_J

I

!
!



b. Rear Face Pioing

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 comP9ngnts
will become more frequent until corrective action is taken_.
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 Re_actor.

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,9_,crossover line expansion joints are recommended
at 95,00 g_m flow_XXJ. 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 10Soc, the rear
face process piping must be pressurized. Required changes are
shown in tabular form on SK-I-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.

2. Effluent Systems

The following is a discussion of the effluent system modifications by
components. The particular set of cha_ge_ 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-1-38_2,
Sheets I 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 (I05-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 possib±e 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 rear header pressures may be required to

provide adequate back flow(4). 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 downcomer will be required. The cost estimates in Table II

(Page 18) for 115,000 gpm flow have been based on use of pressurized
downcomers, hence the removal oi' the additional pre_su_c 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 (105ec 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.

b. 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 riser are discussed elsewhere(3).
. The modifications for the dual reactor areas are 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-1-38_2, Sheets 1 and 2)

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

the weirs and top and replacing the five foot sluice gate with a

six foot gate at flows of 105,000 gpm and above.

,
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D-Area (SK-I-3847)

At D Area the crossover boxes must be raised three feet to handle

95,000 gpm reactor flow. At 105,.000and 115,000 gpm flows it is
necessary to add a 48ind_llne 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 i07-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 lir_ 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 basinsare changes typical
of thoserequired at all areas.

c. Energy Dissipators

G_ravitvFlows

At iiS,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 i s 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-1-38_1.
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 up the short stack. Steam discharge would continue for
one to two minutes, the time required to discharge the I05°C water
in a long effluent line.



Considering the high transient rate of steam relase such a station

would be located near the 107 basin.

%6th 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.

" 3. Process Tube Assembl_

For "base" study cases (85,000 gpm process flow) at all reactors except
I05-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 connectomwould 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

l'eplacement 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 _, 2, 3, and 4) in general meet the requirements
of an acceptable assembly and are described in detail elsewhere(17).

The front nozzle proposed for further testing is an aluminum casting

incorporating a cur_ed flow path and a check valve as shown in some

detail in Figures I 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

i 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

i 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 "0" 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.

4. Reactor Instrumentation

" New thermocouples and thermocouple 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.

5. Ve_rtical 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 lather being due
to differences in VSR circuitry. Based on a limited amount of test

data, the time required to attaininety 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 ER 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 existing 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).

o 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-
lopmen_ 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 whethe_ 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 I) a distorted channel and, 2)
a channel narrowed to the OD of the rod (19). In both cases, the rod
operated satisfactorily with only minor chipping of the graphite
blocks, h_wever, 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 _,,,_

_/
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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(20), although certain features possessed
by ceramic balls are desirable. Some advantages of ceramic balls

are the lower density which makes vacuum removal easier and faster
° burn out when balls beco_ne 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, _, DR, H, and

C Reactors. Installation of NPR type rods on the reactor far side,

opposite and slightly above the existing HUR pattern, would provide

greater control of side to side heat cycling but add relatively
little control of frontto 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 existin_ horizontal control rods with NPR
type rods is not considered adviseable at this time.

D. Early Studx Cases

Table II presents a summar_ 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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*Cost in
Outlet TORP Rear Reader Overbore Tube Thousands of Dollars

Cas___%Flow ,(GPM) _ _ P_ressur_e_PSI) B.D,F,&DR _ B,D,_F,DR,H C

• 0 85,000 95 580 40 No A1 16,600
Zr 29,600

. I 95,000 95 510 50 Yes A1 40,000 1,800
Zr 53,000 4,35o

105 510 Yes Zr 61,500 8,800

II 105,000 95 450 55 Yes A1 50,000 5,100
Zr 63,000 7,600

105 450 Yes Zr 72,000 10,100

III 115,000 95 350 70 Yes A1 57,500 6,900
Zr 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. Develooment 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.

t

i. Process Tube Asspmbl_

• It appears that production gains may be attained by increasing the

ii size of the outmoded outlet fittings at B, D, DR, F, and H Reactors.

However, development work is essential to th_ 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
oldecreactors. 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. _he seriousness of these_effects must be
known and carefully analyzed before a final selection of enlarged
outlet fittings is made(21).

I
m
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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.

2. 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 providlng both an accept-
able metallic gas seal and an attachment to allow process tube expan-
sion would be especially beneficial.

3. Process Tube Exoansion

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_ l_ad
conditions eventually leads to fatigue failure of the flangeQ22J.
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 attacP_ent which does not utilize
"0-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 less than that of aluminum,
the possibility of allowing the reactor shield to m_e with tube
expansion should also be considered.
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4. Sear Crossheader 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.

5. 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. AaJitional measurements of existing rod insertion time must
be made to insure that the proposed circuit changeswill 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 obta-ina 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 rema_,nsnq restraint to keep front and rear layers of

z graphite around the VSR channel from protruding or sliding into the rod
opening. The obvious solution to this problem would be installation
of a liner to provide a smooth surface for rod travel and also protect--

i 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-

i tures encountered (760°C) and corrosive action of CO2 on this metal.

,.

!
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Stainless steels at these temoeratures 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 rates.

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

6. 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. _.d

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. A&-
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
...... (c_o'stin"Thous'andsof "Dollars)'

BASE CASE - IOj5B, D,LF,LER-tand H

Feature B, DI F, DR _H

ProcessjTube Assembly

Nozzles, Seals, Front Venturi, Pigtails 1,020 255
and "Y" Connectors

" Retubing - Al. 1,120 280
Russell Sleeves 620 155

Rear Face Pip.ing

Crossheaders 740 185
Riser & Crossunder 740 185
Crossover 370 145
Miscellaneous 45 10

!nst.rumentat$.on

Panellit Gage Recalibration 140 35
Graphite Stringers 120 30
Termocouple & R.T.D. Leads 380 95
Electrical Modification 120 30
•Misc. Items - not detailed 100 25

Development 240 60
Temporary Construction 200 50
Decontami•nation 200 50

A.T.P.'s 100 2__

Sub-Total 6,255 i,615

. Construction Overheads !,745 48_

Total Direct Cost 8,000 2,100

Construction Engineering 280 70

Contingency 2,450 650

Escalation 625 175

General Overhead "_% 475 125

Management Services _¢_,_ 370 80



CASE II -_FLNAL STUDY CASES _#_
GRAVITY FLOW_ lOS-B, U, F t DR, H and C _

(Cost in Thousands of Dollars)
(Base Case)

B. D, F. & DR H C-(A1.)
Process .T.ube Assembly

Front & Rear Nozzles & Caps 620 155 --
Venturi Connector Assembly 400 I00 --

" Orifice and Rear Connector Assembly 420 105 --
Gunbarrel Modification (F&R) I,200 300 --

. Gas Seals (F&R) 155 50 --
Retube- (Zr. Tubes) 8,240 2,060 --
Retube - A1.... 325

Front Face PiDin_

Crossheaders 1,155 330 --
Front Face Valve Operators 240 60 --

Rea__r _FacePipinz

Crossheaders 740 1.85 --
Riser and Crossunder Lines 720 180 --
Crossover Lines 370 145 75
Riser Support Modification .... 25

Effluent System

Effluent Line Modifications 100 -- --

Reactor Instrumentation & E_ectr£cal

Panellit Gage Recalibration 140 35 --
Graphite Stringer 120 30 30
Electrical Modifications 120 30 30
Misc. Items 100 25 25
RTD and Thermocouple Leads 380 95 --

Miscella_ Work Items

Temporary Construction 200 50 50
Decontamination 200 50 50

" ATPs _ _

Sub-Total 15,820 4,035 660

Construction Overheads _ 61_ ......

