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KINGLET SAFETY ANALYSIS

by

T. F. Wimett, R. H. White, H. CO PaxtOn, J. DO Orndoff

ABSTRACT

The Kinglet critical assembly, with circulating

enriched-uranium solution, is to provide design informa-

tion for the proposed KING high-flux reactor. The

assembly, at the Pajarito Site, is complete except for

introduction of the solution. It is demonstrated that

safety features of the critical-assembly facility and of

Kinglet, and the restrictions of Pajarito Operating

Limits will effectively protect personnel and the public.



INTRODUCTION

The Kinglet critical assembly simulates certain

significant characteristics of the proposed KING high-flux

reactor. As in the reactor, an enriched-uranium solution

is circulated at moderate velocity through a region where

criticality is attainable. Unlike the reactor, Kinglet

has neither heat exchanger nor special shielding, because

it is intended for critical experimentation instead of

reactor-type operation. Consistent with this use, Kinglet

is subject to the fission-product limitation and other

restrictions that have been adopted for the operation of

critical assemblies at the Los Alamos Scientific Laboratory.

Broadly, the objective of Kinglet critical experiments

is to contribute to the design of

important question to be answered

under which dynamic instabilities

through the critical region tends

damping features may be necessary

the KING reactor. One

relates to conditions

can be avoided. If flow

to be unstable, SpeCial

to eliminate reactivity

oscillations . Another somewhat related question has to do

with the formation of radiolytic-gas bubbles under various

operating conditions, and resultant reactivity effects. In

general, Kinglet will provide check-points for KING design

calculations that involve complex hydraulic and neutronic

interactions.

The active part of Kinglet is shown in Fig. 1. Uranyl-

sulfate solution pumped up the zirconium tUbE? can become

●

✎



m
n. ,hydrogen

iJrs4i(””0r
~vac.
pump condenser’

-vent line to filter
* and charcool trap

Be reflector—

6-in. sch. 40

s.s. pipe

4G)’
fuel pump

>..

fuel deflector and
instrumentation

probe
/’

r
3

shim
actuator+

.2’!16 in.

—66in. dio.—~

[ $ -+?...11 ‘m ~
,_L flaw-control

volve
n

m’
—shim

-zirconium
core tube

(
liquid-addition

system

(
pressure

transducer

rcover- gos-oddition
volve

-. viewing
window

—
3—

~fuel -level

indicotor

:

7 5-in. sch.40 !

S.S. pipe

\
to outside fuel storoge

8

Fig. 1. Kinglet circulating system.

n,

3



critical as it passes through the beryllium reflector.

Upon leaving the core, the solution enters a tank, is

deflected outward, and drains into an annular reservoir

that feeds the large constant-speed fuel pump. A special

valve controls flow by sending part of the solution through

a bypass line. A cadmium coated sleeve (the shim) controls

reactivity during normal operation, and provides rapid

shutdown capability as part of the safety system.

The principal features of Kinglet are summarized in

Table 1. Included are quantities related to the fission-

product limitation that characterizes LASL critical

assemblies. This limitation translates to the listed

18
maximum value of 1.3 x 10 fissions for any operation.

As shown later, the most severe reactivity-insertion

accident that is possible with Kinglet would yield only

one-tenth of this maximum allowable number of fissions.

t
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ADMINISTRATIVE FRAMEWORK

The operating group.

have been conducted since

Critical experiments at Los Alamos

1947 by a group initially desig-

nated W-2 and renamed Group N-2 in 1955. This group is also

concerned with computational programs that parallel critical

experiments, with radiation effects and shielding studies

that are primarily computational, with the development of

specialized instrumentation, and with neutron physics

research that does not involve criticality. Consequently,

only 20 of the 32 membel”s of Group N-2 actually perform

critical experiments, so would be available for Kinglet

operation. Of these, only two have ~een with the group less

than ten years (one five years, the other three years) .

Backgrounds are summarized briefly in Table 2. As shown

there, 15 group members are qualified as “crew chiefs”, to

be in charge of critical experiments, and 5 others serve

simply as “crew members”.

