APAE Memo No. 251
- Copy No.
AEC Research and
-‘Development Report A
UC-81, Reactors-Power
. (Speaial Distribution)

SM 1
RESEARCH AND DEVELOPMENT
QUARTERLY REPORT

e

October 1 to Deceniber 31, 1959

Prepared by: J. O. Brondel, W. S. Brown, O. W. Childs,

E. F. Clancy, C. H. Harvey, R. A. Hasse,
R. E. May, J. H. Morrison, S. S. Rosen,
W. E. Schleicher, R. Stem D. C. Tubbs
G. J. Vodaplvc , 4

" Compiled by: C. H. Obrist

. Approved by: J. B. Mangieri,

Chief Engineer, Research and Development.-
. Issued: Apri1.8, 11960

Contract No. AT(30-3)-326
with. U. S. Atomic Energy Commission
New York Operations Office

ALCO PRODUCTS INC.
Post Office Box 414
Schenectady 1, New York




DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.



DISCLAIMER

Portions of this document may be illegible in
electronic image products. Images are produced
from the best available original document.



AEC LEGAL NOTICE

This report was prepared as an account of Government sponsored
.work. Neither the United States, nor the. Comm1ss1on, nor any person
acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or implied,
with respect to the accuracy, completeness, or usefulness of the infor-
mation, apparatus, mentod, or process d1sclosed in this report may not
infringe privately owned rights: or ‘

B. Assumes any liabilities with respect to the use of, or for dam-

- ages resulting from the use of any information, apparatus, method or

process d1sclosed inthis report

- As used in the above, ''person acting on behalf of the Commission"
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
. Commission, or employee of such contractor prepares, disseminates, or.
provides access to, any information pursuant to his employment or con-
tract with the. Commission, or his employment with such contractor.

ALCO LEGAL NOTICE

This report was prepared by Alco Products, Incorporated in the
course of work under, or in connection:with, :Contract.No. AT(30-3)-326,
issued by U. S. Atomlc Energy Commission, N. Y. O, D:, and subject
only to the rights of the United States, under the prov1smns "of this con-

- tract, Alco Products, Incorporated makes no warranty or representation, -

express or.implied, and shall have no liability with respect to this report
or any of its contents or with respect to the use thereof or with respect
to whether any such use will infringe the rights of others.



DISTRIBUTION

* COPIES

1 - 2 New York Operations Office
U.S. Atomic Energy Comm1ssmn
376 Hudson Street
'New York 14, New York

_Attn: Chief, ‘Army React.ors Branch, NYOO

3 -5 U.S. Atomic Energy Commission
Army Reactors Branch
. .Division of Reactor Development
Washington .25, D. C.

Attn:. Chiéf, Water Systems Project Branch
Office, Ass't Director (Army Reactors)

6 U.S. Atomic.Energy Comfnission o § o
Chief, Patents Branch -
AWashington.25, D. C.

- Attn: Roland A. Anderson
i . U. S, "A‘tomic.Energy Commission
. Chief, New York Patént Group
Brookhaven National Laboratory
Upton, New York )
Attn: Harman Potter
8 'U.S. Atomic Energy Commission
. Idaho Operations Office
.P.O. Box 2108 -
Idaho Falls, Idaho
Attn: Director, Division of Military Reactors
9 -11 | Nuclear Power Field:Office :

USAERDL -
Fort Belvoir, V1rg1n1a

Attn:. Ch1ef Nuclear Power F1e1d Office

iii



. .COPIES

12

13

14

15
16.- 40
41

42

iv

_ DISTRIBUTION (CONT' D)

Union .Carbide Nuclear Corporation
Oak Ridge National Laboratory .
Y-12 Building 9704-1

P.O. Box'Y'"

Oak Ridge, Tennessee

Attn: A. L. Boch

'The Martin .Company

'P. O, Box.5042 - _

‘Middle River, Maryland’

Attn: AEC Contract Document Custodian -

.The Martin.Company

Nuclear Division

‘Mail No. W-762

Baltimore 3, Maryland

. Combustion Engineering, Inc.
"P. 0. Box 2558

Idaho Falls, Idaho
Attn Mr. W.B. Allred Prolect Manager SL-1

U, S. Atomlc,, Energy Commlssmn

Reference Branch

:Technical Informatlon Services Extensmn
P, O, Box 62
..Oak Ridge, Tennessee

. Combustion Engineering, Inc.

Nuclear: Division

‘Windsor, Connecticut
~ Attn: W.S. Flinn

- .Chief, Evaluation and Planning Branch
..Civilian Reactors

U.S. Atomic.Energy Commlssmn

‘Washington 25, D.C.



' COPIES

43 -.59

43
44
45
46
47
48
49
50
51
- 52
53 .
- 54
55.--59.

60 - 74

60
61
62 -.74

- DISTRIBUTION (CONT'D)

Alco Products, Inc.
Post Office Box:414

‘Schenectady 1, N.'Y,

K. Kasschau

J.” Gronan

E. B. Gunyou '
W. K. Stromquist
H. L. Hoover

.D.D. Foley,. ...

Ji.G...Gallagher .
G. E. Humphries
G. W. Knighton
J.P. Tully

T. F. Connolly

S.S. Rosen

File‘:(s)

. Alco Products, Inc.
. Post Office Box 145

Fort Belvoir, Va. -

H. L. Weinberg
J. B. Mangieri
File (13) ‘




" THIS PAGE
WAS INTENTIONALLY
LEFT BLANK




ABSTRACT

This report covers Research and Development conducted at the
.SM-1 .under: Contract AT(30-3)-326 from October 1 to December: 31,
1959, including evaluation and analys1s effort at Sch,enectady, New York.

) Progress made in plant water chem1stry and health physics practl-
ces, and progress on individual tasks and tests is reported. . Plant modi-
fications and special projects which required engmeermg by the Research
-and/Development staff are discussed.
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SUMMARY

WATER CHEMISTRY., Three incidents of high chloride content in the
..secondary system occurred. These were caused separately by a plugged
evaporator blowdown line, improper evaporator operation, and defective.
commerc1al sodlum sulflte

No partlcular chemlstry problenis were observed 1n the primary sys-
tem. _

- HEALTH PHYSICS. Health physics monitoring was necessary as a
result of routine and certain non-routine shutdowns. No excessive demands
were made by prolonged or involved shutdowns. . One:technical overexposure
resulted from work on the rod drive mechanisms. No accidents or unusual
circumstances developed. A proportional flow counter and additional laundry
equipment were approved for purchase and use at SM-1. Modifications of
the mobile air monitor were approved and new components will be installed
. upon rece1pt from the manufacturer,

~ TASK XI. A review of previous study efforts to establish criteria for
evaluating all plant controls and instrumentation was completed. . Conclusions
and summaries were made and recommended solutions to problems given.
Both stop-gap and redesign approaches to the solutions were evaluated. A
final report of the study phase was issued in October 1959 as APAE No. 52, .
(Volumes I and II). (1)

TASK XII. The resistance-reactance load bank was delivered to Fort
Belvoir on December 29, 1959. Instructions for operation and maintenance
of this equipment will be delivered to Alco in January 1960, The location site
for the skid was completely graded and foundation members and overhead
power cable supporting poles were delivered. The points of electrical connec-
tion for- this equipment were completed, but actual connection of the unit can-
not be made. unt11 shutdown of the plant

Dehvery of hlgh—pressure.turbme parts for operation at higher ’Ehrottle
pressures-is expected early 'in January.

:Selection, procurement, and delivery of most instrumentatidn‘items for
sensing -and recording of selected system parameters was accomplished. A
final list’of these parameters was published. ~ :

'Design of a steam by-pass system for 100% of plant rated steam capacity
was completed and quotations received from vendors for control and desuper-
heating features of this by-pass line. Purchase approval was requested of the



AEC. Installation design of this steam by-pass system is under way, but the
bulk of design work must await contact with the selected vendor.

Test procedures were written and are being reviewed.

TASK XIV. Task activity continued in the direction of the blocked
channel method of instrumenting fuel plates. The:time lag between meat .
temperature change and thermocouple response was determined. Nuclear
perturbation from an instrumented plate was calculated. . Design work was
completed on the instrument ''table". and on methods of supportmg the in-
strument leads : . :

TASK XVI. Work on Task XVI was 1n1t1ated in November 1959 with the
objective of decontaminating-the SM-1 steam generator as outlined in APAE
No.. 43, Volumes I, II and III.° 2) Plannmg of the task was completed. A de-

‘tailed program and schedule was prepared to accomplish the decontammatmn
scheduled for the period March 15 to April 30, 1960.

A prehmmary deS1gn and layout was made of a special plug assembly
‘and of piping required to isolate the steam generator from the remainder of
the primary system when decontaminating the steam generator. Corrosion
specimens simulating ‘metallurgical conditions in the steam generator were |
fabr1cated and made ready for testing in the decontammatmg solutions.

TEST SERIES 100. Analyt1ca1 chem1stry data was obtamed on Test 101.,.
. Conclusions and recommendations were developed ‘

Accumulat1on of data on samples of the inner sh1eld tank water was.
continued in support of Test: 102 o S

The Beckman 02 Analyzer and pH 1nstrumentat1on was installed in the
secondary system. The pH instrumentation was placed in service and opera-
tion has been satisfactory. ‘

Preparatory work continued on- test‘ evaluations and test procedures on -
other tests-in this ser1es which.are scheduled in the plant during the next
quarter. : : - , :

TEST SERIES 200. Work continued in the accumulatlon and analys1s of
data for tests in phase T Activity Buildup, Core ..

_ ‘Test 201 in phase 5 Fission Product Stud1es Core I was completed
From analysis of data it was concluded that a .cladding defect exists in Core I

Test;-205 was completed and the final report:issued. |



TEST SERIES 300. Tests were run for core. physics measurem ents.
‘Data was:recorded-during a scheduled research and development plant
; shutdown Prehmmary ‘data.reduction was accomplished.

TEST SERIES 400. Test procedures for gamma and neutron flux mea-
surements in.the primary shield and gamma and neutron flux measurem ents
in the instrument wells were revised. Particular attention was given to de-
.sign of equipment:and procedures for measurement of dose rates on spent -
elemen,t, surfaces to determine the relative fuel burnup.

TEST SERIES.500. Test 500 was completed in the plant. The, final
_report w111 be written and issued in.the next’ report per1od

ATEST ;SER_IES 600. Test 600, '"Loss.of Flow Accident,' was evaluated
~and test procedures.submitted. Studies and analyses show that SM-1 may

be assumed safe from burnout in the event of pump failure without scram for
periods-of at least 5 seconds and probably longer. )

. PLANT MODIFICATIONS AND SPECIAL PROJECTS., - Considerable
engineering time was. spent on plant modifications and special projects.
. Only those.items on which engineering recommendations were made are in-
cluded 4n the report. - These are in. summary form«in Section6. 0.
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1. 0 INTRODUCTION

The . plant was scheduled for. trammg in. operatmg procedures durmg
‘October and: the first two weeks of November 1959. Research and Develop-
ment tests proceeded whenever. compatible with-the. training schedule. The
-plant was shut down for repairs to rod drive seals and. the circulating water -
:pump ‘during the last two weeks of November :

Test 205, '"Effectiveness of an.SM-1. Demmerahzer for. Reducmg the
Act1V1ty of Rad1oact1ve Liqlhid:Waste'" and Test.500, ""Field Test of Minnea---
.polis Honleywell BF3 Pulse.Transformer: Channel" were. completed in the
~ plant durmg the training period in October and November

Throughout December R & D testing was. scheduled. A ten- -day full
. power run for fission product buildup was completed on December 8 for .
_Test 201. In-plant data for Test 201, "Iodine Levels in the Primary Coolant"
and Test 101, "Secondary Water. Chem1stry at Elevated pH Levels" were
: completed in this per1od o

Test series 300, "Core Physics Measurements' were started on :
.December 17.after approx1mately 13.5 MWYR of energy release. In- plant
data was completed on December. 23.




THIS PAGE

WAS INTENTIONALLY
.- LEFT BLANK




PLANT WATER CHEMISTRY

¥4




2.0 PLANT WATER CHEMISTRY

2.1 SECONDARY SYSTEM

The evaporator continued to be the main source .of unsatisfactory water
conditions in the secondary system. On two documented occasions h1gh

-chloride in the steam generator was traced to improper evaporator opération.

On October 31 and November 4, 1959 routine analysis of the steam generator
blowdown revealed the presence.of chloride above specification limits. Cor-
rection of these conditions involved increasing steam generator blowdown to

the capacity of the cooler (about 1 gpm) and insuring that a sulfite residual

.greater than 10 ppm was maintained in the steam generator.. A check of the

secondary system showed that high chlorides were due, in the first case, to
a plugged evaporator blowdown line and in the second, to incorrect operatlon

~ .which resulted in an excessive steaming rate.

Ano.t-her incident of high chloride and hardness.occurred during per-
formance of Test 101. As part of the test, bi-hourly measurements were
made forrchlorides in the steam generator blowdown. The analysis immedi-
ately prior to the discovery of high chlorides revealed that the chloride level

.was well within specification limits. As soon as the high chloride level was

verified, an immediate investigation was made to determine the source of

impurities. An analysis.of the secondary system revealed that the chloride

and hardness were present only in the steam generator. A check of the com-~
‘mercial sodium sulfite showed the presence of both chlorides and hardness.