Total Direct Cost 18,150 4,650 850

Construction Engineering 400 125 50
Contingency 5,500 1,400 255
Escalation I,i00 280 65 •
Germr&l Overhead 1,000 295 50
Management Services 500 150 60

_ol%_

TOTAL PROJECT COST 27,650 7,200 1,400
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CASE III - F.INALSTUDY CASES
G_RAFITYFLOW-I.05B, D_ F, DR, H and C

(Cost in Thousands of Dollars)

B,,D,,F. DR H_Z_ C_q_
P__rocessTube Assembly

Front & Rear Nozzles & Caps 620 155 155
Venturi Connector Assembly 400 100 100
Orifice & 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

F._rontFace Pinin_
Crossheaders 1,155 330 --
Valve Pit to Riser Piping -- 285 --
Front Face Valve Operators 240 60 --

R_ear_.Face Piping
Crossheaders 740 185 --
Riser & Crossunder Lines 720 180 --
Crossover Lines 370 145 75
Riser Support Modification .... 25

Effluen_tSystem
Effluent Line Modifications 150 -- 35

Reactor Instrumentation & Electrical
Panellit Gage Recalibration 140 35 35
Graphite Stringers 120 30 30
Electrical Modifications 120 30 30
}_isc.Items 100 25 25
RTD and Thermocouple Leads 380 95 --

Miscellaneous,Work .Items
Temporary Con struction 200 50 50
Decontamination 200 50 50
ATPs 5O

Sub-Total 15,870 4,320 3,175

- Construction Overheads 2.330 6_ 4_

Total Direct Cost 18,200 4,950 3,650

Construction Engineering 400 130 90
Contingency 5,500 1,500 1,080
Escalation _ 1,100 300 215
General Overhead _:'% 1,000 320 200

_nagement Services :.:-:'_'_v 500 150 110Design ,,. "oo ,

TOTAL PROJECT COST e;_.__J_ 27,700 7,650 5,600

Other Project C_osts "_'_Wv_

Front Face Piping __ 250 50 --

VSR Circuit Modif. (BDF Only) v_ 120 ....Overboring 8,000 ....
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CASE IV - WITHOUT REAR HEADER PRESSURE __,"'_:_"_
GRAVITYFLow IO_-B, D, F, DR. H. C _'_vC_

--_ (Cost in Thousands of Dollars) "_

B. D. F, .&DR _H C_
Process Tube ,Assembly

Front and Rear Nozzles & Caps 620 155 155
Venturi Connector Assembly 400 I00 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 Pioin_
Cfcssheaders 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 & Electrical
Panellit Gage Recalibration 140 35 35
Graphite Stringers 120 30 30
Electrical Modifications 120 30 30
Misc. Items 100 25 25
RTD & Thermocouple Leads 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 _ _0O

Total Direct Cost 18,460 4,950 3,675

Constructicn Engineering 400 130 100
Contingency 5,540 1,500 1,I00
Escalation I,100 300 200
General Overhead 1,050 320 205
Management Services 500 150 120
Design 1.0_0 _ 300, _ 275 _

TOTAL PROJECT COST 28,100 7,650 5,675

Other Pro iect Costs
VSR Circuit }_dif. (BEF Only) 120 ....
Air Accelerated Rods (44) 2,130 800 --
Overboring 8,000 2,000
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CASE IV - WITH REARHEADER PRESSURE

GRAVITY FLOW-10_-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 400 100 100
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

F_rontFace Pioin_

Crossheaders 1,155 330 --
Valve Pit to Riser Piping -- 285 --
Front Face Valve Operators 240 60 --

Rear Face PipiD_
Crossheaders 740 185 --
Riser & Crossunder Lines 720 180 --
Crossover Lines 370 145 75
Riser Support Modification .... 25

Effluent S_stem
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
Misc. Items 100 25 25
RTD & Thermocouple Leads 380 95 95

Miscel_aneousWork Items
. Temporary Construction 200 50 50

Decontamination 200 50 50

ATPs _ 200 ___ 50
• Sub-Total 17,580 4,770 3,720

Construction Overheads _ __ . 555
..

TOTAL DIRECT COST 20,200 5,500 4,275

Construction Engineering 950 150 110
Contingency 6,000 1,650 1,300
Escalation 1,200 325 240
General Overhead 1,100 300 240
Management Services 550 175 135
Design 1.100 __ 300

TOTAL PROJECT COST 30,600 8,450 6,600

Other Project Cost
Circuit Modif. (BDF Only) 120 -- --

VSR Air Accelerated _ods (44) 2,130 800 --
Overboring 8,000 ....



-29. HW-63351

STUDY DRAWING_

FIGURE 1 Proposed Process Tube Inlet Assembly 31

FIGURE 2 Proposed Process Tube Outlet Assembly 32

FIGURE 3 Proposed Process Tube Inlet Assembly - SK-I-3959 33

" FIGURE4 Proposed Process Tube Outlet Assembly - SK-I-3960 34

SK-I-3812 Process Piping Flow Sheet (Gravity Flow) 35
Sheet 1

SK-1-3826 Typical Front Face Piping (Flows through 115,000) 36
B, D, and F Reactors

SK-I-3827 Tyoical Front Face Piping (Flows through 115,000) 37 '
DR, H and C Reactors

SK-I-3821 Process Piping - Rear Face Gravity Flow B, D, F Reactors 38

SK-I-3822 Process Piping - Rear Face Gravity Flow B, D, F Reactors 39

SK-1-3823 Process Piping - Rear FaceGravity Flow DR Reactor 40

SK-1-3824 Process Piping - Rear Face Gravity Flow H and C Reactors 41

SK-1-3819 Depressurization Station (For 70 psi Rear Header Pressure) 42
B, D, and F Reactors

SK-I-3812 Process Piping Flow Sheet (Pressurized Flow) 43
Sheet 2

SK-1-3828 Process Piping - Front Face - High Flow Alternate 44
(Flows to 150,000)

SK-1-3829 Process Piping - Valve Pit Arrangement - High Flow 45m

Alternate (Flows to 150,000)