Operating procedures. Old “Pajarito Operating Regula-

tions” have evolved into the LASL document LA-4037-SOP

(April 1969), entitled “Operating Procedures for the Pa,jarito

Site Critical Assembly Facility”. These general procedures

are supplemented by an Experimental Plan that includes pro-

cedures specific to a given experiment. There is a require-

ment that each critical or near-critical operation be

covered by such an Experimental Plan.

P

.
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A most important function of the operating procedures,

of course, is to establish conditions for the protection of

people handling fissile material. For this purpose there

is emphasis upon a “hand-stacking limit” that corresponds

to a value of 10 for idealized neutron multiplication (or

three-quarters of a critical mass, where that has more

significance) . Storage, handling, and transfer practices

are in accordance with the ANSI Standard N16.1-1969, Revision

of N6.1-1964, “Nuclear Criticality Safety in Operations with

Fissionable hiaterials Outside Reactors,” and are designed

to be far b(?lOW’ the quoted hand-stacking limit.

Next in importance are provisions for backing up pro-

tective features built into the facility, that is, to

maintain effectiveness of the isolation area during remote

operation. These provisions include survey of that area

before operation, interlocks to prevent operation with the

gate to that area open, captive-key actuation of the switch

that controls power for the machine and the same key required

to open the gate, alarms to signal imminent operation, and

flashing lights at the gate during operation.

Another category of procedures has the purpose of

averting accidental excursions during remote operation or

to limit consequences if such excursions should occur.

Minimum scram capability and fail-safe scram actuation, with

duplicate sets of radiation monitors and with multiple scram

mechanisms for critical operation, are called for. Interlocks

P
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serve (1) to prevent startup unless the vernier control

is at minimum reactivity and two scram monitors are

active, (2) to establish the sequence of events during

startup$ and (3) to prevent operation of the vernier

control before fissile components are in position (or

Kinglet solution is in the core) . Also specified are

two channels of startup instrumentation and one for

automatically recording the neutron flux during critical

operation, as well as appropriate selector switches,

position indicators (solution level and valve position

indicators for Kinglet), and indicator lights at the

control console. Finally, there are limits on rates of

reactivity addition.

Certain departures from the general operating pro-

cedures are permitted provided they are specified in the

governing experimental plan. The most usual deviation

is relaxation of limits on reactivity-addition rate

provided they are required for kinetic or dynamic measure-

ments and provided they can be justified by reproducibility

of the system. It is expected that greater-than-normal

reactivity-addition rates will De used for Kinglet dynamic

tests if justified by operation under standard conditions.

As stated in the Operating Procedures, the LASL

Reactor Safety Committee is responsible for general review

of operations within the critical facility. Matters of

technical execution, as well as policy, are included.



There is also an N-2 Nuclear Safety Committee that advises

the Group Leader about the implementation of procedures

or of modifications that should be initiated.

Operating Limits. The Operating Procedures and

content of Experimental Plans are constrained by overall

limitations that appear in the document, “Operating

Limits for the Los Alamos Critical-Assembly Facility”.

This document, as revised in 1968, has AEC approval,,

and no departures from its restrictions are permitted

without concurrence of the Operational Safety Division

in the Albuquerque Operations Office. No such departure

is contemplated for Kinglet operations. The restric-

tions that appear in Operating Limits may be paraphrased

as follows.

Controlling documents. The ANS standard,

ANS-STD. 1-1967, “A Code of Good Practices for

the Performance of Critical Experiments”

(Appendix I), the “Pa,jaritoPlan for Radiation

Emergency” (Appendix II), and the following

supplementary operating limits will be observed,

unless an exception is approved specifically

by the ALO Operational Safety Division.

Fission-product limitation. The fission-product

power generation in any assembly, when averaged

over the first hour after shutdown shall not

.

.

exceed 600 watts. This limit is the first-hour

10



18
average that would follow a burst of 10

fissions. Figure 2 relates fission power at

various times after shutdown to fission energy

and duration of operation.

Administrative requirements. 1.) Pa,jarito

operations shall fall under the general sur-

veillance of the LASL Reactor Safety Committee

which represents the Laboratory Director. This

committee shall review and approve Operating

Procedures (LA-4037-SOP, “Operating Procedures

for the Pa,jaritoSite Critical Assembly

Facility”) and any proposed changes of Oper-

ating Limits.