" The use of this material was temporarily discontinued pending delivery of

fresh stock, and C. P. grade sodium sulfite was substituted. During the

" period of high chloride content, the steam generator blowdown was maintained
~at 1 gpm.- The time for chlorides to return to within the specification limit

of 0. 5 ppm was approximately 10 hours.
2.2 PRIMARY SYSTEM

During this report period no particular problem in chemistry was ob-
served in the primary system. However, one demineralizer was replaced
because of the acidic nature of the effluent water, which indicated that the
.anion resin was exhausted sooner than the cation resin. Since the SM-1 pri-

- mary system should develop a higher cation loading than anion loading, the

cause of the early exhaustion of anion resins is, as yet, undetermined. One
possible explanation was that preferential deposition of suspended material
on.the anion resins rendered them ineffective. Future studies of deminerali-
zer effectiveness will cover this condition.
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3.0 HEALTH PHYSICS

3.1 NEUTRON SOURCE CONTROL

During the seventh bi-monthly health physics meeting, action was ini-
tiated to edtablish procedures for transporting the Pu-Be neutron source to.
thetrainingannex and provide for safe storage over an extended period of
time or possibly on a permanent basis. Previously, the source was stored
in a paraffin shield which was adequate for personnel shielding requirements;
however, the shield presented a’potential hazard in event of fire. It was re-

commended therefore, that.a permanent storage well bé constructed. Draw-.

ings of a suitable well were submitted to the Site Representatlve

A request was submltted to Lexington Signal Depot to supply NTA neu-

tron sensitive film for personnel monitoring purposes. The first shipment
was to be available for use during the first week in January 1960; continued

usage will be made as long as need for this type of monitoring exists. As- .-

signment of badges is on.a group basis, with badges positioned in highest
dose rate areas occupied by personnel using the neutron source. Exposures
are observed and recorded on the personnel dosimetry record DA 1141, as
are results of the usual Lexington Photodosimetry Reports. The lower limit
-of sensitivity of these badges is 60 mrem.

3.2 PLANT MODIFICATIONS

A proposal recommending modifications in.the Nuclear Measurement

. Corporation ‘Mobile Air Monitor was submitted and approved by the Site Re-
presentative. In effect, the modification will update the equipment to make
' it comparable to currently available models. Advantages gained from this
modification will be.increased sen51t1v1ty and greater ease and rel1ab111ty in
:,cahbratlon :

3.3 PERSONNEL MONITORING

‘ During routine processing of personnel:film .badg‘es,‘ the film badge

" worn by M/Sgt. J.H. Nicoll was found to indicate an exposure of 880 mrem
received during the period November 15-29, 1959, The exposure was within -

-the 11m1ts that define a technical overexposure, i.e., the exposure was.less
than 900 mrem in any seven consecutive days. Since.all information appears
as after-the~fact, it is extremely difficult to make an exact analysis of the
situation @©r circumstances leading to the incident. An extensive investiga-
tion of the circumstances indicated no unusual radiation conditions or des-
crepancies in monitoring techniques. A whole body count was made which

~ indicated no increase in internal deposition of radionuclides. A formal  tech-
nical overexposure report was submitted as well as a detailed investigation
of the circumstances surrounding the incident.




3.4 INSTRUMENT CALIBRATION

' A short paper. outlining the present capability of the SM-1 to calibrate
portable health physics survey instruments was made and submitted to the
‘Site Representative. The calibration requirements of several instruments
currently used were mcluded along Wlth a recommended solution.

3.5 WASTE RETENTION AND DISPOSAL

No- shipments of radioactive waste were made durmg this report
per1od

A total of 1 01 x- 10 -2 curies of liquid rad1oact1ve Waste was released .

- to the Potomac River under controlled.conditions. No adverse affect was
observed on river biota or use of the water for human consumption. Chem-
istry analysis was responsible for much of the waste because large quan-
tities of water were flushed through the system before samples were taken;
and a large quantity of primary" water was used for R & D testing of various
.demmerahzer systems : : : : . '
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4.1 TASK XI.INSTRUMENT AND CONTROL"STUDY
" 4, 1 1 Introduction :

In the preceding quarter (July September 1959), a study to establish
criteria. capable of evaluating all the .controls and instrumentation in.the plant.
was. largely completed. The criteria were employed fo'r evaluation of SM-1
ccontrols: Tentative conclusions were arrived at conceérning the problems and
their solutions. Details of the Task XI background, including: the above pro-

. gress, were included in the prev1ous quarterly réport, APAE Memo No. 237. @)

4 1. 2 Work Durlng Period

The R&D group completed a review of its own study efforts and those
.of two.consultants. Conclusions and summaries were drawn in final form
~ stating-the problems and recommended solutions. Both stop-gap and redesign
" approaches to the solutions were evolved, and these were evaluated. The .
instrument and control study report APAE No. 52, was written and issued in
this period.

'A list of suggested priorities was prepared for the stop-gap program -
and forwarded to the Site Representative in December. Material to be in-
corporated into the detailed specifications was accumulated on the basis of

_the pr10r1ty hst :

4,1.3 Pr1nc1pa1 Conclusions of the Fmal Report

1. SM 1 controls and. mstrumentatmn difficulties stem largely from
fobsolescence in both equipment and 1nsta11at10n methods.

2. The three major categories of controls and mstrumentation that
- have.caused d1ff1cult1es are listed in.descending order of 1mpor-
tance » .
- a. nuclear instrumentation (operat1onal)
b nuclear instrumentation. (health physics). .
. process mstrumentation ‘

3. Major difficulties with the controls and 1nstrumentat10n are
.categorlzed as follows:

- N equipment',unreliability (inherent in design, whieh includes:

(1) few or no examples of static and solid-state parts and
circuitry

11
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. (2) lack.of adherence to high-quality standards, such as MIL,
B JAN or other specifications .

b. lack of human-engineering design factors which would make
.operations and/or maintenance reasonable S1mp1e and require
minimum techmcal knowledge, including:

{1) - centralization of controls, recordmg, and indication into
- compact units, such as the proposed-Main Control Unit

- (2) modula.r, plug-in and similar construction
- (3) miniaturized techniques
- (4) built-in and automatic test facilities andte_st points
: '(.5,) adequate inst-rument -shop and equipment facilities

. {(6) proper separation of manual controls for operators and
maintenance technicians

. {7) electrical safety requirements of a high order
. (8) modern wiring, cabling ‘and WireWay techniques

(9) adherence to modern standards of marking, identification;,
. ete.

(10) techniques minimizing noise, ground loops, etc.
The general redesign approach to controls and instrumentation will
produce more than twice the advantages of a stop gap approach at

-approximately half again the the cost.

Some recommended equipment developments include: -

solid-state annunciator
health-physics general-purpose instrumentation and controls
nickel-cadmium station batteries (installation)
‘new power supplies
+ scanning comparator for redundant circuitry :

A study of emergency natural environmental effects on plant controls
and-instrumentation'is recommended. :



M. A vitally needed combined test facility, library, informational
*clearing house, ' and env1r0nmenta1 test facility. is. recommended
' .and discussed.

4. 1.4 Future.Woxj_k

.Detailed specifications will be prepared to describe accurately the
requirements of equipment under the stop-gap concept.” These will be em-
-ployed to purchase remedial equipment. to the monetary limits imposed by the
1959-60 fiscal budget. Purchases will be committed by June. 30, 1960. . It is
expected.that -much of the equipment will be delivered for mstallatmn during
- the first half of FY 1960 61

4.1.5 Problems
.Except in the proposed area of 'developments, no problems are antici-

pated in carrying out the recommendations. Further evaluation in the de-
velopment area will have to be made as these developments reach new stages.

13
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4, 2 TASK XII PLANT RESPONSE AND SYSTEM PERFORMANCE

4, 2.1 - Introductlon

Task XII is des1gned to 1nvest1gate exper1menta11y the various factors
.in.SM-1 affecting transient response characteristics, in.order that analytical
techniques can be refined and design programs of future nuclear power plants
for the military can proceed with a greater fund of proven techniques. A
previous quarterly report APAE Memo 237, included the detailed objectives
and scope of this task. : _ :

- 4,2.2 Work 'During’Period

1. Subtask 1- SM 1Plant Characteristics Under Transient Loadmg

a.

Instrumentatlon - PI‘lOI‘ arrangements had been made to borrow

a recording oscillograph but arrangements could not be confirm-
" ed for the period of the revised running schedule. Firm com-

mitments for this instrument or a replacement will be made

early in.the next quarter. The Sanborn preamplifier was.re-

ceived and checked out. Work on calibrating and balancing the ‘
systems is in progress. Because of the cost and difficulties

* in obtaining an .adequate electronic instrument, the frequency
parameter (5. 3) has been temporarily deleted to allow use of

this instrument channel for the third stage turbine extractlon
Instrument installation design is continuing.

- High Pressure Turbine Parts - We have received revised

prints on the turbine modifications from ‘the General ‘Electric
Company. The revised outline print of the turbine shows no
dimensional changes, and the low initial steam pressure and

- motor operated load limit device have been deleted. These
: items are being checked for accuracy with General Electric.

Steam Separator - Quotatlons were evaluated and purchase ap-

- -proval requested.

Testing - Test procedures were reviewed and-a. final draft is
being prepared.

2. Subtask:3 - Installation and Checkout of Electrical Load Bank

The resistance-reactance load bank was delivered to the ERDL
area at Fort Belvoir and is ready for installation at the site.
Ground was graded and foundation supports placed on hand to
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permit location of th1s equ1pment Electrical connection of the
load bank must await anticipated shutdown of the plant at end of
March.. Laying of connecting cable and design of overhead sup-
- ports and under-the-road conduit are in fmal planning stages,
and: some 1nsta11at10n work has begun S
\
Installation drawmgs were completed and the 45 foot pole for the
. '4160svolt. line. was installed. - Steps were.taken to obtain an out-
'side electrical contractor to make the 4160-volt tie-in and line . .
run. The control wiring will be accomplished by plant per’sonnelo

3. Subtask 4 - Installation.and Testmg of Steam Dump Line w1th De-
Superheater

-Systems design of the steam by-pass was completed and vendor
quotations received for the control system.. The control system
selected contains a variable orifice de-superheater to permit
close .control of the steam inlet temperature to the condenser
-over the range:of flow from 2% to 100% of plant-rated steam
capacity: All other vendor quotations received included a steam
. assist de-superheater which will permit close control over only
" thee'range from 15% through 100% of a rated load. . Purchase ap-
proval for this system was requested of the AEC. Installation

designs for the steam by-pass .system are under way, but a major :

‘portion of work cannot be completed until final purchase approval
is granted and direct contact with the selected vendor established.

4, 2 3 ‘Future. Work

Work on Task X1 durmg; the first quarter 1960 will cover an intensive
program -of installation design, equipment procurement and manufacture, as
well as installation of many items and final preparation of test procedures,
data sheets and instructions. Analytical phases of Task XII to be conducted
during this period will include analog simulation of the SM-1 plant and some
preliminary runs on the analog computer to give predicted plant transient
response performance. Actual installation of many major items in Task XII
must await plant shutdown at end of March.
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4.3 TASK XIV -.TEMPERATURE AND FLOW MEASUREMENTS
4.3.1 Time Lag of Plate Temperature Instrumentation
4.3.1.1 Introduction

At the Task XIV conference on December 3, 1959 at. ERDL, various
methods of instrumenting a fuel plate were discussed. The "Blocked
.Channel" method was presented as the best choice, and approval for its
subsequent development was requested :

It was recogmzed that by using this techmque, the time lag between
‘meat temperature change and thermocouple response would be greater than
if the thermocouple were located directly in the -meat. However, a detailed
calculation of the lag increase and an evaluation of its effect on task objectives
was. not yet ava1lab1e at the t1me of the. conference

| The determination and evaluation of th1s lag has now been. completed

- and is presented in this report

4 3. 1 2 General Theory

The determination of time constants in temperature measurement is °
most conveniently accomplished, both.analytically and experimentally, by sub-
jecting the temperature being measured to a step change and then noting the
resulting rapidity in measurement response, Generally, this response is of
. the form shown in Fig. 4.1: ~

- AThax

A Tresponse

Time, t

. Fig. 4.1 - Linear Plot of Response to
Step Input

where: . '. :
' 1- e‘*t./)z’) _ , (1)

and ez natural logarithmic base - 2. 71828 --

ATresponse: ATmax (
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The value ''z'* is called the.time constant, 'and is conventionally evaluated
as follows:

Let t=7T

l‘ ' .

g AT 1 '
Then ——noPORS€ ~ _ 1-— =z 0.632--

Tmax

Therefore, the.time constant can be evaluated as.the elapsed time.required
. to attain a 63. 2% response to a given step change in the driving function.
This definition .is also used at times to define time constants.for response
curves which are not strictly of the form specified by equation (1).