SK-I-3813 Process Piping - 105 B, D, and F Rear Face Pressurized 46
Flow

SK-I-3814 Process Piping - 105-B, D, and F Raar Face Pressurized 47
Flow

SK-1-3815 Process Piping - Rear Face - DR Reactor Pressurized Flow 48

SK-1-3816 Process Piping - Rear Face - DR Reactor Pressurized Flow 49

SK-I-3817 Process Piping - Rear Face - H and C Reactors Pressurized 50
Flow

SK-I-3818 Process Piping - Rear Face - H and C Reactors Pressurized 51
Flow



-30- HW-63351

STUDY DRAWINGS_(continued)

SK-I-3841 Ener_f Dissipator - Pressurized Flo_ 52

SK-I-3851 Effluent Line and Downcomer Modification 105-F to I07-F 53

SK-I-3842 Effluent Line and Downcomer Modification 105-B to 107-B 54
Sheet 1 and I05-C to I07-C

SK-I-3842 Effluent Line and 0owncomer Modification I05-B to 107-B 55
Sheet 2 and I05-C to 107-C

SK.-I-3847 Effluent Line and Downcome_'Modification 105-D to I07-D 56
and 105-DR to 107-.DR

SK-1-3856 Effluent Line and Downcomer Modification 105-H to 107-H 57

SK-1-_087 Process Water Piping Pressure Rating- 105-C 58
Sheet I

SK-I-4087 Process Water Piping Pressure Rating - 105-C 59
Sheet 2

SK-I-4088 Process Water Piping Pressure Rating - Valve Pit to 60
Inlet Nozzle - 105-DR

SK-1-4089 Process Water Piping Pressure Rating - Valve Pit to 61
Inlet Nozzle - 105-H

SK-1-4090 Process Water Piping Pressure Rating - Valve Pit to 62
Inlet Nozzle - I05-B, D, and F



UNCLASSIFIED HW-63351

Page _,,



,,_._,.,_......... UNCLASSIFIED



UNCLASSIFIED

FL

'OWE £U88EB _TTACHM£_IT" ('EK-/-37S4)
800T

p

!

;I

\
\

+

t /



, _:

PROPOSED PROCESS TUBE INLET ASSEmbLy '!_"::!!,
SK- 1-3959 %:

-,,_:.:

i:

,.. :_



HW 63351
Page 33

UNCLASSIFIED



;_ASSIFIED



HW-63351

Page _._/_

\

' OZZLE

I

EMD OF"£'XlST/AIG
MOZZI..E

=b,
,OUTLET ASSEI.tBLY

9 UNCLASSIFIED

i
!







H

11 • • 4 ii li-

...... , .... ,1 ' 1 ' ' li ' " '' ' ' ' II " ' IpP.... _I ,r I" II'



III[

,K-l-38_..6

--"' I0554.
----"' .Ix)-1i;'I

IL & AlrOIl¢

ouunlI e IW_IIi _ i
P

__ PIPtNC.= i,
TYP. FR.ON'F F_E

ARRAt_EMF_.NT ';

7



! • II 4 • i





- :_ ! • I " I • ! • ! •

I

o

N

i II I

, I " i " I " i " I , i













I li ii 4 li II



• I • I • I ,o t_ ,,II I I I I

" l-IN-G3351
I=_ E" _ 1



' I , ', , I • I • ! • ! • !

"I'_LD_IL./





• .
.

- ' I "_1 " ! - 1 " I ,,,," L
!

S[¢llt

A

r_





H

I dR I 4 • di, i



m



I • ' II 4. II •

I II II 4 II •





J i ' I
c

o 1 n

u

i

,_ 4;o" 0" 7_o ii.

• " -- , ,, T '2

F'o_ /3 _ D a("4,_Cro_._ "'

li $'o,¢ _ ,4_a,_:roA ..

,$',t_

,_v,_ 5ECTIOKI THI'2U PF2OCE55 I-'lE/kl"3Ef'2
Q

|
t

i
!

a

]

= w_=- Illll i I I'" , I. - • ° I. , I , I , t





1
I

' I • I ' ! • t • I ," I
i

A

1 • I 4 I •





"1 al li 4 | •

•'; + iii.' " ,,,, '.. .. ' .

.,....., ,...+... ,...,.....:,I• r_Jn _

" .2 _ ' * "*- '" "' ' ' "" " ' " "T li, • ."" '=t-" t-I ..._,:., ... .._; . .-'.. .,. ,.,. . ..
: .... _ - I I.".-"'.............. ' _ ----

• ..... i ', ' r ............ ¥ .v___..--"__
". :" '" ' " ",,.:. +" L

/ \ l: i >+,-+"'+"-- _,_
• , - ._ b .aM,rwarir+, _ _IN / L

.'°:, ' __ ....

• -+ .. . . • ...-..-..

,, .7.::: ,.... ' """ ' '<;,

i . ' +'+. .. .'ii ".. , i ./. L !C : *_ ' ' ..... II " , i ,._'o-I a_" ,._"...9" _ alo" t

I...... 1 : • 'I ' I PL_M ",0"
I i _#r-l-3_la
I L ]

_ " .:;:;.:>,_:_::::.,,.,+::ii"!.',
:.' '.'._'.: :a:i:" .:' "' - '".',,';i+.'.,,

®_+- !::.i:i{::_.':i.!:.i{7.::.:i,X:?: ::::;""""7"'"7";:_5::;"i..:-...,.+:.:i+::.7:.:7.:,;..;....:,::.:.'....i::;ii._;atI-2.;,:+::,:..7:/!;!i!!:7!1 l, .,.,, i": i:il t+'-+-] ti.--+-'-_--"_ r _i, "1 _, 'i',' --:.w "-.-' ' ""-
• ::.,:.,_j-,,/:'7';;i:l_/__,,_-,--:,,_ _, +_--+.:- _-. ;_,

• '] / _ I .'i" :_']Hi Ii " • _::;._,:_,--\ .:::.,...::i+____ AJl _._-----_'-
,, ..', .:/_,,,,,_,,k..;:.".::i, _ , , i . _l _ /

rA .... i",': _"'":.

' ' ".... • " " ,. ,-" .... " " " _. + " _ 't,, _. ""• ,+ ',.+...'. _ ....... 'f.:,t "-'........ ,'+. .,"...... • ....
•.';..... ' "-..".".'." .... "......... ","",'-'.- t__ 7- - -: " .".7

l!+.'..+.-.,.:._: i_. ; ,...+.,.+ +.,.,..,I I.'2,.° :',.: I _. . "-.-."-..
J I.;','.'-:"_ l'_' ". ' :- + " + ."".:""

, ._ ; _.;L.