2.) Each critical or near-critical experiment

shall be covered by a wri’tten

Plan (distinct from Operating

Operating Limits) which shall

Experimental

Procedures and

be approved by

the Chairman of the N-2 Nuclear Safety Committee,

the N-2 Group Leader, and the N-Division Leader.

An Experimental Plan shall be valid for no more

than two years after the date of issue unless

reinstated .

3.) Each operating crew that performs experi-

ments shall be appointed by the N-2 Group Leader,

and shall consist of a crew chief who is exper-

ienced in Pa.iaritomethods of operation, and

11
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at least one other competent person. The

chief shall be responsible for all aspects

of the crew’s operation and shall consider

personnel safety of paramount importance.

Operational requirements. 1.) Two independent

disassembly (scram) devices and a vernier

control device are required for critical

operation. An assembly that does not satisfy

this requirement shall be maintained sub-

critical by a margin stated in the Experimental

Plan.

2.) The excess reactivity of an assembly shall

not exceed the worth of remote controls.

3.) For an assembly in which the effectiveness

of an inherent prompt shutdown mechanism is

doubtful, the excess reactivity shall not

exceed the value corresponding to a positive

period of 5 sec.

4.) For an assembly in which the effectiveness

of an inherent prompt shutdown mechanism is

clear, the reactivity margin below prompt

criticality shall be at least three times the

reproducibility demonstrated by a series of

disassembly and reassembly operations, unless

further requirements for super-prompt-critical

operation are satisfied.



5.) The further requirements for super-prompt-

critical operation are that the fissile material

shall be limited to enriched uranium, and that

the demonstrated reproducibility (adjusted to

constant temperature) shall be within k 0.2

cent for a solid assembly or t 2.0 cents for

a solution assembly. Above prompt criticality,

an increase of reactivity beyond a value pre-

viously attained shall not exceed 1.0 cent for

a solid assembly or 10 cents for a solution

assembly.

Safety Analysis Report. The SAR that governs LASL

critical experiments is report LA-4273, “Safety Analysis

for the Los Alamos Critical-Assembly Facility”, by

W. U. Geer, P. G. Koontz, J. D. Orndoff, and H. C. Paxton

(Nov. 1969). This report updates LAMS-2698, “Hazards

Evaluation for the Los Alamos Critical Assembly Facility”,

by the same authors (April 1962) ● The ALO OPeratiOnal

Safety Division judged that Kinglet differed enough from

other LASL critical assemblies to require a supplement

to the existing SAR. The Director of LASL was so notified

in the OSD report “Nuclear Safety Survey of the LASL

Critical Assembly Facility at Pajarito”, forwarded

May 25, 1970:

.

.



“It is recommended that a safety evaluation be

prepared for the Kinglet facility and submitted

to ALO for approval prior to fueled testing.”

The first response to this recommendation, “Kinglet

Safety Evaluation Report”, by T. F. Wimett and R. H. White

was submitted to ALO-OSD on March 31, 1971, and a supple-

ment responding to ALO comments forwarded on Sept. 3 was

submitted on Sept. 20. The present SAR consolidates and

expands these documents, as requested by J. R. Roeder, Director

of OSD, in a letter of Sept. 21.



THE FACILITY

The Site

located at Pa,

The Los Alamos Critical Facility is

arito Site, off the road between White Rock

and the Los Alamos residential

is at the junction of Pajarito

fork named Three Mile Canyon.

area (Fig. 3). The site

Canyon and its southern

The Facility consists of

three outlying buildings (called “Kivas”) in which

critical assemblies are operated remotely from three

separate but grouped control rooms (Fig. 4) . The main

laboratory building within which the control rooms are

located is about one-quarter mile from Kivas 1 and 2 and

somewhat less distant from Kiva

indicated in Fig. 4, are closed

periods of remote operation.

3. The fenced Kiva areas,

by separate gates during

Critical assemblies now operational within the

three Kivas are described briefly in Table 3. Hydro, an

assembly that had been located outside Kiva 2, was

retired early in 1971 (the portable assembly, Jezebel,

is still operated outside of Kiva 2 when effects of

Kiva walls are to be avoided) . As shown in Figs. 4 and

5, Kinglet is located in its own building immediately to

the south of Kiva 1. It is two and one-half miles from

the nearest residences, 1500 ft from the road to White

Rock, and 1000 ft from the gate at the entrance to the

Kiva 1 area.