Exponential functions are tedious to plot, and recourse is often made
.to log-log or semi-log ‘plotting so that the function can be represented by a
straight line whose slope indicates the .exponential power. Consider the
following algebraic treatment of equation (1); :

AT

1 - __response . -t/T , - | . (12)

‘ AsTmax

a4

Th1s canbe S1mp11f1ed by the defm1t1on

E _1_ ATresponse

- ATpax

Eis therefore that fractlon of the driving function step change not yet
indicated by the response function. Equation (1a) can then be written:

Ezet/T o ‘ ' (1b)

~ Taking the ha.tural (Naperian) logarithm of each side of equation (1b): -

in'E = in Ae°t/?=. -’%ln e
1n.E - '-.—tc.s-. whereo £ E£1 - (1c)

A semi-log plot of ‘equation (1c) can be made as shown by Fig. 4. 2 to obtain
the convenience of a straight line representation:

18




: ‘ ‘ 1
InE : ~ o : Slope = T

Fig. 4.2 - Semi Log Plot of Response to Step |

. Input .
(Natural or Naperlan Log Ordmate)

- Conventional semi- ldg graph paper is. compatlble with a log base of 10 and
not e as' required in Fig. 4.2. Therefore, taking the common (Brlggsmn)
logarlthm -of each s1de of equatlon (1b):

loglo E - - logyg €™ t'/‘,t.'..tz._logl _.1.0_ t
logloE --0—43%,9—-: t . where 04 E € 1 | ) .(1d)

A semi-log plot of equation. (1d) can be made as.shown by F1g 4 3 to .obtain
the convenience of a straight line representat1on'

logyge . _ 0.43429----
T T T

loggE - Slope - -

F1g 4,3 --Semi Log Plot of Response to Step
Input
(Common or Br1ggs1an Log Ordmate)
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The curve of Fig. 4.1 and its corresponding equation (1) appears
frequently in engineering problems.for many parameters besides temp-
‘erature. Consider any process whose.output or response function Ty be-
haves according to equation (1) following a step increase in its input or
- driving function Ty. If T, is some arbitrary function of time (not neces-
sarily a step), then the corresponding T9 function is determined by solving
the.following linear ordinary differential equation: ‘

T2 2T (Ty - Tp) | @

- Consider two. mdependent processes each by itself behaving accord-
ing to equatlon (2) coupled in series as shown by Fig. 4. 4

s 1 ‘ -
. = = =g, (T1-T T, | d 1 .
Ty—> dt Tz - t1,2 ( 1 A 2) 2‘—(:‘1? T3 = ‘C’z 3 (Tz‘-T3) ‘
. .Step o
.Change’

Fig. 4. 4- Two Simple. Lag Processes -
.Coupled in Series

C Itis further ‘specified. that Tl undergoes a. step change at t1me zero. There-
fore, the specific solution to equation (2) is equation (1):

ATy - ATy .(1-e€” ﬁ/rl, 2) where AT, isa constant - (3)
The inptit function T, to the second process.is not a step functien, but it is

defined so that the corresponding output function T4 can be determmed by
the solutlon of the followmg differential equation:

—-—=‘AT3-= ——-L (1 - e"'m’z) -fﬁ AT3 @

_If the two.time constants ?1 9 and Z" 9, 3 are not equal, then:the solution
' .to equatlon (4) is: ,
1. G,2 i T3 t_
= sl @ 1, 2 = e %2,3| . .. {8)
ATy = 4Ty | 1 A,z z‘zse gt 2o W

If the two time constants \1, 2 and o3 are equal, then the solution. to equation
(4) is: - - : ‘

VA’I"'3..:‘ i_ATl [ 1 - (1+ %) o t/'l':l where (- 21’2 = Tz, 3 ()
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Note that neither equation.(5) or (6) is. similar to the form of equation (1).

If the time constant of the combined lag systems is still defined as the
elapsed time t required to attain a 63, 2%.response in ATz to a given step
change in the driving function AT, its evaluation is not simply the addition
of the time constants of the two systems acting. independently. The combin-
ed system time constant is therefore the time at which: :

ATy =0 632 AT AT, (1-D ; t= Tj3

Comparmg th1s expression with the form of equation (5)
1 Tia.  hErT._ Tas gy wherely, 9 # %, 3(52)
e Ty a1 Z2,3¢ T1,2 = 22,3 ¢

' Comper.isbn, with equation (6) shows: - .

1. ; t S
_é_ _(1+?):e ’c’

t - 2,146 T ~ where T= 7] 5= Ty 3 N © (6a)

Equation (6) shows that when the two individual time constants are equal,
the. combined constant is 7. 3% higher than their sum. But as.the relative
difference between the individual constants is 1ncreased the combined constant
as given by equation (5a) conpverges‘to Simply: their. sum.

4.3.1.3 Nomenclature

c B " Specific heat of filler, Btu/(lb)(OF)
K . .‘Thermal conductivity of filler, (Btu)(ft)/(hr. )(ft‘z)(olF‘)
r ” iDistance,fror'n rﬁea,t inner surface to filler centerline, mils
t w Time after step change .Ai'n‘ meat ‘inner surface temperature, sec 5
T,.=- Filler centerline temperature, °F
‘ ’i‘i = Initial uniform temperature of meat and filler, °F

m= Meat inner surface temperature after undergoing a step change, °F

T; = Thermocouple temperature reading, ©
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X = Ratio defined by equation (7), ditﬁensibnless
Y = Ratio defined by equation (8), dimensionleés
(a = Density of filler, 1b/in3 -
.'c' =- = Time constant of iag in .thefmocouple,readings introduced
L by filler only, sec
';’t .=~ Time constant of lag in thermocouple readings introduced‘
by thermocouple only, sec
- K 106 S
| X = 3600(12)("01’2 t  dimensionless ‘ (7)
E = M ‘dimensionless - (8)
Tm - T :
4.3.1.4 Instrumented Plate Constants
C :. . 067 @ 68°F -(Highe’f temp. value not available)
K - 10. 9 @ 500°F |
rl.; | 81.5 | (For 193 mil total plate thickness)
rg.= 40.75 (For 111-1/2 mil total plate thickness)
X1 = | 2,43t . (Corresponding,t‘;) r1)
X9z 9.61t - (Corresponding to rg)
@ ‘=- . 233
Tty.o= .17 (Immersed suddenly in water)

4.3.1.5 Time Lagof Filler Alone

As outlined in the previous quarterly report, () a filler of 163 mils
- was originally contemplated in using the.'"Blocked Channel'" method of in-
strumenting a fuel element. The corresponding total plate thickness is then
193 mils. ’




A mod1f1cat10n of these dimensions is under study in whlch the. f111er :
is reduced to 81-1/2 mils, the co rresponding total plate thickness being
111-1/2 mils. The water channel dimensions of an instrumented element
are unchanged prov1ded that an even number of these modified plates.are
contained by-any one element. A schematic d1agram of the modified plate
is shown in Fig. 4. 5. L

Normal Element

L/ ) ot . 7 “.‘{ » “f; b af"- ’v7 \ WMAe o ey o d /
é . ?\.,! :.(‘o_ :, / . : d';‘,“'"~ 'g»/' %‘:‘\:\:\:34 /
I sl 7 B D 7 (N 77 PR E Y0 77 IR
/] ',éo:‘. Sty ol é')‘ gl." ‘o :"’é K- ,"U‘. ;;aa‘ o, 5 /
A8 (g8 85 188 s B8NS 8§ P
) / .‘5 ;U 'l.'“ 0'20.:;0 . B // "‘12 ‘ ¢ / ' _B ~‘/' N \'.s -E"’ f B /
B Z 7 B 7 et A 7 RN v
/B IR 7 NI 7 PN 7 R ¢ D1/ S
1 133m 15- 20 5 133 5 20 5 133 5 20 5' 133 |
N - '356 ‘ - |
! ’ |
[ : o I :
i . _.| . | . “ ’
| | . l . “”-;"‘ l
4 W S
/ ‘ // ' 6= { Y -
/ L P 2 s s
; 8- /% N § V.
% . L/
/By ? N
5 2N L7
133m 5 81 /2" 3 -5 | 105”7 133
1110172 ——I |-<—111 1/2 —
N .356 -

Fig 4.5 - Schematic:Diagram of Blocked Channel Method
- Using ‘Even Numbers of Modified Instrumented
Plates per Element.

The advantages of the thinner instrumented plate are (a) a smaller
'nuclear perturbation because of less added neutron absorbing material and
less variance. in the fuel to water ratio, and (b) a smaller filler contribu-
tion to the thermocouple time lag in measuring meat temperature changes

: The thermocouple is located in the center of the filler. The fag in filler
centerline temperature T following a step increase in the meat inner surface
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temperature Ty can be readily determined without ted1ous calculation by

the use of Hottel Charts. (4) These consist of non-dimensionalized transient
‘temperature distribution curves for a slab following a step change in surface
temperature, with or without a surface film coefficient acting. In this appli-
cation of the charts, no film is considered. 4

By using the values of Xj.and X5 as given in Section 4. 3. 1. 4, the slab

.. (or filler) center.line temperature responses provided by the Hottel Charts are
illustrated in Figs. 4.6 and 4. 7 for the 193 mil and the 111-1/2 mil thick

plates. respectwely . :

- A comparison.of Figs. 4.6 and 4.7 with the form of Fig. 4.3 shows that
‘the centerline temperature response can be represented by an initial small
time delay followed by a simple time lag. The magnitude of the delay and the
‘time. comstant of the lag are .shown on the. respective response curves.

4 3.1.6 Time Lags of Filler and Thermocouple Combined

If a :sheathed 40 mil O. D. thermocouple is suddenly submerged in hot.
water, a time constant of about 0. 15 sec is experimentally observed. This
mcludes the effect of the water film heat transfer coefficient acting along the
sheath surface. When such a thermocouple is placed within an oversize filler

- penetration; surface resistance between the ambient (filler material) and the
_sheath is much larger, and hence, the thermocouple time constant will in-
' crease apprec1ab1y ;

In order to keep the surface res1stance to a pract1ca1 mimmum the
following installation features are .contemplated: .

a. C}earance betwegen thermocouple . sheath and filler cav1ty is kept
‘fo a minimum. : .

b. . ,End of cav.-zt;y is necked down for snug fit around thermocohple
‘ tip. .

c. Necked down portion of cavity is lubricated with.powdered
graphite for good thermal contact.

d,,".:'.Cav1ty is kept dry during reactor operat1on by seahng at cavity
.opemng in. 51de plate. :

e. Unfllled ‘portion of cavity is flushed with helium prior to seahng
for 1mproved heat transmission. :




v

_ The resulting surface resistance, and its associated thermocouple
time constant, would be.difficult to determine analytically. However,
based upon various experimental tests by Bettis and by thermocouple manu-

~ facturers; it is conservatively estimated that the time constant for the
,thermocouple in the filler cav1ty 1s about 1. 35 seconds

'

To.4 obtain.the time constant of the filler and thermocouple combined,
equation (5a) is solved and the time obtained is.added to the filler time de-
lay shown by Figs. 4.6 and 4. 7. Results of these calculations are present-
ed below in Table 4. 1.

TABLE 4.1
TIME CONSTANTS OF INSTRUMENTED PLATES
Instrumented Plate Thickness 193 mils 111. 5 mils
Filler Thickness 163 mils 1 81. 5 mils
Time Delay, Filler . 035 sec ...009 sec
Time Const: , Filler Alone ' . 170 sec . 042 sec
Time Const., Thermocouple 1.35 sec 1.35 sec
*Time Const., Filler and ' ‘
Thermocouple .combined . 1.57 sec 1.40 sec.

* Defined as elapsed time for thermocouple reading to reach 63. 2% of
theoretical step increase in meat inner surface temperature.

~ . One important benefit derived from an mstrumented plate with.a small
t1me constant is the capability of detectmg(pDNB (heat flux at departure from
nucleate boiling). Bettis personnel have used their BISA instrumented plates:
for this purposed and believe that a time constant as high as 3. 0 to 3. 5 would
still be satisfactory for convenient  DNB detection., Reference to Table 4. 1
.shows that €ither of the plate thicknesses bemg considered would provide a

" time constant about one half of this maximum. The particular choice would -

therefore be based primarily on other conS1derat10ns such as nuclear pertur-
bation and ease.of fabrication.
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4, 3', 2 - Nuclear Perturbation from Instrumented Plate

The introduction of a filler material in the instrumented plate pro—
duces a local decrease.in the neutron level. To determine the magnitude
of this local perturbation, calculations were performed on an IBM 650
computer using a one-dimensional slab representation (5) of the. core. To
obtain the largest perturbation, all instrumented plates were inserted in the
center element for calculation purposes, all elements bemg assumed as of
the stationary type. »

. The results of 4these.callcu1ations, using ;various filler materials, is
presented below in Table 4. 2. Power distribution.can be considered as being
proportional to the thermal neutron flux .distribution,

. TABLE 4. 2
POWER PERTURBATION AT INSTRUMENTED PLATE
No. of Plates ' -Filler Mat' ls_.e _ Perturbed Power
. Inserted and Thicknesses Unperturbed Power

1 - 163 SS 0. 89

1 163 Nb 0. 96

1 163 Yt 0. 96

1 » 163 Zr 0. 99
- 2% 163 SS 0.88 -
2%, - 100Nb - 153 Zr- -0.99

2% - 10 Nb 171.5 Zr 0,99 -

* Plates placéd at opposite sides.of center element.

A comparison of the 1st and 5th lines of Table 4.2 shows that a slight
amount.of plate interaction when two stainless steel filler plates are instal-
led at opposite sides of an element. For the other filler compositions listed,
interactions would be insignificant. ‘

A comparison of the 6th and 7th lines shows that the difference in per-
turbations produced by the 163 mil filler and the 81. 5 mil filler (see Section
4, 3.1.5) appears only in the third significant figure. Such calculation preci-
sion is not indicated in Table 4.2. because of the filler homogeneity assump-
tions required by the calculation method.