,;,,,,.+- ,,.+. _.,,o. L-';""' i!, ..,,o,o- i

• ,+/..,,Oad 7/-O'7

H

; I al I 4 • ii





-- ' ! • I • I • I • I • I_/ I I I II I

A





... ,,."...:...': ;,,: ...'.,:'...:::..'-

I":".1 1 I " " _
__ I.....I / I
,..,'-.0 _. ",-,: "...:. I I...'.",,.'_. .......... . --,, ,:. ',oll
":_ o::. " 't;'. _ _'....a,.' "-'.'.-" "'['.:''-':".:2." "'.'" . :.'...' :lt;:"
'" ".,..'..:':'.'"""".,'.t I"O.":"'::"_':'_,,"";L':_'"'.,_'. '':.'I
'.'.':" ."..,':'_." ".'D'.'.._ "'1 I:::-'_'" .:;.'.'..'.0" "-.'"'l_ "'.,._" I!':-II
:.... "..... -",',"-'-' .... :! i_'"',' ..... ,-"-_ .... _, • _;., :.-. rx.-_
:.'";'.:" I I a--L_ II--_t_Fql/ r._- _,,_-

. '.,',.-" I ! II I •" .t """,'_,,I :,,
' !w ' | • "

....,..IX, AI :_=_,_-I W_,..,,
_:".".:I \ ', i/I : -'_--,..-,,_ i',-!ol ._
:"."._" I \]/ / I , ,',-_,-,',_,- t.-,::"1 _, ,:: .
;._.:!_v 'NI : ?_:_:_::_1

•" "_._. ,r,_..':." ,";,_':'." _-,._1;.'._..-p:.',_.'--'t,,', .... ;,'.'.': ":::. :.. ".:.;:".._'._:":'::'t._':.':, ': ..... :'::_ .,:'..',.. .... "',. ,',..:"":',:" '.'. .... • ".'..

'_¢ ".'" _ _._ t1""" "" _- • _ t '_ "; "'.'..: ...'II." .... .',-:" ", ' "" "" " '" '" ''" " "' '' '" ' ""' "; ' "'" 1_'"" "' :i: "" '" " '" ; " " :

/ / , H I i- -! ' 1

0

.._,._...-::,_,.:,,(.:.:.:..,..,.,;,.._:.!:.,_.(....:::.,_ !

:: ,,,::.. ;,:., :;:l::
" • "".>" '" ." "-" "" b" "-':,. ,,........, :. ,_.:. : ', _. • , :_.' .;"

,_ ..... -., "".; ..,lm..'..'- .._ .. ¢. , .l'l_.,.... ,: .,.:_._ , ". ., .. "...._.,
r--.,,.:._, "/. :.,':,." ' -" ; "_"_'"::." "_. i ",,,.; ..,'.'.. _',_'o_,_, j ._,,

_.:.'..,, _ I/g',.::._.: -- "_ __-_-- - __'.': :'.tj I ...::::'.':

"!'"'_": /f\ """""_'_
,,..../_ \ ,.:..,.,,
,_k :',.1_. / k _.;" '" _'_-_

,..._...; ...... ;..,, .. ::.::_ • . .
:.:'_ ,.', .: _.." ."," ._p,': .'v ..... ::-_:'_ ,... .... ......... .. .,.:..,, . ..... . . . .iP"t" ., ,': '" :'"" "" .......... " "" :" " "' * " '

"_:_,::_.., , . .,,. :,;,...,,,_ , . :,. : '_, • ... _ "......:.... , _ ."..'..... . • . . ..,. • .

_.,",,,;..:..:,...,:.::.:..,:',,.u.....,:,.....,..,,...:....,........:.".."':."" -....v • . : • : ...... ;,.:._::"::::".'. .., ":'..: , -I '_-_q;."...:".."_:_: .... "_.:.:"-..'o., ,,,",: ;',.: A,.-'.: ,, !',.' '.''.:L.;. :": ",,::': . '" ;4' •
t :.. _,, . ;,' ", ..', , '.'_ t .,"•1!. " ...:".: '_I _' ",_': •

4_,0" _ _-0" ,_'-Q" _ ,#%0" ___ ,II_._" ._. 3tO' _ ._*-_, _0" - ,4"0" =__... _#_,,,'I" •

. ?._::,. ,. :'.
",_: ,. :..';.

•t ...... _'di.' :.'..'; ", ' ,'

":"";':":"_"'":'" ..... 'i'.:_.':. i
;._..?,!.'::.'::4.:_I,-..,:..,,_..,. _ii

N

I • II 4 • •t





.o

! II • 4 tl , I

t II II 4 II •





\
• L-_

HALF PLAN

= (TOTAL orr Io _"OUIRe:D _f._ A_¢A)

.1_._1.1¢t_'e liP'?.N

I' • • 4 s 4'



N
P_ZED FLO_t'

_ PIE'OIDCIC_IOH _

"'--" -" "1" I _-I-
• I • I " I '° I " I



,m II I ii _ I I I__

•r - ' ' "_ 0 ii,,, . oq S

_l / " :' |•I / //7 ___

- ." ," ," ..-"--..4_/Z.,. "x'__I ,, _r--_--_:-' "71

." ,,° ii. ° I _--.....I _ k._,.-,..--_i,_
I ' ,J_,. ,_ ! _. ///L'.. _k..._..._ I, _

" '/ l_lll _ Ill I1 _; "

.i ,/i// 1f6= : "__ ' 1
I • _ , ,-

/,Ii" ",__ \:
=_- . I _- I"".._.,._ _ /,// , .... I__ __

//,-- ! °0,,.,-., \t

/° " / '. ,JUNm'*o_ HOUtL _. ......

i

<, -,¢ _"1-[-t77_

io

i
I

• I
i i

,1

._! _o,llUU

' lllls,illvolL _" _'
" ' '_-" t

' . •

• i

I _ " -

Ii <,
i_ ,li Z





















1 ' ! ' I ' I ' ! ' i '.......... , ....... I

z,._,.,, D._sc,,e./,,,r-Jo,,v 'Mo,.,,,,,,,,,,,,,,e,,,,',,,,_.,, _,,re,el,_,, ;,,_,__,,D__,,_,_er "_' i /e_',_,_/eKs
" ynl_r_,,_ _.......

_1*Y*(! CG I , _ , ,,

A _ /',,,'_ /_" o.s*.J_p.es,_)__.__4j.r,,,,o,.,',,,_s_.o,_2_,7,_/oso. - --,-- fsc.A:,r_.,,/c,o,.,,sL._oro, .e_o'.s.c,_v_c,"
z_ o_,,.,,..- ............. _. o.-/_, p_._.ao .......

"-'_ .........___T____ ___:_,r..... ,< ....... --:_o.-,--_. ,,,_ _,;'_._,,,_, - '"
_cd.C.._ _'/_ _.,." ._.,:oo',*.,,s_),'_.__o is_,,,__,E,_o.d_) 7_ _-T-i"£ P..s._z9....