●

✎

.

I
w

16



[

.-— _ r
LOS Alomos Coutlty—_——

.

r
-—. =

i
I
—1

]

I

4000 0 4000 8000 12000
I r r r I

Scale (in feet)

Fig. 3. Environs of Pajarito Site.
.



— .

I

I
I

Ca

I .1 u

t/ Rim

.

i-- ) ..- / // // (

Fig. 4. Pajarito Site and terrain.

.

.



1
+cd>.ri

x

c
d

oG5“

III

if

w
-l

x

‘
oa)

u



I,
.---$+

----4-%
-.

/

A
-

um

I7IhI7I.xIIr?I,;

..

20



.

Kinglet building. The building that houses Kinglet

is of all-metal double-wall construction with rigid

frames anchored to a concrete pad (Fig. 6) . It is

designed to withstand a snow load of 30 lb per horizontal

ft2, and a wind load of 25 lb per ft2. The base is 20-ft

by 20-ft (outside) and the height at the eaves is 14 ft

(about 17* ft at the peak). All walls and ceiling are

insulated by Fiberglas. Heat is electrical and a gravity

ventilator is on the roof.

Only Kinglet and its auxiliaries are to be housed

in the building--there is not even provision for incidental

storage (Kiva 1 ante-rooms and warehouse are to be used

for that purpose) . In particular, flammable materials

will be avoided except for the essential electrical

insulation and about 20 gal hydraulic fluid in the con-

trol-rod-drive system. Because of low combustible

loading and the wish to avoid flooding, there is no

automatic fire protection. A fire-alarm box has been

installed at the northwest corner of the building.

Certain appendages of Kinglet outside the building

are indicated in Fig. 5. An underground storage pipe

for solution extends southeastward, and there is an

above-ground tray for cables to the control room. A

cover-gas vent line goes through a continuous monitor to

the east, then southward to a discharge point above the

rise between canyon branches (Fig. 4) . These features are

described later.
21
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Meteorological conditions. Pajarito Site is semi-arid,

but at its elevation of 6760 ft gets some winter snow,

and is subject to summer thunderstorms that are charac-

teristic of the general region. Runoff from storms has

not been severe in Pajarito Canyon, for at no time during

the 25-year history of the site has flood water reached

the floor elevation of the Kinglet building.

Winds in Pajarito Canyon are not as severe as on the

plateau above, because of the moderating effect of canyon

walls and the Jemez mountains to the west. The canyon

is not aligned with the prevailing winds from the south-

west. An anemometer

in the control room,

The highest observed

on the roof of Kiva 1, with indicator

has been in service for 24 years.

wind velocity during this period is

60-65 mph, in the form of a gust. The 25 lb/ft2 wind

loading capacity of the Kinglet building corresponds to

a wind velocity of 95-100 mph, which is considered

generous for Pajarito Site.

Seismic considerations. A review of the earthquake

potential of Los Alamos, by T. E. Kelley and F. C. Koopman

of the U.S. Geological Survey (Sept. 1970), is reproduced

as Appendix III. According to that report and a supple-

ment of April 1971 by T. E. Kelley, only three earthquakes

in the vicinity of Los Alamos have been recorded. One

tremor, of magnitude 5, occurred at 3:45 am on Aug. 17,

1952, and caused only minor damage at Los Alamos. Another,

23



of magnitude ‘i’,occurred at 1:56 am on Jan. 23, 1966 near

Dulce, but was not felt at Los Alamos. The third,

recorded at 4:28 am on Feb. 18, 1971, was felt at

Los Alamos though its magnitude was only 3. Reports

from Los Alamos suggest that no shock has exceeded

intensity V (MM). It is estimated that Kinglet, under

operating conditions, would withstand a shock of intensity

VII without damage, and at intensity VIII might develop

a leak but would not be upset. Because of a catch pan

(described later), a leak would have no serious con-

sequence.

.

.

.