In conclusion, either of the two filler thickness considered introduces a
local flux reduction in the order of 1%, with little preference nuclearly between
the two. The small magnitude of the perturbation is in excellent agreement with
the overall instrumentation. ob]ectlves of the task, as cited in the previous
quarterly report. ‘
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4.3.3 Tolerance on Plate Surface Temperature Deter mination
4, 3.3.1 Errors in Determination of Heat Generation Rates

Because of the complex geometry and heterogeneous nature of the
core, relative neutron flux levels in the core are best determined by zero
power experiments (ZPE). A variety of foil materials can be used in such
a study, but bare uranium foils yield more accurate measurements and will
therefore be used. Even so, there are various random and systematlc
errors involved in taking foil measurements.

- Once relative flux levels have been determined experimentally at various
finite points, it is possible to normalize them with respect to the average core
level. Because of the severity of local flux variations, and limitations im-
posed by the necessity of considering only.a limited number of data points,
significant errors are introduced in the normalizing process.

Given then normalized flux distribution curves for a cold core, there -
remains the problem of adjustment for a hot operating core. Items involved
are (a) higher temperature and pressure, with its affects on moderator density,
various cross-sections, etc., (b) non-uniform burnup and buildup of xenon, and
(c) slightly higher control rod withdrawal due to a negative temperature coeffi-
cient. - The associated errors can be reduced but not eliminated by tedious cal-
culation procedures. ‘ '

In the above discussion, it was assumed that all the elements used in the
ZPE would be used in the actual operating core, and arranged in the same
order. Although various fuel plates are made to the same specification, ap-
preciable differences do occur (meat. thickness, fuel density, etc.) as a result
of manufacturing process limitations. These variations are sufficiently small
to permit fuel element interchangeability on core loading, but a difference in
. ZPE and plant arrangements of the elements will necessarily produce changes
in the relative flux distribution.. Therefore, it is planned to use the SM-1 Core
II in the Task XIV ZPE, indexing the elements so that the same core arrange-
ment is mamtamed in the plant installation. A

4., 3.3.2 Accuracy of AT Calculations

The temperature in the center of the fuel plate is measured directly by .
thermocouples located in the filler. Temperatures at other penetrations of
the plate are derived by calculation of the temperature change (AT) from:the
thermocouple to the point in question. The calculation of AT is dependent
upon three types of information, (a) the heat generation ratio inthe meat, (b)
dimensions of the plate, and (c) physical properties of the plate materials.

The first of these has been descr1bed above and is subject to the greatese per-
centage error.
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It is estlmated considering the poss1ble errors in the three types of
information required, -that the various AT calculations can be in error by as
‘much.as 10%: .On this basis, the maximum temperature tolerances at various
- plate penétrations is shown in Table 4. 3. ‘ :

o TABLE 4. 3
MAXIMUM PLATE TEMPERATURE TOLERANCES

T §\ ‘Temp.| How Obtained | Tolerance:
i %D Tq By direct measurement - | 1-1/2°F
SN Ty T, Ty g | 2°F
_ \k\@ . T3 Ty - Ty 3 ] 3°F
, § A T3 T3 4 | 3-1/2°F
' :\ . T By direct measgrefnent’ {1 1/2°F
=X % ' & curve extrapolations 2-1/2° F A
&g |
4,3.3.3 Core Scheduhng for Cr1t1ca1 Fa.0111ty

As explained in. Section 4. 3. 3. 1, it is highly des1rab1e that’ the same
core to be installed in the reactor is used in the zero power experlments
‘Fortunately, this 51tuat10n 1is attainable without undue difficulty.

- The SM-1 Core II is presently stored at the Alco Cr1t1cal Fa0111ty, ,but
must be shipped out soon to make room in the storage vaults for the SM-1a
and SM-2a cores due in May, 1960. Both of these latter cores are scheduled
for shipment out of the Facility at the end of June. The plates of the SM-1
1nstrumented elements are scheduled for completion by the end of June also, -

~and can. therefore be sent to the Facility prior to .assembly into elements.
Plates are more easily handled in a ZPE because of more convenient foil
placement. The original SM-1 Core II elements can also be shipped back to
the Critical Facility, and the ZPE performed in July- August, 1960.

4. 3. 4... Verification and Calibration Testing
4.3.4.1 Instrument Lead Disconnects

' The gasket to be used in an instrument lead disconnect must be made of
a material that (a) will not creep under compressive loading :at 500°F., and

therefore loose its sealing ability, (b) can satisfactorily withstand the exposure-

of a low-radiation field and (c) can withstand contact with 500°F water.
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Two materials that appear particularly applicable are nickel and stain-
less steel 304, both annealed to a "'dead' soft condition. Gaskets have been
made from these materials and will be used in the planned disconnect auto-
clave testing program. These tests will also determine the feasibility of (a)
various methods for purging the trapped water in the disconnect after connec-
tion and (b) the design of the ceramic insulators for the thermocouple lead
terminals.

4.3.4.2 Reactor Vessel Penetrated Gasket

A detailed examination of the primary and secondary stresses in the
reactor vessel head gasket is well &r}derway. Results to date indicate that
the proposed penetration technique'®’ will be very satisfactory. The only
experimental program that will be required in support of analytical deter -
mination is a series of compressive tests on segments of the penetrated

- gasket. A costly gasket test loop attempting to duplicate imposed stresses

and temperature distributions is not necessary.

The compress1ve tests are scheduled for completion in the near future.
A meeting between AEC, NPED and Alco personnel will be requested shortly

‘thereafter to present the results of the gasket study.

4.3.5 Mechanical Design Aspects
4,3.5.1 Instrument Table

Under the initial mechanical design concept developed under Tagk V,
thermocouple lead disconnects and pressure probes were to be mounted on

"an instrument ""cradle" supported from the vessel flange 9), However, the
dimensional relationships between the flange and the core structure are
‘subject to large tolerances. Since accurate placementis required, the mount-

ing platform design was modified to use the existing pilot tubes as supports

while the cradle cylinder was eliminated. The resulting structure is now

referred to as the instrument ''table', the table legs being mounted to the

-top of the core support structure.

4.3.5.2 Penetrated Gasket

The penetrated gasket is lowered into the reactor together with the
instrument table. Long flexiable rods, acting as cantilever springs, are
mounted vertically on the table top to support the gasket above in approxi-
mately the correct relative position. The appearance of these springs is '
similar to an inverted ""L".

Lifting lugs on the gasket were revised and relocated to receive a
standard "off the shelf'' safety hook.
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4.3.5.3 Instrumented Element Assembly

Thermocouple penetrations of the filler are from the side-edges of
the instrumented plates. The instrument leads are then mounted along the
outer surfaces of the two side plates. - Upon reaching the top end box of .
the element, the leads are bundled together for passage through the appropri-
ate h1nged core support door.

Two methods of supporting the 1nstrument leads (both thermocouple
and probe. tubmg) have been developed by the Welding Laboratory. Both
involve the use of the capacitance welder previously acquired through task funds.
Each method has its individual merits, so that both. technlques will be used in
assembly of the instrumented element

In one methods, short lengths of 2 mil diameter stainless steel wire are"
. spaced along ‘the lead but inserted between the lead and the support plate, -

the wires being oriented perpendicular to.the lead. The result is something’
similar to a railroad.rail with cross-ties. One welder electrode is grounded
to the support plate, the other electrode is place consecutwely over the points
. where lead and wires cross. The result is a series.of spot welds which (a)

- are .simple to perform and control and (b) minimize weld penetration into the

. lead casing, (c) requires appreciable force .on the lead to break, and (d) intro-
duce negligible thickness to the assembly. This method can easily be extend-
ed to fasten a bundle of leads by- weldmg md1v1dua1 leads to each other.

In:the other method, small bands are cut from. 2 mil stainless. steel
.shim stock. These hands.are bent into the shape of the Greek capital letter
..Omega:({1), and inserted over a single or bundle of leads. The ends of the
bands are then spot-welded to the support plate. The. results is an attach-
~ ment which (a) is simple to perform, (b) requires no weld penetration into a -
lead casing, "(c) requires even greater forces than by the previous fastening
methods to break, (d) introduces.only 2 mils to the assembly thickness and
v (e) permits easy replacement of leads by simply cuttmg the band.

The ex1st1ng clearance between adjacent stationary element. side plates
‘is sufficient for the passage of instrument leads. However, the clearance be-
tween the control rod fuel element side plates and the rod tube is too small.
Therefore; the side plate separation will be reduced by 100 mils. : This is con=
véniently accomplished by 'milling 50 imils. off the ''dead'' edges of those’con-.. -
- ventional rod'fuel plates which are scheduled for the instrumented rod element
assembly
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- 4.3.5.4 Instrument Lead Disconnects

As,determin‘ed under Task V, it is necessary to introduce instrument
lead disconnects in.the interval between fuel element and penetrated gask.e.t.,‘

Preliminary: de51%ns for these d1sconnects were made and presented in
APAE No.: 37 (10

Consultatlon with ceramic fabricators led to.the conclus1on that the ,
design provisions made for ceramically insulating the pins and sockets from
the metal disconnect housing were not. satisfactory. A modified design is
therefore being: prepared in accordance with the suggestions received.
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4.4 TASK XVI- SM-1 DECONTAMINATION
4. 4.1 Introduction

. Radioactivity of the:SM-1 steam generator and other primary system com-
ponents and piping is increasing due to deposition of adherent radioactive-cor-
rosion products on walls of the primary system. .Radiation levels within the
steam generator water box 'may become so great as to serlously hlnder ‘or render
'1mposs1ble necessary mamtenance in the event of tube failure.

- The:-ob]ectwes of th1s task'are to:
. 1, - Decrease radiation levels.in the. steam generator and primary systém -
in order to reduce the radiation hazard when. performlng reactor main-

tenanceo

2. . Determine the feasibility of 1solatmg and decontammatmg the SM-1
- steam generator

3. . Provide the: engineering experience necessary to design facﬂltles
.for and: perform decontamination of future reactor plants.

. The schedule for accompllshment of thls task is geared to avallab1l1ty -of

: ,i'the SM 1 plant after burnup and removal. of Core-I. At the initiation of this task,

. the:SM-1 master schedule indicated reactor avallablllty starting Nfarch 15,. 1960.
*. Decontamination and. system cleanup is éstimated to require six weeks. All en-
gineering and procurement therefore, was scheduled to permit decontamination

starting on March .15, 1960." The method of decontammatlon to be followed is that f_'

" outlined in: Volume-III of APAE No. . 43. (2)

" The- -engineering requirements to be accompllshed pr10r to actual decontaml-

natlon were divided into the: followmg areas:

1. .. Engineering, procurement and fabr1cat10n of steam generator and
. primary pump. isolation plugs.

‘2. . Engineering, procurement, and fabrication of decontamination system
piping, pumps, tanks and other equipment.

3. . Corrosion testing and evaluation,

. 4, - Evaluation of waste disposal. of.decontami'nating solution,

5. . Evaluation of samples to be collected and inspection techniques. following

decontaminating to determme the effectlveness of decontammatlon

6. - Preparat_1on of detailed decontamination procedures ‘to Pe ‘follow,ed.,
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4.4,2 JW.ork;During Period -
. "Work was 'in'itiated'.on the first three engineering areas of the pre-decontar  1-
-tion: task, : : :

14.4.2.1 - Task Planning
. A detailed program, scope of work, and time schedule were -completed.,

. Because.of long delivery times for certain components of equipment, difficulty
~in meeting the:March 15 deadline was expected. - However, . it was anticipated

~ - that the SM-1 master schedule might be modified,' with decontamination re- -

scheduled for:later in the-year. - Such reschediling would eliminate the procure-
‘ment.problem. : : '

4.4.2.2 Engmeermg Isolation Plugs and:System Piping

The reference des1gn for decontammatlon of the steam generator was based
- on the engineering concept developed in Volume-IIl of APAE No. 43. . The steam
generator is required.to be isolated from the remainder. of the primary system
. when circulating the decontamination solutions. . A schematic drawing of the
: ‘piping and special plugs required to accomphsh such isolation is shown in:Fig.
-4 of APAE No. 43. - A major engineering area was the design of the plug to be
‘inserted in the outlet nozzle of the reactor pressure vessel. . This plug prevents
-entry-of the decontamination solutions. into the pressure vessel, but allows pas-
. sage of the solutions. through the- steam generator by means: of external temporary
.decontammatmg piping.

A prehmlnary design. and layout of this reactor Av'essel. isolation plug as-

.. sembly was made. . The design was based on the concept in Fig. 1.0of APAE No.

43. Included'in the design was necessary-equipment and piping to lower the plug
into the reactor pressure vessel and lock the plug in place within the vessel nozzle.
- A layout drawing was.completed giving the location of the auxiliary-8-in. piping
and c1rcu1at1ng pump within the vapor container. Preliminary design and drawing
“of the plugs for 1solat1on of the Westmghouse prlmary coolant pumps was com-!
-pleted

4 4, 2 3 . Corrosion: Testing and: Evaluation

Before decontam1nat1on of the. SM 1 steam generator would be undertaken, ,
-assurance had to be obtained that corrosion of the Type-304 SS steam generaror
during decontamination would not adversely affect its future-operation or life ex-
pectancy. - Previous studies indicated the need for such assurance. - The. objectlves
 of this program were: :

1.. To obtam corroboratlon of the: mtegrlty of Type 304 SS when exposed
to decontammatxon agents.

