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1. GENERAL

1.1 Scope ' - , ‘

‘This volume contains emergency procedures, applicable to

2 potential radiological accidents which méy occur during handling, storage,
and transport of the radioisotope thermoelectric generator SNAP-27 prior to
launching. The procedures and limits contained herein are based on stan-
dards of applicableregulatoryagencies and on information obtained froxﬁ other
references cited in the bibliography. The contents of this manual are in-
tended to serve as a guide for the preparation of specific emergency instruc-

tions by the SNAP-27 custodial activities concerned.

1.2 Responsibility

Each SNAP-27 custodial activity concerned is responsible for
the preparation of its own specific emergency instructions. Specific respon-

sibilities of named individuals will be as Specifiéd in such instructions.

1.3 Description of SNAP-27

1.3.1 General Description. The SNAP-27 is a radioisotope

fueled thermoelectric power supply being developed by the General Electric
Company fqr the Atomic Energy Commission. This SNAP-27 generator,
providiné a minimum of 56 watts of DC power, will be used as the electrical
power generation subsystem on the Apollo Lunar Surface Experiment Package
(ALSEP) which is being developed for the NASA Manned Spacecraft Center.
The ALSEP is a package of instruments and supportirig subsystems that will
be placed on the lunar surface by the astronaut and will transmit lunar geo-

physical information for a period of at least one year after departure of the

' spacecraft.
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The objectives of the Apollo Program are the landing of men on the moon,
limited observation and exploration of the moon by the crew, and return
to earth. In addition to carrying lunar geological equipment and using
this equipment on the surface, the astronaut will set up and activate the
ALSEP which will be left on the lunar surface to transmit data after the
astronauts have left the mobn as shown in Figure 1. The SNAP-27 power

subsystem will provide the electrical power for the ALSEP,

Prior to delivery of the flight unit, a total of fifteen full-scale generators
and five mockups will be built and tested. These will be used for gen-
erator prototype development, qualification testing, life testing, astronaut
training, and various system integration tests to be performed by the Manned
Spacecraft Center and its ALSEP contractor. In parallel with the fabrication
and testing of prototype and qualification generators, ‘an extensive program
of component development testing is being carried out to fully verlfy the

design.

The present design weight of the fueled generator assembly including con-
necting cable and connections is approximately 38.6 pounds. The raw

electrical output of the generator is a minimum of 56 watts .

The design of the fuel capsule heat protection sys'tem for the SNAP-27 RTG
will permit the capsule to survive an abort from earth orbit and land intact
without dispersing radioactive materials within the biosphere. This is the
first aerospace SNAP program where the safety requirements dictate intact
re-entry of the fuel capsule and an extensive series of arc tunnel heat

transfer and aerodynamic tests are being performed to establish the relia-

bility of the re~entry shield configuration.
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Figure 2 indicates the SNAP-27 RTG assembly and Figure 3 presents mockup '
models of the RTG showing fuel capsule insertion with handling tool, the
Lunar Excursion Module (LEM) fuel shipping cask, the fuel capsule handling

tool, and the fuel capsule and generator and plate.

The SNAP-27 generator will be transported io the lunar surface within the
scientific equipment bay of the Lunar Excursion Module (LEM) descent
stage. The fuel capsule (heat source) will be transported to the moon in
a separate protective cask, mounted on the LEM vehicle. This fuel cask
will contain re-entry heat shielding which will assure intact re-entry from
earth orbit. Thus, the generator will be transported to the moon in an un-
fueled condltlon (No electrlcal poweroutput is required during transport) .
After lunar landing, the ALSEP and SNAP-27 generator will be extracted
from the LEM by one member of the crew, and carried to a iocation that
provides optimum placement of the equipment and sensors. Generator
fueling will be accomplished either prior to or after final placement on
the lunar surface and the ALSEP operation will then begin.

s

The decision by the NASA to fuel the generator on the moon, rather than
to carry a hot (fueled) generator within the LEM scientific equipment bay,

was based on the following factors:

‘ a. It is difficult to provide adequate heat re-
moval for a fueled generator within the LEM equipment bay during the
launch and lunar transit periods when the generator heat rejection fins

have a poor view of space.
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b. Astronaut safety considerations favor the
handling of a cold generator on the moon to prevent high temperature fin
surfaces from coming into contact with the astronaut's pressure suit.
Thermal surface temperatures of the capsule will present a potential burn

hazard to personnel during all phases of its handling.

c. The simblification of the interfaces between
the ALSEP, SNAP-27, and the LEM vehicle, afforded by the use of a
separately-shipped fuel capsule, permits greater flexibility in design and

stowed equipment arrangement.

Pigurés 4 through 6 are artist's conceptions of possible lunar handling

and deployment schemes for the SNAP-27/ALSEP/equipment. Figure 4

shows the removal of the fuel capsule from the LEM fuel cask, which

is mounted outside the scientific equipment bay. The cask is rotated

to the horizontal position and the hot capsule is withdrawn by means of

a fuel capsule handling tool. The radiation from the exposed éapsule

is primarily low level neutron and gamma radiation and the maximum total dose

rate will be approximately 54 mrem/hr at 1 meter‘ from the fuel capsule,

Figure 5 shows the removal of the ALSEP equipment containers from the
LEM, while the fuel capsule is temporarily suspended from the LEM
landing structure. A possible packaging concept for one of the equip-
ment cor;tainers is illustrated in Figure 6 where the unfueled generator
is mounted to a honeycomb panel that also serves as the lunar mounting
platform. The box structure attached to the base contains other ALSEP
components mounted on the sides and top. After removal of the box, it

could be carried to the final site, thus avoiding an extra trip to and from





Figure 5. Removal of ALSEP Equipment Containers





Figure 6. Packaging Concept for SNAP-27/ALSEP Components





LEM to obtain the fuel capsule. At least 25 minutes are required for the
generator external surface to rise ZOOOF above ambient temberature after
fuel insertion, and the fueled package could be carried by the crew member
within this time interval. The tool used for the fueling operation (see
Figure 7) is simple and uses only linear motion for locking and removal.
Since large clearances are provided between the fuel capsule and the
_generator fuel cavity, a very high reliability can be associated with the

fuéling operation.

The high heat rejection temperature of the generator requires that care
be taken in the placement of heat-sensitive electronic components im-
mediately adjacent to the heat rejection surfaces. Large adjacent
surfaces which block the generators view of s pace also affect its ability
to reject heat and cause a rise in radiator temperature . Objects as large
as the generator itself will cause le'ss than a lOoP rise in radiator tem-
perature if kept at least 2 feet away from the generator. Heat input to
adjacent components from the generator can generally be kept reasonably

’

low by:
a. A separation distance of several feet,

b. Orienting the surface with minimum area towards

the generator (low view factor), and

c. Applying a low absorptivity/high emissivity

coating to the exposed surface.

Thermal integration problems between the SNAP-27 and ALSEP on the lunar
surface are expected to be minimal because of the flexibility allowed in

equipment placement.

_10_
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1.4 Radiological Accident--Definition

Any accident or condition which results, or which th;eatens
to result, in the escape of radioactive material from the SNAP-27 fuel
capsule shall be considered as a radiological emergency requiring im-
plementation of the appropriate emergency procedures. Internal exposure
of personnel to hazardous amounts of plutonium is considered to be the

principal hazard which can result from a potential accident.

Since the mass of fissionable material in a SNAP-27 fuel capsule is con-
siderably less then (approximately_ 1/5) the minimum mass required to
achieve criticality under optimum conditions of geometry, and reflection,
and in view of the handling and storage restrictions, the probability of an
accidental criticality is considered too remote to be considered as a hazard

in this manual.

1.5 Potential Hazards

A breach of fuel capsule integrity and subsequent dispersal of
the fuel as a result of an impact or of its being involved in a sustained fire
or explosion will result in varying degrees of hazard depending upon. the

mode, extent and location of the failure.

1.5.1 External Radiation Exposure. The dose rates from an

integral unshielded SNAP-27 fuel capsule and other SNAP-27 components are
shown in Table 1.1. These are high enough to represent a potential radiation

exposure problem if radiation control procedures are not properly administered.
This hazard is significantly reduced however, if the fuel material is dis-

persed either as ground or air contamination since the principal plutonium

isotopes involved are primarily alpha emitters.

-12 -





TABLE 1.1

TOTAL GAMMA AND NEUTRON DOSE RATES
FROM SNAP-27 COMPONENTS

Component : mrem/hr at 1 meter from center
radially axially
Bare fuel capsule 54 42
Fueled generator 50 42
Capsule in LEM cask 54 42
Capsule in ground shipping 20 20
container :

1.5.2 Internal Radiation Exposure. The dispersal of plutonium

in the air and on the ground and the attendant potential for internal radiation
exposure as a result of an "accident" is considered to be the most serious

hazard.

Internal radiation exposure results from the deposition' of radioactive material

within the body by one of the principal modes described below.

(a) Inhalation

s

Inhaltion of airborne plutonium will result in its
.deposition in lungs énd its subsequent translocation to critical organs. A
critical organ is that part of the body that is most susceptible to radiation
damage under the specific conditions considered and whose damage by the

radiation results in the greatest damage to the body.

The critical organ for soluble plutonium isotopes is bone; the lungs and
gastrointestinal tract are the critical organs for insoluble plutonium. Since
the solubility of plutonium is very low, the lungs and gastrointestinal tract

become principal organs of concern from the standpoint of emergency exposure.

-13 -





(b)  Ingestion

The SNAP-27 fuel form is very insoluble in the
gastrointestinal tract, therefore, only a small percentage of the material
ingested will be retained. This fraction will contribute to the total internal

dose received by the individual.

(c) Injection

Plutonium may gain entrance to the body through
wounds and abrasions. This-route is a significant potential hazard in terms

of internal exposure.

1.5.3 Detection., Conventional beta-gamma radiation survey
instruments are of no value in detecting alpha radiation from plutonium. Special
instruments are required to evaluate the hazards associated with an accident

involving plutonium.

(a) Po_rtable survey instruments. The Eberline alpha
scintillation counter, model PAC-48, having a range up éo 2 x 106 cpm; and the
Eberline gas proportional alpha counter, model PAC-4G, having a range up to
5x 105 cpm are instruments with desirable characteristics for such measure-

ments.

(b) Laboratory counting equipment: Internal gas flow
proportional counters or alpha scintillation detectors should be used for
assessing the activity levels of smears, air samples, and liquid samples if

required.,
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1.5.4 Avoidance of Internal Exposure.

(a)  Remain upwind and uphill from accident.

(b)  For those who must enter smoke or contaminated
areas, use the following devices to reduce personnel contamination: (1)
méchanical breathing apparatus (e.g., air packs, aqualung, etc.) of supplied
air types; (2) dust filter mask; (3) goggles; and (4). protective clothing (e.g.,

thin plastic coats, jackets, pants, shoe covers, gloves, and hood or surgeons

cap).

(c)  In building, evacuate area immediately and pre-
vent dispersal by closing windows and doors and by shutting off ventilating

and air conditi_éning systems.

(d) Survey personnel exposed for contamination.

2. RADIATION PROTECTION GUIDES FOR PEACETIME EMERGENCIES

In a strict sense, there'is no such thing as a maximum permissible
dose resulting from an uncontrollable exposure during a radiological accident.
Dose limit's for normal operations are based on the source of radiation (and
subsequent exposures of personnel) being under control. On the other hand
the source of radiation in a radiological accident.and the immediate dose
received by persons as a consequence of the accident are not subject to
predetermined controls. Protective steps, however, can be taken to control
continuing exposures of the persons involved. AThe type of and necessity for
protective steps would be based on an evaluation of all factors involved--
such as, nature of the accident, control measures available', number of persons
‘involved, duration of the exposure, dietary and economic consequences of the

control action, etc,
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2.1 Radiation Workers,

The following recommendations, applicable to radiation
workers, have been made by the International Commission on Radiological

Protection (ICRP).
The maximum permissible doses recommended in this section are maximum
values; however,it is recommended that all doses b.e kept as low as

practicable, and that any unnecessary exposure be avoided.

2.1.1 External Exposures.

(a) Accidental High Exposure. An accidental high

exposure that oc'curs only once in a lifetime and contributes no more than 25
rems shall be added to the occupational dose accumulated up to the time of the
accident. If the sum then exceeds the maximum value permitted by the formula%*,
the excess need not be included in future calculations of the person's
accumulated dose. Accidental exposure to doses higher than 25 rems must be
regarded as being potentially serious, and shall be referred to competent
medical authorities for appropriate remedial action and recommendations on
subsequent occupatidnal exposure. This is intended as an administrative guide
to permit the continuation of work with radiation, following a bona fide acci-
dent ("once in a lifetime"), in cases in which interruption of such work, or

curtailment of exposure, would handicap the individual in the pursuit of his

career.

*
Formula is: Maximum permissible accumulated dose, Rems = § (N-18),
where N is the individual's age in years.
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(b) Emergency Exposure, Emergency work involving

exposure above permissible limits shall be planned on the basis that the
individual will not receive a dose in excess of 12 rems. This shali be added
to the occupational dose accumulated up to the time of the emergency ex-
posure. If the sum then exceeds the maximum value permitted by the formula*,
the excess shall be made up by lowering the subsequent exposure rate so that
within a period not exceeding 5 years, the accumulated dose will conform with
the limit set by the formula. Women of reproductive age shall not be subjected

to such emergency exposure.

2.1.2 Internal Exposures

(@)  Accidental High Exposure. In the case of an

accidental high exposure to radioactive material where tﬁe total intake of
radioactive material exceeds the amount that would result from intake for 1 year
at the maximum permissible levels for occupational exposure to such radioactive
material given in the Report of Committee II (ICRP Publication 2), an estimate

of the intake resulting from the exposure shall be entered <;n the individuals
record and shall be refeired to competent medical authorities for appropriate
action. Appropriate action should be taken to prevent further exposure of the

iﬁdividual during subsequent periods of time.

(b) Emergency Exposure. Emergéncy work involving

exposure to radioactive materials at levels above the normal maximum per-

missible concentrations shall be planned on the basis that the total intake of

” .
Formula is: Maximum permissible accumulated dose, Rems = 5 (N-18),

where N is the individual's age in years.
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radioactive material during the emergency period should not exceed the
cumulative intake that would result from exposure for 1 year at the maximum
levels (MPC values) for occupdtional exposure to such radioactive materiéls
given in the Report of Committee II (ICRP Publication 2). If significant ex-
posure to external sources might be expected to occur concurrently, the annual
intake referred to above should be estimated to make allowance for the dose
equivalent delivered by the external sources (ICRP Publication 2, page 24).
The 50-year integrated dose to the critical organ from such an intake will

not exceed 5 rems for the whole body, blood-forming organs or gonads; 30

rerﬁs for skin, thyroid and bone*; and , 15 rems for other organs .

(c) Short Term Exposures to Radioactive Materials

One or more short-term exposures to radioactive
materials within a period of 13 consecutive weeks are ‘considered acceptable if
the total intake of radioactive material during this period does not exceed the
cumulative intake allowed when exposure occurs for 13 weeks at the maximum
levels (MPC values) for occupational exposure given in the Report of Committee II
(ICRP Publication 2). If significant ekposure to external sources occurs con-
currently, the quarterly intake referred to above should be estimated to make.
allowance for the dose equivalent delivered by external sources (ICRP Pub-
lication 2, page 24). The 50-year integrated dose to the critical organ from
such an intake will not exceed 1.3 rems for the whole body, blood-forming
organs or gonads, 8 rems for skin, thyroid and bone*, and 4 rems for other

organs.

*
The dose to bone is based on a body-burden of 0.1 uCi of Razze.
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NOTE: In applying the recommendations, the objective should be to
minimize exposure as far as practicable and to avoid exposure that is

unnecessary.

2.2 Member.s of the Population.

2.2.1  External Exposures. For the purposes of this manual,
the external exposure limits for members of the general public during an

emefgency may be considered to be:

(a) 15 rem - to children up to the age of 16 years

and pregnant women,

(b) 25 rem - to all other persons.

2.2.2 Internal Exposures. From the Protective Action

Guides developed by the Federal Radiation Council for acute contaminating
events involving the bone-seekers Strontium-89 and Strontium-90, one may
infer the following to be the maximum permissible doses (MPD) to individuals

in a population group from emergency dietary intake of plutonium;:
(a) 10 rems - maximum permissible dose to bone
marrow for first year following the event.

(b) 15 rems - maximum permissible accumulated

dose to bone marrow.

NOTE: As an operational technique, these limits may be assumed to be met
if the average dose to a suitable sample of the exposed population group does

not exceed one-third of the corresponding numerical value cited above.
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For the emergency inhalation problem, the British Medical Research
Council has used a maximum total dose of 15 rems to the lung. These
basic criteria (i.e., primary standards) are used to compute the maximu.m
permissible total intakes, and, for inhalation, the time integrals of the

concentrations in air following the accidént.

2.3 Contamination Guides .

2.3.1 Consequences of 238Pu Ground Contaminlation . There is

no level of 238Pu ground contamination which represents a point above which
there would be significant radiation problems present and below which there
would definitely‘be none. Therefore, any single value presented as a 238Pu
ground contamination limit would misrepresent the total situation. In essence,
then, any readily detectable 238Pu does, at least potentially, represent a
radiological problem of some degree. The magnitude of the problem is very
dependent on the particular situation which exists at the time in question. In
fact a subtle change in the situation at hand could significantly increase or
decrease the magnitude of the problem. For instance, it appears that a change
from wet-weather to.dry-weather conditions could increase by orders of magnitude

the concentration of resuspended 238Pu in air., Figure 8 illustirates these

aspects of 2385, ground contamina tion.

(a) Resuspension of 238Pu

The resuspension factor, K, is defined as:

1 Airborne concentration (units/mB)

Km ) =

Surface contamination (units/mz)

The value of K applicable to a specific area and at a specific ground con-

tamination level is dependent on the degree of motion occurring, or which will
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occur, in the area. An active area for purposes of this report is defined as
any area in which there is movement by animal or man, by foot or in a

vehicle,

In turn, a quiescent area is defined as an area in which there is no movement
by animal or man. The range of K values applicable to an active area is

10-4 to 10-6 and to a quiescent area is 10-'6

to 10_-8, with vehicular traffic
representing the highest level of activity. Ground contamination levels
versus air concentrations are plotted for this range of possible values of K in

Figure 8.

(b) _Contamination of Food Crops .

Plutonium is not concentrated at any point in man's
food cycle and the transfer through the soil with subsequent uptake by the roots
of plants is insignificant. The only mode of contamination is then direct deposi-
tion onto a field crop. Consequently, the Federal Radiation Cduncil's (FRC)
Category 1II Protective Action Guide (PAG) of 5 rads to the bone marrow or whole
body of individuals i_ﬁ the first year following a contaminating event would
apply if compensated for the relative insolubility of 238Pu. The term "Protective
Action Guide" has been defined as the projected absorbed dose to individuals in
the general population that warrants protective aciéion following a contaminating

event; and a "protective action" is an action that will avert most of the ex-

posure that would otherwise occur.

The approach taken was to determine as a function of 238Pu ground contamina-
tion the daily consumption rate for a period of one year of an idealized con-
taminated food crop which corresponded to the FRC's Category II PAG. The
idealized food crop was specified as having 2 Kg/m2 of ground coverage, 20%

of which is edible. It was assumed that 100% of the 238Pu is deposited at
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least initially on the idealized food crop; the effective half-life of the
238 , .
238Pu on the food crop is 13 days; and, no loss of Pu during processing

of the food crop occurred.

The results were plotted versus ground contamination in Figure 8. The
results were also compared against dietary data and the following conservative.

conclusions reached.

In order for the FRC's Category II PAG to be exceeded, the following would

probably have to occur:

Range A - Contamination of more than one major food crop.
Range B - Contamination of a major food crop
Range C - Contamination of any food érop.

Due to the necessary conservatism in the assumptions upon which this con- -
clusion is based, the three ranges are representative of the upper limit of the

radiation ﬁroblem direct contamination of field crops could potentially cause.

“(c) Use of Figure 8.

The most significant. parameter which can be
determined from Figure 8 is stay time, whether it is a matter of hours or weeks,
" based on a total dose limit or standard. However, the p;udent use of pro-
fessional judgment is essential in any determination based on Figure 8. If two

areas were contaminated to the same level, say 10 u01238

Pu/mz, in one of which
the only activity is men on foot and in the other there is vehicular traffic, two
'different stay times should be determined. In the first area the K selected

should be on the or.der of 10-5 and in the second, on the order of 10-4. The

total lung dose per week of occupancy would be approximately 0.9 rem in the
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first area and 7.5 rem in the second area. Using 15 rem as the total dose
limit, 'a stay time of 17 weeks is determined for the first area and 2 weeks
for the second area. The actiial stay time in an area will be determined at
the time of the contaminating event by taking appropriate air samples and

radiation level measurements, and by the use of respiratory protection.