THE KINGLET ASSEMBLY

General . The features of Kinglet that are illus-

trated by Fig. 1 and the principal characteristics

listed in Table 1 are consistent with a design value

17
of 1.3 x 10 fissions/see for the maximum fission rate

in the core region, and with the need to avoid criticality

elsewhere . The design fission rate was selected to give

the maximum allowable number of fissions per run (estab-

lished by Paiarito Operating Limits) in 10 see, about

the shortest duration that is practical. Except for the

Zircaloy core tube, the only material that the fuel

contacts is stainless steel (Type 316), selected for

compatibility with the uranyl-sulfate solution. (The

chemical stability of Zircaloy-2 with this solution is

discussed in Appendix IV.)

The layout of Fig. 4, with provision for operation

from Control Room 1, about 1200 ft from the Kinglet

building, is intended to take full advantage of protective

features that characterize the Pajarito Facility. Con-

trols, electrical interlocks, and instrumentation are

designed to satisfy requirements of the general Pajarito

Operating Procedures, and to facilitate meaningful

experimentation. Accordingly, instrumentation will pro-

vide accurate and continuous monitoring of pertinent

conditions such as solution levels, flow rate, and

temperatures, neutron flux values, and radiolytic-gas

concentration.

25



The underground storage pipe that appears in Fig. 5

is for containing the fuel solution when the system is

not in operation. With the solution thus removed from

Kinglet proper, personnel will not receive significant

exposures while inspecting components, installing

experimental apparatus, or adjusting instruments. The

storage vessel, piping, and main tank form a closed

system that will contain radiolytic gases and fission

products, with such large volume that the pressure rise

during any operation will be negligible.

Fuel solution. The fuel composition planned for

the dynamic test program is described as follows. The

uranium enrichment will be 93.2%, with the solution

235
content being 86 grams U/liter in the form of U02S04.

The solution will also contain 0.500 ~ excess H2S04 +

The additives are for0.05 ~ Fe2 (S04)3 +0.01 ~ Cu S04.

the purpose of inhibiting the precipitation of U04.

Observations about the chemical stability of uranyl-

sulfate solution appear in Appendix IV.

Important physical properties of the fuel are the

freezing point, normal boiling point, and the volumetric

expansion coefficient, all of which are close to those

of pure water, i.e., O°C, 100°C, and 2.1 x 10-4/OC,

respectively. The solution density will be 1.13 to

1.15 g/cm3.

.

.

.

.
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Fuel pump. The pump and motor assembly (see Figs. 7

and 8) is a two-speed Buffalo Forge No. 5 x 6 HCCM, with

a rated capacity of 1150/550 gpm. The pump unit is

close coupled to a three-phase, 30 hp, 1750/875 rpm

motor, and is capable of developing a total head of 58 ft

of fuel solution at 1150 gpm.

The pump is a totally enclosed unit with a 6-in.-

diam horizontal suction port and a 5-in. bottom horizontal

discharge. All parts wetted by the fuel solution are of

316 stainless steel construction. The motor is a hermetic

canned-rotor type. The rotor and stator liners are of

316 stainless steel, with the stator liner designed for

150 psi working pressure. All electrical insulation used

in motor windings, leads, etc., and all seals are capable

of operating with a fuel solution temperature of 75°C.

Specifications call for insulating materials which will

operate in a field of nuclear radiation to an exposure

9
of 1 x 10 R, and maintain electrical properties.

The measured total solution inventory for the pump

and motor is 14.1 liters. Since this volume is slightly

larger than that specified to the vendor, safety pre-

cautions required a criticality test to confirm a pre-

dicted low neutron multiplication in the pump and its

fittings. The test and results are described later.

Fuel piping and flow-control system. The main fuel

piping system is designed to provide controlled circulation
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of the fuel solution between the main tank and the pump,

as shown in Figs. 7 and 8. The solution is delivered

by the pump through the flow-control valve which, by

remote control, regulates the flow to the Zircaloy core

tube by diverting all or part of the stream to the tank

annulus through a by-pass pipe. A turbine flow meter,

which is installed in the core-tube delivery line, pro-

vides fuel-velocity indication at the control room.

The lengths of connecting pipe and the number of bends

have been minimized for optimum flow characteristics.

All pipe and flanges are of stainless steel, Type 316.

Flanged joints are sealed by gold-plated stainless-steel

gaskets, backed up by O-rings.

A secondary fuel piping system will be used to

transfer the fuel solution between the main tank and the

underground storage reservoir. This line is connected

to the bottom of the fuel pump housing (the lowest point

in the circulation system) and the low end of the storage

reservoir . A normally closed solenoid valve in the line

prevents the fuel solution from draining back to the

reservoir during test runs.