{
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2..To demonstrate that decontamination does not:.increase the suscept1b111ty
-of Type-304:SS to corrosion during subsequent exposure to primary cool-
-ant under operatmg condltlons., . :

Spec1mens simulatmg the metallurglcal conditions in the. steam generator :
were 10 be :subjected to a complete decontamination cycle in static autoclaves,
followed by at least one:month exposureto-primary coolant. condltlons in statlc
autoclaves Specimens were-to be prepared as: Lo

(a) ,;str“aight'coupons simulating tube sheets and tubes, ete.,

(b). weld .coupons simulating tube sheet welds,
o (¢) - U-bend specimens simulating stressed areas in tubes, and

(d) crevice coupons simulating crevices present either by design
or as result of partial cracking- Wthh may have occurred in.
‘three years of. SM-1 life. ‘

After each step in the test procedure ‘'specimens were to be: examined,
~weighed, and approprlate samples removed from- test for metallurgical examina-
tion. :

. A detailed test procedure was prepared Spec1mens of straight coupons
. -.consisting.of Type 304:SS sheet cut to 3.8 x 3.8 x 0.3 cm size were prepared.
*. These :coupons were polished with 1/0 paper to prov1de a reproducible surface
for testing. The weld coupons were similar, except that a bead of 308 SS was
laid on each by the TIG welding technique.-- Crevice coupons consisted of two
straight coupons bolted together, the mating. surfaces providing the crevice.-. The
- .U-bend spemmens were prepared from 50-mil sheet and were bent around a 1/2"
- ‘'mandrel. . Finally, the bends were bolted to provide a constant deflection.. Fig.
.4-8 shows a sample: holder with the several types- of coupons mounted and ready
) for testing. C

4.4.3 - Future Work |
“Since it is anticipated the-SM-1 operating schedule will be revised and that
‘decontamination will be scheduled for September. or- October, 1960, the scope
-of work of ‘Task XVI will be reviewed and cons1derat10n -given to" full-
system decontamination (with core removed).

.Work 'will include:

1. . Engineering methods and design of equlpment to allow drainage and
cleanup of the entire pr1mary system°
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. Corrosion studies to evaluate effects of decontaminating solutions:on

'~ materials.and components of the entire.-primary system. . Testing of
"Type:304 SS samples already prepared will be.carried out. It is’ex-.
pected that evaluation of results'of this phase of corrosion:testing w111
be completed during the- next quarter

. . Evaluation of problems pertmenteto the storage and/or dispoSal
‘of the radioactive spent decontaminating solutions.




FIG. 4-8 Sample Holder With Coupons For Testing
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5.0 TESTS

5.1 -TEST SERIES 100 - PLANT CHEMISTRY

" During the report period, progress was made on accumulation of data
in support of approved tests in the chemistry series. . In addition, preparatory
‘work was initiated for performance of several requested tests.

5.1.1 _Test 101._--Secondary._ anter. Studres_at;lElevated pH, Levels ,

This test. involved evaluation of water -chemistry conditions including ma- -
terial corrosion at various alkaline hotwell pH levels. . Analytical chemistry
data was obtamed durmg the test perlod ‘December 1 = 8 1959.

1. Conclus1ons

a

.- The evaporator preheater is 1neff1c1ent in removing dlssolved gases

to within specification levels. ‘- The .oxygen level of the evaporator
effluent is approximately 2 ppm and the carbon dioxide content is
15 to 20 ppm. However, very little -of the dissolved gases reach

,the hotwell. Th1s is attrlbuted to the efflclency of the air eJectors

. There is 11tt1e, if. any,- measurable dlfference in the dissolved oxygen

content of the hotwell, regardless of the source of makeup water,
i.’e. d1st111ed water tank or evaporator

.- No hydrolytlc decomposition of sodium sulﬁte could be detected in,

the SM-1 steam generator during the test.

.. Morpholine undergoes some decomposition to ammonia. The am-
-monia content varies, in general proportlonally with morpholine
: -concentratmn° :

\
1y

. Exce'ssive_‘corros'ion of secondarj? materials take's' place during
. plant shutdown. - Once the plant reaches equilibrium after a start-
.up, the corrosion levels are low. However, it is felt:that the

analyses for corrosion products are not sufficiently sensitive to
give a'true indication of qualitative relatlonshlps under var1ed

N plant cond1t10ns

.- Copper :cor-rosion‘ is definitely related to ammonia concentration; -
It appears that at higher pH levels, especially during evaporator:

operation, the copper level increases. - During shutdown, this same
effect can be seen readlly, i.e. copper content varies propor-
tionately to ammonia buildup.
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g.- From a total. secondary system standpoint, the hotwell pH should
be maintained at about 9.0 to 9. 2. '

h. Manganese was found in the blowdown throughout the test. It is -
expected that manganese would be contributed chiefly by the stain-
less steel.

2..Recommendations .

a. Initiate continuous feeding of both sodium sulfite'and morpholine.
.- As soon as adequate in-line instrumentation is available, instru-
ment the feeders to function variable system demand.

- b.. Initiate an investigation to determine the reason(s) why the evaporator
preheater is ineffective in reducing the dissolved gases content of
‘the -evaporator water to very low levels. . If the problem with the
:preheater is inherent and cannot be corrected, consider. other
methods for dissolved gas removal, such as using liberated heat
from sécondary blowdownplus accessory plant power sources to
de-aerate evaporator makeup water. Finally, ‘if no methods are
:available for degassing the evaporator makeup water within a
reasonable length. of time, feed sufficient morpholine to the evap-
orator to scavenge the carbon dioxide.

-C.- In1t1ate an 1nvest1gat1on to protect the secondary system durmg
plant down time. - The. -approach should involve:the use.of an
auxiliary steam source to operate-the air ejectors and maintain
a’ steam head on the turbine gland seals. - An oxygen scavenging
resin may have to be used in- conJunctlon W1th the aux1hary steam

supply.
"d. Consider the placing of corrosion coupons, in the secondary system

~.to measure qualitatively the corrosion product formatlon under
varied SM 1 secondary water COndltlonSQ

" e..Investigate the parameters assocxated w1th air eJector operation
7 to determme the effect of concentratmg ammonia on system cor-
' ros1on

'5.1.2 . Test 102 -- Analysis of Inner Shield Tank Water

.The corrosion promoters, oxygen and chloride, were measured in the

" inner shield tank water-on two occasions. . The first analysis was made on

.. -Qctober 23, 1959, three days after reactor shutdown - The following data was
A- obtained
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© Chloride,  Oxygen, ~ Resistivity,

‘ppm  ppm pH ~ ~  ohm-cm
Bottom of Shield Tank .0.204  7.65 775 120,000
'Middle-of Shield Tank 0.165 6.48 7.55 120, 000
Top of Shield Tank .0.024  7.83 1 6.99 120, 000

‘Prior to the second measurement, it was suggested that some loss. of
‘oxygen from outgassing might be occurring using Test 102 procedures. . To
check this possibility the -suggested alternate ‘'method was adopted involving
evachatmg a McLean Flask and opening it at the de51red sample depth A
comparatwe ‘oxygen analysis from the bottom of the shield tank was made
using.both Test 102 procedures and the evacuated flask. The results obtamed
were as follows:

‘ Co ~ Chloride, . Oxygen ' 4 ,.~Res‘1st41v1ty,

Method ppm °  ppm pH ohm-cm
Test 102 Procedures . 6.89 - 4,80  6.89 120,000
"Evacuated McLean Flask S 430 '

Smce the results of the two methods are comparable it 1s planned to con-
tmue using Test 102 procedures ,

5.1.3 Test 104 - Evaluatlon of Beckman Oxygen Analyzer and
pH Instrumentation

A Beckman oxygen analyzer and pH mstrumentatmn were received and in-
.stalled in the.SM-1 secondary system durmg the report period. The discharge
of the condensate recirculating pumps was:'chosen as the sample stream because:
(1) the hotwell is the pivotal process point of the secondary system; (2) this
. 6ystem operates at a fairly constant pressure; and (3) during plant shutdown,
the condensate pumps contmue to operate therefore g1vmg a contlnuous measure- -
ment of hotwell pH. K

.The oxygen analyzer, . its controls, and the pH amplifier were installed in
a specially constructed panel unit. - This unit was located between the condenser
and the steam driven boiler feed pump. The recorders, mounted in a panel,
were placed on the north wall just outside the electrical equipment room.

‘The pH instrumentation was placed in service during the report period. . The -
‘oxygen analyzer, although completely installed, ‘will not be in operation until
early in January. ' This is due to scheduling problems with Beckman personnel.

. Operation of pH instrumentation has been continuous since startup. Since the

pH measurement is dependent upon a small quantity-of KC1 entering the sample
stream, measurements were made for the chloride p1ckup Within the limits

~of the analysis, the chloride pickup was 1ns1gmf1cant . For this reason, it was
decided to return the sample stream to the system thereby eliminating the wast- .
ing of process water. . This arrangement appears satisfactory thus far and opera-
"tion of the instrument has been acceptable. ' '
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5.1.4 Test 105 - Cleanup of Suspended and Settled Crud during
Reactor  Head Removal Operations.

This test was initiated by the Site Representative to detail the procedures
and equipment requirements for removal of suspended and settled crud in the
inner shield tank during a reactor head removal operation. During the head
removal operation in March 1959, considerable difficulty was experienced due
‘to the crud being disturbed and subsequently suspended in the inner shield tank
water. This condition caused a high radiation level at the water surface and
a general cloudy condition of the shield tank water, Correction of these con- -
ditions involved the installation of a temporary filter system. By 'planning for
~ the occurrence of similar water conditions during the next head removal opera-
tion, it is expected that many of the former problems can be avoided.

5.1.5 Test 106 - Pressurizing the SM 1 Steam Generator During
Plant Shutdowns

- During SM-1 shutdown, atmospheric oxygen canenter the steam generator.
In an effort to exclude oxygen, a test request was initiated involving pressurizing
the steam generator with nitrogen during shutdown periods. An evaluation of
this test request was made and submitted to the site representative.

- 5.1.6 Test 107 - Low Volatile Water Treatment (Morpholme and Hydrazine)
.In the-SM-1 Secondary System

During the first several months of operatlon of the SM-1, hydrazine was
used as the oxygen scavenger in the-SM-1 secondary system. Secondary chem-
istry tests during this perlod indicated that hydrazine was meffectwe in re-
ducing the oxygen level.” Therefore sodium sulfite was substituted and continued
to be used as the water treatment chemical. A test request by Combustion
Engineering, Inc. involving a re-evaluation of hydrazine was submitted. This
request was evaluated and it was recommended that the test not be performed
due to the uncertainty of the inhibiting properties of hydraziné in regard to
stress corrosion.

5.1.7 Test 1.08 - Evaluation of Milton-Roy Chloride Analyzer

The SM-1 steam generator is constructed of AISI type 304 stainless steel.
Since many corrosion studies have demonstrated the corrosive effect of chlorides
on stainless steels under certam conditions, it is essential that chloride in the
steam generator be maintained below the specification limit of 0.5 ppm. Present
control of chlorides is dependent on periodic wet chemistry analysis. This gives
only momentary coverage, at best. - An effort to obtain a chldride analyzer-on -
consignment from Milton-Roy Company for continuous coverage testing was suc-
cessful. Milton-Roy was unwilling to consign the instrument to the SM-1 for
testing. . However, it was found that this instrument, along with other chloride
analyzers were being evaluated by KAPL for the Navy. This information was
forwarded to the Site Representative and a recommendation was made to defer
evaluation of chloride analyzers pending completion of the KAPL study.
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5.1, 8 ‘Test 109 Evaluat1on of Industr1a1 Instruments Dlssolved
- ‘Oxygen Analyzer

‘In addition to the evaluation of the Beckman oxygen analyier (Test 104),

.an evaluation was requested for a dissolved oxygen analyzer manufactured by
‘Industrial Instruments Company. . Contacts with Industrial Instruments ‘indicated

their willingness to loan an oxygen analyzer to the. SM*I for testing. Accord-

-ingly, arrangements were made to obtain the: mstrument whlch is scheduled

for delivery in mid-February, 1960

5. 1.9 Test 110 - Evaluatlon of Lapg M' roflo Pulsafeeder. Chemical Pump

. Lapp Insulator Company was contacted regarding cons1gnment of a Lapp
Microflo Pulsafeeder Chemical Pump for test at the.SM-1. - A successful agree-

‘ment was concluded and delivery of a Lapp pump. to the.SM-1 site was scheduled
‘for the second week in January, 1960. :
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5.2 " TEST. SERIES 200 - RADIOCHEMISTRY

" Work during the period- was restricted to Phases 1, 5‘ ‘and -7 of the 200 -
serles and .one independent test, "Test 205. Work on Phases 2,3,4, and 6 were
scheduled for Core 11 at SM- 1

5 2 1 Phase I~ Act1v1ty Bu1ldup, Core I

11.;

AIntroductlon

Work: contmued on crud and water analyses, the- ‘measurement .of long--
lived dose rates and ana1y51s of metal coupon samples.

- One -entire.coupon holder upstream of the blowdown cooler, containing

coupons, was removed on November 27, 1959. . The holder was no

~ longer serviceable-and the coupons could not be removed.at Fort Belvoir.
“ The holder was shipped to Schenectady.

.. Work During Report Period

a.- Laboratory work was completed on metal coupons collected October
1, 1959,

.b. Laboratory work was completed on crud and water samples collected

on September 23 and 25, 1959 .The*'data is being reduced.

c.. Coupon samples were removed on November 27, . 1959 and shipped .to
;.-Schenectady Analyses are bemg performed.

-d.- Crud and water samples were drawn on. November 27, 30 and December.

5, 1959. . These- ‘samples are-being analyzed.

. e, Dose rates were taken on the primary system on December 11, 1959.

. The data are: glven in Table 5-1.