2.3.2 Controlled Areas. The following levels may be used

as a guide in the establishment of controlled areas:

Alpha Beta-Gamma
(@) Airborne Contamination 3.0x 10-11 1.0 x 10-10
(b.) Direct reading surface 250 cpm 0.1 mrem/hr
contamination 2 :
100 cm
(c) Transferable surface con- 3
tamination (dpm/100 cm?) 150 1x10 (

2.3.3 Respiratory Protection. Following is a guide for

respiratory protection from airborne contamination: -

Levels (UCi/cc Respiratory Equipment Required
Alpha Beta-Gamma
<2x 10-'12 <3x 10—9 None
3 x 10-9 to 1.5 x 10—8 Half face respirator with
méchanical filter.
2 x 1012 to 1.5x 10-8 to 7.5 x 10_7 Full face respirator with
-10 mechanical filter.
1x10
-10 -7% . ,
>1x10 >1.5x10 Supplied air respirator (scott

air-PAC or positive pres-.
sure hood or suit)

*Note - Consider external radiation exposures in these cases.
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2.3.4 Skin Surfaces., Following are maximum permissible

contamination guides for skin surfaces:

Direct Survey Transferable (Smear)
Alpha (dpm/100cm?) B-y(mrad/hr) a,B-y
(a) General 150 _ {0.06 None Detectable
(b) Hands 150 <0.3 None Detectable

2.3.5 Clothing. Following are maxifnum permissible con-

tamination guides for ciothing.

Direct Survey. . Transferable (Smear)
a - By a B, Y
Item (dpm/100 cmz) (mrad/hr) ' (dpm/lOQ cm?)

Shoes, contamination zone:

Inside 300 1.0 - 30 1,000

Outside ‘ 300 2.5 30 1,000
Shoes, personal: |

Inside 300 0.3 30 1,000

Outside 300 0.6 30 1,000
Clothing, contamination zone: 150 0.75%*

Clothing, other company issued,
and personal 150 0.25

*
No 100-square inch area to average greater than this value.
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2.3.6 Items. Following are permissible contamination
guides for items given a radiation or contamination clearance, except as

otherwise stated:

(a) No smearable & contamination above 5uuCi/100 cm2 .

(b) 75 dpm/61 sz o measured with PAC-4G instrument.
(¢) 0.1 mrem/hr 8 with G-M survey meter.

(d) 450 upCi/100 cm2 smearable B ¥ contamination.

3. PRE-PLANNING FOR EMERGENCY PROCEDURES

3.1 Time Divisions for Planning. -

For the purposes of this manual, two general periods are con-
sidered: '

(@) Immediate Emergency Period -~ the period of time
from the occurence of the radiation accident to the effecting of appropriate
radiological controls. During this period, the required immediate actions for
radiological safety purposes and for emergency care and necessary hospitaliza-
tion of injured individuals are carried out, and an operational program for the
post-emergency period is prepared. This manual is primarily coﬁcerned with

the procedures for the immediate emergency period. -

(b)  Post-Emergency Period -- the period following the
immediate emergency period. General guidance for the post-emergency period

is contained in Section 8 below.

3.2 Development of Indi\'ridual Plans by Custodial Activities .

As indicated in paragraph 1.2, each SNAP-27 custodial activity
shall prepare an emergency plan specifically applicable to it. Such a plan of

action shall integrate responsibilities of management, health physics and
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medicine. An activity not having a Radiological Safety Officer shall appoint
a trained and qualified individual to this position. The plan shall identif.y.
individuals by name, as applicable. Assignment c;f responsibilities in such
a plan may be as indicated below. Overall guidance for the preparation of

emergency plan may be obtained from the contents of this manual

3.2.1 Management, The responsibilities of management

includé:

(). Mobilizing auxiliary help for medical and Health

Physics teams.

(b) Taking necessary action in event of fire and-

explosion.

(c) Advising Atomic Energy Commission and local

safety and public health authorities.

(d) Preparing immediate press, radio, and television

bulletins, . givirig necessary precautions and reassurance as indicated.

(e) . -Alerting community hospital facilities as directed

by physician.

3.2.2 Health Physics Group. The responsibilities of the

Health Physics Group include:

(a) Closing off radiation area. If contamination is a

factor, the area must be sealed.

(b)  If contamination is present, shutting off air con-

ditioning and ventilators insofar as possible.

(c) Beginning immediate radiation survey mapping.
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(d) Assisting'medical group in obtaining surveys of

contaminated individuals,
(e) Establishing a decontamination center if needed,
(3] Doing area and personnel wipe tests.

(g)  Preparing equipment for collections of body fluids,

wipes of individuals, etc.

3.2.3 Medical Group. The responsibilities of the medical group

include:

(@)  Providing medical care and necessary hospitaliza-
tion of injured iridividuals.
(b)  Performing other assigned medical functions of the

radiological safety program.

3.3 Preparedness. Thg check list of the essential itéms of the
emergency plan should be prepared and used to periodically determine readiness
for a radiological emergency. The current status of each item can be designated
as satisfactory, marginal, or unsatisfactory -- as applicable ~- and appropriate

action taken to achieve the required degree of preparedness.

3.4 Emergency Instrumentation and Equipment. One or more emer-

gency kits containing instrumentation and equipment required in the event of a
-radiation accident should be stocked and maintained in readiness at con-
veniently accessible point(s) located outside of the potential contamination
zone, This kit should be specifically marked and kept for the purpose of
eémergency monitoring only. The types and quantities of instrumentation and

accessories recommended for these kits are listed in Table 3.1. Specific
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TABLE 3.1

INSTRUMENTS AND INSTRUMENT ACCESSORIES

Item

Ionization Chamber--Alpha Survey Meter
Portable Alpha Counter (PAC-4G)

Cables (PAC-4G)

Probes (PAC-4G)

Probe Handles (PAC-4G)

Cases, Carrying (PAC-4G)

GM Portable

GM Portable End Window Counter
Ionization Chamber--Juno 500 R

21 Internal Gas Flow Counter (PC-33)
Portable Neutron Counter (PNC-1)

Wet Plutonium Monitor (WM-1)

Air .Sampler with Sampling Head (PAS-GE-2)
Dosimeters (100 R)

Charger, Dosimeter

Standards, Field (239Pu)

Standards, Calibration Flat Plate (2 39Pu)
Sampler, Gas, 3.5 Liters

Head Set Earphone

Badges, Film
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2
6
12
12
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personnel concerned must be thoroughly familiar with the contents of the
kit and with their proper use. All items in the kit must be inspected regularly,

and calibrated, maintained or replaced -- as applicable.

3.5 Practice Drills, Adequate training with practice of the emergency

plan should be conducted every three months. Inspection of the contents of the
emergency kits can be combined with the practice drill and at other times fre-
quently enough to ensure that the instrumentation is functioning and properly

calibrated.

4. HANDLING AND STORAGE -~ IMMEDIATE EMERGENCY PROCEDURES

Following are the immediate emergency procedures to be followed in the
event of a radiation accident involving the radioactive material capsule of a
SNAP-27 and occurring during. its handling or storage within the custodial

activity.

4,1 Determination of the Existence of an Accident.

4.1.1  Criteria, For the purposes of this manual any one of
the following occurrences shall be considered indigative of the existence of a

radiation accident involving plutonium (alpha) contamination:

, (@)  Positive results of surface contamination checks
(Section 3.4.2 of Volume I).

(b)  Positive results (excluding radioactivity)

of airborne radioactivity measurements (Section 3.4.3 of Volume I).

(e Positive results of leak~-testing of radioactive

. material capsule (Section 3. 5 of Volume I).

(d  Alarm from a continuous air monitor for particulate

alpha activity. (Alarm points are set at a level that will permit activities to
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proceed without unnecessary interruption to work programs, and still warn
of potentially hazardous concentrations of airborne activity. In areas
where the natural background of the monitor is low and relatively stéblé,
the alarms are set at the count rate equivalent to a concentration of 1 MPC.
Where the monitor background is high and fluctuates frequently, the alarm

settings are set high enough to avoid unnecessary alarms):

(e) Impact which may have damaged the source

capsule.

(f) = Fire or explosion which may have involved the

source capsule.

(g9) Visual evidence of radioactive material escaping

or having leaked from the source capsule.

(h) Any positive evidence of SNAP-27 radioactive
material outside of the sealed capsule, or any accident or condition which
results or which threatens to result in the escape of radioactive material from

the capsule.

4,1.2 Action. Subsequent action required to be taken for the
purposes of protecting health and of minimizing danger to life and property
are dependent on available data or on judgment. .Regardl'ess of the magnitude
of the actual or potential accident, rapid response is essential. The con-
sequences of an apparently trivial incident are sometimes more serious than
at first suspected. Rapid and efficient handling of minor situations will also
provide excellent training for a well directed effort in a more serious case.

In all cases, the most important immediate actions are aimed at preventing
or minimizing inhalation of airborne radioactivity and the spread of

contamination.

- 3] -





4,2 Emergency Alarms.

Distinguishing emergency alarms signals should be established
for building and site evacuatio'n, fire, and air raid. These alarms should be
auciible at any location in the facility. Periodic testing of the alarm signals
is recommended to insure that the system is Operéting and to periodically

remind personnel what each signal means.

4.3 Evacuation of Area and Immediate Actions.

4.3.1 Evacuation Route and Assembly Area. The emergency

plan of each custodial activity shall indicate the specific evacuation route(s)
to be used and the area(s) in which the evacuees are to assemble., The

assembly areas shall be so chosen that the probability of their being involved

in the contaminating event is very remote,

4.3.2 Scram Rule. Evacuation is to be according to the scram
rule, which states that 2ll persons shall evacuate the radiation area with all
possible speed upon notification or if events "seem" to get out .of control. It
is advisable, while scramming, to shout an alert to ‘other people in the area"
who may not be aware of the situation. Each person involved will be in-

doctrmated in the importance of the scram rule,

4.3.3 Actions. After persons involved have been evacuated,

carry out the following actions as rapidly and as simultaneously as possible.
(a)  Close off the area.
(b)  Notify authorities (See Section 4.4 below),

(c) Have persons remain in assembly area(s) until they

have been checked for contamination and if necessary, decontaminated. The
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assembly area should not present a radiological problem. Unnecessary
tracking of contamination may result if they go off to different areas.
Additionally, it is important to ascertain that a radiological hazard does

not exist in the assembly area.

(d) Close windows, and shut off exhaust fans (un-
filtered) and forced-air types of air-conditioning or heating systems. (Air-
conditioning/heating system controls should be loé:ated near entrance to area
so that the systems can be readily turned off. The ventilation systerﬁ should
be so designed that air flows cannot disperse airborne radioactivity throughout

entire building).

(e) Follow safeguards procedures specified in the

' SNAP-27 manual, concerning accessory equipment.

4.4 Notification of Authorities.

4.4,1 Authorities within Custodial Activity. Post "Emergency

Notification Instructions" near the radiation area and in all other locétions

of interest (e.g., the health physics office). These instructions are to contain
the names and telephone numbers (office and horr_1e) of individuals and
organizations (e.g., fire department and dispensary or hospital) to be con-
tacted. The individuals should include the Radiological Safety Officer, the
group léader responsible for the SNAP-27 and the director or responsible
‘administrator of the custodial activity. Include in the instructions the in-
formation to be given by the caller and any other pertinent. .i.nformation. These

_instructions are to be maintained in a current status.

4,4,2 Local and State Agencies, Notify the local, state, and

‘federal agencies (health, fire or police departments) if required by existing
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laws or agreements, or if their assistance is needed. If such notifications

are not immediately necessary, postpone them until a later time.

4.4.3 Atomic Energy Commission.

(a) Requirement. Criteria. and procedures for notify-

ing the AEC of radiation incidents and of theft or loss of radioactive material
are contained in paragraphs 5.6 and 5.7 of Volume I. For the purposes of
Volume 1II, howéver, upon determination of the existence of an accident on

the basis of criteria specified in paragraph 4.1.1 above, the custodial activity
shall immediately notify by telephone and telegraph the appropriate AEC

Regional Compliance Office shown in Appendix A of this volume.

(b) Call for Assistance. If the need exists for out-

side assistance in the form of advice or of equipment, materials, special
services, or trained men, obtain the required assistance in accordance with
procedures in Section 7 below, and also in accordance with any specific
instructions obtained from the AEC Regional Compliance Office notified of the

accident.

) 4.,4.4 News Media. If the accident is severe and especially
if contamination of uncontrolled areas has occurred, notification of the press
and radio should be carried out by a designated représentative of the administra-
tion of the custodial activity who is skilled in these matters, in accordance

with established policies of the activity.

4,5 Personnel Decontamination and First Aid.

4,5.1 Personnel Decontamination.

(@) Al individuals actually or potentially involved

in the accident (generally, those persons in the designated evacuation assembly
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area) shall be surveyed for contamination. If no alpha-contamination

instrument is available all possibly exposed persons shall be regarded

as contaminated.

(b) Contaminated clothing shall be removed care-
fully and placed in paper bags or on top of large paper sheets designated
for this purpose. Such items shall be set aside for later decontamination or

disposal as radioactive waste -- as applicable.

(c) Decontamination of personnel should be carried
out promptly by showering, using commercially available soaps or detergents.
Highly alkaline soaps, abrasives, organic solvents, or cleaners that tend
to increase the permeability of the skin should not be used. Scrub brushes
may be used, but care should be taken that the skin' surfaces do not become
abraded. Several separate washing should be performed. Special' emphésis
should be given to cleaning of fingernails, toenails, nostrils, scalp, ears, and

the body folds.

(d) After body is well washed, check person for
‘alpha contamination, with a suitable monitoring instrument. Smear wipes
may also be taken, especially if alpha survey ihstxjuments are not available.
Nasal and ear-canal swabs with cotton tipped applicators should also be

used -- if considered appropriate.

(e) Small cuts and other breaks in the skin surface
should be sought for carefully, since absorption of plutonfum can occur by
this route. Such lesions should be decontaminated after the above washes

by repeated 5-minute scrubs after removal of scabs and crusts.
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(f) Suitable syringes, curved basins and appropriate
irrigating solutions should be readily available for conjunctival irrigation,
The used solutions should be saved for counting, preferably in separate

labeled bottles marked as to order of collection.

(@) Issueto decontammated persons replacement

clothing (known to be uncontammated) frorn the emergency stock on hand.

(h) Bioassay Samples. Arrange for the collection of

urine and fecal samples from contaminated persons, as indicated below:

(1) Quantitative collection of urine for the
first 72-hours for assay of plutonium. Each day's specimens should be put in
a separate container. These specimens may be collected in plastic bottles
containing 10 ml of dilute nitric acid (approximately 10 ml of concentrated
nitric acid per liter of water) for each 24-hour specimen. An addltlonal 10 ml
of concentrated nitric acid should be added to the specimens after the collec-

tion is complete.

(2) Feces collected for the first 72-hours for
determination of radioactivity, Each day's specimens should be put in a
separate container. These can be collected in round, l-quart (1-liter) ice

cream containers .

(3)  Store collected specimens of urine and feces
under refrigeration and keep them until arrangements can be made for plutonium

analysis at a qualified laboratory.

(i) Arrange, through the medical department, to have
contaminated persons be given surveys of the total body with sensitive alpha and

beta-gamma instruments.

- 36 -





(i)  Record the following information immediately in
an appropriate 1log: person, date, time, instrument, initial reading, final

reading (after each decontamination), and any pertinent remarks.

4.5.2 First Aid. Prompt a_ttention to persons who sustain
physical injuries (e.g., burns, fractures, wounds, etc.) is the first
responsibility of the physician and others:at the scene of the accident after
the patients have been surveyed for contamination. If patient is contaminated,
the physician and members of the medical team will have to observe applicable

precautions'during time of emergency first aid.

4.6 Emergency Survey.

4,6.1 Scope. The radioactive sourcé is now conﬁned.by'
having closed windows and doors, having shut off the ventilating/heating
system, and having sealed other openings with wide masking tape or with
adhesivé tape and heavy wrapping paper. Entrance to the sealed-off area shall
be prohibited. No immediate attempt shall be made to decontaminate areas
at this time. The purpose of this initial emergency survey is to determine the
extent and magnitude of airborne and surface contamination in those areas of
specific interest outside of the sealed area. Such areas to survey include
the evacuation assembly areas and any other suspected areas which are
occupied by persons--off-site areas included. Persons carrying out this
survey shall be equipped with appropriate type protective clothing and

respiratory equipment.

4,6.2 Procedures.

(@) Immediately survey all occupied areas concerned

for airborne and surface plutonium contamination. Alpha survey instruments
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are required for surface contamination surveys. Air samples should be
collected on a filter paper with a high volume air sampler. Observe radiation

control principles and be alert to potential hazards other than radiation.

(b) Take necessary actions indicated by the results
of the survey, including evacuation of personnel to an alternate assembly

area, sealing off additional areas, and establishing radiological controls.

(c) Assay the airborne particulate samples for alpha
activity as soon as possible using appropriate type counter and analytical

techniques,

Air samples collected on filter paper will contain the decay products of
naturally occurring radon and thoron. These daughter products are frequently
present in sufficient qUantities to mask the long lived activity being investi-
gated. For the purpose of this survey, however, an immediate count should

be made of the alpha activity on the collected samples. The results of the
immediate count should be considered qualitative and conservative (i.e., on the

safe side) when used to define the initial conditions.

Since the longest lived naturally occurring contaminant c:ollected on the filters
is ThB (212Pb) with a half-life of 10. 64-hours, the long lived activity can be
obtained by measurement after the ThB has decayed or by taking two measure-
ments spaced in time adequate for significant decay of the ThB. The true
count rate of the long lived alpha emitter is then computed by using the follow-
ing equation: |

e X At

N, - N

-\ At
e

1 -
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where:

A = . counting rate of long lived alpha emitter

N = counting rate of sample 4 to 6 hours after sample

is taken (to allow for decay of radon daughters)

A = decay constant for ThB (212Pb) =6.5x 10_2 hr—1
At = time interval in hours between measurements
N2 = counting rate of sample 10 to 24 hours after

sample is taken,

Compute the results in terms of uCi/cc of air and compare them with the
applicable limits for airborne plutonium. If these concentrations exceed the
MPC, corrective action should be instituted and respiratory protection pro-

vided in accordance with Section 2.3.3.

(d) Enter results of survey immediately on area maps
or in a log noting the date, time, instrument, reading, area, and any pertinent
remarks. A complete diary of the entire accident should be kept with the events

of the day entered as they occur.

S. .TRANSPORATION -- IMMEDIATE EMERGENCY PROCEDURES

Following are the immediate emergency procedures to be followed in the
event of a radiation accident involving the fuel material capsule of a SNAP-27

and occurring during its transporation by air, land, or sea.

5.1 Determination of the Existence of a Radiation Accident.

For the purposes of this manual, any one of the occurrences

listed in paragraph 4.1.1 shall be considered indicative of the existence of a
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radiation accident. Failure of the transporting vehicle to reach its
destination within the scheduled arrival period is treated below in Section

6, "Lost Capsule -- Detection and Recovery, "

5.2 Immediate Action.

5.2.1 Action by First Observers. Following are actions to be

taken by first observers at the accident scene, pending arrival of authorities:

(a) Major consideration at the sc:ene‘of the accident,
commensurate with personnel safety, shall be the saving of any personnel
involved in the accident. These personnel may be aircraft pilot and crew, truck
drivers, escorts, etc. Except for the saving of lives, keep away from the
wreckage, material, or container involved. Remain upwind and uphill; and stay

out of smoke, mist, dust, or other visible substances that are airborne,

(b)  Report the accident as quickly as possible to the
nearest local a'uthority (police, fire, health, etc.) and notify the nearest AEC
or military installation. Supply sufficient information so au'thority can take
proper action. Give iocation of accident in sufficient detail so that it can be
easily located. Briefly describe kind of accident,. if there are anir personnel
casualties, and if it is suspected (or knbwn) that radioactive material has
escaped f_rom the capsule, It is important to distinguish between information
suspected and information known from actual observation. Fully identifiy
self and state how you can be contacted. ' As appropriate, give identification

and telephone number of authority who can be contacted at or.near accident

scene.

(c) v Organize witnesses to warn sightseers to stay

well away 500 yards or more--and upwind from the accident.
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(d) Stay out of smoke, mist, dust, or other visible
substances that are airborne. If there is a fire, stay out of the smoke except for
the purpose of rescuing people. Always approach the accident scene from
upwind and from uphill, if possible, and if the smoke cannot be avoided, use
any immediately available method to prevent smoke from affecting your eyes
and throat. Although there may be a toxic, caustic, or radioactive material in
the smoke, short excursions into the smoke are not likely to have serious
effects on the person exposed, If it has proved necessary to enter the smoke
from a fire, report subsequently to the AEC or military emergency team for

radiological monitoring and possible decontamination.

(e) Do not try to fight a fire--except under the

direction of fire fighting personnel.