The flow control valve directs fuel flow between

the core tube and the core-tube by-pass. The valve body

and spool are fabricated from 316 ELC stainless steel.

Remote operation of the valve spool is accomplished by

means of a Slo-Syn stepping motor driving through a 50-to-

30
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1 gear reducer. A digital readout in the control room

displays the total number of pulses sent to the motor

for open or close spool direction. A calibration of

pulse counts vs flow rate through the core tube was

made during the distilled-water checkout that is des-

cribed later. The valve is equipped with limit switches

to indicate the limits of rotation of the spool, and to

provide a remote-control interlock which will ensure

by-pass flow during startup.

Except for the flow control valve, all manual and

remote operated valves in the fuel and cover gas systems

are commercially available stainless steel items. These

valves were furnished with O-ring and seal materials that

are compatible with the fuel solution.

The total radiation received by O-rings in flanges

and valves will be logged so that the rings may be

replaced before damage accrues. Data on p. 10.146 of

Nuclear Engineering Handbook (Harold Etherington, Ed),

suggest that O-rings should be changed at an accumulated

dose of about 107 rad. Readings of thermoluminescent

detectors that monitor doses will be maintained.

Main solution tank. The 6.O-ft -o.d. by 10.5-ft

-high main tank (Fig. 9) is constructed entirely of

Type 316 stainless steel with Class II, penetrant-

inspected welds. The 2.7-in.-thick by 67.8-in.-high

annular section is designed to hold the fuel solution
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Fig. 9. Main tank and circulating system,
with catch-pan below.
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in a subcritical geometry. A 110-CU -ft gas volume between

the two domes is sufficiently large to contain all radio-

lytic gases produced during a maximum allowable run, with

a Pressure rise of less than 1 psig. Access is provided

through the top of the tank on the vertical axis for a

fuel deflector which is secured just above the core-tube

exit. A small port at the end of the deflector permits

location of a thermocouple in the reactive portion of

the fuel stream.

A liquid-level pressure transducer in the main tank

and a probe in a vertical length of tubing outside the

tank monitor the level of solution in the annular section.

Three 4-in.-diam viewing ports are located near the

top of the tank for the purposes of tank inspection and

observation of performance of the fuel deflector during

preliminary system operation with water. Before operation

with the fuel solution, the glass ports will be replaced

with l/2-in. thick stainless steel plates and O-ring

seals. The steel ports are designed to withstand a

pressure (approx. 800 psig) many times that of a safety

rupture disc in the vent line (20 psig) .

The tank is designed to withstand both a full vacuum

and an internal operating pressure of 10 psig. A pressure

test of 20 psig was performed by the vendor, as was a

helium leak check. The leak check specified an overall
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leak rate not to exceed 1 x 10-7 standard cc/see of

helium, in accordance with Section 6 of Mil. Std. -271D.

Both the pressure and leak tests were witnessed and

accepted by LASL personnel.

Zircaloy core tube. The core tube (Fig. 1) is

5-in. id. by 5-3/8-in. o.d., 73-in. long, and is

flanged at both ends for Conoseal joints. It was

fabricated from a solid bar of Zircaloy-2 metal

(hafnium free), a zirconium alloy containing approx-

imately 1.0% Sn, 0.1% Fe, 0.05% Ni, and 0.1$%Cr. This

alloy was chosen for the core tube because of small

neutron-capture cross section, and suitable corrosion

resistance in the presence of fissioning uranyl-sulfate

solution at relatively low temperature (< 100°C) .

The tube was accepted following a helium leak test

by LASL personnel. It satisfied specifications that the

leak rate be no greater than 1 x 10
-7 standard cc/see

of helium, in accordance with Sec. 6 of Mil. Std. -271D.

Be reflector. Existing machined beryllium blocks

have been used to construct the reflector assembly

(Fig. 1). All material is Brush Beryllium Co. grade

S-200-C. The central section, which surrounds the upper

part of the Zircaloy core tube, has been fabricated from

.

blocks secured together with aluminum screws, then bored

for the core tube and control shim.
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In order to maintain the Be-to-Zircaloy clearance

for the control shim the central Be unit is located

by a recess machined in the reflector support platform.