. Results

A rad1ochem1cal analy51s for- Co60 Co58 Fe59 Mn54 and Cr51 was
performed on the loose material and descaled mater1a1 taken from metal

" coupons removed from the upstream sample location.  The-data.are

givén in Table 5-2.

- A chemical analysis for iron was performed on a solut1on of the loose

and descaled mater1a1

" . The activity associated with the firmly bound material was easily re-

moved by chemical descaling from the'carbon steel,. Inconel and 304 SS

- specimens. The croloy 16-1 could not be completely descaled by this

procedure. . To obtain reliable nuclide ratios, the: activity was removed
from the croloy 16-1 by treatment with 9N HC1
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4. ~Future-Work

" "Crud water and.metal coupon samples obtained during November and
'.'.-December ‘will be processed.-

. Sampling. for crud and water will continue durmg the full power run to
core burnup. - Monel, nickel, 347 SS, croloy 16-1, 304 SS,. Inconel and
A212B carbon steel coupons were- mserted for act1v1ty buildup studies

“during this perlod -



- Date:: December 11, 1959

" Time: 1100

‘0ld Point No.

‘New Point No. -

10

13
19
20
23
24
25

CowZBaNumammEa

 S.G.#3

. S.G. #5
.S. G. #6
.. 9

10
~ 13
19

20

23
. 24
25

~TABLE 5-1

'LONG-LIVED DOSE RATES

’ Loca.t‘ion

‘S G.. above-#2 outlet

Upper collar S: G. above steam line

Upper collar S. G. above ‘inlet
Pressurizer ‘elbow, bottom
-S: G.. #2 outlet, bottom
-S.G. #2 outlet, top
S. G.. #1 outlet,. bottom -
-Reactor inlet pipe, bottom
.-Reactor inlet.pipe, -top
.Side:of S. G.
Reactor outlet
"~ Reactor inlet on slant line
. .Flow tube, right
'S. G. on.upper ladder
S.G.. 8'5" from #1 outlet
Inlet to'S. G., .top

. Drain plug on bottom of S. G.

. Bottom of B.D. cooler
4' from bottom of B.D.. Cooler

* Measured with shielded Jordon meter.

6%

mr/ hr*

- 170
©.500 -
2150 ..
- 1750
- 50
100 .

50

150
600

450 -

150
110
- 700
- 80
- 80
100

.25

:-'50
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TABLE 5-2 :
MATERIAL REMOVED FROM METAL SPECIMENS

Sample Date: 10/1/59 °F days 8695.34  EFPH 10, 608. 3

PERCENT DISTRIBUTION NUCLIDE RATIOS

Specimen Blowdown Hours 'M}I%éltc;rllsAzftic\i/I;g/mg © Cob0 co%8 Fe59 crdl mnd4 C058/Co80  Fe59/cof0 ¢151/co80 Mn54/Co80
Upstream | | . |

304 SS Pipe 4233 i9. 54 23 2.7 13 7.2 0.42 0.05 0.25 0.13
A-212B CS 4233 2.5 53 22 4.9 11 8.6 0.42 0.07 0.21 0.16
A-212BCS . 190 1.6 45 27 6.8 14 1.5 0. 61 0.15 0. 31 0.17
Inconel 190 : 18. 39 25 3.5 24 8.2 - 0.64 0.09 0.63 0.21
304 SS 9145 28. 46 24 1.7 19 1.9 0.53 0.04 0.40 0.17
304 S5 2829 . 24. 48 22 2.3 20 7.9 0.45. 0.05 ©0.42 0.17
Croloy 16-1 4233 15. _ 53 32 2.3 3.0 10 0.60 0.06 0.06 0.20

* New coupon put through two loop decontamination runs and put back in reactor.
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5.2.2 Phase 5 :-T—Fissticn Product Studies,- Core 1

1

Int-roduction

The major effort during the report perlod was the completion of Test ’
201, "Startup and Shutdown Test for I-131. and I- 133"

-One new. test was requested The test (No 207) will evaluate three
'methods for determining fission product iodine.in the primary system.

" Test 200 will be delayed pendmg the-outcome: of Test 207.

- Vendors have;been contacted for mformatwn on instream fission pro-
- -duct monitors. More information will be available during the next
:report period.- ' o ‘

.- Work During Period

a.. Test 201, "Startup and ‘Shutdown Run for I- 131 and 1-133" was
completed '

'b. A test request submitted by the.:S'ite.:Re'presentativ'e, "Eval_uation

of Procedures for the Determination of Fission Product Iodine, "
was evaluated. - The evaluation has been submitted for approval.

. Results

- Durmg the initial prlmary system cleanup operation for Test 201,
‘the blowdown rate was maintained at.1.0 to 1.5 gpm for 72 hours.
. The iodine-131. level did not decrease steadily as expected, but
increased as the blowdown rate was decreased. - A similar observa-
~ tion was made’ durmg a previous attempt to run Test 201. (3) The
»fmdmgs indicate leakage from the core. -

'» The-iodine- 1sotopes peaked durmg startup, as was observed in tests

with defected elements(Figs. 5-1 and 5-2), . The equilibrium ratio
of the iodine activities was not that expected for a surface contamina-

“tion source. - The iodine-133" to iodine-131: ratio.. was 7.75 rather
t-ha-’n 13'as predicted by a surface--Contamlnation source.

I. After shutdown with no blowdown the 1od1neq131 level mcreased by
"50 percent. The iodine-131 level behaved as predicted if we assumed
the ‘iodine-131 increase after shutdown was due to leakage from the

core. . The data are shown in’Figs. 5- 3 and 5-4, and are listed in

' "Tables 5-3 and 5-4.

- The:conclusion was~ reached that a cladding defect does exlst in Core.I.
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FIG. 5-1 Iodine-131 Buildup
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FIG. 5-3 Iodine-131 Shutdown
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FIG. 5-4 Iodine-133 Shutdown
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4. FutureWork ' ‘
“Work will commenée,on the:evaluation of instream fission product moni-
tors, the evaluation of three iodine separation methods, and the routine
‘monitoring of the:-‘SM,-l primary coolant for o activity..

5. 2.13'Pha'se;7..'.--SM-l.Decontam‘inétion. '

L .‘KSee_'Task.:XVI,a Section 4. 4) , :

B9 -




. _Sample
401
402
403 .
404
405 .
406 -
407
408
409
410
411
412
413
414
415

"~ 416
417
418
419
420
421
422

- 423
424
425
426
4217
428
429

- 430
431
432
433

~ % . Time - elapsed since reaching full power, hours.

4.
.
-10.
13.
15.
20.
.83
:28.
31;
“35.
39.
43.

21

47

o 't*'

25

25

50
42
92
00

00
83
91
88
75

.78
55.
.596

~ 65.
1.
.

- .88.
©.99,
- 114,
122,
139,
©160.
188.

08

67

75
80
92
75

.o W 00 OO

TABLE 5-3 -
- IODINE BUILDUP

dpm/ml I-131**

Remarks

(S I 7o Y T S S S ay WP Py WY

= 00 O W LW =T O WL Wb

b= D it bt O 0O OO

.54 x 102

.63 x 102 -
.42 x 102
.83 x 102
.72 x 102
.01 x 102
.60 x 103
.99 x 103
.93 x 103 -
.44 x 103

.79 x 103
.07 x 104

.56 x 103
.48 x 103
.67 x 103
.09 x 104
.08 x 104
.07 x 104
.45 x 103
.17 x 104
.19 x 104

.31 x 104
.54 x 104
.12 x 104
.11 x 104
.10 x 104
.01 x 104
.53 x 103
.11 x 104
.07 x 104
.38 x 104

<. ** Average:of duplicate analyses.

i ek OO0t ek ek ek D OO

b= 00 00 «J b= CO QO O .= .jm

.dpm/m1.1—133**

86 54 x 102

00 =T O W = DN €O

.93 x 102
.35 x 103
.91 x 104
.74 x 104
.40 x 104
;10 x 104
.71 x 104
.73 x 104

.90 x 104
.29 x 104
.01 x 109
.07 x 109
.05 x 109
.06 x 105
.45 x 109
.10 x 10°
.03 x 109

.10 x 10°
.18 x 10°
.20 x 10°
.70 x 105
.66 x 109 -
.03 x 109
.89 x 104
.81 x 104
.64 x 104
.03 x 105

~ Cleanup

Cleanup

"Cleanup -
‘Started Heatup

Reached full power



| . TABLE 5-4 . . |
IODINE 'LEVELS AFTER SHUTDOWN

‘Sample . _At*  -I-131 dpm/ml**. I-33 dpm/ml**

434 367  .178x104 1.06x105

435 125 214x10% T 1,09k 105

436
437
o
439
440
441
o442
443
444
445

446

_*.Time elapsed since shutdown, hours.
. *¥ - Corrected for dilution due to makeup.

;.

13.

19.
22.

30,

- 37.

" 44,

55,
68.

76.

85

8

2.

1_5x 104

.99 x 104
.03 x 104

;03 x 104

.07 x 104

11 x 104

.27 x 104
.88 x 104

07 x io4

.01 x 104

.04 x 104

1.

05.x.105

.05 x 104
.36 x 104
.67 x'104
.04 x 104
.76 x 104
.62 x 104
.89 x 104
.95 x 104
.66 x 104

.09 x 104




5.2.4 ,Independent' Tests
1. Introduction

Test: 205 "Effectlveness of an SM- 1 Demlnerahzer for Reducing the
_:Activ1ty of Radioactive Liquid Wastes, " the only active independent
test dur1ng the period, was completed.

. The purpose.of the test was to determine the effectiveness of an SM-1
‘demineralizer for lowering the specific activity of radioactive liquid
wastes. The demineralizers contain two cubic feet of resm (Rohm and
"Haas XE-150).

. The:data collected were the gross. D.F. as a function of specific activity
as the waste was recirculated through the demineralizer,. and the specific
:D.F.'s for Co, Cr, Mn, Fe, Cs, Sr, and Ig.- . Data were also collected
showing the dependency of the D. F. on the pH of the waste. . These later
data were obtained in the laboratory. -

2.. Work During Report Period
a. Summary

_The gross D. F.'s across the.SM-1 demmerahzers were determined
at various flow rates. . Specific D, F.'s for Mn, Fe, Co, Cr, Iy, Sr-Ba,
and Cs across the demineralizer were determined for a flow rate of
'0.4 t0 0.6 gpm. . The gross D. F. as a function of pH was 1nvest1gated
in the laboratory. _

b.. Results :

Test 205 consisted of two runs. - The first run was made ‘using the hot
‘waste tank as a container for the liquid waste. . The second run was
‘made using two of the boron injection tanks as containers for the waste.
In both cases the waste consisted of primary coolant which had’aged
for at.least 48 hours and therefore, contamed prlmarlly long-hved
’1sotopes .

The test was run twice as the result of a high detergent level in the
‘hot waste tank during the first run. . It was suspected that this caused
- the low decontamination factors (D. F.) observed during the first run.
. The second run showed that this was not the case. - The second run
o verified the data obtained from the first. '

- The initial spec1f1c activity of’ the waste water was 1.7.x.10~ -3 uc/cc
" and 1. 5 x 10-3 uc/cc respectlvely for runs 1 and 2... The initial D. F.'s



" (upstream activity divided by downstream activity) in both cases were
-about 7.5 at'a flow rate-of 0.5 gpm. .TheD.F.'s decreased with in-
creased flow rates through the demineralizer to a value.of about 3.0 .
at 1.9 gpm. : The:D, F,"s at'0. 5 gpm decreased during circulation --
 from 7.5 to about 3: 0 as the specific act1v1ty of the waste-water drop-
ped. from 1.6x 10-3 uc/cc to-0. 30 x 10-3 uc/cc ‘

"The.D.F.'s for fission products were conS1derably higher than ‘those.
" for the induced act1V1t1es, the latter rangmg from 1.8 to 79 and the
.former from 69 to:>400.

Laboratory investigations indicated .that the D. F. was dependent on the
‘pH. of the waste.:: Gross. decontammatlon factors as high as 290 were
-obtained at a pH of 1. 5.

It is necessary to obtain additional mformatmn before a fmal con-
.clusion can bé reachéd concernmg the use of demmerahzers for
waste d1sposa1

. All data are given in Tables 5-5 through 5-9.

3; Future Work

‘.Work W111 be: 1mt1ated ‘in the next quarter to determine’ ‘the pur1f1cat10n
constant of the ,pnmary‘purﬂ_l,catxon system. .A survey will be made of
- ‘the-activity in the primary makeup tank. - - :




%9

- TABLE 5-5
. 'D.F. Vs.. FLOW-RATE

- Specific Activity

" D.F.

. < Upstream of | - Upstream of - Downstream of Across " Across
Flow Rate Filter Demineralizer fquinerali‘zer Filter - Demineralizer -
Runl. Pt.1 Pt.2 ~ PL3
0.4gpm  1.85x10-3uc/cc 1.7x 1073 2.3x 1074 1.1 1
1.0 1.80x1073 - 1.6x1073 1.8x 1074 1.1 9.1
1.3 1.61 x 10-3 . 41..,5_x4;1o-3' | 2,9;210-4 1.1 52 i
2 . ' | | o
0.5 - R ’1‘.-5_.x 10-3 2.1x10-4 --- 7.2
1.1 — S 11x1003 0 41x10°% 2-- 2.7
1.5 - osex103 z0xi07t --- 3.5
1.9 -  0.54x 103 © Laxio4 —_— 3.0
0.3 .- 0.84x10°8  1.7x1074 _— 5.0



- -Hours"of
" Recirculation

. Runlatl:0gpm
R '
5

13

17
21

-Run2at6.0gpm |

1

5
9
13

’ .Isotc‘)p”e ,

““Run1(0.4 gpm)

. L Feb9
. 1 Cob0
'c 51
. Co58

:'Run 2 (0 6 gpm)
" Fed9

C060

Mn4
: C058

R

‘Sr-Ba (gross)

TABLE 5 6

D F,.Vs.. Spec1f1c Aot1v1tv

‘Specific Act1v1ty

Upstream of

jf.Demmerallz_er .