(£) People who have been in the area affected.by
the accident may 'have become contaminated and should be held in some near-
by place for examination by the AEC or military emergency team before they are
released. If they will not stay, obtain their names, addresses, telephone
numbers, and occupations and give the information to the emergency personnel

or local authoritieé when they arrive.

(9) Do not permit peopie to handle debris or take

souvenirs from the accident scene.

(h) Do not permit entry into the accident area by un-
authorized persons. Turn over control at the accident scene only to properly

identified authorities.

NOTE: Small, wallet-size cards bearing a summary of these instructions may -
be provided to transporting personnel for cafrying with them. Extra cards may

. be distributed to persons at accident scene, as appropriate. See Appendix B.
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5.2.2 Action by Fire, Police and Emergency Services Pending

Arrival of Special Teams. Following are actions to be taken by fire, police,
and emergency services pending arrival of special, radiological emergency
teams:

(a) Rescue and assist injured personnel as practicable.

(b)  Notify nearest milita'ry installation or Atomic
Energy Commission office of the accident (and of the type of vehicle_ involved)
\and give them any information available as to whether the radioactive material
is, or could be, involved. They will, in turn, dispatch their own men to the
scene of the accident and notify the Joint Nuclear Accident Coordinating
Center at Albuquerque, New Mexico, as appropriate. 'Pending arrival of the

special team, the installation called will provide advice regarding the incident.

(c) Clear area of all non-essential personnel to a
distance of at least 500 yards or more. Maintain exclusion of the area until

am.val of the radiological a351stance team.

(d) If there is a fire and if the ground shipping container
-1s _not engulfed in flames,. attempt to extinguish fire in the normal manner (from
upwind side only). Keep ground shipping container cool by application of water
spray. Stop spraying of water, however, if it accelerates burning. Do not use
foam on ground shipping container where it will act to trap heat inside, Foam
is an iﬁsulator and may act to retain sufficient heat to cause rupture of the

capsule and subsequent release of radioactive material.

(e)  If the ground shipping container is engulfed in
 flames . clear all personnel out of area, to at least 500 yards. Do not attempt
to fight fires.
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(f) ~ Avoid smoke and clear downwind areas; but
if dense smoke must be encountered for long periods of time, dust filtering
masks, goggles, or breathing apparatuvs should be used. The nonavail-
ability of these items should not hold up rescue efforts. Always approach
the accident scene from upwind and from uphill, if possible, and if the
smoke cannot be avoided, use any immediately available method to pre-
vent smoke from affecting your eyes and throat. Personnel who have entered
the accident area must report to the special team for monitoring and, if

necessary, decontamination after initial action is over.

(g)  After the burning has subsided, and if the

special team has not arrived:

(1) Do not attempt to clean up the scene of the

accident.

(2) Do not permit re-entry into scene of

accident by anyone. Rope off scene in a semi-permanent manner.

(3) Organize all personnel that may have
been contaminated to preclude the spreading of plutonium about the environs

and so that they can be monitored by the special team on arrival.

(h) Follow advice of the special radiological team

upon its arrival.

- 43 -





5.3 Notification of Authorities.

5.3.1 Shipper (Custodial Activity). When a radiation accident has

occurred enroute, the chief transporting person, or the official escort, shall

as promptly as possible notify by "collect" telephone call the specific official(s)
of the shipper (custodial activity) listed in the written instructions furnished to
him. The caller should state the nature of the accident, the exact location of
the accident sgene, how he may be contacted by t:elephone, and any other

pertinent details,
NOTE: Similarly, this same official is to be notified in advance, if an un-
avoidable delay (not involving a radiation accident) will prevent arrival of the

shipment at its destination point within the scheduled period.

5.3.2  Local and State Agencies. See paragraph 4.4.2 above.

5.3.3  Atomic Energy Commission and Others. Immediately

upon notification of the 'occurrence of a radiation accident, the designated
official of the custodial activity shall notify other specified officials of that
activity and he shall also notify by telephone and telegraph the appropriate
AEC Regional Compiiance Office listed in Appendix A. The appropriate
representative of the activity to which the shipment' was being sent should

also be'notified by telephone.

On the basis of requirements foreseen,the designated official of the custodial
activity shall promptly dispatch appropriate radiological a.s'sistance to the
scene of the accident. If the need exists for outside assistance in the form
of advice or of equipment, materials, speéial services, or trained men, obtain

the required assistance in accordance with procedures in Section 7 below,
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and also in accordance with any specific instructions obtained from the
AEC Regional Compliance Office notified of the a'ccident. A call for
radiological assistance should also be made to the activity to which the
shipment was being sent, especially if the activity has such capabilities

and is located near the accident scene.

5.3.4 News Media. See paragraph 4.4.4 above.

6. LOST CAPSULE -- DETECTION AND RECOVERY

As soon as it is known, or reasonably presumed, that a SNAP-27 fuel
capsule has been lost, the cognizant activity shall carry out the following

actions:

(a) Notify the appropriate AEC Regional Compliance
Office, listed in Appendix A,

(b) Formulate a plan and prepare to conduct a
systematic and thorough search, using visﬁal and appropriate instrumental
means. As appropriate, assistance in the form of advice, instruments,
services, and trained personnel may be requested from the Radiological

Emergency Assistance Organization. See Section 7 below.

(c)  If the capsule has been lost as a consequence of
an actual, or reasonably presumed, crash of an airplane transporting it;
immediately request assistance for detection and recovery from the Radiological
Assistance Organization. For emergency procedures at the'accident kscene,

" see Section 5 above.

(d) Detailed procedures for the detection and re-

.A covery of a lost SNAP-27 capsule are contained in a separate manual.
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7. RADIOLOGICAL EMERGENCY ASSISTANCE

7.1 Sources and Types of Assistance.

The Atomic Energy Commission and the Department of Defense
are the primary sources of radiological emergency assistance. Emergency
teams are available at thirty-nine facilities of the AEC and at more than 330
military installations of the DOD. The'co'nsiderabl'e resources of AEC and DOD
are further suppl'emented by those of ten other Federal agencies which partici-
pate in the Interagency Radiological Assistance Plan. These agencies are listed
in Appendix C. Under certain circumstances a request for assistance may be
amply met by simply giving proper advice. To the extent considered appropriate,
however, radioldgical assistance from the AEC may include: radiological
monitoring; emergency sampling and radiation monitoring of materiais including
air, food, and water; radiological decontamination advice and emergency .
assistance; medical adviqe on the handling and treatment of people exposed to
radiation or radioactive material; special laboratory services needed for the
evaluation of personnel radiation exposure and environmental radiological
hazards; and specialists in radiation accident operations. If the emergency
situation warrants it , the AEC, from its laboratories and production plants, could
bririg a considerable amount of additional resources to the task of protecting

health and safety.

7.2 Call for Radiological Emergency Assistance.

7.2.1 Atomic Energy Commission. To request radiological

assistance, call the appropriate AEC Regiohal Office for Radiological Assistance
listed in Appendix D. The telephone number listed for each of the eight
regional offices is a special one to receive réquests for radiological emergency

a'ssistance, at any hour of any day,
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7.2.2 Department of Defense., Even though a request for

radiological assistance has been made to the AEC, if the situation warrants it
and assiétance may be obtdined quicker from a military installation bécause
of its proximity to the accident scene, make an immediate request for such
assistance from this installation. A radiological assistémce team from the
military installation, properly equipped to handle the situation, will arrive
promptly and, with assistance of local f)olice (as applicable), will assume

command of thé situation until arrival of the AEC team,

7.3 AEC Team Functions.

When the AEC team arrives at the accident scene, its functions, .

in general, will be to:

(a) Monitor for radiation to evaluate the hazard and

determine the emergency measures needed to protect health and safety.

(b) Coordinate the emergency operations in cooperation

with local authorities at the scene.
(c) Provide information for the public..

(d) Provide emergency medical advice and, if necessary
to save life or minimize injury, carry out emergency measures to assist

people who may be injured as a result of the accident.

However, when a more appropriate authority arrives at the scene, the AEC team

- captain will relinquish control of the emergency operations to this authority.
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8.  POST-EMERGENCY FUNCTIONS

8.1 Responsibility.

When the emergency period is over, the agency responsible for
the radioactive material, the site,.or the facilities involved would be ex-~
pected to provide for the necessary post-emergency decontamination and
recovery operation, unless this responsibility has been accepted by someone
else., Atomic Energy Commission radiological emergency assistance, however,
will not be withdrawn from the scene until approbriate steps have been taken
to give reasonable assurance that the public health and safety will be pro-

tected from any remaining potential hazards.

8.2 Contamination Control .

Following are procedures which are to be applied as appropriate ,

to prevent unnecessary exposures and dispersal of the contaminant.

: (@) The contamination area shall be duly secured, as
appropriate, by such means as physical barriers, posted radiation signs,

guards, etc., to insure against unauthorized entry,

(b)  Contamination cohtrql point(s) shall be estab-
lished as required. Entry to and exit from the contamination area shall be

only via such points,

(¢) Persons authorized to enter the contamination
area shall be appropriately fitted with complete protective respiratory equip-
“ment and with protective (anti-contamination) clothing including head cover¢

shoe covers, gloves, and coveralls,
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(d) Upon exiting from the contamination area, persons
shall discard their protective equipment and clothing, be checked for con-
tamination and decontaminated if required. Contaminated items shall be

handled accordingly.

(e) Any item removed from the contamin_ation'area
shall be treated as being contaminated - unless proved otherwise by an

actual check at the control point.

8.3 Recovery of Radioactive Material.

The radioactive material, or the recoverable bulk of it, will be
recovered in accordance with specific instructions contained in a separate
SNAP-27 manual. This function, in essence, constitutes the first phase of

the decontamination procedures.

8.4  Decontamination of Area and Equipment.

(&) The first phase of decontamination is the recovery

operation indicated in paragraph 8.3 above.

(b) Subsequent decontamination operatiéns shall
be well-planned beforehand, with the same care aé used in bacteriological
handling of virulent organisms. The decontamination method(s), equipment,
materials, and supplies shall be chosen in accordance with the clean-up
task at hand. The appropriate types and quantities of protective respiratory
equipment, protective clothing, radiation survey and monifdring instrumenta-
tion, waste‘ containers accessory equipment, and supplies, etc., must be at
hand. Additionally, appropriate provisions must be made for the form, volume,
apd radioactivity of the wastes expected. As'applicable, specific advice

should be obtained from the AEC team at the accident scene, or from the
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appropriate AEC Regional Office for Radiological Assistance, listed in

Appendix D.

(c) i’ersons assigned to decontamination operations
shall have had prior training and experience, or else they shall be fully
briefed before hand on all particulars involved and work under the direct

supervision of a qualified person.

(d) Fans or ventilating systems shall not be turned
on to try and blow away the contamination. Such an action will only result
in dispersal of the contaminant to others areas, causing additional and

perhaps more serious radiological problems than the one at hand.

8.5 Radioactive Waste.

8.5.1 Package_d Radioactive Waste. Radioactive waste result-

ing from the decontamination operations shall be packaged and labelled in
accordance with applicable regulations of the Interstate Commerce Commission.
As arranged beforehand, such packages shall be transferred to an appropriately
AEC-licensed facility, for either ultimate disposal by ground burial or for
recovery of the plutonium, as applicable. Transportation of the packages shall
be made in conformance with regulations of the applicable regulatory agency

such as the AEC and ICC (e.g. Interstate Commerce Commission).

8.5.2 Effluents. Radioactive effluents resulting from de-
contamination operations, in the form of gases or liquids, discharged to the
environment (or via the sanitary sewerage system) shall be controlled in
accordance with applicable provisions of Title 10, Code of Federal Regulations,
Part 20 (10 CFR 20). Likewise, requirements for records, reports, and notifi-

cations concerning such effluents shall be as specified in 10 CFR 20.
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8.6 Follow-Up Bio-Medical Functions.

Medical care of injured persons shéll be carried out as deter-
mined by responsible medical authorities. On the basis of expert advice,
applicable therapeutic means may be taken to hasten elimination of plutonium
from the body. As advised by experts éonsulted, continue to collect samples
of excreta (urine, feces) from exposed persons and to have them radioassayed.
Likewise, whole-body counts may be performed to determine the lung- or body-

burden,

9. RECORDS

As indicated above, written records shall be maintained of all findings,
reports, and other items pertinent to the radiation accident. These records
should be supplemented, if applicable, by such items as photographs,
sketches, etc. Records for the post-emergency period shall be as specified
in Volume I, and in Title 10 Code of Federal Regulations, Part 20 (10 CFR 20).
Complete and accurate documentation of the emergency conditions and actions
taken should be an invaluable aid in determining the consequences of a future

similar occurrence and in the preparation of emergency procedures for such

| incidents.
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APPENDIX A

UNITED STATES ATOMIC ENERGY COMMISSION
COMPLIANCE OFFICES*

Region

Connecticut, Delaware,
District of Columbia, Maine,
Maryland, Massachusetts,
New Hampshire, New Jersey,
New York, Pennsylvania,
Rhode Island, and Vermont

Alabama, Arkansas, Florida,
Georgia, Kentucky, Louisiana,
Mississippi, North Carolina,
Panama Canal Zone, Puerto
Rico, South Carolina,
Tennessee, Virginia, Virgin
Islands, and West Virginia

Illinois, Indiana, Iowa,
Michigan, Minnesota,
Missouri, Ohio, and
Wisconsin

Colorado, Idaho, Kansas,
Montana, Nebraska, New
Mexico, North Dakota,
Oklahoma, South Dakota,
Texas, Utah, and Wyoming

Alaska, Arizona, California,
Hawaii, Nevada, Oregon,

' Washington and U, S.

Territories and Possessions
in the Pacific

* Appendix D of 10CFR20

Address

Region I

Division of Compliance
USAEC

376 Hudson Street

New York, N.Y. 10014

Region II

Division of Compliance
USAEC

50 Seventh Street, N.E.
Atlanta, Georgia 30323

Region III

Division of Compliance

USAEC

Suite 410

Oakbrook Professional
Building

Oakbrook, Illinois

Region 1V

Division of Compliance
USAEC

10395 West Colfax Ave.
Denver, Colorado 80215

Region V

Division of Compliance
USAEC

2111 Bancroft Way
Berkeley, California

Telephone

(212) 989-1000
Ext. 281

(404) 526-5791

"~ (312) 654-1680

(nights and
holidays:
257-7711,
Ext. 541)

(303) 297-4211
(nights and
holidays:
237-5095)

(415) 841-5620
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APPENDIX B

CARDS CONTAINING RADIOLOGICAL EMERGENCY PROCEDURES

As indicated in Section §.2.1, small (wallet-size) cards bearing a summary

- of the immediate emergency procedures should be provided to transporting

personnel for carrying with them. These cards may be distributed to
persons at an accident scene, as appropriate.. Below is a suggested for-
mat for such a card. Specific information left blank is to be filled out by the

custodial activity holding responsibility for the shipment.

IMMEDIATE EMERGENCY PROCEDURES

1. Keep away from the immediate accident scene, except
to rescue people.

2. Report accident immediately to nearest military or AEC
installation; to local police or fire department; and to
custodial activity. See Reverse side of card.

3. Keep.sightseers well away - 500 yards or more - and
upwind from accident.

4, DO NOT FIGHT FIRES except as directed by firemen.

S. Stay out of smoke, dust, or mists resulting from
accident.
6. Hold for radiation monitoring and/or obtain names,

addresses and phone numbers of all persons who were
in the affected area.

7. Do not take or permit the taking of souvenirs.

8. Turn over control only to properly identified authories.

- See Reverse Side -






IN THE EVENT OF A RADIOLOGICAL EMERGENCY

 CONTACT:

A. Local Police or Fire Department. .

. Local AEC Installation:

B
C. Local Military Installation:
D Custodial Activity: Mr.-
' At:
Tel. No's:

RADIOACTIVE MATERIAL CONCERNED: (No.) Capsule(s) |

of radioisotope thermoelectric generator SNAP-27, each contain-

ing Plutonium-238 (an alpha emitter). .

- Seé Reverse Side -
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Emergencies

TO DISTRIBUTION;

At the time of preparztion of enclosures 1 and 2 the SNAP=-27 fuel
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granted by the AEC Divisiom of Ragulations. The informatiom im these
reports is comsistent with the regulatioms in Titls 10 Code of Federal
Regulations as required for licensed matsrial, '

N
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1. GENERAL

1.1 Scope
-~~~ This volume contains the radiological control procedures

applicable to the normal transport, handling, and storage of the radio-
isotope thermoelectric generator SNAP-27 prior to launching. The
procedures and limits contained herein are based on the standards of

the Atomic Energy Commission and other appropriate regulatory agencies.
The contents of this manual are intended to serve as a guide for the
preparation of specific instructions by the SNAP-27 custodial activities

e

concerned. Emergency procedures are contained separately in Volume II.

1.2 Responsibility
Each SNAP-27 custodial activity is responsible for the prepa-

ration of its specific instructions for assuring compliance with the radiation
protection standards specified herein. Specific authority and respon-

sibilities of named individuals will be as specified in such instructions.

1.3 The SNAP-27

1.3.1 General Description. The SNAP-27 is a radioisotope
fueled thermoelectric power supply being developed by the General Electric
Company for the Atomic Energy Commission. This SNAP-27 generator,
provid@ng a minimum of 56 watts of DC power, will be used as the electrical
power generation subsystem on the Apollo Lunar Surface Experifnent Package
(ALSEP).wﬁich is being developed for the NASA Manned Spacecraft Center.
The ALSEP is a package of instruments and supporting subsyst.erns that will
be placed on the luhar surface by the astronaut and will transmit lunar geo-
physical information for a period of at least one year after departure of the

spacecraft.





The objectives of the Apollo Pregram are the landing of men on the moon,
limited observatlon and exploration of the moon by the crew, and return
to earth. In addltlon to carrying lunar geological equipment and using
this equipment on the surface, the astronaut will set up and activate the
ALSEP which will be left on the lunar surface to.transmit data after the
astronauts have left the moon as shown in Figure 1. The SNAP-27 power

subsystem will provide the électrical power for.the ALSEP,

Prior to delivery of the flight unit, a total of fifteen full- scale generators
and five mock ups will be built and tested. These will be used for gen-
erator prototype development, qualification testing, life testing, astronauf
training, and various system integration tests to be performed by the Manned
Spacecraft Center and its ALSEP contractor. In parallel with the fabrication
and testing of prototype and qualification generators, an extensive program
of component development testing is being carried out to fully verlfy the

design.

The present design weight of the fueled generator assembly including con-
necting cable and connections is approximately 38.6 pounds. The raw

electrlcal output of the generator-is a minimum of 56 watts.

The design of the fuel capsule heat protection system for the SNAP-27 RTG
will permit ther capsule to survive an abort from earth orbit and land intact
withou't dispersing radioactive materials within the biosphere. This is the
first aerospace SNAP program where the safety requirements dictate intact
re-entry of the fuel capsule and an extensive series of arc tunnel heat

transfer and aerodyhamic tests are being performed to establish the relia-

bility of the re~entry shield configuretion.
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Figure 2 indicates the SNAP-27 RTG assembly and Figure 3 presents mockup
models of the RTG showing fuel capsule insertion with handling tool, the
Lunar Excursion Module (LEM) fuel shipping cask, the fuel capsule handling

tool, and the fuel capsule and ‘generator and plate.

The SNAP-27 generator will be transported to the lunar surface within the
scientific equipment bay of the Lunar Excursion Module (LEM) descent
stage. The fuel capsule (heat source) will be transported to the moon in
a separate protective cask, mounted on the LEM vehicle. This fuel cask
will contain re-entry heat shielding which will assure intact re-entry from
earth orbit. Thus, the generator will be transported to the moon in an un-
fueled condition (no electrical power output is required during transport) .
After lunar landing, the ALSEP and SNAP-27 génerator will be extracted
from the LEM by one member of the crew, and carried to a location that
provides optimum placement of the equipment and sens‘ors .' Generator
fueling will be accompli.shed either prior to or after final placement on

the lunar surface and the ALSEP operation will then begin.

The decision by the NASA to fuel the generator on the moon, rather than
to carry a hot (fueled) generator within the LEM scientific equipment bay,

was 'based on the following factors:

a. It is difficult to provide adequate heat re-
moval for.a fueled generator within the LEM equipment bay during the
launch and lunar transit periods when the generator heat rejection fins

have a poor view of space.
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b. Astronaut safety considerations favor the
handling of a cold generator on the moon to prevent high témperatu_re fin
surfaces from coming into contact with the astronaut's pressure suit.
Thermal surface temperatures of the capsule will present a burn hazard

to personnel during all phases of its handling.

c. The simplification of the interfaces between
the ALSEP, SNAP-27, and the LEM vehicle, afforded by the use of a
separately-shipped fuel capsule, permits greater flexibility in design and

stowed equipment arrangement'.