The entire reflector has been assembled on the support

platform, and secured as a unit with metal banding.

Shim actuator and control. The shim actuator

assembly consists of a hydraulic cylinder, a servo

valve, metering and scram valves, and one potentiometer

for position control and readout. This entire unit is

mounted adjacent to the Zircaloy core tube, with the

shim carrier secured to the cylinder rod through a

flexible coupling. Ball bearings on the shim carrier

run directly on the outside surface of the core tube,

thus minimizing alignment problems.

The actuator hydraulic system, Fig. 10, is designed

to provide operational characteristics which will satisfy

requirements for reactivity control and for nuclear

safety (the scram mode) . Shim travel rate and direction

are controlled by the servo valve. The withdrawal rate

(reactivity increase) will be adjustable, by means of a

manual metering valve, from zero to about 2 in./sec.

The insertion rate (scram) is established at 4 in./sec.

All other valves in the system are of the direct-acting

solenoid type. In the scram mode, the solenoid valves

are de-energized, allowing oil from the accumulators to

pass directly to the cylinder for insertion of the shim.

35



C
!3
n-Jmt-W

nL
dwIL

.

L
—

—
—

—
2

—
—

z
Q

I
I

L--4--l
C
K

1
-J

..M+1
%

,.
w



.

.

A pressure switch on the gas side of the accumulators

is interlocked with the control circuit to ensure accu-

mulator nitrogen precharge pressure before the actuator

system can be operated. The up (full shim insertion)

limit switch on the actuator is also interlocked to

prevent startup of the reactor with the shim off this

limit . The actuator is operated from the control room

by the shim controller, which is designed to position

the shim to 0.01 in. The controller is also equipped

with special circuitry to permit:

1.) manual control of shim position

2.) presetting of shim position

3.) predetermined reactivity ramp increases

4.) calibration of controller functions

5*) immediate detection of electronic malfunction.

Operation of the shim controller is described in detail

in “Kinglet Rod Control System”, a memo from W. R. Tucker

(N-4-2921).

The shim controller was designed to accommodate the

necessarily fast reactivity adjustment to initiate a

ten-second power run. Any such rapid insertion will be

accomplished by a precalibrated ramp terminated at a

preselected excess reactivity. Capability for two con-

secutive ramps was included to attain the ultimate power

without overshoot.
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Loss of hydraulic pressure due to breaking of supply

lines would cause the shim to stop its motion in either

direction. A scram would then be initiated manually by

the operator or automatically by signal from the wall-

mounted monitors, causing the fuel pump to stop. Under

these conditions the downward drift of the shim would

be limited to approximately 1/2 in./min due to friction

in the hydraulic cylinder (determined by direct observa-

tion) , allowing time for the scram.

Loss of pressure due to electrical

hydraulic pump motor would deenergize a

causing immediate insertion of the shim

accumulator pressure.

failure of the

scram valve

by stored

Fuel storage pipe. The 100-ft underground fuel

storage tank, shown in Figs. 5 and 11, was fabricated

at the site from 6-in. schedule-40 stainless steel pipe,

Type 316. The size of pipe used was determined by
*

criticality analysis based on complete water immersion.

Before installation, the vessel was helium leak checked

and found to be within specifications. The leak rate

was less than the 1 x 10
-7 standard cc/see of helium

specified as a limit in Section 6 of Mil. Std. -271D.

Both the horizontal and vertical portions of the

pipe are wrapped with two heating tapes, each controlled

*
Ref. Fig. 10

2%,
TID-7028, “Critical Dimensions of Systems

Containing U pu239, and U2330”

.

.

.
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by its own thermostat. Electrical service to the tapes

is coupled to the SCAM area monitoring system. Additional

protection will De provided by an underground temperature
.

monitor located near the inlet end of the container. This

monitor will also be coupled to the SCAM area system.

The storage pipe and fuel transfer lines are insulated

with l-in.-thick closed-cell polyurethane.

The vessel will be filled with fuel solution to a

level a few inches into the vertical section. This

level will be checked each time the solution is returned

to storage by means of a sensitive liquid level probe

which will detect a 50 cc change in solution inventory.