- Pt. 2 ‘
. 0.99 x 10-3 uc/cc
. 0.83x10-3

0.70 x 10-3

- 0.71x10-3

TABLE ;5- 7

.-Downstream of
Demmerahzer

FVY abalatal ol

N =

- Pt. 3

.73 x 10°4
.66 x 1054 .
.45 x 10-4
.91 x 10-4
.15 x.10-4
.48 x 10-4

.20 x 10~
.70 x 10~
.10 x 10~
.10 x 10~

CoN W -

SPECIFIC D.F.'s

Spec1f ic Act1v1ty

. Upstream of
~Demineralizer

27. dpm/m1.
2:.0x 102

7.09 x 103

84

57 ~

5.10 x 102

25

12.9 x 103
3.6x102 |
10551 cpm/100m1
1187 cpm/2 1
21649 cpm/2 1

Downstream of -

"'Demineralizer -

8 -
153 cpm/100m1 -

.10 dpm/ml
1.05x 102

4,61.x 102

18

31.
14

4 ‘
1.62 x 102

<3 cpm/2°1

1169 cpm/2 1

@ b o o on
FOTVO T

B 0o Lo
DO Mo O

65,




. 'TABLE 5-8
*CRUD LEVELS

ﬁ—,—;-‘Pt;jl ' ] - ‘./"—_P.t-;,z — :
‘Run No.  'ppm N . Sp. Act. ppm . Sp.Act. = ~.D.F.'s .

1 1.31  .8.27'x105dpm/mg * .0.59  0.41x105 444
N Ve . ’ . '

2 - 0.83  7.06x 108 . 0.51 .0.25x10% 45. 4
S S ~ (1.62)*

ek Figure in p_aren‘theses' is ppm Pt.. 1/ppm Pt. 2. o

. TABLE.5-9
.D.F..Vs. pH

pH ‘ . . - & D.F.

10
12

- 80
120
290

[ T R |
N HONDO



TEST SERIES 300




5..3 | TEST. SERIES 300 - PHYSICS MEASUREMENTS
5.3.1 Tests 301 to 316 - Core: Measurements

+ Core- physxcs measurements have been made throughout the lifetime of SM-~1
.’,Core 1. ‘The integrated results of the ‘measurements will be used.to providea -
basis for the evaluation of nuclear performance of the core. The results of ex-
per1menta1 data will be used to normalize calculational models of other similar
core designs. : Measurements previously reported include: measurements through
9.1 MWYR - APAE Memo No. 178,(11) measurements from November 1958

© through June 30, 1959 - APAE Memo No.. 206, (12) and medasurements taken

after 12,1. MWYR - Test Report issued September 30, 1959,(13) APAE Memo
No. 178 includes a description of the-SM-1, the exper1mental techniques developed
. for power reactor core measurements, and data recordmg and reduct1on methods.

. On December 17, 1959, after approxunately 13.5 MWYR of energy release,
the SM 1 was shut down for scheduled core measurements, ' Data for Tests 301
_ through 316 were recorded. Procedures for the tests were prepared during the
previous quarter. The ‘operating procedure for the test period was the: 1ntegra1
of individual test procedures to produce the maximum, useful data in the minimum
testing time. ' Reduction of data recorded has beéen 1n1t1ated Prehmmary re-
sults are reported here.

. 5.3.2 - Test 301. - Trans1ent Xenon

The negative react1v1ty introduced’ by trans1ent Xenon was determmed by

o mamtammg criticality with a calibrated rod and recording rod position as a func-

tion of time.' During the decay from peak xenon concentration, the change:in ™

- xenon reactivity provided a variable for the calibration of a control rod with other
rods at-a stationary position. . The reactivity value of peak xenon will be deter-
mined from the change in critical rod position evaluated as reactivity from the '
-rod calibration. Peak xenon concentration occurred approximately 7.2 hours
after power reduction. . The rod position was the same as the equilibrium position
indicating equal reactivity worth of xenon approx1mate1y 19 hours after power /
reduction.’ /

5.3.3 Test 302 - Equilibrium Xenon

_The negative reactivity introduced by xenon at full power equilibrium con-
_ centration will be determined. . The reactor was. operated approximately 63 hours
.‘at full power to establish an equilibrium bank position. . The equilibrium xenon
reactivity worth may be calculated from the rate of change of xenon decay re-
activity as a furiction of time and the worth of xenon react1v1ty as a function of
"time -after shutdown relatlve to the equilibrium value. :

. 6%




5.3.4 .Test 303 - Five-Rod Bank:Position; Peak Xenon, 440°F

“The time of peak xenon concentration in the core.after shutdown at 13. 5 MWYR
energy release was 7.2 hours determined from the transient xenon measurement.
.. The-critical five-rod bank position was 17. 58 in. with the following conditions:
rodg A and B at 19 in., peak xenon concentration and mean core temperature at
: 440 F.

5.3.5 Test 304 --Five-Rod Bank Position; Equil'ibl‘ium Xenon, 440°F

. The reactor was operated at full power for approximately 63 hours to approach
an equilibrium concentration of xenon in the core. The critical position of the
five-rod bank was 16,03 in, with the following conditions: rods A and B at 19 in.,
full power equilibrium xenon congcentration and mean core temperature at 440°F.

5.3.6 “Test 305 - Five-Rod Bank Position; No Xenon, 440°F

The xenon in the core decayed for 60 hours following power operation, when
the critical position of five-rod bank varied less than 0.05 in." in a two hour period
‘it was assumed that xenon concentration in the core was at ''no xenon concentra-
“tion". . The critical position of the five-rod bank was 13. 50 in. with the following

conditions: rods A-and B at 19 in., no xenon and the mean core temperature-at-
. 4409F. o ‘

5.3.7 .Test 306 - Five-Rod Bank Posi-tion‘;‘ No Xenon,. Room Temperature

- -The xenon in the core decayed for 60 hours following power operation, the
power was reduced'to a very low level'and the primary system temperature was
reduced to room temperature. The critical position of the five-rod bank was 9. 44
in. at the following conditions: rods A and'B at 19 in., no xenon and the primary
. system at room temperature.. ' o

The critical position of the five- rod bank plotted as a function of core energy-
release is shown in Fig. 5-5. The figuré shows four curves, one each for the:con-
dltions of tests 303, 304, 305 and 306. :

'5.3.8 Test 307 - Calibration of Rod A; Peak-Xenon, 440°F

" Rod A was calibrated with peak xenon concentration in the core with the
‘mean core teémperature at. 440°F. .The rod was calibrated as a function of posi-
tion versus the five-rod bank position; the period method was used. . The calibra-
tlon points obtamed will be used to calibrate the five-rod bank.

5.3.9 Test 308 - Cahbratxon of Rod.A; Low Xenon 440°F

Xenon- in the core -decayed for. 60 hours followmg power operation, with
" xenon at "low concentration", rod:A was calibrated. - The rod was calibrated as

68



‘mean core temperature was maintained at 440°F

- a function of position versus ‘the five-rod bank 0pos1t1on by the perlod method. The

The rod worth in cents per
inch will be-evaluated-at the calibration points and the rod worth will be plotted
as a functlon of rod position. '

5. 3. 10 Test 309 - Cahbratlon of Rod A Low Xenon, Room Temperature

Xenon in the core decayed for 60 hours followmg power. operat1on and the

power was reduced to a very low level so that the temperature-of the primary

system cooled to room temperature. With the-core at these conditions, rod A
was calibrated as a function of position versus the five-rod bank position. The -

period method of calibration was used. . The rod was calibrated at intervals of
' approximately one inch, the-rod worth in cents per:inch will be evaluated at the .
-calibration points and rod worth will be plotted as a function of rod position.

5.3, llt.T-est» 310 --Calibration of. Rod .C; Low Xenon, 44o°F :

Xenon in the core decayed for 60 hours following power operatlon the -

primary system operating temperature was maintained at 4409F. . With the- core

at these conditions,. the central control rod was calibrated as a function of posi-
tion versus the four-rod bank position. , The period method of. calibration was

. used. - The rod worth in cents per inch’ W1ll be evaluated at the -calibration points
- and rod worth will be plotted as a function of rod pOS1t1on

5, 3. 12 Test 311_-,- Temperature.rCoeff1c1ent

. The temperature coefficient from operating . temperature to room tempera-

. ture was measured by maintaining criticality with a calibrated rod and recording

rod position and primary system temperature as afunction of time.. The change

in critical rod position will be evaluated as reactivity from the rod calibration.
. The change in reactivity with change in temperature will be evaluated by means

of the calibrated rod

, The critical position of the five-rod bank with rods A and B withdrawn to
19 in. . was recorded as a function of temperature. The plot of the five-rod bank

‘position versus temperature iis shown in Fig.. 5-6. . The reactivity change from

7T00F to 440°F will be evaluated from bank motion and the bank calibration.
5 3. 13 Test 312 - Source ‘Multiplication

"The start up count rate and core reactivity was determined by insertion of a
calibrated rod from the critical position. - A plot of the neutron count rate versus
core reactivity will be used to associate the sub-critical reactivity with a count
rate at a given bank position. . At 13.5 MWYR the count rate was 4.0-4.5 counts
per sec. with all rods inserted, and 6.5 counts per sec. with rod:A and B with-
drawn to 19 in. and the five-rod bank fully mserted - The count rates were taken
111 hours after power reduct:.on,
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5.3.14 Test 313 ~ Gamma Heating in the Pressure Vessel
" No data for this test was recorded dur'ing the quarter, '
5.3.15 Test 314 .- Five-Rod Bank Calibration;. Peak to Equilibrium Xenon

.Test 315 - Five-Rod Bank Calibration; Rod A Calibration,
- Low Xenon, 440°0F

Test 316 - Fwe Rod:Bank Cahbratlon, Rod A Calibration,
Low Xenon,. Room Temperature

: Calibration points for the five-rod bank will be determined from the integral
" of react1v1ty measurements taken from Tests 314, 315, and 316. The reactivity
worth of the five-rod bank is, in general, too large'to be measured directly, by
the period method; therefore, indirect methods of large reactivity changes as de-
termined from the integral of several small changes are assomated with fwe rod
bank motion and the bank 1s calibrated indirectly.

'5.3.16 Test 317 --Spent Core-Rearrangement

When SM-1 Core I is spent w1th elements in the original conf1guratlon, ad-
ditional energy may pe released if, due to non-uniform burnup, high burnup ele-
ments are interchanged with low burnup elements, . The addition of a few new
elements would add to the useful core life. - On this basis, a program for SM-1
‘has been proposed that will rearrange the spent Core I and insert two new ele-
ments to gain an addit1ona1 core energy release. However, the proposed program
. does not provide for the rearrangements under this test to use 18 new core II

.elements.  Therefore, the test as presently scheduled will measure the’ change
-in core reactivity introduced by interchanging calculated high and low burnup ele-
ments. ' : .

. During the gqorephysics measurements after 13.5 MWYR' energy release,
tests were run to show: (1) a calibration of rods A and B driven as a bank versus

. the five-rod bank position by the pericd method is feasible, (2) the SM-1 core

after 13. 5 MWYR energy release may be .shut down with any three rods fully
‘withdrawn with the following conditions - low xXenon concentration, primary sys-
tem at room temperature. . These 'measurements verify the calculations presented
in APAE Memo No. 225(14) and indicate that no criticality hazards are mtro-
duced by this test, , :

5. 3. 17 Future Work

Reduction .of data: obtamed during shutdown after 13 5 MW.YR will be completed
and a report will be- 1ssued giving results..

Additional core measurements will be taken at end of Core I life. These tests
will include the spent core rearrangement

- The end of CoreI life is expected early in April 1960. ‘A final report on
core measurements. during the Core I lifetime will be issued when Corel is spent.

Core measurements will be made on Core II.
70 .
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5.4 - TEST SERIES 400 - SHIELDING MEASUREMENTS

o
!

i
}

A

A

~ Data obtamed from 1nvest1gatlon of SM-1 shielding will be used as’a basis--
for optimization of future shield ‘designs and for possible improvement of the ex-
isting shield. - Particular attention-was given during the-quarter to tests to be -

‘done-at.the end of Core.I life.-. Equipment and procedures for end-of-life. tests

are being des1gned

-5.4.1 Test 401 - Prlmary Sh1eld1ng Measurements Neutron Flux
. and
Test 402 - Pr1mary Shielding Measurements Gamma Flux

Procedures for these tests were’ prepared by the shielding unit at Schenectady
during the previous quarter and reviewed by the:Site:Representative during this

- quarter. - Comments by the:Site: Representatlve were recelved and revised pro-
-cedures were subsequently submltted

5 4 2 Test 403 - Neutron Flux in the Instrument Wells
and
Test 404 --Gamma Flux in the Instrument Wells ,

Procedures for these tests were prepared by the shielding unit at Schenectady
durmg the previous quarter and reviewed by the:Site Representative during this .
quarter. . After revisions to the procedures were suggested by the- Slte -Repre-
sentative, the procedures were rev1sed and resubmitted. - :

5 4 3 Test 405 Reactor Component Actlvatlon Studles

-“On.the basis of the proposed SM 1 schedule this test w1ll be performed .
during the.first quarter of FY-61. . An. 1nvest1gation was initiated to determine-

required measurements and testing methods for this study; however, preparation

of test procedures has been delayed by other priority work. . The test will give

~ particular attention to requlred measurements to. determme feas1b111ty of re-

locatmg the plant. »
8. 4 4 Test 406 .Neutron Measurements in the Rod Dmve P1t
Test 407 Gamma Measurements in the Rod Drive. P1t

.Data taken on these tests was reported in APAE Memo No 237. No data

for these tests was taken during this perlod addltlonal data will 'be-obtained at

the -end .of Core I life.