Figures 4 through 6 are artist's cone_eptions of possible lunar handling
and deployment schemes for the SNAP-27/ALSEP/equipment. Figure 4
shows the removal of the fuel capsule from the LEM fuel cask, which
is mounted outside the sc1entif1c equlpment hay. The cask is rotated
to the horizontal posu:ion and the hot capsule is withdrawn by means of
a fuel capsule handling tool. The radiation from the exposed capsule

s primarily low ‘level neutron and gamma radlatlon and the total dose rate

w111 be approxirnately 54 mrem/hr at 1 meter from the fuel capsule.

Flgure 5 shows the removal of the ALSBP equlpment contamers from the
LEM, while the fuel capsule is temporarlly suSpended from the LEM
landing structure. A possible packaging concept for one of the equip-
ment containers is illustrated in Figure 6 where the unfueled generator
is mounted to a honeycomb panel thai; also serves as the lunar mounting
platform. The box' structure attached to the. base contains other ALSEP
components mounted on the sides and top. After removal of the box, it

could be carried to the final site, thus av01ding an extra irip to and from





Figure 5, Removal of ALSEP Equipment Containers





_ Figure 6. Packaging Concept for SNAP-27/ALSEP Components





LEM to obtain the fue.l ca_psule . At least 25 minutes are required for the
generator external surface te rise ZQ»QQP above ambient temperature after
fuel insertion; and the fueled package could be carried by the erew member
within this time interval. The ‘tool _used for the fueling operation (see
Figure 7) is simple and uées only linear motion for locking and remotzal.
Since large clearances are provided‘bet'ween the fuel capsule and the
generator fuel cavity, a very high rellabillty can be assoc1ated with the

fueling operation.

The high heat rejection teni,p'eraturepf' the g'ener,ator'requires that care
be taken in the placement of heat-sensitive .electrc'mic g:omponents im-
mediately adjacent to the heat rejegtian surfaces Large adjacent
surfaces which block the generators view of space also affect its ability
to reject heat and cause a rise in radlath temperature . Objects as large
as the generator itself will cause less than a 10° F rise in radiator tem-
perature if kept-at least 2 feet away from the generator. Heat input to
adjacent components from the generator can generally pe kept reasonably

low by:
a. A separa_t_ion distaﬁce of several feet,

b. Orientmg the surface w1th mlmmum area towards

the generator (low view factor), and

c. Applylng a low absorpt1v1ty/h1gh emlsswlty

coating to the exposed surface

Thermal integratiori problems between the SNAP-27 and ALSEP on the lunar
surface are expected to be mmimal because of the flexibility allowed in

equlpment placement.
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| TOOL SLOT
 FUEL CAPSWLE

GENERATOR

Figure 7, Fuel Capsule Locking System and Handling Tool
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1.3.2  Radiological Factors. The SNAP-27 fuel is com-
posed of fissionable material which contains radioisotopes which principally
emit alpha, gamma, and neutron radiations . It,therefore, presents the

following potential radiological hazards .

a, . Accidentel Critical'ity. All fissionable_
materials are an inherent criticalit}{ hazard. The degree of hazard is a
function of meny factors such as mass, geometry, moderation reflection, '
poisons, etc. Since the mass of fis sionable material in a SNAP-27 fuel
capsule is considerably less than (approx1mately 1/5) the minimum mass
required to achleve criticality under optlmum conditions of geometry, and
reflection, and in view of the handling and storage restrictions, the prob-
abJ,hty of an accidental criticality is considered too remote to be class-

ified as a hazard in this manual.

b. External Radiation Exgosure . The gamma
radiation emitted by the SNAP-27 fuel capsule originates from the fuel

material 1sotopes and their decay products ' fission products resulting
“from spontaneous fission of the fuel, radicactive impurities in the fuel
and from the interaction of alpha pertic‘les with oxygen. 'The gamma
energy spectrum of pure fuel materia..jl is predorn,inently a low energy .
spectrum (0.04 to 0.50 MEV). Because of the long half-lives and/or
small 'quantities of other raolioactive impurities;,, these isotopes do not

contribute significantly to the gamma activity of a SNAP-27 fuel capsule.

The small penetrating power of the alpha particles emitted eliminates

them from the potential sources of external radiation exposures. The

~ neutron radiation ernitted will consist principally of neutrons from the v,

n reaction with oxygen and from spontaneous and induced fission of the fuel

material.
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The combined neutron and gamma dose rates anticipated from the SNAP -27

components are shown in Table 1.1.

TABLE 1.1

TOTAL GAMMA AND NEUTRON DOSE RATES
FROM SNAP-27 COMPONENTS

Component ‘ mrem/hr at 1 meter from center
radially axially
Bare fuel capsule . .54 42
Generator 50 42
LEM cask ' 54 , 42
Ground shipping container 20 20

C. Internal Radiation Exposure. The long bio-
logical half-life, the high energy and specific ionization in tissue of the
emitted alpha particles, and the body's selective localization of the SNAP~-
27 fuel material in the bone combine to result ir very low (0.04 to 0.9

pCi) permissible body burdens for these radionuclides.

The alpha particles emitted by the sourée material, when the source ma-
teriél is deposited within the body, are the major contributing source of

internal exposure.

Internal deposition of SNAP-27 fuel material and the resulting internal
-exposure to critical organs due principally to alpha particle emission is
considered to be the most significant hazard associated with the accidental
release of this matérial. Routes of entry and exposure to critical organs

are discussed later.
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It can be noted from Table 1.2 that in terms of hazards to the critical
organs, only Pu-238 appears to be significant. The relative hazards

from the remaining isotopes are orders of magnitude less impoftant .

TABLE 1.2

RELATIVE HAZARD PER UNIT MASS OF PLUTONIUM FUEL

' AS A FUNCTION OF CRITICAL ORGAN

Fuel ~ Critical Organ
Comp. - .

Isotope Wt.% Lung Bone G.I. Tract
Pu-238 | 0.80 1.0 1.0 1.0

Pu-239 | 0.165 7.0x10% |2.3x107% | 7.0x107%
Pu-240 | 0.025 4.0x107% [1.3x107% | 4.0x 107
Pu-242 0.008 6.0x10°% |7.0x107% | 1.3« 1074
Pu-243- | 0.0008 ' |

- 1.4 Training |
| Prior to handling and us’i’ng SNAP-27 fqel capsules, all
personnel should receive basic indoctrination and training in the hazards
associated with radioactive material and the methods for minimizing these

ha zardé .

Such a training program is intended to increase worker proficiency and

should include the following topics as a minimum:
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a. Characteristics of radiation,

b. Fundamentals of radiation safety,

c. ‘Biological effects of radiation,

d. Maximum permissible exposures,

e. Methods of confrolling exposures,

f. . Description and use of protective clothing and equip-
ment,

g. Description and use of radiation detection instrumentation

and equipment,

h. Survey techniqueé ,
i.  Normal operating procedures,
jo Emergency procedures.

2. PERMISSIBLE DOSES, LEVELS, AND CONCENTRATIONS

2.1 Permissible Doses

2.1.1 Occupational Exposure. Transport, handling and
storage of a SNAP-27 shall be carried out in such a manner as to assure
that any individual within a restricted area doeé not receive a dose in
excess of the limits specified below - such a dose being that due to
radiations from the SNAP-27 and from any occupational exposures re-
ceived from other radiation sources of the custodial activity. Exposures
received for mediéal purposes == e.g. diagnostic or therapeutic -- are

excluded from these limits.

-15-





REMS PER CALENDAR QUARTER
a. Whole body; head and trunk; active blood-

forming organs: lens of eyes; or gonads—--~—--- 1 ;25 rems .
b. 'HandS' and forearms; feet and ankle§——=-m——w— 18.75 rems
c. Skin of whole body=~=-======em—mee_________ 7.50 rems

Provisions should be made for increasing the whole body exposure limit
to 3.0 rem per calendar quarter when the increase is considered neces-
sary and has been authorized by the Radiological Safety Officer in com-~

pliance with Section 20.101, Paragraph (b), of 10CFR20.

Note: To assure that the exposure limits are not exceeded, it is generally
desirable for an activity to adopt a shorter operatlonal control period,
e.g. one week (7 continuous calendar days) or one day. On this basis,
for example the operational control limits for whole body occupational

exposure would be 100 mlllirems per week; or 20 millirems per day.

2.1.2 Minors within a Restricted Area. Minors (i.e.,
persons under 18 years of age), shall not be allowed to receive an ex-
posure in excess of 10 per cent of the limits specified in paragraph 2.1.1

(@), (b) and (c).

- 2.1.3 Individuals in Unrestricted Areas. Any individual

in an unrestricted area shall not receive a dose to the whole body in any

period of one calendar year in excess of 0.5 rem.

2.2 Permise;ble Levels

2.2.1 Dose Rates

a. Restricted Area. See Section 3.2 below.
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b. Unrestricted Area. Transfer, handling, and

storage of a SNAP-27 shall be performed in such a manner that the com-
bined (gamma plus neutron) dose rate in‘any unrestricted area ,. from the
SNAP-27 radioactive material and other sources of radiation in the

custodian's possession, shall not exceed:

(1) Radiation levels which, if any individual
were continuously present in the area, could result in his receiving a

dose in excess of two millirems in one hour; or

(2) Radiation levels which, if an individual
were continuously present in the area, could result in his receiving

a dose in excess of 100 millirems in any seven consecutive days.

c. Miscellaneous. Other dose rate l1limits are

specified in the appropriate sections below.

2.2.2 Surface Contamination. The radioactive material
of the SNAP-27 is securely contained-in a sealed capsule. Furthermore,
encapsulation specifications réquire that all eﬁernal surfaces of the
s_eai'led source be free of contamination. Therefore, under normal con-
ditions there should be no contamination, either loose or fixed, on the
source itself or on surfaces of items coming in direct or indirect contact
‘with the source. However, if the limits indicated below are exceeded
for general surface areas (floors, bench tops, etc .), an immediate
evaluation of the radiological condition of the capsule is required in

order to take necessary action in timely fashion. See Volume 1I.
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SURFACE CONTAMINATION GUIDES

Detection Method Limit
(@) Alpha survey meter - Non-detectable above background
(b) Beta-Gamma Su&ey ' 0.1 MREM /hr

Meter
(c) Smear wipes - 5 puCi/100 cm2

450 puCi/100 cm®

Note: Limits applicable to specific functions (e.g. leak-testing of
capsule) are indicated in the appropriate sections below. Other guidance

limits are specified in Volume II.

2.3 Permissible Concentrations

Since the radioactive material of the SNAP-27 is contained in
a sealed source, no rad10act1ve material is expected to leak from the
source under normal conditions of transfer, handling, and storage. The
limits spemfied in Appendix A are presented here for guidance purposes
and for purposes of defmmg and evaluating emergency situations. Usge
of these limits shall be in accordance with appllcable provisions of 10-
CPRZO See Volume II.

3. HANDLING AND STORAGE -- PRECAUTIONARY. PROCEDURES

3.1 Instruction of Personnel and Posting of Notices to Emplovees

3.1.1 Instruction of Personnel. All individuals working

in or frequenting any portion of a restricted area shall be:

a. Informed of the existence of radioactive

.material and of the radiation levels in the restricted area;
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b. Instructed in the radiological safety problems
associated with exposure to the radiation from the source(s) concerned

and in the precautions and procedures to minimize eXposure;

C. Instructed in applicable provisions of AEC

regulations and interagency agreements.

d. Advised of radiation exposure reports which
employees may request in accordance with 10CFR20. ‘See Section 5.1

below.

3.1.2 Posting af .Notices .

a. Form AEC-3. Form AEC-3, "Notice to
Employees", shall be conspicuously posted in a suffi_éient number of
places to permit employees working“in or frequenting any portion of a
restricted area to observie a copy on the way to or from their place of

employment.

Note: Copies of Form AEC-3, "Notice to Employees" , may be obtained
by writing to the Director of the appropriate Atomic Ehergy Commission
Régional Compliance Office listed in Appendix B or the Director, Division

of Licensing and Regulation, USAEC, Washington 25, D.C.

b. Miscellaneous. A copy of each 6f the

following items shall be conspicuously posted so as to permit their
being observed by employees concerned on their way to and from their
place of employment, or such documents are to be made available for

employee's examination upon request:

(1) Current copy of 10CFR20,
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(2) Copy of applicable AEC interagency
agreement,

(3) Copy of operating and emergency
radiological control procedures. applicable to the SNAP-27.

3.2 Classification of Areas and Posting Requirements

3.2.1 ‘Radiation Symbol. All radiation caution signs,

labels, etc., shall use the conventional three-bladed design and colors
specified below:

RADIATION SYMBOL

1. Cross-hatched area_ is to be magenta or purple.

2. Background is to be yellow.

[

e
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Any additional information which may be appropriate in aiding individuals
to minimize exposure to radiation or to radioactive material may be pro-
vided on or near such signs and labels. Such information could include

such items as:

a. Identification of source(s);

‘b. Dose rates at specified distances from source,
or at areas of interest; '

cC. Persons to notify during work hours and

during off-duty hours, and their telephone numbers and home addresses;

d. Date of last health physids survey of area; etc.
e. Personnel monitoring and/or protective clothing
requirements.
3.2.2 Unrestricted Area. "Unrestricted Area" means any

area access to which is not controlled by the custodial activity for pur-
poses of protection of individuals from exposure to radiation and radio-

active materials, and any area used for residential quarters.

3.2.3 Restricted Area. “"Restricted Area" means any area

accéss to which is controlled by the licensee for purposes of protection
of individuals from exposure to radiation and radioactive materials.
"Restricted Area" shall not include any areas used as residential quarters,
although a separate room or rooms in.a residential building may be set

apart as a restricted area.

3.2.4 ~ Radiation Area.

a. Definition. "Radiation Area" means any area,

accessible to perspnnel, in which there exists radiation, originating in
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whole or in part within radioactive material in SNAP-27 device(s), at
such levels that a major portion of jche body could receive in any one
hour a dose in excess of 5 millirems, or in any 5 consecutive days a
dose in excess of 100 millirems. In general, a radiation area is one

in which the dose rate is between 2 1/2 and 100 millirem/hour.

b. Posting Requirement. Each radiation area

shall be conspicuously posted with a sign or signs bearing the radiation

caution symbol and the words:

CAUTION
RADIATION AREA

3.2.5 High Radiation Area.

a. Definition. "High Radiation Area" means any

area, accessible to personnel, in which there exists radiation, originating
in whole or in part within radioactive material in SNAP-27 device(s), at
such levels that a major portion of the body could receive in any one hour

a dose in excess of 100 millirems.

b. Posting Reguirement. Each high radiation area
shall be consplcuously posted with a sign or signs bearing the radiation

caution symbol and the words:

CAUTION
HIGH RADIATION AREA

c. Control Device. Each high radiation area shall

be equipped with a control device which shall either cause the level of

radiation to be reduced below that at which an individual might receive a
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dose of 100 millirem in one hour upon entry into the area or shall energize
a conspicuous visible or audible alarm signal in such a manner that the
individual entering and the custodian or a supervisor of the activity are
made aware of the entry. In the case of a high radiation area established

for a period of 30 days or less, such a control device is not required.

3.2.6  Airborne Radioactivity Area.
a. Definition. "Airborne Radioactivity Area" means:

(1) Any room, enclosure, or operating area in
which airborne radioactive materials, composed wholly or partly of SNAP-
27 radioactive material, exist in concentrations in excess of the amounts

specified in Appendix A, Table 1, Column 1 of this manual.

(2) Any room, enclosure, or operating area in
which radioactive méte'rial composed wholly or partly of SNAP-27 radio-
active material exists in concentrations which, averaged over the number.
of hours in any week during which individuals are in the area, exceed
25 percent of the amounts spécified in Appendix A, Table 1, Column 1,

of this manual.

b. Posting Requirement. Each airborne radio-
activity area shall be conspicuously posted with a sign or signs bearing
the radiation caution symbol and the words:

CAUTION
AIRBORNE RADIOACTIVITY AREA
3.2 7 Storage and Operational Areas. In addition to the
posting requirements listed above, each area or room in which the radio-
active material capsule is used or stored shall be conspicuously posted

with a sign or signs bearing the radiation caution symbol and the words:
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CAUTION
RADIOACTIVE MATERIAL

3.2.8 Radioactive Material Containers. Each container

in which SNAP-27 radioactive material is transported, stored, or used
shall bear a durable, clearly visible label bearing the radiation caution
symbol and the words:"
CAUTION
RADIOACTIVE MATERIAL
For containers used for storage of a SNAP-27 fuel capsule the required
labels shall state also the quantities and kinds of radioactive materials

in the containers and the date of measurement of the quantities.

3.2.9 Exceptions from Posting Reguirem'ents .

a. A room or area is not required to be posted
with a caution sign because of the presence of a sealed source provided
the radiation level twelve inches from the surface of the source container

or housing does not exceed five millirem per hour.

b. Caution signs are not requiréd to be posted
at areas or rooms containing radioactive materials for periods of less

than eight hours provided that;

(1) The materials are constantly attended
during such periods by an individual who shall take the precautions neces-
sary to prevent the exposure of any individual to radiation or radioactive

materials in excess of the limits specified in this manual and;

(2) Such area or room is subject to the con-

trol of the custodian activity.
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3.2.10 Exemptions for Radioactiv;a Material Packaged for
Shipment

Radioactive material pac'kaged and labeled in ac-
cordance with regulations of the Interstate Commerce Commission shall
be exempt from the abov'e labeling and posting requirements during ship-
ment, provided that the inside containers are labeled in accordance with

the provisions of paragraph 3.2.8.

3.3 Personnel Monitoring
Appropriate personnel monitoring equipment (film badge, dosim-
eter, film ring, etc.) shall be issued to, and shall be required to be

used by:

a. Each individual who enters a restricted area and is
likely to receive a dose in any calendar quarter in excess of 25 percent

of the applicable iralﬁe ‘specified in paragraph 2.1.1 above.

b. Each minor {i.e. person under 18 years of age) who
enters a restricted area and is likely to receive a dose in any cal-
endar quarter in excess of 5 percent of the applicable value specified

in paragraph 2.1.1 above.
C. Each individual who enters a high radiation area.

The film badges issued should contain film for meésuring both beta-gamma
and ﬁeutron exposures and other suitable methods for measuring high level
gamma and neutron eXposures such as microdosimeter glass rods and
indium foil in the event of a criticality incident. Pocket dosimeters used
for normal operations should be the self'—reading type having a range of
200 mrem. Additiohal self-réading dosimeters having a range of 25 rem

should also be available for measuring emergency €xposures.
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3.4 Surveys

3.4,1 Dose Rate Measurements

a, Handling and source-capsule loading/removal
operations. Dose rate ﬁeasurements for both gamma and neutron radiation
shall be made at the various points of interest from the radioactive material
of the SNAP-27, prior to, during, and following.-the operations -~ as ap-
propriate, in order to determine the exposure-time limits to assure that

the applicable permissible doses specified in Section 2.1 are not éxceeded.

b. Storage .

- (1) Dose rate measurements for both gamma
and neutron radiation shall be made within the restricted area, at various
distances and in all directions from the radioactive source of the SNAP-27,
in order to determine the boundaries of the "Radiation Area" and "High
Radiation Area"-and to carry out the posting requirements for such areas ,
as specified in paragraphs 3.2.4 and 3.2.5. Additionally, such measure—.
ments shall be made in all adjoining areas (including floors immediately
above and below the source) to determine necessary actions to take (e.qg.
éhielding) to prevent unnecessary exposure of personnel. Normal work
areas adjacent to permanent storage areas should be below 0.1 millirem/

hour.

Shelves, cubicles, or containers for storing SNAP—27 fuel capsules shall
provide necessary spacing between units necessary to avoid criticality
and include design features which preclude spacing.patterns other than

those intended.

c. Criticality Monitor. To meet the requirements

of 10CFR70: Maintain in each area in which a SNAP-27 source capsule is
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handled, used, or stored, a monitoring system, including gamma or
neutron-sensitive radiation devices, which will energize clearly audible
alarm signals in the event a condition of accidental criticality occurs
which generates radiation levels of 300 rem per hour one foot from the
source of the condition. The monitoring devices in the system shall
have a pre-set alarm point of not less than 5 millirem per hour (in order
to avoid false alarms) nor more than 20 millirem per hour. In no event
may any such device be farther than 120 feet from a SNAP-27 source
capsule being handled, used, or stored; lesser distances may be neces-
sary to meet the requirements of this provision on account of intervening

shielding or other pertinent factors.

3.4.2 Surface Contamination Checks

a. Source/Capsule Container. External surfaces

of the radioactive source capsule or container shall be checked for

evidence of contamination, as specified in paragraph 3.5 below.

b. Items Coming in Contact with SNAP-27.

Items which have come in contact with the radiocactive cap.sule- of the SNAP-
27 are to be considered as being contaminated and to be handled accordingly
until proved otherwise by qualified personnel who check them by means of an

alpha survey instrument and smear wipes.

c. General Surface Areas. Surfaces of table tops,

-floors, equipment, etc., in the immediate environs of the radioactive
source shall be checked for contamination, by means of alpha survey

instruments and smear wipes:

(1) Routinely, at intervals not to exceed one

week; and
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(2) Immediately after the source is trans-

ferred from the area.