- 2Z- _,e. ,c,.,.:cA,,va_ -7_ .... ',S_b'ii........ - --,T _- -,, -

.%_1 _._.At'_,RIA/p/'J_ /" P.'.,'_,"-I :'P.2.nlAI, J,:#._O _lt _ /?,tO "2_00 -- -............ ,_ . ,

• ..I,e, _oc',3 v'_,.'._ /" .,,Jo; -- ..,_ 't.";,,..,,"j_,_,'[# ' - -_.......
..-- 'sr rr# C_)__......

.___.... c,,ec_"v_va e_,v,_.,: s:e /8" _.__o.___ --........ •- -

_ '_-_-,,,>'k_,7,.a-"_-'_Z,';_..... ,,,/.:-- ..... :_x,a,i..."-/,"-,-_-"- "-,, .... '..........
_._ t,_,,,£ ................. --_-.- _:;;¢!_-.,_';_-T._:__._7_-_-:a32-_s_ ..,o-'_...... -_--- _'n:,'(NCt ,' ,."C'Vk./[C TI 0 i'V Z.4 i '6' -- 0. ,,.q: ",v.-'o .... _, ....

.... _ ..... . .... t • "_'--_ .-......................... - --:_.o_........ .-- ........ -Z.,._e__,._4.:.......... _,.t._--_:___
8_ z sr_,,ve_ ,_'zr _ ,oJo; J ............. i '?_<'_t___l _" -

. '_'_3-- v.G_.cZ___E,i:_____L_;...... " f_" - .... ------ - ...........
8n4 P,ev ('z,,,,v_eo-c ._o_: ...... _I"._. - .... ... -- _ - ...... --,, --
__q.c_._.____,_ co,.,'x,'ecr,o_ __J_l._'___ ...... _..c___ ,,,,_i,,,,"cou_a¢_-- _ ........ _,

dD pla_ /_" a.2oo_f_ao _Irw,o_iT_,s_a.c_sZ /Z2o 18so .....
c _, v_t,'aC,t'GG;,,o_,t. ----- ,.oo,,--- _-;_-z._'- L-.- "_ co,v_,_-;_-_ ........ "/_.'- _ _ -"_- -----.:........ -c-- --,,--

• _.............._,s..t,,_.c._.___

.
,.I Co,,v,r_Cl'lO,'v .._ 2" - ....... P..s'a?7

Z.__2"d.E_d2q_f z__L_ ...... _.:'- " - ___c_p .... ._fd #z._._:./2._#Oi:'_9 .z,:tr ,,ta,,'ir,,,,,t, -.-,-- . _..
_,',_B Z" o.zl8 .','.te4):_,_.ao4ff_,_toafA,_¢a.ccQ_!_/.e..o.,/,;.,'- --

_ c_c_ dmv_ ,/e'.: a_-z_)..... _'_ _,oo4, _S_ ai_._-- ,fsa ,4_o e; G" i;'t,,,,,,,_: [ _ _ ".....................

--,7_--iv_vc_m_.CJ_'_<,_- L ..v.,, _oo; _,,,.:_ ..... .: r,,:..<_, . _:__ :.....
-_;_-'-'c_¢_.:r._-- --- -a"'-" ' ........................ --- ">-:-._;'_

o .g._'-- _;,,'._-"_T_,_,_,_,-_7,,_7" ----_'r-- _,oo# _r,Qa,a.S'-/e.'B I,t_ titS" Ljsrr,et"_w""_"coJi',;-- " ....;
k3";"_ __" ...... --7=--
I a u ' ,,',_ ' ' /" @.ZdAb.',',;:,_o"j{r,_s/o_,t'_,._s#:'_sj'"/Z_z_,_ ....
I" ? 'Fg,q_/6_ ..... ES" _.o'0,@_.,_..._y,# 6.1,"i._'-,--'y'_# )44o Z/rS _'_*,iur,_< p"_j.,, '

_.:.._,,,._a-"--.............. Z_'-- _'6"b-i,,- --;;".... :: :-=;"- =-;'= [ csrrtsca) * t,
uF___________;__:_;; _: _-oE_ _-7 ];;,_ _,_ii,,, ce:.Y_¢r,o_ : : "_- .... ..

l/di P//_ _* O, lJ? fp.I,y',_..,LUc#.ao I r]_./O_.[_q/[$a,rwl_'J ,./£Z[_ /..&a.a._.i;_l#._/r_l_ - ""
/lC b'AtF& (4"_ (,_'vf,,) 4" - _Ob"_-- ,'U'#I_'/_:_;"-/-Y};_" "i/_¢0 tlT,.,'*

............................ I "('sr f_fi' C(;_

//_ vzNrco_,#_c.off :; .........• i/'---d----- P/,_ ...... eJ'_#¢l m.t_'A) 7-_.,_'o #.}.rmlma('io.{_.c,.¢41"_ ,740 ?.a¢o .- ---._ .. J

. __,.._

F _.'7': -_ c;ar_.

L.----cC.... t _"_"" . Ir.:-:ilX_II "".. "r,,

i_ %fl .,,L: ii t, _

,,..F" '-',, ." .., _- .., ..... ......._.,-I.,<:;<F-..,_," I ',_'." "__-'_,.. . ....-o,.,._" \ " " <;_ ,tj_j,,.._.,,_,,_,.,.l_,i-_:,_,:,1"";j'_,...:._.............,-:,,,._ '' ' " "_''' _ , "r ""_('.-":'_.. , :-.- _
_,-,.., , ,.,,._ . _,---_cx_ "_ F ::,,_, ", ,-._'-,_'l q'ib)'rf'" ""- _ c,_" i,..I.iXfl,..t,,i L .J"-- ....,.-_<,:-]: MJ"L:-'_,_L_rr_ 'C. 'L'::"?rre
,>,r._1,.' tt v.,,,T_:-..---.t.i (_ i_ "-rD<-'j; C_l) rrc ._' .-:-', 'D':) ..'._ _ S,.

,.._i • _:_,,, ,Sf., 1

r)'. il _')

,._.-¢.,_ors"72_

14



' l ' _ ' ] '° I " ! " HW-6335/i i ii ii

-- PTt_E.5a ,_..

J/_ rHWK. JcavaOu/._ , , , rest ]p_,

F VA,V_. :___j/_________ (o00" 45.4 ,@I&.S-/',S_ /¢,O/'S/Irl?5 ,J/ - P''37,

,-- c'--o-EAz),va ,.'000 t _7d;,5;5_'C,-_"-:'0.,o _-- :'-,;o,_ A
"--- ,*,'ANGew/F_';-,,/Fi...... _Sb-i.:.--oT-_7_-E,-L'r:-,?s'--_- /,.o r z/Ts .... ' _x_t .,_Ar/ea_,/_JateSrz_,_

C//._C_ K,4L--'----'----"_V'-'4--Ca-/."qf Z#_" F''- ...... (o00_ _ # ;l_ t --':_P_>'_= I I

"" _ _ _ -...-i_

:_-- CO_N_CT/O_ --# -- Z .... l l |l

......" "_ _z__- - ,0-4;_ .... • ---.@d._#.£C/OW _:.__. _ ,
q "_gRNGE /_" (_00@ ,4IA ,_K..5- /_.J'8 /4_o 2/7.J" " (frY_#cr,} _'_ ',...... _ . .

o :,u_:/c_VA_/_ ,.. 19-- _ __..__ , ! I

, c_,v_cr/o_ 1_'_" _ -_-__.::_! - .... -1 - .... " - t ..... ' ....a -_7,_.....................I--;_"- 17 .,a 7s_-DT;¢_._-,__: J _o_ ,o_o ' ---- _._.sr.A,_ _ A,SC._0 r_ S'_e'_,z_..--..... , , ,.