.5.4.5 Test 408 - Dose Rates. from Spent Fuel Elements Durmg the
. +Fuel Transfer ‘Operation

»Procedures for this test were prepared by the shielding unit at Schenectady
during the previous quarter. The procedures were submitted to the:Site-Repre-
sentative-during this quarter. . Approval by the-Site:‘Representative was pending.

at the end of .the quarter. ' 4 S ' - :
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5.5 TEST SERIES 500 - INSTRUMENTS AND CONTROLS
5.5.1 iTest: 500 Field:-Test of aneapohs Honeywell BF3
Pulse Transformer Channel

Th1s test was completed in the plant and the test equlpment removed during
the week of November 16, 1959. D1ff1cu1t1es were: exper1enced with the. test
requipment,. mainly with amphfler drlft There was no evidence, however, that
‘the 'pulse transformer caused any problems. . The final report of this test has
 been delayed due :to low assigned’ priority. We expect that .the final report w111
be ‘issued during the next quarter.

7
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5 6 TEST SERIES 600 -HEAT'-’I‘RA*NS“FER ANDL-FLOW
5.6, 1 Test 600 - Evaluatlon of. Loss of Flow Acc1dent

The purpose of the test is to ‘measure the-variation inreactor-and system
parameters following a loss: of the primary coolant, with the low flow scram in
' . the system and with the low flow scram removed from the system,

- Procedures were -submitted which recommend .conducting th1s test:in.a
' series of small stéps. . It is intended to conduct the test initially-at a ‘low power
level, then at:1 MW step incremerits up to and’ mcludmg full power,

Several studies were made prevmusly mdlcatmg that a loss of flow W1thout
‘a scram will have no detr1mental effects’on the reactor ‘core or system.

The -general approach to this problem was to develop an electronic model of
.the>» SM 1.on the analog computer. - Usmg the results of this. lumped simulation and
‘the ratio of maximum #o average power in the core, burnoutratios were:calcu-
-lated which indicated the. safety ‘of the-SM-1 in the event of pump. failure w:.thout
.scram,

The lumped Kkinetic model shows transients in average- coolant temperature
and average power drop.that are very similar to those reported in- APAE 39 (15)
for the PM-2A. - Utilizing the max1mum to average-power ratio and the-average
-coolant temperature, burnout rat1os were calculated.  For the case'of the reactor
.operating at 10 ' MW, the minimum burnout was found to occur at about 0. 5 sec.
after pump fa11ure . This minimum equals. 5. 5. :

. The ‘minimum burnout ratio of 5.5 is well above the minimum of 1.5 usually
postulated for safe operation without scram. - Hence the SM-1 may be -assumed
to be safe from burnout in the event of pump. fallure thhout scram for periods of
"at least 5 ‘seconds and poss1bly longer .
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6.0 'PLANT MODIFICATIONS

6. 1 WINT~ERIZ’ATION OF SCREENWELL INTAKES

Engmeermg was completed on winterization. of screenwell intakes. - In the

. past the plant was shutdown ‘due-to low water in' Gunston.Cove and formation of
"ice on the screens at intakes for the: condenser cooling water pumps.

The. sj}stem designed will utilize- therelatively warm Water being discharged

- from the plant's general drainage lines. . This drain water will be recirculated to

the front: of the screen to supplement the water supply and to spray over the screens,

. thereby preventmg formation of ice.

- Plans and spec1f1catlons for this. pro;ect have been prepared and 1nv1tat10ns

" ' for b1ds have been issued.

6.2 PRIMARY MAKE-UP TANK PIPING

Low spots in the hydrogen pressu_re relief'piping atop the primary ‘makeéup
tank caused trouble in the past. . Trouble was experienced during the winter when

Acondens.a'tion in the piping froze, blocking thevre'lief'pipe"passage,

-. This piping has been rerun to ehmmate low spots and-is now p1tched to allow

: condensatlon to run off.

' 6.3 "ROD DRIVE. SEAL. LEAKAGE -

' On two separate-occasions durmg the . report per1od the temperature. of the

o prlmary blowdown increased to an abnormally high level as a result of mixing the
‘blowdown with the seal leakage water. . Investigation of this condition revealed that
.the-make- -up.lines to the seals were plugging with foreign’ material, thus permitting

reactor water to flow through the seals. .'An analysis of the foreign matter is

‘underway. . Although analytical work is not complete, preliminary 1nformat10n in-

dicates that the'material is from the primary make-up pump packing. - Based on
this. information, it has been recommended that f11ters be installed downstream

~of the pumps

6.4 .'j-'BLOWDOWN:' VALVE AND: FLOWMETER

The existing blowdown valve does not pe_rform satisfactOrily ‘because the

-plug and seat are not the.type for required control in 0.1 gpm increments.or for
.flows in range of:0-2. 5 gpm. . The design flow rate:of 0.84 gpm is in the error

range of the 0-5 gpm Brooks and Tel- O Set 1nstrumentat10n using the :3- 5 p51g air
signal,
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. Specifications were completed for a motor operated‘blowdown valve and -
-'blowdown flow.instrumentation based upon the requirements.of research and develop-
‘ment, . trammg and ‘operation.

. Specifications were- transmltted to the Site Representative and to prospective
vendors for quotat1ons.,
'6.5 PRESSURE. SWITCH - VAPOR CONTAINER |
. The existing United Electric Controls- Company type:J-11 differential pres-
sure switches PS- 15, PS-16 and PS-17 were tested and found the wrong type.to
. operate.at 20 psia. . These switches are required to operate-at 20 psia.to actuate
-all trip valves in the event' of major incident.
Type J-20 SW1tches recommended as replacements, were purchased A
. pressure test housing for testing these switches was fabricated. The J-20 smtches
‘will be installed at first opportumty durmg a scheduled plant shutdown.
.6.6. ORIFICE PLATES - -MAIN. STEAM. AND FEEDWATER

The -accuracy- of the steam flow and feedwater flow measurements was

- questioned because of disagreement of the Tel-O-Set instrument indications. In-

vestigation of the orifice plates was recommended due ito'probability of wear.

. The orifice plates were inspected, and although the sharp edge was questionable,
there was no measurable'wear in the-orifice. . Installation discrepancies in loca-
.tion of the pressure taps were noted. A recommendation to replace the :orifice

- ‘plates and. mstall orifice flanges was submitted.

6.7 EVAPORA'I‘OR CONTROLS AND'INSTRUMENTATION

-~ The present instrumentation on the -evaporator system was- foumd madequate

-to properly -evaluate -evaporator performance. - An engineering investigation de-
-termined that service water flow and steam flow instrumentation is required.

Specxflcatmns for instrumentation of servn.ce Water flow and integrator, .

. steam flow, and steam flow control valve were written. - Quotations were re-

-ceived from two vendors and a third quotation is being expedited.

6.8 WARNING HORNS

At request of the:Site: Representatwe, a recommendatlon was made for in-
~ stallation of warning horns in the:SM-1 and Ponton Basin vicinity to include ac- -
tlvatlon of  the: ERDL whistle -in case ‘of a nuclear 1nc1dent An emergency switch

&
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jinothe-co'ntrol room will bé ‘ope‘rated to sound the-alarm to evacuate the-areas.

-The: engmeermg was completed and’ recommendatlons made ‘to comply with

" the request.

;.

.6.9.. DESIGN OF NEW SOURCE FOR SM-1,. C@RE’II

“The- hmltatlons and specifications for a startup source: for Core II were con-
S1dered in selecting and designing the new source. - The operations group at Ft.

. Belvoir specified that the new startup source should provide a neutron:production

3 times higher than that of the initial 15 curie'Po-Be-source and the*Be block now

_in-Core 1. . (The strength of a 15 curie Po-Be source will have decreased by a

factor of 240 after three years.)" Spacial limitations of the startup channel, cost,
and life of the source are other factors considered in de51gnmg and’ selectmg the

‘new startup source,

. Cons1derat1ons above -eliminated most of .the common neutron .sources-used

to start up reactors. . A Pu-Be source, through stable-and of low gamma activity,

was eliminated because of its prohibitive size; a Ra-Be startup source, also
stable throughout the life of the reactor, was eliminated because of its size and

- cost. - Photoneutron sources, such as: Be ‘blocks or.Sb-Be capsules, usually de-
_.pend on neutrons from the -core to reach desired levels of radioactivity. - Conse-
‘quently, they cannot be used alone ‘as startup sources. - The relatively small

sizes and costs of Po-Be capsules make -this source: the ‘most practical of those
considered for initial startup of Core.Il. 1In order to offset the loss in source

;strength of ' Po-Be-as a function of time, ‘it is desirable to add an auxiliary source’
which self perpetuates itself through interactions with neutrons or photons.from

- the core. The most desirable auxiliary source: for Core II from feasibility and
performance: cons1derat10ns ‘is.Sbh- Be

Smce the ‘initial Po-Be and aux111ary Sb-Be sources best meet the require-
ments of source strength, spacial limitations, 10ngev1ty, and cost it is recom-

- mended that they be used for.-SM-1: Core II.

' 6.10 SPENT FUEL PIT RECIRCULATING SYSTEM FILTER .

" The d1atomaoeoos earth filter originally proposed .for use-in the spent fuel -

. .pit remrculatmg system presented the possibility of obtaining large amounts of
‘radioactive waste when back-flushing, and the possibility of diatomaceous earth

getting in the spent fuel pit and from there into the primary system. .It was de-

-cided; . therefore, to remove this filter from the system. . The-original filter was
replaced with a disposable cartridge type unit using cellulose cartridges. . A unit

was.ordered from Commercial Filters Corporation. The housing is constructed

- .of 316 stainless steel.
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6.11 _GAMMA SCANNING OF SPENT FUEL ELEMENTS

It was determmed that gamma scanning - of SM-1 spent fuel for measuring
relative burnup throughout the core, was feasible :and.could be performed at the
site in the spent fuel pit. - A trip was made to-Battelle - Memorial Institute to
discuss.their method of gamma scanning and to obtain any information enabling
Alco 'to adapt their methods for use in the.SM-1 spent fuel pit. A program was
initiated to design and build a gamma scanning apparatus This apparatusis
scheduled to be-built and installed in the- -SM- 1 spent fuel pit by the: end of the first
"quarter. 1960. o ‘

- 84



. 6.

10.

11,
12,
13,

.14,

15.

' .REFERENCES

. APAE No. 52, "Instrumentatlon and.Controls: Study for SM- 1 Nuclear
- .Power Plant'",. Volumes I and ,. February 19 1959, '

: Zegger, J.L., Pancer, G.P. "Decontammatlon Program Task: II"
- APAE No.. 43 Volumes: I 1 and I, February 1959

:-APAE Mem_o 237, "SM-1:Research and Development Quarterly Report
July 1, 1959 ‘.to_.September 30, 1959", January 15, 1960.

McAdams- William H.,. "Heat_‘Tr_ansm‘ission:', McGraw Hill,. Newaork.,

1954, Page 36,

.. ..Oby; P.V., "Mod1f1ed Two- Group Multlreglon Calculat1on Using the Valo

prod Code for the: -IBM-650"";. AP Note'No. 24 (Revised),. August 14 1957

.Noaks, J.W., "SM-2. Cr1tlcal Experlments CE- 1" APAE:No.. 54,
. November: 30 1959, '

_Noaks, J.W., "’Hazards.Summary'Report for the-APPR-1b Critical: Ex-
periments Program CE-1",. APAE No. 36 Supplement 1, January1959.

. APAE No. 37, "APPR-1 Research and Development. Program Design

Analysis for- Flow and Temperature Measurement Program Task No. V",

‘September 26, 1958
. Ibid,ﬁ Page 9.
.Ibid, Pages 43-45.

. MacKay, S.D., et.al., "SM-1 (APPR 1) Research and Development Pro-

gram, Interim Report on Core Measurements --Task No..VIl", APAE No.

178, March 1, 1959,

-MacKay, S.D., Tubbs, D.C.,.""SM-1 Research and Development’ Program, :

Interim Report No. 2.on Core Measurements Task No.. VII''y APAE No.,

206, June 30, 1959.

- MacKay-,—, S.D., Tubbs, -D.C., "SM-1 Research _and.r.Dev'elopment‘ ‘Program,
.. Test:Report,. Core-Physics Measurements,. Tests 301-316",. September
30, 1959, S

Liebson, M;J ' "Evaluation of"Hazards Associated with' SM-1.Core I Rear-
rangement" ‘APAE No. 225, September 30, 1959.

APAE No. 39 "Prehmmary Des1gn Analysis of .a Prepackaged Nuclear
Power Plant for an Ice: Ca.p Location" (Prehmmary), November 22, 1958.

85