If an area into which a SNAP-27 fuel capsule is to be transferred has
previously been used to-store or handle other radioactive materials . the
background radiation and contamination levels of the area should be

determined prior to the transfer.

d. In Case of Positive Results . Positive results

from the above checks are to be considered indicative of an abnormal

situation which requires immediate attention and evaluation. See Volume II.

3.4.3 Airborne Radioactivity Measurements

a. Measurements . Radioactivity measurements

shall be made of airborne particulates in the general room air where the
SNAP-27 is used, handled, or stored. These measurements should be
carried out by means of a continuous air monitor (CAM) for alpha radio-
activity. The CAM shall contain both visual and audible alarms . which
shall be located in a normally occupied area. Such a CAM is not required
if the period of the SNAP-27 in an area is less than 30 days. In lieu of
fhe CAM, however, samples of airborne particulates in the area shall be
periodically collected and assavyed for alpha activity -- at intervals not

to exceed one week.

b. In Case of Positive Results. Positive results

(above natural airborne radioactivity) of these measurements are to be
considered indicative of an abnormal situation which requires immediate

attention and evaluation. See Volume II.
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3.4.4 Hazards Evaluation for Special Tests of SNAP-27

a. Prior to conducting a special test (e.g.
shock, vibration, environmental, etc.), in which the fuel capsule
is subjected to conditions which may lead to the escape of SNAP-
27, a special hazards evaluation of the specific test involved shall be
made by qualified persons. Such an evaluation and plans for necessary
engineered safeguards, radiation monitoring and controls, etc., shall
be presented for review and approval of the individual holding final

responsibility for radiological safety in the activity concerned.

b. The required engineered safeguards, radiation
monitoring and controls, etc., shall be carried out prior to, during, and

immediately following approved tests.

C. For emergency procedures, see Volume II.

3.5 Leak-Testing of Sealed Source

‘a. The sealed source of each SNAP-27 shall be tested for
leakage of radioactive material, by means of the smear wipe technique.
'Preferably, the smears should be taken on the external surfaces of the
source capsule itself. Depending on conditions, however, it may be
considered sufficient to sméar wipe accessible' surfaces of the SNAP-27
fuel cask or converter in which the source is contained or has been recently

contained.

b. . Leak-testing is to be performed only by a qualified
person who is thoroughly familiar with the radiological safety and other
factors involved -- e’.g. dose rates, thermal surface temperature of

capsule, etc.
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c. Frequency of Leak-Tests. Leak-testing of each SNAP-27

source capsule is to be performed:
(1) Prior to transferring it to another location.
(2) Upon its initial arrival at a new location.

(3) Prior to and immediately following special tests

requiring a hazards evaluation. See paragraph 3.4.4 above.

(4)  Periodically, at intervals not exceeding three

months, when source is in a fixed location.

d. Leaking Source.

(1) The method of leak-testing a capsule should be
uniform among facilities if a single Aactivity limit is to be applied as the

criterion for determining when a capsule is leaking.

Section 70.39 of 10CFR70 considers a source to be leakingvif the results
of the leak tests indicate surface activity in excess of 0.005 microcuries
(1.1 x 104 dpm) . Since this limit is well above the minimum detectable
activity for alpha counting systems, it is advisable to select a lower

limit in determining when a source capsule is leaking.

Therefore, a source capsule is to be considered’leaking when the results

of a leak test indicate 50 uuCi or more of removable contamination .

(2) Action. If a source capsule is found to be leaking;

carry out applicable emergency procedures contained in Volume II.

3.6 Source-Capsule Loading/Removal Operations

The following functions shall be carried out whenever the fuel
capsule is to be removed from one container (Ground container, LEM fuel

generator) to another:
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a. Thoroughly review specific procedures for the operation,
as provided with the SNAP-27. Fully brief all individuals involved, and
become thoroughly familiar with special tools required. Perform "dry
runs" as necessary -- taking into account minimum working distances

and exposure-time restrictions based on anticipated dose rates.

b. Issue appropriate type film badges and self-reading
dosimeters to each individual to be involved in the operation. In ad-
dition to a whole body badge, a wrist badge or film ring is to be issued
to each individual who is expected to receive a significantly higher dose
to the hands than to the whole body. Review radiation exposure records
‘to assure that individuals concerned will not be overexposed for the
current peridd, as a consequence ‘of the dose calculated to be received

during the operation.

c. Take steps necessary (e.g. ropes, barricades, radi-
ation caution signs, etc.) to prevent entry of unauthorized persons with-
in the operational zone -- area where dose rate is measured to be

greater than 2 1/2 millirem/hour.

d. Prepare for contamination control, on the assumption
that thé source capsule may be contaminated or that a contamination-
resulting accident could occur during the operation. Such precautionary
procedures include use of paper coverings on surfaces of floors or tables
which may be.exposed to contamination during the operation; placing on
paper covering all tools and items which come in direct contact with the
source; having on hand such items as alpha survey instruments, air

sampler, smears, gloves, etc. See Volume II.
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e. Prior to the operation, check source capsule container
for evidence of contamination, as specified in Section 3.5. Also, check
for contamination of the internal surfaces of the empty container to which

the source capsule is to be transferred.

f. Carry out dose rate measurements for both gamma and
neutron radiation prior to and, as necessary, during the transfer and
after the capsule has been placed in the appropriate container, as speci-

fied in Paragraph 3.4.1 above.

g. Maintain required control of exposure time of individuals
by establishing and adhering to exposure time limits. Refer to readings

of self reading dosimeters frequently. Avoid all unnecessary exposures.
h. Following transfe;' of source capsule:

(1) Read dosimeters of persons to estimate total dose
(gamma and neutron) received during the operation. If indicated by a
dosimeter reading or if the dosimeter is off scale, have the film badge

of that person processed. immediately in order to obtain an accurate

determination of the total dose received.

(2) Check the emptied container for evidence of
contamination. Also, as specified in Section 3.4 .2 check all items and

surfaces which were exposed to potential contamination during the operation.

(3) Measure dose rates resulting from the source

capsule in the container, as specified in Section 3.4.1.

(4) Remove temporary barriers, signs, etc., if no

longer required. -
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(5) Survey controlled area to assuré it is clean.

3.7 Storaage

a. The fuel capsule of a SNAP-27 shall be stored in its
special container together with required auxiliary equipment, in accord-

ance with the specific handling instructions aqcompanying the device.

b. Applicable provisions specified above in paragraphs

3.1 - 3.5 shall be complied with.

C. Permanent storage locations shall be maintained under

the cognizance of the Radiological Safety Officer of the custodial activity.

d. Permanent stora;;e locations shall be protected from en-
trance by unauthorized personnel by means of locks or physical barriers,
security alarms and conspicuously posted with appropriate radiation

caution signs.

e. Barriers surrounding permanent storage areas shall be
placed in such a manner that access is restricted to all points wherein

.th'é radiation'intensity is greater than 2 .5 millirem/hour.

f. Normal work areas adjacent to permanent storage areas

shall be below 0.1 millirem/hour.

g. No explosive or flammable materials shall be stored

or used in the same or adjoining rooms with a SNAP-27 fuel capsule.

h. A permanent storage area shall have the required engine-
ered safeguards specified in the instructions prepared for the SNAP-27.
Such safeguards include those for effecting containment of airborne radio-

activity in the storage area in the event of an accidental release of radioactive
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material from the sealed fuel capsule and for preventing tracking of con-
tamination. The room should be equipped with the necessary criticality
monitoring equipment previously described. Storage.facilities should
contain appropriate shelves, cubicles, cages or other equipment neces-
sary to assure proper spacing between units when more than one unit is
stored in the same area. The storage room must not be at a positive
pressure in relation to adjoining areas, and air vented from the storage
room shall be preferably filtered and exhausted directly to the outside
at a point well removed from actual or potential air intakes of buildings.
The switch for turning off the air vent shouid preferably be locéted near

the principal entrance to the storage room.

i. Comply with the preparation procedures for radiation

emergencies specified in Volume II .

. Removal of a fuel capsule from its designated storage

area shall be in accordance with procedures specified in Section 4 below. :

k. If the storage place'of a fuel capsule is in an unrestricted
area, the capsule shall be secured against unauthorized removal from the
place of storage and appropriate sections from A through J above shall

apply.

3.8 Decontamination

Under normal conditions of handling, storage, and transport of
the SNAP-27 source capsule, there should be no need for decontamination.
According to encapsulation specifications, the radioactive ‘material is
éecurely contained in the sealed capsule, and the external surfaces of
the capsule are free of contamination as spécified in 3.5. A contamij-

nation occurrence resulting from leakage or release of radioactive material

-34-





from the source capsule is considered as a radiological incident, and

is covered -- along with subsequent "decontamination" -- in Volume II.

3.9 Radioactive Waste .

No radioactive waste is involved under normal conditions of
handling, transfer, and storage of the sealed fuel capsule of a SNAP-27.
For procedures involving radioactive waste resulting from a radiological

incident, see Volume II.

4, TRANSPORT--PRECAUTIONS AND REGULATIONS

4.1 Within Custodial Activity

a. Transfer of the fuel capsule of a SNAP-27 from one
physical location to another withih the same custodial activity shall be
made with the capsule secured in ifs special container, together with
any of its auxiliary equipment‘, and in accordance with special handling
instructions accompanying the device. All applicable provisions of Section

3 above shall be complied with.during'and following such a transfer.
b.  Prior to transfer of the SNAP-27 fuel capsule:

(1) Check the capsule (or container) for contamination,

as specified in paragraph 3.5.

(2) Measure dose rates in order to assure doses
received by persons during transfer operations do not exceed limits

specified in paragraph 2.1.

c. P;ovide health-physics coverage during transfer operations,

as necessary.
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d. Measure dose rates (gamma and neutron) in environs
of the source capsule in its new location, to assure compliance with
requirements specified in Section 3.7; and carry out posting requirements

specified in Section 3.2.

e. After arrival at its new location, check capsule (or
container) for contamination, as specified in paragraph 3.5. (Optional

step, dependent on circumstances involved in the transfer.)

f. Check vacated storage area for contamination and re-

move all radiation caution signs which are no longer applicable.

4.2 Shipment to Off-Site Activity

a. Transfer of the radioactive material capsule of a SNAP-27

shall be made:

(1)  Only to an activity which is specifically authorized
by AEC license or interagency agreement, and addressed to a specific '
individual custodian who has approved the expected date of arrival. The
following information is to be sent to reach the consignee-custodian

befpre the time Qf arrival of the shipment:
(a) .date of shipment;
(b)  expected date of arfival;
(c) method of transportation;
(d) description of material, packaging, etc.;

(e) copies of all pertinent manuals and doc-
uments, e.g., handling procedures, radioiogical control procedures, AEC

license or interagency agreement for SNAP-27, etc.
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(2) With the capsule secured in its 1CC approved
ground shipping container and together with its auxiliary and handling
equipment, all packaged in strict accordance with written instructions
provided with the SNAP-27. On the basis of a nuclear safety evaluation .
of SNAP 27 fuel capsules, procedures and controls to avoid accidental
criticality will be developed. These procedures and controls will be
contained in a separate manual which includes specific packaging
instructions for shipment and will specify the maximum number of

packaged SNAP-27 capsules which may be shipped in a single vehicle,

airplane, or railroad car. These instructions must be complied with .

(3) Only by a mode of transportatlon specifically

approved in the AEC license or interagency agreement for the SNAP-27.

(4) Only in accordance with shipping procedures
which have been specif_ically approved by the Commission and I1CC

where the gquantity of fuel shipped exceeds 20 curies.

b. Prior to packaging of the capsule, check it for leak-

age in accordance with Section 3.5 above.

c. After the capsule is packaged in its transportation

container:

(1) Measure maximum dose rates (gamma and neutron)
at 3 feet from package to assure 1CC specified limits are not exceeded.

Limits for escorted shipments are contained in Step "h" below.

"(2) Check external surfaces of package for alpha
contamination, by'means of both an alpha.survey instrument and smear
wipes . Surface contamination so measured shall be non-detectable with
the survey instrument and shall not exceed 1000 ppCi of alpha activity per

100 square centimeters as determined by smear wipes .
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The contamination limit for beta gamma activity as determined by smear

2
wipes shall not exceed 10,000 yuCi/100 cm

(3) Affix on outside of package the required ICC
specified label and fill in the information indicated on it, in accordance
with instructions contained in paragraph 73.414 ("Radioactive Materials
Labels") of 49CFR73 -- or as indicated in the SNAP-27 packaging

instructions.

(4) Carry out v1sual inspection and testings of
package (1nclud1ng attached auxiliary equipment) in accordance with

the SNAP-27 packaging instructions.

d. Carry out any other special requirements , applicable
to the specific mode of transportation to be employed. Transportation

regulations include those of:

(1) Interstate Commerce Commission -- for trans-
portation in interstate commerce by land or water. Complete regulai:ions
covering packaging, labeling and transportation of radioactive materials

are published as Title 49, Code of Federal Regulations, Parts 71 to 78.

(2) Civil Aeronautics Board -- for tra nsportation. in
aircraft. Applicable regulations are.published in Title 14, Code of
Federal Regulations, Part 49. Various individual éirlines further restrict
the conditions under which they will accept radioactive materials for

transportation.

(3) U.S. Coast Guard -- for transportation by water.
Applicable regulations appear in Title 46, Code of Federal Regulations,
Part 146.
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Notes: (i) Additionally, certain State regulations
pertain to the transportation of radioactive material within the state --
for example, Section 175.11 (g) of the New York City Health Code,
Article 175.

Limitation of Number of "Units". Since most carriers by rail express,
motor truck, or air are not permitted to carry more than 40 units and
since surface carriers are prohibited from storing or stowing more than
40 units in any location, consignments should not be offered for ship-
ment that cannot be accepted by a carrier because of such quantity

limitations.

(ii) There are certain licensed waste disposal
vendors who are authorized to ship more than 40 units of radioactive

material by special permit and by exclusive use of the vehicle.

(A "unit" is equivalent.to a dose rate of one millirem/hour at one
meter from the package, due to radioactive material contained in that

package.)

(iii) Criticality Consideration. See Paragraph
4.2 a(2) above.

e. Provide health physics coverage during packaging

operations. See section 3.6 above.

f. Prior to loading package on transporting vehicle, check
vehicle for contamination, by means of both alpha survey instrument and

smear wipes.

g. Provide health physics coverage during loading of

the package on the transporting vehicle.
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h. Measure dose rates within and outside of carrier and

assure that the following dose rate limits are not exceeded:

(1) 1000 mr/hr or equivalent at 3 feet from the ex-

ternal surface of the package. (Closed car or vehicle only.)

(2) 200 mr/hr or equivalent at any point on the ex-

ternal surface of the car or vehicle. (Closed car or vehicle only.)

(3) 10 mr/hr or equivalent at six feet from the ex-

ternal surface of the car or vehicle; and

(4) 2 mr/hr or equivalent in any normally occupied

position in the car or vehicle.

Note: These limits apply only when the shipment is

transported in a car or vehicle assigned for the sole use of the consignor.

i. Apply "Dangerous - Radioactive Material" placards (or
equivalent) to transporting vehicle as specified in applicable ICC regu-

lations, or in the SNAP-27 instructions.

j. Provide transporting person(s) with appropriate types
of personnel monitoring devices, as applicable. In addition, the driver
(or pilot) or escort shall be issued one alpha survey instrurﬁent and one
sensitive, beta gamma survey instrument in addition to the emergency
supplies and equipment specified in Volume II, which have been recently
serviced and calibrated so that there is reasonable assurance that they
will function properly during the transport. The person to whom these
instruments are issued shall be thoroughly briefed on how to use them

properly.
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k. Check vacated source storage area for contamination

and remove all radiation caution signs which are no longer applicable.

1. Provide shipper with a written set of instructions 'to
be followed in the everit of an accident or leakage of radioactive material
enroute. The driver (or pilot) of the transporting vehicle and the official
escort who will accompany the shipment shall be fully briefed on these
instructions and they shall be furnished with a written set of them which
they shall be required to carry with them on the trip. The set of instructions

shall be brief and explicit and is to include:

(1) Precautions to take for the protection of persons

against radiation hazards.
(2) Actions to take to prevent spreading of contamination.
(3) Reporting requirements. See Volume II for details.

m. Records. The shipping custodial activity shall keep
complete records of the shipment of a SNAP-27 fuel capsule. Such records

shall cover the following items:

(1) Description of material and quantity in each

container.

(2)  Total quantity of special nuclear material in each

shipment.
(3) Serial number of capsule.

(4)  Type of ground shipping container (drawings, if

available.)
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(5  Serial No. and ICC permit number of shipping

container.

(6) Instrumentation used and results of capsule leak
test: measurement of maximum dose rates at 3 feet from ground shipping

container; contamination check of ground shipping contai ner; etc.
(7)  Number of rgdiation units.
(8) vLabels and placards affixed.
(9) Consignee and destination.
(10) Method of shipment.

(11) Class of shipment as defined in 49CFR73, para-
graph (a)(4).

(12) Date of shipment - (proposed) .
(13) AEC license number of consignee.

n. Receiving custodial activity. Upon arrival of the ship-

ment at the receiving custodial activity:

(1) Provide health physics coverage for unloading

operations and transfer to storage area.

(2) Hold transporting vehicle until it has been checked
for coritamination, by means of alpha survey instrument and smear wipes,

and determined to be uncontaminated.

(3) Remove all "Dangerous Radioactive Material"

placards (or equivaient) affixed to transporting vehicle.
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(4) Provide health physics coverage for unpacking

operations. See Section 3.6.

(5) Check source capsule for leakage, as specified

in Section 3 above.

(6) Carry out other required precautionary procedures

specified in Section 3 above.

0. Material transfer reports. A custodian who transfers
and a custodian who receives special nuclear material in the form of a
SNAP-27 fuel capsule shall promptly submit to the Commission on Form

AEC-388 reports concerning each transfer of special nuclear material.

p. Material Status.Reports . Each custodian shall submit
to the Commission on Form AEC-578 reports concerning special nuclear
materials received, transferred, or possessed by the custodian. Such
reports shall be made as of December 31 of each year and shall be filed :
with the Commission within 30 days after the end of the period covered
b‘y the report. A report shall also be made as of June 30 unless the

custodian who during the six months preceding June 30 had losses or
. burnups of less than 10 grams of special nuclear material and did not

receive or transfer any special nuclear material.

5. RECORDS, REPORTS, AND NOTIFICATIONS

5.1 Personnel Monitoring

5.1.1 Personnel Monitoring Records . Maintain records

showing the radiation exposures of all individuals for who personnel

monitoring is required under Section 3.3. Such records shall be kept
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on Form AEC-5, in accordance with the instructions contained in that
form or on clear and legible records containing all the information
required by Form AEC-5. The doses entered on the forms or reéords
shall be for periods of time not exceeding one calendar quarter as
determined by the definition in the glossary. These records shall be
preserved uptil December 31, 1970 or until a date 5 years after

termination of the individuals embloyment, whichever is later.

5.1.2 Notice to Emplovees of Exposure to Radiation. At
the request of any employeé, advise such employee annually of this ex-
posure to radiation as shown in records maintained in accordance with

paragraph 5.1.1.

5.1.3 Overexposures.

a. Notification Requirements. See Section 5.6

below.
b. Reporting Requirements. ’See Section 5.8
below.
5.1.4 Report to Former Employees of Exposure to Radiation.

At the request of a formerv employee, furnish him a report of his exposure

to radiation as shown in records maintained in accordance with paragraph
5.1. 1. Sucha report shall be furnished within 30 days from the time the
request is made; and it shall cover each calendar quarter of the individual's
employment involving exposﬁre to radiation, or such lesser period as may
be requested by the employee. The report shall also include the results of
any calculations and analyses of radioactive material deposited in the body
of the employee. The report shall be in writing and contain the following

statement:
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"This report is furnished to you under the
provisions of the Atomic Energy Commis-
sion regulations entitled Standards for
Protection Agains.t Radiation (10CFR Part
20). You should preserve this report for

future reference."

Note: The former employee's request should include appropriate ident-
ifying data, such as social security number and dates and locations of

employment.

5.2 Surveys
Records shall be maintained showing the results of surveys

and monitoring operations required by Section 3.4,

5.3 Leak-Testing of Sealed Source

Records shall be maintained to show the results of leak
testings of each SNAP-27 fuel capsule, as -specified in paragraph 3.5.

Such records are to inciude the following information.

a. Complete description- and identification of sealed
source .

b. Leak test method used.

c. Results of leak test (microcuries of removable con-

tamination) .
d. Person who performed test.

e. Date.
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5.4 Receipt, Inventory, and Transfer

Each custodial activity shall keep records showing the
receipt, inventory, and transfer of SNAP-27 fuel capsules. See para-

graph 4.2 (h), (o) and (p) above.