The probe is electrically interlocked with the fuel

transfer valve, such that the valve will be shut off

automatically when all but a few liters of fuel have

been transferred to the storage pipe. This will prevent

the 10-psig helium in the main tank from escaping into

the pipe and producing a large bubble which might force

a few cc of fuel into the filtered vent line.

Cover-gas system. The cover-gas system will provide

a means of handling and monitoring fission products and

radiolytic gases resulting from a test run. A purpose

is to indicate when the cover gas should be vented or
.

flushed. Special attention is given to the accumulation

of hydrogen which is formed by the dissociation of water

in the fuel solution.
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Major components of the system (Fig. 1) are the

enclosing tank, and an exhaust line with the following

features successively. There is a vapor condenser,

hydrogen monitor, shutoff and flow-control valve,

vacuum pump, filter with charcoal trap, radiation

monitoring equipment, and finally the vent. Another

line, from the underground tank to the vent, has a valve,

separate filter unit, and sampler (Fig. 11) .

The filters are Flanders CY Stock No. A235669, with

a rated capacity of 80 cfm at l-in.-water gage pressure.

A dry filter to remove particulate is combined with

activated charcoal for iodine removal. The filters

operate satisfactorily at 100% relative humidity and

can stand moderate wetting; separators are of Al foil,

and the adhesive withstands 350°F. The efficiency is

99.97% in DOP test, and 99.9% in iodine test conducted

by LASL Group H-5. After each significant run, the

on-line monitor record will be checked for indication

of filter deterioration. The radiation detector through

which cover gas from the principal vessel will be routed

is a Tracerlab on-line gas and particulate monitor

(Model MAP.lB-MGP.lA). Fission product analyses of

samples from the vessel after low-power operations will

provide a means of predicting activities after high-power

runs . Storage tank gas samples (from W-41 paper on a

charcoal filter in a 2 cfm sampler behind the filter-charcoal
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trap) will be analyzed periodically for fission-product

activity.

Before starting a test run, with fuel in the tank,

the cover gas space in the main vessel will be evacuated.

This is followed by back-filling, to a pressure less than

10 psig, with a gas mixture consisting of 90 v/o helium and

10 v/o oxygen. The addition of oxygen is necessary

for proper operation of the hydrogen monitor. The

helium eliminates concern about radiation-induced

chemically active compounds such as nitrogen oxides.

During a test run, both the cover gas pressure and the

hydrogen level are continuously monitored in the control

room.

For runs generating numbers of fissions near the

allowable limit, the radiolytic gases and fission pro-

ducts will be contained in the main vessel for approx-

imately 24 hours, or longer if dictated by prior results.

Fission products will not be released from Kinglet until

the activity is such that air concentrations averaged

over a 24-hr period would not exceed the values in

Annex A, Table 1, column 1 of AEC Manual Chapter 0524,

“Standards for Radiation Protection.” Ultimately, the

gas will be discharged at a predetermined rate through

a remotely operated flow-control valve. The vent line

.

is an above-ground 1-1/2 in. plastic pipe running to an

outlet located 500 ft to the southwest of Kinglet and

elevated 250 ft above the building floor level.
42



CONTROLS, SAFETY SYSTEM, AND INSTRUMENTATION

Control functions and constraints. The Kinglet

building is considered an extension of Kiva 1 in all

matt-ers pertaining to assembly operation. Remote

controls are on panels in Control Room 1 (see Fig. 12),

and built-in circuits for radiation-level scram, neutron

counting, and recording fission power, apply to Kinglet

operations in exactly the same manner as for assemblies

within Kiva 1.

The electrical control system has been designed

with features that automatically prevent most unsafe

operational procedures. The system will not function

unless the gate to the Kiva 1 area is closed, safety

circuits responding to radiation, hydrogen concentration,

hydraulic pressure, and manual scram, are operational,

the control shim is fully inserted, and the flow-control

valve is set to bypass the core completely. Electrical

interlocks impose these restrictions.

Other interlocks establish a definite sequence of

operations, primarily for safety purposes, but also for

the protection of equipment. A proper head of solution

must exist before the pump can be started, and the pump

must be at low speed immediately before operation at

high speed. The requirements that the shim be inserted

and the flow be fully bypassed before pump startup imply

a delay Defore criticality can be attained. Operational
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Fig. 12. Kinglet control console, showing
operating controls at left, power
recorders, and scram monitors.
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