I
y,, iiiii

i i i

........ , I , I , I + I , I , I





,6

• O

" I30ME TRI .C,OF EX IXTING PROCE3,,_

M WATER PIPING- IlJqLKEPIT TOFRONTFACE INLET

....._"----_' -....I ' ' i' " 'I '"" 'I ' I , I'



HW-53351
, , , . ,, ,, PAGE- _$

/I_'MNo D£..fCR/PT/ON 131z_.W. ,rAIl. ......... _ m_ss t_c_#U_Er (exlsrl_) NPaJ_ rcsrps/ _sk'_;r _'EMAP#S
- i aomR_a'. _r,," z_" ........ ,_oo" ,_jm._,__-#ca /zoo /aoo `#xI_rzN_S_S_e_¢_.ssa_'pEu_r#'' _|

wtzo _c_ _z_ae_ /z" t _oo°'' Asr_._.s.a-_-_ /zoo /_oo cz_S_'e_r_ ....... 1
...... I A_%7.f_ _$# _r ........ 4

6 WELD N£C/$ F/,_Na_" J_" .,., 4_0 e A3T_._./OS.4_ _R[ _#O /'ZOO CZ'_J3 "Sa'P_l*#V_ 1

]B PIPE _ ,_CH. 4_ C. JT/. _O(} /_O0 •

,o z_; z_" e_a :_,c_/o.v-s_, s/_z ..... / t_, _ -, _'._:_] '"_ _ eco' ,'eabelJZA_._4L.a_x _L_ Z ..... l

// _rC YALYE Z" _._0 ¢ • Jr,'. /Z._O /a'O0 I '. ' ' 11["
/z rnes#.o.z_r ........... _" ._ EZ 3T,_C_$ ,C'In. #O_l" _- _CO iLdO FO,_ /N.TTZUA4EN2" _NN. Z_

;3 PIPE [ 3a" I/_ ._#.a._-_r_rr_'a".rr':_x.f_._t.,: _ 8C0 ----77S...... I
Ja_r_Lr a O0 ?7£

IS r_/_£o.o-z_r /_" £X._rPot_ _c. _/z. _o_r r_ 800 "7r$ FOR/_ST, eU_E#r '¢ONN.'

17 WC/.# NEC_ FL,4NaE td" 4dd # A'_'_;#f'd.mS.4_; Gt.l _GO _ 77_ Cl.,¢35 ",6" _P,_7*IN_ '

18' PIPE 3_. " i//@a az_'_._r.,Tr c*a_'t aO0 _* II..... _rM.A_L_ 6R_C. • -_'._

ZO'" ,cZ_q//G[ I_" | 400" a3 _t4/o_._a_. " i 6OO I #

¢

2_f C,_TE k'_lZg£ "_-;-- 1 ; _as-r-_y_.z,a_'_'_ct ,'ZOO ' 1800 _',YtST"#I_ ,gEA'O,eE ca.s_"8 ....
Zf CXEC)_ Y_qZk'E (_a ;_r" 4$FM'A.¢I_ SW. _C8 IZ_O _ I_

Z3 PIPE* 4" JC_ /_O 4_T_f.4./d_ _P. _/ I_,_0 I8_K_

.... 30 _,_rf fALl/, # Z_/¢" 200 e C-.YTA '"_¢0 " $Oa CM53 _d',OAr, Wa (4)Y.#_Y£..* eePLA¢_" f 4aOv._V_ " ¢.3X 4.

I
JZ PIPE" _" O. 43Z * $C//. 80 dSl'a.,4,ma _ ,# //aO /?70 "_

3_3_.... oYJuL_r/NS ",#LA)NSd _" ' ,,100_ X$TM.$./OK.4a _.," 800 /_,_a c2a_m.(j_j, ff_r,#@ _

-'3_ -'r,_/4'_.e 1 a: _ "" 4oo_ Ic_,.,sra.,ss,.sa r "',_ /zoo
3S c#£C#'VmZV£ [---a i 4oa_* _a.,_v,_._r/.SZr ._0o /t_ :_'.O_/arR4XtT_aUC '

38 PIPE CRD$$RE_DffR ] 4" l" ..lCl) d$ TYP. e 204 _ J47 _O 'L__/#OO ' U_E_ EZ/ST/NS PIP_ ON _'a'_'_',_ ]¢o. raaEcoH#[cro_ L..'s/a* o.H_" _"sc#._o l_.a i;_,,,zo_ _'_ " /aoo
4/. v_srum ..... --- ...... ee_. ,._. o#_. #.I.:_ZZe --____L_ _/m--o /_oo ......
4_ FLEXIBLE CONNECTOR" I" O. /ZS" T£FL_N'_r _3b# l_ I/dO . /GOd I

4._ kVCL _ /rECK FZ_WG£ #;' aoo m' Iarm.d-,Io_.,# a_. £ ' "/'_00 " /800 ¢l._a.t_ "8' _',_r/m¢; I r
---_ PIPE _* so/. _ aSTM.A.I_ .6R.R .(3.,1_ ?.OdO

4_, _EL_ w£c# ,rZ_. G_. 8" _oo _ _,_rM.4-m$._ _'_.£ ./too 1800 cz435 "8" ,£,_r#¢_

4g W_L_ /fE*C/(A'LRNGE #" 400 m 4.TT_.A;tOS.4& d_..2" 8c_ I_ CLA$$ #8 _ _,_¥I_

q7 PIPE " 4'_ sca. 4o 4sra.-a.mt._; _'Z zz_ "//sO rasRe9'_ e_',_/..ac_"_rz.'a/o, ¢8 a
•a _4r_ fmrb" .... 4- 3_" "sl_i _t_ si4,. _o_ " 9oo rad#¢PeaC[-/_;
4$ PIPE /G" o.a_/_. 3¢#._o _sr_.,_.m_._.¢m.._.¢0o ?.f_ #x/$/*/_ _fd,e_*cm.s'ar4 --_
SO FLANGE Z" . 300. e 45T_.4./0£.,,_. Cue.," _00 . _OO !(4) XEP_'E" _" 400 w

3"/ G,4TE I/NAVE Z" 300 _t C-ST/. _0¢ _00 .(t)_EPL_ _/ 40_

SZ Y_£LD-O.ZET .... Z'_, d4" _. $rA,om6 E_, $17_N_ C- STL 800 /ZOO ......