5.5 Disposal of Radicactive Waste

See Volume II.

5.6 Notifications of Incidents.

5.6.1 Immediate Notification. The designated custodian

of a SNAP-27 fuel capsule shall immediately notify the Director of the
appropriate Atomic Energy Commission Regional Compliance Office shown
in Appendix B by telephone and telegraph of any incident involving SNAP-
27 radioactive material possessed by him and which may have caused or

threatens to cause:

a. Exposure of the whole body of any,individuall
to 25 rems or more of radiation; exposure of the skin of the whole body of
any individual of 150 réms or more of radiation; or exposure of the feet,
ankles, hands or forearms of any individual to 375 rems or more of

radiation; or

b.  The release of radioactive material in con-
centrations which, if averaged over a period of 24 hours, would exceed
5,000 times the limits specified for such materials in Appendix A, Table

II; or
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Coe A loss of one working week or more of the

operation of any facilities affected; or
d. Damage to property in excess of $100,000,

5.6.2 Twenty-Four Hour Notification. The designated

custibdian of a SNAP-27 fuel capsule shall within 24 hours notify the
Director of the appropriate Atomic Energy Commission Regional Com-
pliance Office listed in Appendix B by telephone and telegraph of any
incident involving SNAP-27 radioactive material possessed by him and

which may have caused or threatens to cause:

a. Exposure to the whole body of any in-
dividual to S rems or more of radiation; exposure of the whole body
of any individual to 30 rems or more of radiation; or exposure of the feet,

ankles, hands, or forearms to 75 rems or more of radiation; or

b. The release of radioactive material in con-
centrations which, if averaged over a period of 24 hours, would exceed
500 times the limits specified for such materials in Appendix A, Table II;

or

Co A loss of one day or more of the operation

of any facilities éffected; or
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d. Damage to property in excess of $1,000.

Note: Any report filed with the AEC pursuant to paragraphs
5.6.1 and 5.6.2 above shall be prepared so that names of individuals
who have received exposure to radiation will be stated in a separate

part of the report.

5.7 Reports of Theft or loss of Radioactive Material

The designated custodian shall report by telephone and tele-
graph to the Director of the appropriate Atomic Energy Commission Reg-
ional Compliance Office listed in Appendix B, immediately after its
occurrence becomes known to the custodian, the loss or theft of a SNAP-

27 fuel capsule. See Volume II.

5.8 Reports of Overexposures and Excessive Levels and Concentrations

5.8.1 Atomic Energy Commission. In addition to any

notification required by Section 5.6, the designated custodian of the SNAP-

27 fuel capsule concerned shall make a report in writing within 30 days to
the D1rector Division of Licénsing and Regulation, U.S. Atomic Energy
Commission, Washington, D.C., with a copy to the Director of the ap-
propriate Atomlc Energy Commission Reglonal Compliance Office listed in

Appendix B of:

a. Each exposure of an individual to radiation
or concentrations of radioactive material in excess of any applicable
limit in this volume I or in the applicable AEC license or interagency

agreement.
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Each report required under this paragraph shall describe the extent of
exposure of persons to radiation or to radioactive material; levels of
radiation and concentrations of radioactive material; the cause of 'thé
exposure, levels, or concentfations; and corrective steps taken or planned

to assure against a recurrence.

Note: Any report filed with the AEC pursuant to this section shall be
prepared so that names of individuals who have received exposure to

radiation will be stated in a separate part of the report.

5.8.2 Individual. In any case where a custodian of a
SNAP-27 fue} capsule is required pursuant to the provisions of this section
to report to the AEC any exposure of an individual to radiation or to con-
centrations of radioactive material, said custodian shall also notify such
individual of the nature and extent of exposure. Such notice shall be in

writing and shall contain the following statement:

"This report is furnished to you under the
provisions of the Atomic Energy Commis-
sion regulations entitled Standards for
Protection Against Radiation (LOCFR Part
20). You should presérve this report for

future reference. "

5.9 Report of Shipping Container Failure

The custodian shall report to the Division of Materials and
Licensing within 30 days, each case of failure of containers used to ship

SNAP-27 fuel capsules, regardless of the cause.
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GLOSSARY

AEC Interagency Agreement means a formal agreement between the

tomic Energy Com'mission and another federal agency, in lieu‘of

an AEC license.

AEC License means a license issued by the Atomic Energy Com-

mission under the regulations in Title 10 Code of Federal Regu-

lations, Part 30, 40, or 70.

Airborne Radioactivity means any radioactive material dispersed

in the air in the form of dusts, fumes, mists » vVapors, or gases.

Airborne Radioactivity Area. See Paragraph 3.2.6.

Calendar quarter means any period determined according to either

of the following subdivisions:

(a) The first period of any year may begin on any date in January;
provided that the second, third, and fourth periods accordingly'begin
on the same date in April, July, and October, respectively, and that
the fourth period extend into January of the succeeding year, if nec-
éssary to complete a three-month quarter .- During the first year of
use of this method of determination, the first period for that year
shall also include any additional days in January preceding the

starting date for the first period.

(b) The first period in a calendar year of 13 complete, consecutive

calendar weeks the second period in-a calendar vear of 13 complete,
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consecutive calendar weeks, the third period in a calendar year
of 13 complete, consecutive calendar weeks; the fourth period in

a calendar year of 13 complete, consecutive calendar weeks.

(c) Alternatively, the four periods may consist of the first 14
complete, consecutive calendar weeks; the next 12 complete
consecutive calendar weeks; the next 14 complete, consecutive
weeks; and the last 12 complete, consecdtive calendar weeks.
1f at the end of & calendar year there are any days not falling
within a complete calendar week of that year, such days shall
pe included (for radiological control purposes) within the last
complete calendar week of that year. If at the beginning of any
calendar year there are days not falling within a complete cal-
endar week of that year, such days shall be included (for radio-
logical control purposes) w1th1n the last complete calendar week

of the previous year.

(d) The method observed by an activity to determine calendar
quarters for radiological control purposes shall not be changed,

except at the beginning of a calendar year.

Criticali';y means the state in which the eAffective neutron multi-
plication constant of a quantity of special nuclear material equals

or exceeds unity, SO that a nuclear chain reaction occurs.

Dose Units

a. Roentgen. Unit of exposure of x- or gamma radiation. One
roentgen is an exposure of x- radiation or gamma radiation such

that the a53001ated corpuscular emission per 0.001293 gm of air
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produces, in air, ions carrying 1 esu of quantity of electricity of
either sign. (One milliroentgen (mr) = 0.001 roentgen) For de-
termining exposurés to x- or gamma rays up to 3 mev, the dose
limits may be assumed to be equivalent to the "air dose". For
the purpose of thié manual, "air dose" means that the dose is
measured by a properly calibrated appropriate type instrument

in air at or near the body surface in the region of highest dosage

rate.

(b) The rad, as used in this manual, is a measure of the dose

of any ionizing radiation to body tissues in terms of the energy
absorbed. One rad is the dose corresponding to the absorption

of 100 ergs per gram (one millirad (mrad) = 0.001 rad) .

(c) The rem, as used in this manual, is a measure of the dose

of any ionizing rad;ation to body tissue in terms of its estimated
biological effect relative to a dose of one roentgen(r) of X-rays.
(One millirem (mrem) = 0.001 rem.) The relation of the rem to
other dose units depends upon the biological effect under con-

sideration and upon the conditions of irradiation. .

(d) See item 8 below.

Equivalent Dose. For radiological control purposes, any of the

following is considered to be equivalent to a dose of one rem:
(a) A dose of 1 roentgen (r) due to x- or gamma radiation.
(b) A dose of 1rad due to x-, gamma, or beta radiation.

(c) A dose of 0.1 rad due to neutrons or high energy protons .
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(d) A dose of 0.05 rad due to particles heavier than protons

and with sufficient energy to reach the lens of the eve.

Note: If it is more convenient to measure the neutron flux, or equivélent,
than to determine the neutron 'dose in rads, one rem of neutron radiation
may, for purposes of applicable regulations, pe assumed to be equivalent
to 14 million neutrons per square centimeter incident upon the body; or,
if there exists sufficient information to estimaté with reasonable accuracy
the approximate distribution in energy of the neutrons per square centi-

meter equivalent to one rem may be estimated from the following table:

NEUTRON FLUX DOSE EQUIVALENTS

Number of neutrons per Average flux to
. square centimeter deliver 100 millirem
Neutron Energy equivalent to a dose of in 40 hours. (neutrons/
(Mev) lrem. (neutrons/cm?) cm? per sec.)

Thermal 970 x 106 670

0.0001 720 x 106 500

0.005 : 820 x 106 570

0.02 200 x 10° 280

0.01 120 x 106 80

0.5 B3 x10° 30

1.0 26 x 10° ' 18
2.5 ' 29 x 106 20

5.0 26 x 106 18

7.5 24 x 106 17

10 : 24 X 106 17

10 to 30 14 % 10° 10
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10.

12.

13.

14.

15.

Individual means any human being.

Nuclear Safety means the avoidance of accidental criticality.

Occupational dose includes exposure of an individual to radiation:
(a) In a restricted area; or

(b) in the course of employment in whic;h the individual's duties
involve exposure to radiation; provided, that "occupational dose"
shall not be deemed to include any exposure of an individual to
radiation for the purpose of medical diagnosis or medical therapy

of such individual.

Personal monitoring equipment means devices designed to be worn

or carried by an individual for the purpose of measuring the dose
received (e.g., film badges, pocket chambers . pocket dosimeters,

film rings, etc.).

Radioactivity Units . Radioactivity is commonly, and for purposes
of this manual, shall be measured in terms of disintegrations per
unit time or in curies. One curie (c) =3.7x 1010 disintegrations
per second (dps) = 2.2 x 1012 disintegrations per minute (dpm) .
A commonly used submultiple of the curie is the microcurie (uCi)

One pyCi=0.000001 ¢ = 3.7 x 104 dps = 2.2 x 106 dpm.

Sealed source. Radioactive material that is encased in, and is

to be used in, a container in a manner intended to prevent leak-

age of the radioactive material.

Special nuclear material means:

(@) - plutonium, uranium-233, uranium enriched in the isotope 233

or in the isotope 235, and any other material which the Atomic Energy
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16.

Commission, pursuant to the provisions of section 51 of the
Atomic Energy Act of 1954, determines to be special nuclear

material, but does not include source material; or

(b) any materiél artificially enriched by any of the foregoing

but does not include source material.

Survey means an evaluation of the radiafion hazards incident to
the production, use, release, dispdsal, or presence of radio-
active materials or other sources of radiation under a specific
set of conditions. When appropriate, such evaluation includes
a physical survey of the location of' materials and equipment,
and measurements of levels of radiation or concentrations of

radioactive materials present.
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APPENDIX A

CONCENTRATIONS IN AIR AND WATER ABOVE NATURAL BACKGROUND*

Table I Table II
Element Column 1 Column 2 Column 1 Column 2
(Atomic No.) Isotope**| Air (uCi/cc) | Water (uCi/cc) | Air (uCi/ce) | Water (LCi/cc)
Plutonium (94) | Pu-238S | 2 x 10~ 12 1x 104 7x10 14 5x 106
I [3x10°11 8 x 104 1x10-12 3x10°5
Pu-239S | 2 x 10712 1x10°° 6x 10 L4 5% 107°°
I | 4x10°1L 8x 1074 1x1012 3x10-5
Pu-240S | 2 x 10" 12 1x10°2 6x 10 14 5x10°°
I | 4x10°11 8x1074 1 x10-12 3x 1079
Pu-241S | 9x 10” 1! 7 x 1075 3x 10 L2 2x 1072
1 | 4x1078 4x 1072 1x 109 1x.10°3
Pu-242S | 2 x 10" %2 1x 104 6x 10 14 5% 10°°
1 | 4x1071! 9 x 1074 1x 10712 3x107°
Pu-2438 | 2x107° 1x 1077 6x 10 % 3x 107
1 | 2x1076 1x 10 8x 108 3x 1074
Pu-2448 | 2% 10712 1x 107 6x1071 [ 451078
I {3x10°11 3x10 1x10°12 1x107°
And single radionuclide
not listed in 10CFR20,
Appendix B, Tables I and
II, which decays by alpha
émission or spontaneous _ _ _ _
fission 6x10 13 4x107 2x10 14 3x108

*  From Appendix B of 10CFR20.
** Soluble (S); Insoluble (I).

NOTE: A complete list of nuclides appears in Appendix B of 10CFR20.
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APPENDIX B

UNITED STATES ATOMIC ENERGY COMMISSION
COMPLIANCE OFFICES*

Region

Address

Telephone

Connecticut, Delaware, Dis-
trict of Columbia, Maine,
Maryland, Massachusetts,
New Hampshire, New Jersey,
New York, Pennsylvania, Rhode
Island, and Vermont

Region I

Division of Compliance
USAEC

376 Hudson Street

New York, N.Y. 10014

(212) 989-1000
Ext. 281

II Alabama, Arkansas, Florida, Region II (404) 526-5791
" Georgia, Kentucky, Louisiana, Division of Compliance
Mississippi, North Carolina, USAEC
Panama Canal Zone, Puerto 50 Seventh Street,N.E.
Rico, South Carolina, Tennessee,| Atlanta, Georgia 30323
Virginia, Virgin Islands, and
West Virginia
III 1Illinois, Indiana, Iowa, Region III (312) 654-1680
Michigan, Minnesota, Missouri, | Division of Compliance (nights and holi-
Ohio, and Wisconsin USAEC days: 257-7711
Suite 410 Ext. 541)
Oakbrook Professional
Building
Oakbrook, Illinois
IV Colorado, Idaho, Kansas, Region IV (303) 297-4211
Montana, Nebraska, New Division of Compliance (nights and holi-
Mexico, North Dakota, USAEC days: 237-5095)
Oklahoma, South Dakota, 10395 West Colfax Ave.
Texas, Utah, and Wyoming Denver, Colorado 80215
V  Alaska, Arizona, California, Region V (415) 841-5620

Hawaii, Nevada, Oregon,
Washington and U.S. Terri-
tories and Possessions in
the Pacific

Division of Compliance
USAEC

2111 Bancroft Way
Berkeley, California

* Appendix D of 10CFR20.
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Contemplating
the Heavens

Many ancient peoples, including the Aztecs, Egyp-
tians, and the builders of Stonehenge, were intensely
interested in astronomy. Their writings and architec-
ture indicate they studied the Moon's phases and
movement. They related the position and the per-
ceived movement of the Sun to Earth and its seasons.
Some charted the stars, identifying the constellations.

Through the ages, scholars suggested various expla-
nations for the makeup, movement, and relationship
to Earth of these heavenly bodies. Like us today, they
wanted to know more about those distant objects, but
a lack of technology limited their ability to learn.

Over the centuries, scientists like Galileo and Newton
described the structure of the solar system and the
movement of the planets. Inventions such as the
telescope permitted them to see the Moon's craters,
the "canals" on Mars, Saturn's rings, and other intrigu-
ing details. This knowledge increased their curiosity
about the Moon, Sun, and planets, and they longed for
more information. They even dreamed of expeditions
across space to explore them firsthand.

R T R Ly e

The Century of Flight

During the 20th century, fantasies about space flight
progressed toward reality on the wings of the many
aircraft that became commonplace. People from vari-
ous countries contributed to the beginnings of space-
craft exploration. One of the most important was an
American, Robert Goddard, who studied both solid
and liquid propellants. In 1916, he Jaunched a test
rocket that traveled 184 feet. Two decades later,
Werner Von Braun and his team of German scientists
were developing powerful new rockets that could fly
hundreds of miles.

In 1954, the United States began Project Orbiter, the
Nation's first major step in developing satellite sys-
tems. The United States would soon become a world
leader in this emerging technology, with the National
Aeronautics and Space Administration (NASA) play-
ing a leading role.

The Quest for Reliable Power

On January 16, 1959, a dramatic photograph appeared in @ Washington,
D.C,, newspaper. The headline proclaimed “President Shows Atom
Generator.” The photograph, above, pictured President Eisenhower and a
group of LLS. Atomic Energy Commissiont (AEC) officials in the Owl
Office at the White House. They were gathered around the President’s
desk, staring at a strange grapefruit-shaped object. Dubbed the world’s
first atomic battery, it was actually one of the earlisst models of a
radioisolope thenmoelectric generator (RTG), a nuclear generator specifi-
cally developed by AEC fo provide electric power during space missions,






The first unmanned vehicle in space was Sputnik,
launched by the Soviet Union in 1957. The United
States followed three months later with its first un-
manned flight, Explorer 1. The number of US. and
Soviet space missions increased dramatically over the
next few years. By the end of 1969, more than 1,000
spacecraft were orbiting Earth. Five years later, the
number of these satellites had climbed to nearly 1,700.

Today, the U.S. Space Shuttle Program is the Nation's
primary space transportation system. It has launched
numerous spacecraft and satellites on research and
communications missions.

Power in Space -- The

Special Requirements

Scientific instruments and electronic, photographic,
and communication equipment are the heart of ex-
ploratory missions because they collect the data and
transmit it back to Earth. Without the technology to
reliably power these instruments in space, our knowl-
edge of the solar system would be only a fraction of
what it is today. RTG technology was developed to
provide that electric power.

Requirements for power in space are highly special-
ized. The weight and volume of hardware launched
into space are carefully considered including power
sources. The generator must meet mission power
requirements as well as weight and space limitations.
Safety is also a prime consideration because of hazards
associated with launch, reentry, and other mission
activities.

How Does an RTG Work?

An RTG has no moving parts. It produces electric
energy through the interaction of its two main
components: the radioactive heat source (fuel and
containment) and the thermoelectric generator.

Radioactive material can be used for fuel because it is
unstable and decays, or spontaneously disintegrates
to form a different atom. As the material naturally
decays, it produces heat. The other main component
of the RTG is the thermoelectric converter, it changes
heat into electricity.






This heat-to-electricity conversion occurs through the
thermoelectric principle discovered early in the
1% century. This principle is a way of producing
electric current without using a device that has mov-

“ing parts. It involves two leads; each made of a
different metal that conducts electricity. Joining these
two leads to form a closed electrical circuit and keep-
ing the two junctions at different temperatures pro-
duces an electric current. These pairs are called ther-
mocouples. In an RTG, the radioisotopic fuel heats
one end of these thermocouples while the other end
remains unheated and is cooled by radiating the
unconverted heat to space.

RTGs are reliable because they produce electricity
without moving parts that can fail or wear out. This
high degree of reliability is especially important in
space applications where the investment is great and
repair or replacement of equipment is not feasible.

Pu-238 -- The
Radioisotope of Choice
for RTGs

Fuel

Many radioactive fuels have been considered for RTGs.
Of them, plutonium-238 (Pu-238) has been the most
widely used. Pu-238 is a radioactive isotope - a form
of plutonium that gives off energy mostly as alpha
particles, has a relatively long half-life, and does not
support a chain reaction.

The early SNAP 3 RTG used polonium-210 as a fuel. It
has a half-life of 138.4 days. Attheend of that time, the
amount of radioactive material remaining is half of the
original amount. This means there s only half the heat
available for conversion into electric energy.

Longer space missions require a radioisotope with a
longer half-life. Pu-238, with its half-life of 87.7 years,
fills the need. For example, after 5 years, approxi-
mately 96 percent of the original heat output of Pu-238
is still available. It continues to be the radioactive fuel
of choice today and in planned future missions.

The 87-year half-life of Pu-238 results in 96% of the original heat
output even after five years
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Radiation Safety

Because the nuclear fuel in RTGs is radioactive, safety
is a critical issue. As it decays, Pu-238 emits radiation
mainly in the form of alpha particles, which have a
very low penetrating power. Only lightweight shield-
ing is necessary because alpha particles cannot pen-
etrate a sheet of paper. Other radioisotopes can
produce more penetrating radiation such as beta par-
ticles or gamma rays. These would be more difficult
to handle safely and would require heavier shielding,
a distinct drawback on space missions.






Smaller and Lighter

The weight and size of solar panels can cause prob-
lems on some space missions. With RTGs, weight and
size are far less of a concern. Pu-238 has a relatively
high power density and a given volume or weight of
Pu-238 can produce a relatively high number of watts
of power for long periods of time. These qualities lead
to smaller and lighter heat sources than comparable
power levels from other sources. This makes Pu-238
fuel an efficient power producer for the space it occu-
pies and the weight it adds to a mission.

The Safety Factor

Radiation that escapes a radioisotope heat source is of
potential concern. RTG safety efforts revolve around
containing the radioactive fuel in case of accident
during a critical time in the mission, such as launch or
reentry. Multiple layers of special material enclose the
Pu-238 fuel to contain it under both normal and
accident conditions. Extensive testing and analysis
are used to demonstrate that safety design criteria are
met. Today we design to have the fuel capsule remain
intact even after Earth reentry and impact. The Apollo
13 accident and subsequent reentry of the RTG, with-
outany material release, provided further proof of this
safety principle.

General Purpose Heat Source

The General-Purpose Heat Source (GPHS) is the ra-
dioactive fuel package being used in RTGs of current
and planned space missions. GPHSs use Pu-238 fuel
just as earlier model RTGs did, but the unique fuel
containment is designed to maximize safety in an
accident. The basic heat source unit is the GPHS
module. Each GPHS-RTG contains 18 modules.

Design features include:

* Fuel pellets made of hard, ceramic Pu-238 oxide that
does not dissolve in water. The pellets are also
highly resistant to vaporizing or fracturing into
inhalable or respirable particles following impact on
hard surfaces. Each of the GPHS's 18 modules con-
tains four fuel pellets, for a total of 72 pellets per
GPHS RTG.

* Iridium, a very stable metal with elastic properties,
encapsulates each fuel pellet. These capsules (about
the size and shape of a marshmallow) would tend to
stretch or flatten instead of ripping open if the GPHS
module struck the ground at high speed. This would
help keep the capsules intact and contain the fuel.

* A high-strength graphite cylinder called a graphite
impact shell that holds a pair of fuel capsules. The
graphite impact shell is designed to limit damage to
the iridium fuel capsules from free-fall or explosion
fragments.

* An “aeroshell” enclosing a pair of graphite impact
shells. It serves as a shield designed to withstand the
heat of reentering Earth's atmosphere in case of an
unplanned event.






GPHS Module

Each of the RTG's 18 modules contains four Pu-238 fuel pellets enclosed in
three layers of protection - - the metal encasing the pellets, the graphite shell,
and the asroshell.

Testing the Possibilities

The nuclear fuel in the GPHS faces a variety of possible
accidents during a space mission. Launch and reentry
pose many fypes of risks to the spacecraft and its
components.

As aresult, rigorous testing is conducted to ensure the
RTG's nuclear heat sources will survive a launch
accident or other mishap by remaining intact and
containing the fuel. The battery of tests that the
GPHS's fuel modules have undergone included the
effects of:

Fire - Direct exposure to solid propellant fires, such
as the GPHS might encounter in a launch accient,
could produce some fuel release, but the probabil-
ity of such events is low.

RS = i = TTCAL =3

Blast - Blast waves greater than those predicted
from a shuttle fuel explosion were simulated with
explosives; no fuel was released during the tests.

Reentry - The modules survived the high tempera-
tures of simulated atmospheric orbital decay entry
as tested in an arc-jet furnace; no fuel was released.

Earth Impact - Impact at 120 miles per hour (ap-
proximate top speed for an aeroshell falling to
Earth) onsand, water, or soil produced no release of
heat source module fuel. Impact on rock and
concrete sometimes produced a release, but the
surrounding graphite module retained most of the
fuel. This left only small amounts of radioactive
material that could enter the localized environ-
ment.

Immersion in Water - Long-term exposure to the
corrosive effects of seawater showed the iridium
clad is corrosion resistant, and the fuel itself is
highly insoluble.

Shrapnel - Researchers used aluminum and tita-
nium bullets to simulate the small fragments that
might be present in a launch vehicle explosion.
Speeds of test fragments exceeded those predicted
for an actual explosion. Results indicated that
shrapnel would not lead to a release of much
nuclear fuel.

Large Fragments - In tests representing solid rocket
booster failures, steel plates were fired at simulated
RTGs. Some unlikely events, such as impact with
the edges of steel plates, caused some releases from
a few fuel capsules. More likely events, such as
impacts with the faces of steel plates, did not pro-
duce a release.
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The safety tests demonstrated that the RTGs are ex-
tremely rugged and capable of meeting the design
objective fo prevent or minimize any fuel release.

The Missions

In 1961, the first RTG used in a space mission was
launched aboard a U.S. Navy transit navigation satel-
lite. The electrical power output of this RTG, which
was called Systems for Nuclear Auxiliary Power
(SNAP-3), was a mere 2.7 watts. The importance of the
story is that it continued to perform for 15 years after
launch.

Since that initial SNAP-3 mission, RTGs have been an
indispensable part of America's space program. They
have been involved in more than 25 missions (22 suc-
cessful and 3 aborted), orbiting Earth and traveling to
planets and their moons, both nearby and in deep
space. (Astronauts on five Apollo missions left RTG
units on the lunar surface to power the Apollo Lunar
Surface Experiment Packages.)

In addition to contributing to numerous navigational,
[ meteorological, and communications flights, RTG
' power sources have provided all the electrical power
required on the Pioneer, Viking Landers, Voyager,
Galileo, Ulysses, and Cassini missions. This series of
unmanned flights has helped us study the Sun and
outer planets of the solar system. RTG technology has
evolved steadily and dramatically since the
groundbreaking, low-power units of the 1950s. The
first RTGs, which produced only a few watts, have
evolved into today's generation of RTGs, which pro-
duce power in the hundreds of watts. RTGs will
continue to play an enabling role in major space
missions in the 21# century.

The Apollo Missions

The Apollo Program included a large number of
uncrewed test missions and 11 crewed missions. The
11 crewed missions included two Earth orbiting mis-
sions, two lunar orbiting missions, a lunar swingby,
and six Moon landing missions.

Apollo 7, which tested the Command Module, and
Apollo 9, which tested both the Command Module
and Lunar Module, were Earth-orbiting missions.
Apollo 8 and 10 tested various components while
orbiting the Moon and returned photography of the
lunar surface. Apollo 13 did not land on the lunar
surface due to a malfunction, but during the brief orbit
around the Moon, the crew was able to collect photo-
graphs.

On the moon, Apollo-12 astronaut Gordon Bean prepares fo load the
plutonium-238 heat source into the SNAP-27 thermoelectric generator
(arrow). The generator produced 73 watts of power for the Apollo Lunar
Surface Experiment Package for nearly eight years.






The Apollo Program was designed to land humans on
the Moon and bring them safely back to Earth. Six of
the missions - Apollo 11, 12, 14, 15, 16 and 17 -
achieved this goal. Lunar surface experiments in-
cluded soil mechanics, meteoroids, seismic, heat flow,
lunar ranging, magnetic fields, and solar wind experi-
ments. These experiment packages were each pow-
ered by a 70-watt RTG.

The Pioneer Missions

The Pioneer 10 and Pioneer 11 missions launched in
1972 and 1973 were spectacular successes in the long-
; range strategy to explore the outer planets. Pioneer 10
and its RTG demonstrated that spacecraft could sur-
vive the asteroid belt and the intense radiation field
around Jupiter, and continued to perform experi-
ments perfectly. Pioneer 10 was the first spacecraft to
contact and explore Jupiter. It continued its journey
and finally left the solar system - the first manmade
object ever to do so. Pioneer 11 flew by Jupiter, going
through the peak radiation zone in even better shape
than the earlier Pioneer 10. It also visited Saturn ~ our
first close direct encounter with the ringed planet.
Both Pioneer spacecraft continued to send back data to
Earth for over 27 years, even as they passed beyond
the solar system, because the RTGs provide long-lived,
reliable power. Four SNAP-19 RTGs producing about
120 watts of electricity powered each Pioneer mission.

On January 23, 2003, NASA's Deep Space Network
(DSN) received its final broadcast from Pioneer 10.
After more than 30 years of operation, the fuel of the
RTG has decayed to the point where the power gener-
ated is insufficient to transmit a signal.

The Viking Mission

The Viking missions represent key milestones in the
history of NASA space program. Viking was the first
spacecraft to operate on the surface of another planet.

On August 20, 1975, the Viking 1 spacecraft was
launched on a more than 200 million-mile journey to
Mars. The second spacecraft, Viking 2, was launched
on September 9, 1975, and followed Viking1 on a
similar mission. After achieving Mars orbit, each
spacecraft, consisting of an orbiter and lander, exam-
ined the Martian terrain at the selected landing sites.
Following the evaluation of the sites, the lander of
each spacecraft separated from the orbiter and de-
scended to a soft landing on the Martian surface —
Viking 1in July 1976 and Viking 2 in September 1976.
Each lander carried sophisticated equipment that
would allow it to analyze the atmosphere and the
surface. Part of the experiments conducted by the
spacecraft was to search for signs of life. However, no
signs of life or any of the organic compounds that are
abundant on Farth were found. Two 30-watt RTGs
supplied continuous power for each Lander, and
rechargeable batteries were available during cycles of
peak demand.

Both landers far exceeded their 90-day surface opera-
tional requirement. Lander2 operated until Febru-
ary 1980 when there was a shutdown of the scientific
instrumentation power bus. Signals from the lander
indicated that RTG power wasstill available. Lander 1
provided data until November 1982 when an earth
command to change the battery charging cycle re-
sulted in loss of contact with the lander.






The Voyager Missions

Voyager 1 and Voyager 2 were launched within a few
weeks of each other in 1977. Though they used
different routesand trajectories (curved paths of flight),
both spacecraft visited Jupiter and Satumn. They took
spectacular photographs of Saturn's rings and ob-
served 11 of its moons close up. Voyager 2 then
continued to Uranus and Neptune. The Voyager
spacecraft's power supply was provided by three
RTGs generating 470 watts of electricity. The RTGs
powered versatile and complex instruments includ-
ing computers and communications equipment that
made it possible for the Voyagers to transmit
115,200 bits of data per second from Jupiter.

Voyager 1 and 2 can easily be described as one of the
great scientific achievements in history. Both space-
craftare entering their 26th year of operation, and their
mission has been redefined. Both craft are approach-
ing the heliopause and the beginning of interstellar
space. The heliopause is the point considered tobe the
boundary of the Sun's magnetic sphere of influence. It
is now the mission of Voyager 1 and 2 to characterize
the environments that they have ventured. 1t is
estimated that the Voyagers have enough fuel and
power fo continue operation until 2020.

Arlisl's conception of the Vayager spacecraft as it passed near Saturn,
Three nudtifnmdred-watt RTGs, shotwn in the foreground, provided power

for the spacecraft.

The Galileo Mission

Galileo lifted into space in October 1989 aboard the
space shuttle Atlantis. Its mission involved a sched-
uled eight-year, deep spacevoyage tothesolar system's
largest planet, Jupiter, and its four major moons.
Galileo used a technique called "gravity assist” to
make the journey to Jupiter, which is nearly 500 mil-
lion miles from Earth. This technique uses the gravity

of another planet to in-
crease the velocity of
spacecraft allowing it to
arrive at the destination.

Throughout the voyage
to Jupiter, Galileo's in-
struments have exam-
ined the celestial bodies
it passed, and cameras
have relayed photos
back to an international
team of scientists on
Earth. Galileo provided
the first closeup photo-
graphs of an asteroid,
Gaspra, in 1993. It also
provided the only direct
photos of the impacts on
Jupiter of the comet
Shoemaker-Levy 9 in
July 1994.

after the 17th-century scientist who
The Galileo mission is  discovered Jupiter's moons.
builtaround twodistinct
pieces of spacecraft, an orbiter and a separate atmo-
spheric probe. About 150 days before arriving at
Jupiter, the atmospheric probe separated from the
orbiter and entered the planet's atmosphere. For a
short 60 to 75 minutes, its instruments took atmo-
spheric measurements and relayed the data to the
orbiter for transmission to Earth. The probe de-






scended farther and farther until the increasing tem-
perature and pressure of Jupiter's atmosphere crushed
and eventually vaporized it.

“The orbiter was scheduled to make 10 orbits of Jupiter
over a 22-month mission life. The spacecraft's two
RTGs generate 570 watts of power for mission opera-
tions. The orbiter's mission was to study the planet, its
magnetosphere, and four of the Jovian satellites—lo,
Europa, Calisto, and Ganymede. Galileo's mission
was originally scheduled to end in 1997. However, the
spacecraft has performed so well that its mission has
been extended twice and is currently in orbit around
Jupiter continuing to conduct detailed investigations
of the planetary system. Scientists are intensely inter-
ested in Jupiter. Unlike Earth and other planets,
Jupiter has kept much of its original composition and
can enhance our understanding of the solar system’s
origins.

Galileo will see the end of its historic service in Sep-
tember 2003 when it is expected that the grawty of
Jupiter will pull it into the planet.

This drawing of the Galileo spececraft shows locations and quantities
of radivisotope heater units (RHUS), which provide heat, and RTGs,
which provide power. There are 120 RHUs and 2 RTGs. g

The effectiveness of Galileo’s instruments depends
not only on RTG power but also on heat from radioiso-
tope heater units (RHU). Because the journey is far
from the Sun, these compact, light, and long-lasting
RTG and RHU units are the only effective power and
heat sources for the Galileo mission.

One hundred and twenty small RHUs protect the
craft's sensitive instruments from damage in the cold
vacuum of outer space. They are small, barrel-shaped
devices that contain a Pu-238 dioxide ceramic pellet
much like the fuel pellets used in RTGs. The heater
units are designed and tested to contain their radioac-
tive fuel during all normal and accident conditions.
Eighty-four of these units are placed at various loca-
tions on the orbiter to heat ts instruments, and 36 are
located on the atmospheric probe. Each heater unit
produces about 1watt of heat - about as much as a
miniature Christmas tree bulb. It is enough to protect
theinstruments from the cold, which canreach -400 de-
grees Fahrenheit.

The Ulysses Mission
The Ulysses mission is a joint enterprise of the Euro-
pean Space Agency and NASA, with the Jet Propul-
sion Laboratory in California providing major sup-
port. The craft was launched in October 1990 aboard |
the space shuttle Discovery and was powered by an
RTG supplying 283 watts of electricity. The primary
mission of the Ulysses spacecraft was focused on
gaining a better understanding of the velocity and
density of the solar wind and the shape of the Sun's
magnetic field

Previous craft launched to study the Sun have always
orbited the Sun's equator—the plane in which Earth
orbits the Sun. Ulysses is the first craft to orbit the sun's
poles, giving scientists an entirely rew perspective
and important new data.






The mission trajectory directed the craft toward Jupi-
ter after launch. It called for Jupiter's immense gravity
to push the spacecraft out of the edliptic plane into a
polar orbit of the Sun. This novel orbit produced
original data from areas of the Sun not previously
studied. It also created a more complete understand-
ing of the Sun and its effects on Earth.

Second polar pass )
(tate 1295} End of mission
o {tate 1295)
-

Ecliptic
crossing Orbit of
[earty 1923) Jupiter

7

+

Orbit of
Earth

+/
+/ Jupiter

encounter
{warly 1992)

Launch (Oclober 1830)

"}

First polar pass \ 4./+ South
* tl.\]rctcr‘;

{mid-1994) — L —

Ulysses Mission Trajectory. The miission, which was extended beyond the
original five-year period, has provided original data on the
sun’s poles.

In June 1994, mission scientists received the first scien-
tific data on the south pole of the Sun. In June 1995,
they received data on the north pole as well. Because
the RTGs have a long life, mission planners extended
the mission to a second orbit cycle, vastly increasing
mission data return.

New objectives evolving since launch are to combine
Ulysses in situ measurements of solar wind fields and
particles, cosmic rays, and radio waves with remote
observations of the Sun and solar corona from ongo-
ing and upcoming missions. This combination will be

used to analyze properties and dynamics of coronal
mass ejections and of sources of the solar wind in order
to enhance the ability of those missions to meet their
own science objectives and to construct models of the
3D Sun and heliosphere

Why Ulysses Doesn't Use
Solar Energy

. Ulysses orbits the Sun; why not use solar energy

instead of an RTG to power it?
s 7%

=N i The closest that Ulysses ever
istotheSunisatlaunch. As

the spacecraft traveled to

Jupiter, the Sun grew more
distant and the rays much
weaker. A solar panel system
large enough to catch the re-
quired amount of light would
add 1,200 pounds, nearly dou-
bling the weight of the space-
craft. No current rocket booster
could have sent Ulysses on its
mission. Instead a single RTG

ot y provides all the
The spacecraft Ulysses was named for ~ POWET for instru-
the Greek warrior king who went ona ~ Ments and other
strange, exotic 10-year journey refum- cquipment aboard
ing from the Trojm War, U]}-’SSE}S. Ttisthe OIﬂ}'
available power
source capable of meeting the mission's requirements.
Furthermore, the RTG provides power for many years.
This has enabled mission scientists and program man-
agers to extend the life of the spacecraft and reap more
scientific benefits.






The Cassini-Huygens
Mission

The Cassini-Huygens mission was launched on Octo-
ber 15,1997, on a Titan IV launch vehicle. The mission
is a joint US-European venture to explore Saturn in
detail, ajourney that will take nearly seven years. Like
Galileo, Cassini has used gravity assists from other
planets to achieve the necessary speed to reach Saturn.
Cassini has employed four flybys: two by Venus, one
by Earth, and one by Jupiter, to reach its destination in
deep space.

Cassini-Huygens is one of the most ambitious mis-
sions ever launched info space. Some of the main
scientific goals of the mission include measuring
Saturn’s huge magnetosphere, analyzing from up
close those stunning rings, and studying Saturn's
composition and atmosphere. Cassini consists of an
orbiter and a probe. The orbiter has 12 instruments,
and the probe has six. The probe, named Huygens
after the Dutch scientist who discovered Titan in 1659,
will descend by parachute to the surface of Titan late
in2004. Tt will beam data to the orbiter during descent
and after landing. Once there, it will examine the
surface of Titan with three dozen sensors.

After releasing the Huygens probe for descent to
Titan, the Cassini orbiter will explore the Saturnian
system for nearly four years, flying more that 70 orbits
around the giant planet during that time. The Cassini
spacecraft is loaded with an array of sophisticated
instruments and cameras. The instruments often have
multiple functions, equipped to thoroughly investi-
gate all the important elements that the Saturn system
may reveal. The electrical energy to power the mission
equipment will come from three RTG units that pro-
vide a total of 850 watts of power. The mission also
utilizes 117 RHUs to control the temperature of
on-board equipment and science instruments. Cassini
will be sending home several gigabytes of data daily.
The data will then be analyzed by more than 200
scientists worldwide.

Pluto: New Horizons

Pluto is the only planet that has not been visited by a
spacecraft. It is under great debate as to its classifica-
tion as a planet, or as a large object such as an asteroid
or comet. Our only information about the planet and
its moon has come mostly from ground-based obser-
vations. Tentatively scheduled for a 2006 launch date,
the Pluto: New Horizons Mission is NASA's first
attempt to explore our distant neighbor. The space-
craft will use a remote sensing package that includes
imaging a radio science instrument as well as spectro-
scopic and other experiments to characterize the geol-
ogy and morphology of Pluto and its moon Charon,
map their surface, and characterize Pluto’s atmo-
sphere. The spacecraft's RTG is intended to supply
228 watts when it arrives at Pluto. The mission also
plans for a fly-by of the Kuiper Belt by 2026.






Heat without Power

Thé RHUs used to keep equipment warm on the
Galileo have spread in their use to new missions that
do not use RTGs for power supplies. Light Weight
Radioisotope Heater Units (LWRHU) are used to keep
electrical equipment warm and operational. This is
vital in the vacuum of space or for surface applications
where the temperatures are cold enough to damage
the equipment.

The Mars Pathfinder Mission

The Pathfinder mission launched on December 4th
began its long trek to Mars with the objective of
exploring the Martian surface. Three LWRHUs kept
the scientific equipment aboard the robot “Sojourner”
withinoperating temperatures. Without the LWRHUS,
Sojourner would have only been able to operate for
one day, instead it lasted past its mission life of
30 days.

The Mars Exploration Rover (MER)
Missions

Ina further attempt to understand the surface of Mars,
NASA lunched two rovers to the planet, Spirit and
Opportunity. Similar to the successful Pathfinder,
mission’s scientific goals are to search for and charac-
terize a wide range of rocks and soils that hold clues to
pastwater activity on Mars. The spacecraft will be sent
to sites that may have had liquid water in the past.
Spirit was launched on June 10,2003, and Opportunity
followed on July 10. In order to accomplish their
missions, the electrical equipment will be kept within
operating temperatures using eight LWRHUs per
Tover.

|
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He Vent (viton o-ring)

GPHS Modules (8)

Thermal Insulation

) ! Se
Heat Rejection / . g

The Future of Radioisotope

Power Systems in Space
The Technology

The future of RTG power sources is dependent upon
the needs and requirements expressed by the mission
designers. Systems that are lighter, generate more
power, and use less radioactive material are highly
desirable. New nuclear generator technologies for
space applications have been under investigation.
These technologies involve more efficient conversion
of heat into electricity. Safe and reliable operation are
key factors in determining the possible value of each
technology for space missions. Currently two altema-
tive systems are under development.

The first is a dynamic power system, which is much
more efficient in converting heat into electricity than
the RTGs used on recent missions. Dynamic systems
have moving parts that transform heat into mechani-
cal energy, which is used to generate electricity. One
such engine, the Stirling engine, contains helium that
expands by absorbing heat on the hot side of the
engine and rejecting it on the cold side. The rapidly
changing pressure cycles cause a piston to move back
and forth, driving an alternator that produces the
electricity.