|i J'4 axr£ YALY$ 6" i_00_ c.3TL. 800 /zoa

iiSS= ECCEmTB/C_EZ_C#r_ ,%4" SCI/.aOS/STT"YPEdO4[GTO (OdD [(#._A_E_IC_"u_,,fC_,aO,_J'F

$6 _#ZD mccK _'g,_##£ 4" 300* " c-sr:. 'aoo ._oo cz/,Sd "r,e,,_'ata (/e_,,#su_. r/a_ ,#Z,4Nd_'.4_Z.R'k" _oOeC.art- J I

Se aTRC/mi# . 1"4" aoo* s/sr z'yPE _'4' l I _ O 0 I 900 #Z*ad "W *_r/_ (/) _PL_# "/ _ C'$rZ . 1
ss a,*r_ # y,#L_._. 2" aO0 # C-Jr/. /ZOO /aDO CZARS "8" R.aTIN$ J
_Oi _4P dO/mr FZA#d$ ,_" 30o_ J/Jr rYPC 304 I _0 .900, ' CZ_Ja _*/_,41",_S (_)R[PZ$C[ _,_db; aid'z" TYP[ 304 " ' " Jgl plp,e _.._ " $CH 40 1$STA_'R.,_O_.'_(I-¢_BR,I[ /OOO /500 I III I li I

i

GENER/gL NOTE5 "'_"-='_" l_. "=Irl-,
....I. l_Zl. INST,_UA, IENT TUBING TO B£ CHEtt_(ED _ONE _'--='_" --

=SK./-4oea 7--1=1=
,-,,e_'.._,-._,,'z_/,'1 I _ . _"

!=.'°" I I I -
I_ o.o.,_o_ I ! ', :
I U.S. ATOMICENERGYCOMMISSION
I HANFORDATOMICPRODUCTSOP[RATION --

I IIIIIAL O IIIITIII

I PROCESS IYATEP PIPINGPRE3SU,_ R,4TING

)_ _ ._,._ ,,,.,.,_.,_o_,_o,.I VALYEPITTO INLET A/OZZLE

' v_v_ PCrro/?/SER I £EACTO_£ INC,_E_SEPA_OP_TIOA #

F_L P#OCE'.%_p/#tN61/jOLV£P/T i_: ,_... .L_ "'01''_..... "-*'o==:'- = $K-I- 4oaa _ ,
1 " i , i , i " '0 i , ' * ' i
_B l

I



im
I i | 4 i ii



HW-63351 ,,
@ 8"w_

pIPE _ 4.1o6 GR

CO(./P,'IM$* ,9.t'TM/_./_ d,E,q

COqP_I_/$ ,q_rN n./OG G_

C¢_/PMk/(r A. /_ GRA A

"r_/P'°A/F"_a't/a_ /_frM,,t.,O$ _, _//ORIf'(CE PLATE

M/PP_S A_r,f ,_I06GtFI _ DRILL,
waco_tF7" _frN ,a./_ _,¢J9
c/4_c_ V_v_

C_EC_ t_Lv_

"9/" 5 Gc T",'o,t.,;

2o _jj._ _

_I cOUPUMEr _f_,f_./O_Fa,e_? C

-- _r_ .4 "/o$ ¢,-,¢I

Z_ plp_ ,tfr_t,_-to_ d,eA H_S 7150

-- CFa F_/'/ _q551.5Z7

.# LRPJO/MTF_R_/_r_" _J77_RIS_. FJ¢_ ¢/.R,1'$ _ REPLAC r" ,NIY/_ 4oo'==r

.$___ L_p do/g# 7"F_/_k/_rN R$TI'qRI_*f _'L,,_,.f4 R RP_LAC r=,, W/IN .400 m _._rlt

M PlP_ ,X,'7"7_¢P£3o4

35 T_/ME _O _/A/R'GT/O/J 1_" 8

39 _LIP.O/J FC.RMd_ _93VrqF//O_ G_..r E

41 _r_ V_I.V£ _37"m,'9105GR!

4_ GRTH V_gLV=u FIIO_ _I

-- REPLACE WIT_ 4o0" C.$r_
_4. WELDOLET

4.5" I_1 m ._ JO£.ID$ I='£ED COMNECTIOb
A lOG 6"¢A

4(;_ GATE. VALVE' _Zl¢, a_wc_

F

_,_ GENERAL NOTE 5 --"-. RI[_IIIONO

1."FILl. INSTRUm£NT" T(,ItglNG TO Bf CH£CKED

_, RFT£R P/PIN6 teoo/_/c,_r/o_¢= /¢roRosr4r'lc T£3rRtL
: P/PING RTI2oo ,o_/. FOR BOOP31 _I[RVICE

zao./_'oa
U. ,_ ATOMICEN

HANFOIDATOMICPRODUCTSOPIJL4TIOII
UIIIAL _I ILIITIII

I i ::,_UC£S3_'m'_'e_p/x_-- ,

,_//r I- _Fs._caea ,e_r_i/,¢. '"
mm_mmm

!



' I ' I ' I ' I ' I ' lI Ii i IIi I I I I

' I , I , I ' I _ i , I



HW-53351
, , , ,o ,, ,,

q q r.__ v.....'............ size _ 'R_r, -o.-s.oe._ MA_.
I TEM DES(RlPtIOIL/ DI_. W_LL _L_R$.S$1FI_'FII'ION _HIN_ PRE_. tESt PRES-%

---i----- ------_.--_. _ i; _ : __._ ;___ -,, ,, ,,, 4..... . .... , ,,,

"-_ F'L_ING E IZ _ _OOfAST'MN'I05"46 OR-I IZOO IBO0"

Z pIPE IZ" .sv.z;- ,cs r_aA.Jo+.szr dRR '_._(_SrJ3"#'- lO zs"..--d0 _+.........................

.+ : fJ-,N(,_ " la" _+_-_)+]+_,o.+._6_te.i aDO" IZOO
# PIPE 18" .750" _'_N, $0 R-/O_ OR, A ,_09 ° /ZOO

; ...........................

5 [L,xltq_." IG" _OOmAJr,tl4"lO.$._ _R.I /Z00 1800

6 _IPE /G" ._S& ° _,CH._O q'lOG OR, R 900 1350

_y__':v_,_c 1_- '" ,_o'-_,,,a,+G+._ .....oo "' ,_= ' • .....'
8 P/PE 3_" 1.250-_:7.2_..: _ %'_'T'2.__ _.A_- a__¢.t_4t_ #00 /ZOO
9 H£RD(ELL,'P&21_L) 36* I.;50 + _J _00. IZO0

,_':":-Q_-ff:'r:_ _. i.z5o" , 80o /zoo ..... |..... tYZa3i/3f#._L__.__.........
II PIPE 3_" 1,2EO" | t_ 800 /ZOO 1
/2 rt,,+_ a_" . " • 8oo /ZOO

/3 mPE JG "' _.250" ,_M'_:q#¢#ex.#_.__;_ 800 ZoO
--/',_--- VENT_/ 30" '_ 800 /Zoo ............. "l I
.......... - ...... _t.fEv_r-gcE:3'_;Z,_. ,_00 .... /ZOO

/£ _ BRSE ELBOW 3_" I, ZEO _.f/R'.#_x__R,¢. __ .,a_._,_L.,¢_..4_EZ¢+O_ .

i_ I ho_tZ_ ,,. "" ¢oo',_tv.,,os._c,_./a.a aod' /zoo
;++"r__ ___r.D'_'=-- ...... ++oo /zoo....

,,7 "1 ++'_ .,_" i._o" _.. _,_ _.__ + .vo+._zE ' s: _/e'_---'--,_.--_1_._s,_,_/cc_" _oo 1;*oo

---(__ rc_.e_ s" "..... ,o_mt._,:_;e_:__.-/_L_ _oo --/_b_-_--= - --
" EE- m_ _" +_7_"_..._._..:_._._-._zr-_,_'---/i.no_r_,_ . ].__, ._...._.._.__ .

5"

<>' "" ,.++,0,,,,.., ,oo '-+
.++ .. ...... + .+
zq R[_uCt.R 4", _" sc_4_ _,_7"_r_ 30-£" _" 800 /zoo C

29 8R_IIqCH ¢0_. _* ......... _H. 40 I I._+_4_T" _"P_lao_ 1164 1750

s l -EE" "VZ'A-'F_+--7-- ---,'+_F -'-Ew=_.,..+.,+,a-- flOO 1_oo
- j/ rLrX. eo.+ecro_ _" ._zs " 7",=FLZ",V_,_'T,_R,_I_ : /tOO 1_00

_z v,+Lv2 . _ara . 4; ¢OO+',qST_'aI&'GR-W¢£ " a_O 1£00 ........... "

' 3¢ P_A,vae "" tz" 4'oo-'_r_._/os-+e._.t aoo /zoo

35 PIPE ...... IZ" ...'a._.¢o a-ntr. _oo '::-" :""SO0"-:'-.-":7_I-#'C'Z'wIr'_F£'fl_Ha O

tU _ 3_ v_Lve le" '.... _,_o;_m.. ..': _oo soo _,_u_cc ,.r+ +ow' C'_'L -- so _,ee ¢" _¢-_.ao _.',o_. _._- ; ta,ao "lgZo
2,9 '" Wt.Vk *" $00" $ST T'/PE 30_ GO0 900 ..... S--_.-_I:_.,_'--C-_wtru 4oo" c.SrL "

40 c/uEcx..,v/_vE 4"" 300 _:_t'--_P____o_ -- 60o 9oo ",ztR_m.:qC_w_ru40o" C-STL J --

•_z _.pe s" ' " _h._--o,_sru,,.,o_-'_.,_ oDD izoo I

, ,@ ,_._ WLVe.a_rE a" ,4.o¢'+sr_...n...al,,.a+,ca Boo 1zoo ,,4_ dHEdJ¢ V#/LVE 8" +ii00_ +_ _00 1ZOO

"4_ v,+Lv,_ 2_', _oo;_'sr' rr,=[._c* r,oo 900 +_"e_z_c_'w,r,+ 40o" :'s+rL I e

"L2fi ++v,++.,.. ,,oo.,.., ......4.7 +TR_/_IE'R Jr." 300" 531"'-_Y.oE 30¢ _00 +00"' to ,_Et=LRcE WrTU 400" C-$r_

_a WLVE, GLOaE 4: aoc_"_ rrPz _o4 _&'o soo !O_pL_c_ ,with 4oo* c.:sr_..,.

"q9 V,+Lv_,,s_r,e a" SOD" c._r_. _aoo moo
) $0 /=tPE 4' $CHtOR3T,_./O/._'RA 77_ //5o . i_sReo',,)#ER'_ct/,lr=wlr/_'//./o_c;fla L

,El FLANGE _._':' 600" c.3rL IZO0 1800 "" I

SZ. PI_E z" 3c. qO RSFHtR./O6'GR.R 730 I/GO (4$ R£_ REP_CE t4r_'wIr#'&t#k'GRB !

_3 pmr " Z" 5c_ao c.$TL /_0 ZOO0

_+ _',_'¢ zi'.. .... _:_+o csf. ,ooo /_oo ......... I
• 35 REDUCER WITH FLG3 3",,4" ._£,HSOWlTNAOO'R$'T'304 800 J200 +'lTE+ ._+o_,o+$+-.a,,,,,I.

l ..+,.,o.. ' t+'_l" t'I"

l hvac I,.,, -=._r'/_o --

1=5/<--/:409o7-+-I=
I ,,_,,.,r.,._oNe .... ,,.,.,.,,ov.,,,,
l ,=-_,_u=..,/ ".,',,'I z z

i+_.._......+_],° " i i __: +
GENERRL NOTES ... I--*''°'°'"'_'": " :1--

I= '°'`' ! !I. OL/- INSTRUhIET TU_ING TO _. CH£CK£O FOR _OO P31 : .

li

OPERRTING _/_£SSUI_E. [ _ DO-/ZO¢_ "' 'H..z,- K,,a _ I_0C_53 Pt_/_B_ trRO_'l " F,_¢$ °/05 F ..... "

a. mmu_ ro e_ uro_osrRr/c rEstED Ar ,aDO _s,. _./.a_zsaI v,_cvcPit ro _/_rR -/OSX U.S. ATOMICENERGYCOMMISSION
ii.a,-t=s I _eczss mm_ v_¢v¢Ptr- ms w " HANFORDATOMICPRODUCTSOPERATIOM --
+./.z_4)oI PRO:ESSp/PmO rRo_n"f+c+ -los o GIlilAI. I ILlCtlli|
i'l'¢&_J'J _ VAtVF PIT "ro RI_£R - Io5 O

,.,.,,,=i ,_=_s, _,++ v+,_Pn'.,o_o : _E_ROCESS W_TER PIP. lNG
_= *._.a_.//* _ PRCCE$_ Pt_ING fRONT FR_E-IO,_ B

......... ; ,'Rc¢_s_,',,,,,o v,,,v_P,r-,o_e PRESSURE RFtTIH55
' H

I .......... _,_,+._,,r ro .,=_.,o_ VALVE PlT TO INLET _OZZLE

i 3_.1.4009! ,=R'E3$URE RRrPNG$ IOSH
. _,_'-_.40,BB I PRE3SURE 4TlM 3 10,3 DR_____ I_ § -- RE.R_TO,_ IMCR£RSE PROOU¢'T/ON

|K'l'4O_t7 I /:W_S._uRE RRTING_, I0_

I "-'°++°+'="°'°i:i:.... ,,?.+omm OnAWml _i '

__1 II I I I II t

I , I ' I , I o I
I