GPHS Canister

Heat Collector

Thermoelectric __—
Elements

Module Bar e i
Assembly (16)






The second is a new generation of the RTG and is
known as the MMRTG or Multi-Mission Radioisotope
Thermoelectric Generator. The MMRTG relies on
current RTG technology; the difference is that its
purpose is to supply a wider range of missions. Most
RTGs provided to NASA are made for in-space use
and cannot be landed on the surfaces of planets with
atmospheres. The atmosphere interacts with the RTG
and begins to degrade the performance. The MMRTG
will be developed to fit both applications.

The higher efficiencies and increased range of use of
these new technologies mean that future spacecraft
may require less Pu-238 and be used in more environ-
ments. This makes these new space power technolo-
gies highly attractive.

Future Requirements

NASA has identified a number of potential missions
that can best or only be undertaken using radioisotope
power and/or heat sources. These future missions
depend upon two important conditions.

First, there must be a reliable and continuing supply of
Pu-238 fuel from the US. Department of Energy. US.
facilities that could supply Pu-238 are being consid-
ered, as are some foreign sources,

Second, smaller and more efficient power systems will
have to be developed consistent with NASA's needs.

Conclusion

For many missions on which RTGs were used, there
was no other viable option for providing power.
These missions included Apollo, Viking, Pioneer,
Voyager, Galileo, Ulysses, and Cassini, which have
provided scientists with critical information about the
origins of the solar system.

Nuclear fuel has proven to be an ideal source of energy
in spacebecause of its high power, long life, acceptable
weightand volume, and excellent reliability and safety
when used in RTGs.

RTGs have made vital contributions to the U.S. space
program from its earliest days to the present. Because
of its many advantages, it is likely that nuclear energy
will continue to provide power on space missions in
the futuer, whether in RTGs or other advanced gen-
erators, as we further our knowledge of the solar
system in which we live.
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ABSTRACT

A stress analysis was performed on the beryllium lunar flight
cask to determine if structural failure of the cask will occur dur-
ing reentry after an Apollo mission abort. The analysis indicates
that failure will not occur during reentry from an earth orbit abort;
failure will probably occur after a lunar transfer orbit abort if the
trajectory angle is near -6.4 degrees, and will occur if the angle is
near -30 degrees.
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SUMMARY

A stress analysis was performed on the beryllium lunar flight
cask (LFC) to determine whether or not the LFC will return the fuel
capsule assembly (FCA) intact following an Apollo mission abort.

The analysis established that the LFC will return the FCA intact
after an earth orbit abort. There is a low probability that the LFC
will return the FCA intact after a lunar transfer orbit abort when
the reentry angle is near -6.4 degrees; the LFC will not reenter the
FCA intact after a lunar transfer orbit abort when the reentry angle
is near -30 degrees.

Because of the numerous unknowns in the trajectories, heating
rates, and material properties, only the following conditions were
analyzed: (1) nominal, (2) 20 percent above nominal, and (3) 20 per-
cent below nominal,
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STRESS ANALYSIS OF THE
SNAP-27 LUNAR FLIGHT CASK

Introduction

The SNAP-27 radioisotope thermoelectric generator (RTG) provides
the electric power for the Apollo lunar surface experiment package
(ALSEP). To provide a cold system for emplacement of the experiments
on the lunar surface and to provide the greatest probability of re-
turning the radioisotope fuel to earth'in the event of a mission abort,
the radioisotope fuel is packaged independently of the remainder of
the ALSEP.

The fuel capsule assembly (FCA) is placed in the lunar flight
cask (LFC) for the trip to the lunar surface. The LFC is mounted on
an exterior surface of the lunar module (LM) to provide maximum proba-
bility that the LFC will be released from the IM at the time of abort
or shortly after reentry into the earth's atmosphere begins. The
early release of the LFC is necessary to allow a free-flight reentry
and, thereby, intact reeatry of the radioactive fuel within the fuel
capsule assembly.

The LFC is designed as a reentry body; it incorporates ablative
material on the nose and aft flare, and has a beryllium barrel to
dissipate the heat which results from the radiocactive decay of the
fuel material. Because the barrel is a metallic structure sensitive
to heat, the design criteria established to indicate failure were
based on the beryllium properties.

This structural analysis was performed to determine if struc-
tural failure will occur during reentry and if so, the approximate
time and altitude at which the FCA will be released from the LFC.
The structural analysis of the LFC was performed in conjunction with
an aerothermodynamic analysis. The results of the aerothermodynamic
analysis are reported in Reference 1.





Trajectories Examined

To determine the structural adequacy of the LFC, typical reentry
trajectories were chosen for analysis. The trajectories examined were
earth orbital decay, a -6.4 degree reentry, and a -30 degree reentry.
In all three cases, the LFC was assumed to have an angle of attack of
179 degrees with a pitch rate of 5.74 degrees per second.

Reentry of the vehicle in the first case was assumed to occur
at an altitude of 400,000 feet; this represents the condition for a
100-nm parking orbit. The other two trajectories represent probable
supercircular velocity reentry conditions. Two possibilities were
examined: separation of the LM from the command service module (CSM)
after midcourse corrections were made, and separation of the LM from
the CSM before midcourse corrections were made. A reentry angle of
-6.4 degrees 1s representative of the first case, while -30 degrees
applies to the second case.

Method of Analysis

Assumptions

The LFC (Figure 1) consists essentially of two end caps covered
with an ablative material and connected by a beryllium cylinder (the
centerbody). The aft end of the fuel capsule assembly is attached to
a bulkhead of the LFC end cap, while the forward end of the FCA is
restrained in the lateral direction only.

The ablative material on the two caps effectively insulates
these parts of the structure, and high temperatures will not occur in
these regions. The centerbody is not insulated and will experience
high temperatures. This section of the structure can also be expected
to sustain large bending moments as well as axial loads. 1In the analy-
sis, then, attention was confined to the centerbody.





CENTER BODY
FUEL CAPSULE
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Figure 1. Cross section of lunar flight cask

Failure Criteria

The most obvious effect of temperature would be melting of the
beryllium; this condition, then, was one criterion for failure. For
situations where the temperature is below the melting point of the
material, yielding of the beryllium was taken as the failure crite-
rion. In the temperature range considered, i.e., temperatures very
near the melting point, any yielding in the material would most cer-
tainly provide a lower limit on the structural capability of the
centerbody. At the very least, it would be the prelude to the forma-
tion of a plastic hinge in the structure. Yielding of the material,
then, was the other criterion adopted for failure.





The relationship between temperature and yield strength for
Leryllium was obtained from Reference 2. Unfortunately, data are
aot available for the yield stress between 2060°R and the melting
point, 2800°R. A straight-line interpolation was assumed between
these two points. This represents, most probably, a conservative
estimate, since one might expect the strength to approach the melt-
ing point asymptotically and thereby be below the straight-line
interpolation.

Temperature Data

The initial step in the analysis was to determine the tempera-
ture of the fuel capsule assembly as a function of time and altitude.
This part of the problem was handled by Sandia Division 9314 using a
computer program they developed which predicts the thermal response
of the assembly to a reentry eanvironment. The aerodynamic heating
rates used were based on Cornell Aeronautical Laboratory shock data
for the predicted angles of attack. To compensate for inaccuracies
in the data and the method of analysis, +20 and ~20 percent heating
rates were included along with the nominal value.

The node points on the centerbody for which temperatures were
obtained are shown in Figure 2. Points 4, 5, 6, and 7 experienced
the highest temperatures. They also would be subject to the largest
loading. Therefore, the analysis was further limited to these four
nodes. Figures 3 through 9 give the resultant temperatures as a
function of time for each of these nodes.

BODY
STATIONS
m.)

e e— g s . ot e —men e e

NODE PTS.

3.8*|DIA,

I 4.0" D[.‘t.|

T R A T A A L

Figure 2. Node points on beryllium centerbody
/
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the orbital decay condition
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Figure 6. Temperature-time curves for
the -6.4 degree reentry con-
dition at Nodes 5 and 7
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For the orbital decay condition, the maximum temperature occurs
at about 1725 seconds. The time interval between 1650 and 1820 sec-
onds was chosen for investigation. Table I indicates the temperature
corresponding to the actual times used.

The same procedure was followed for the -6.4 degree reentry
condition. Table I1 gives the temperatures used for this trajectory.
Even though the melting point temperature is exceeded for Node 7,
times were examined beyond this point to establish the shape of the
stress -temperature curve.

14





TABLE 1

Temperatures for the Orbital Decay Condition

Noge -20% Nominal +20%

Tim 4 5 6 7: 4 5 6 7 4 5 6 7
1650 | 1840 | 1845 | 1885 | 1950 | 1935 | 1935 | 1985 | 2060 | 2010 | 2020 | 2070 | 2150
1700 | 1995 | 2010 ]| 2015 | 2005 | 2100 | 2070 | 2130 | 2110 | 2220 | 2210 { 2230 | 2200
1725 | 2070 | 2065 | 2060 [ 2000 | 2180 | 2180 | 2180 | 2100 | 2280 | 2275 | 2280 { 2185
1750 | 2065 | 2065 | 2105 | 1985 ] 2170 | 2170 | 2160 | 2075 | 2250 | 2260 | 2245 | 2150
1770 | 2030} 2040 | 2060 | 2010 | 2130 | 2135 | 2130 | 2115 ] 2180 | 2210 | 2170 | 2185
1780 | 1990 | 2010 | 2010 | 2020 | 2090 | 2095 { 2100 | 2110 | 2130 | 2165 | 2110 | 2190
1800 | 1890 | 1905 | 1920 | 1965 | 1970 | 1970 | 1990 | 2040 | 2000 | 2025 2010 | 2100
1820 | 1790 | 1810 | 1830 | 1885 | 1850 | 1870 | 1890 | 1950 | 1890 | 1900 1925' 1995
NOTE: Temperatures are in degrees Rankine.

TABLE II
Tempefatures for the -6.4 Degree Reentry Conditir
Time (sec) -
50 35 58 63 66 70 75 77 80
-20% | 1940 | 2125 | 2225 | 2390 | 2470 | 2540 | 2570 | 2570 | 2560
Node &4 | Nom. | 2070 | 2300 | 2430 | 2610 | 2660 | 2730 | 2760 | 2750 | 2730
+20% | 2200 | 2460 | 2600 | 2750 | 2830 { 2900 | 2920 | 2900 | 2880
-20% | 1960 | 2150 | 2250 | 2380 | 2450 | 2530 | 2570 | 2580 | 2570
Node 5 | Nom. | 2060 { 2290 | 2420 | 2580 | 2650 | 2720 | 2755 | 2750 | 2740
+20% | 2190 | 2430 | 2600 | 2750 | 2820 | 2895 | 2910 | 2905 | 2890
-20% | 1960 | 2130 | 2220 | 2370 | 2450 | 2520 | 2580 | 2585 | 2590
Node 6 | Nom. | 2080 [ 2290 | 2390 | 2560 | 2640 | 2720 | 2770 | 2780 | 2770
+20% | 2210 | 2440 | 2550 | 2715 | 2815 | 2885 | 2930 | 2930 | 2920
-20% | 1880 | 1980 | 2040 | 2140 | 2210 | 2315 | 2425 | 2460 | 2510
Node 7 | Nom. | 1970 | 2110 | 2180 | 2300 {2370 | 2490 | 2610 | 2650 | 2700
+20% | 2100 | 2240 | 2320 | 2450 | 2540 | 2655 | 2780 | 2820 | 2870
NOTE: Temperatures are in degrees Raakine.
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The -30 degree reentry trajectory exhibited an extremely high
temperature at very early times. Preliminary investigation of these
stress-temperature conditions indicated structural failure very early
in the reentry phase. Consequently, a more detailed analysis was not
warranted, and the remainder of the analysis was confined to the or-
bical decay and -6.4 degree reentry conditions.

External Loads

With the times in each trajectory chosen, the resultant loads
acting on the assembly were calculated by Division 9314. Starting
with a given time, the altitude and velocity were obtained from the
previously determined trajectory. The value of the dynamic air pres-
sure, q, was calculated using the relationship

2g 64.4
where
p = density of air at a given altitude, pounds/ft3;
v = velocity at the same altitude, fps; and
g = acceleration due to gravity, ft/secZ.

The absolute value of the maximum angle of attack was obtained from
a curve which relates this parameter to altitude (Reference 3).

The force coefficients were obtained from curves previously
determined by Division 9314 which relate these coefficients to the
angle of attack. Finally, the resultant normal and axial loads, as
well as the resultant moment, were obtained from the equations:

n

quS (normal force, 1lb),

C,a8 (axial force, 1b), and

CMqS! (moment, in.-1b).

The values of "S" and "{" used in these equations were 0.087 and
0.333, respectively (Reference 3). Tables III and IV give the values
of these forces for the times in Tables I and II.
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TABLE 11I

Distribution of External Loads
on the Fuel Cask for the Orbital Decay Condition

Time | N A M |0.51805 x@|0.05 x@|p=O-® By = @D-@| Pp = 0.833 x@ P,=@-@| Pg.s = 0.645 xQ
1650 { 19.2 13.8)] 85.2 9.95 4.3 5.7 13.5 12.0 2.0 9.0
1700 | 24.3 40.31 187.2 12.6 9.4 3.2 21.1 33.6 6.7 26.0
1725 | 44.4 72.01} 312.0 23.0 15.6 7.4 37.0 60.0 12.0 46,0
1750 | 48.0 114.0] 427.8 24,9 21.4 3.5 44.5 95.0 19.0 74.0
1770 | 38.6 | 158.0| 200.4 20.0 10.0 10.0 28.6 131.6 26.4 101.9
1780 | 41.3 169.8 | 214.8 21.4 10.7 10.7 30.6 141.4 28.4 109.5
1800 | 30.75 | 117.0| 152.2 15.9 7.6 8.3 22.5 97.0 20,0 75.0
1820 | 22.3 66.8 | 155.2 11.6 7.8 3.8 18.5 $6.0 1L.0 43.0
Py PZl’ P, PF are applied air loads. m
Pig. 5 - Axial force exerted by fuel rod. l _

| P Pig. 5 P

F —~4——= 0 —o —- A
STA, 18.5
Py P21
<A, 1.0 STA. 21.0
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To determine the resultant stresses at the various node points
on the centerbody, these loads were distributed over the fuel cask to
permit calculation of shears; moments, and axial loads. Using wind-
tunnel data, Division 9314 concluded that 5/6 of the axial force
should be applied to the nose and the remainder to the flare. These
forces were taken to act at Body Stations 1 and 21 and were designated
Pp and P,, respectively.

The normal (or lateral) force was assumed to act in two parts:
again at BS 1 and at BS 21. The two loads were proportioned to give
a moment equal to the resultant externally applied moment. The deri-
vation for these two forces was as follows.

1 4 N
8381 10.568 - 8§21
) anormal =N }

(2)
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Substituting from Eq. (1) into Eq. (2),

(N~p)f - P8 =N
Nf, - M
2

where
’1 = 10.565 - 1 = 9.565 in.
!2 = 21 - 10.565 = 10.435 in.
!1+f2= 20 in.

10.435N = M

.-Pl. = 20 = 005217“ - OOOSM'

Tables III and IV are a8 sumary of these calculations for the orbital
decay and the -6.4 degree reentry trajectories.

Shears, Moments, and Axial Loads

Calculation of the shear, moment, and axial load at each node
point due to the applied loads and the inertial effects was performed
using a computer program developed by Sandia Division 2223. The fuel
cask assembly was digitized for this program by Section 2211-5. Two
progfams were run for each set of applied loads. 1In the first pro-
gram, all the items of the fuel cask were included. The results of
this run provided the values of the shears and moments for the capsule-
cask combination. Since the fuel capsule is connected to the fuel
cask at its aft end only, it had to be removed and an axial load in-
serted to simulate the inertial effect of the rod to determine the
axial load in the cask at body stations forward of this conmection.
The output of these two programs included the shear, moment, and axial
load at even-numbered body stations, as well as the vresultant lateral,
axial, and angular accelerations of the entire unit due to the applied
loads.
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Corrections were then made to the moments calculated in the
first computer run to account for the effects of the forward lateral
support on the fuel capsule. Because of its relatively flexible con-
nection, the capsule was considered to be simply supported on both
ends. The lateral acceleration of the fuel capsule was calculated

using the following procedure.

where

Ny is the lateral acceleration of the CG of the fuel cask
assembly as obtained from the computer program (g),

@ is the angular acceleration of the complete unit
(rad/sec2), and

% is the difference between the CG of the assembly and
the fuel rod (in.).
X = 10.565 - 10.159 = 0.406 in.

. N 0.406 -.
‘-NY=NY-—3—-8z—G

= Ny - 0.001052 ¢

The forward reaction Ry may be calculated from the expression,

= ' H. - —’QL'
RF Ny_2 58 but
W = 14.345 1b and
314.437 . .2
I ===——" . 0.814 -in.- R
386 0 6 lb-in.-sec
. Rp = 7.1725 N;. - 0.04849 & and
1
RA = NY w - RF.
P:N;W
7 T\
\ »
A 8.4" a1 T
16.8" _
Rp R,
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The final value for the resultant moment in the beryllium
centerbody at a node point (designated as Section A-A on the diagram
below) was obtained by subtracting from the moment due to Py the
moment due to RF’ i.e.,

]
Mfesultant: = Pl’ - RF]

MI-MN.

-
>
o
™
-

.|
N
_/

Ol
-

BODY 1.0 A 18.5
STATION 1.759 21.0

Tables V and VI list the moments due to the external loads on the
complete flight cask, while Tables VII and VIII list the resultant
moments.

The stress due to the moment at each node point was calculated
using the formula for bending stress and the section properties of
the beryllium centerbody.





where

ry = 2 in.

r = 1o9 ino .

I = 0.785 (16 - 13.032) = 2.336 in.%
C=4/2 =2 in.

.. the section modulus for the centerbody is:

S<1-1.168 in.? and
Mg
obending ‘-' + ? = 0.856 MR (psi).

The axial stress was calculated by dividing the axial load at
the node point by the cross-sectional area of the centerbody.

A= 7?(212. - rz)

ri = 22 = 4 in.2
2 _ 1.9)2 = 3.61 in.2
7(0.39) = 1.225 in.2

J. the stressg due to axial loads is:

[, ]
il

>
0

=2 B __ 0.8155 P (psi).

The combined stress is then,

where the bending and axial stress are the same sign. Tables VIL and
VIII list the stresses at each node point for the two trajectories.
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TABLE V

Moments Due to External Loads for the Orbital Decay Condition

1 @ O ® e ®

Time| Ny | & |7.1725 Ny | 0.04849 8| P) = @ - B My, = 8.3 x @My = 10.3 x @ Myg = 12.3 x BMy, = 1.3 x @
1650( 0.846 | 35.1{ 6.072 1.702 4.370 36.3 45.0 53.8 62.5
L1700 ( £.037 | 72.1{ 7.44) 3.739 3.704 30.7 38.2 45.6 53.0
1725) 1.908 |128.4| 13.695 6.226 7.469 62.0 76.9 91.9 106.8
1750 2.024 [176.1| 14.527 8.539 5.988 49.7 61.7 73.1 8.6
1770( 1.689 | 82.5{ 1z.123 4.000 8.123 62.4 83.7 99.9 116.2
1760 1.807 | 88.4| 12.970 4.287 8.683 72.1 89.4 106.8 124.2
1300 | 1.349 | 62.6| 9,682 3.035 6.647 35.2 68.5 8L.8 95.1
18201 0.959 | 63.9 6.883 3.099 3.784 3.4 39.0 46.5 56.1

TABLE VI

Moments Due to External Loads for the -6.4 Degree Reentry Condition

@ @ o & e ® @ Iy - Mys = "6 = My; =
T LN | oareeety | 5B (&0 8| 008 |8 e | 122D | 02 5P| 24D Kk
50 0.937 50.535 0.053 0.884 6.340 | 2.450 3.890| 32.287 4C.067 47.847 55.627
55 1.220 51.600 0.054 1.167 8.370 | 2.502 5.868 | 48.704 60.440 72.176 83.912
58 1.256 44,939 0.047 1.209 8.672 | 2.179 6.493 53.892 66.878 79.864 92.850
63 1.548 48,544 0.051 1.497 10.608 | 2.354 8.254 | 68.508 85.016 | 101.52 118.032
66 1.787 51.949 0.055 1.732 12.423 | 2.519 9.904 ] 82.203 102.011 {121.819 141.627
70 2.174 63.343 0.067 2.107 15.112 | 3.072 12.040| 99.932 124,012 148,092 172.172
75 |a.579] 63.272 0.067 | 2.512 | 18.017 | 3.068 | 14.949] 124.077 | 153.975 |183.873 |213.771
17 |2.n7| 66.776 0.070 | 2.647 | 18.986 | 5.z3s | 15.748 | 130,708 | 162.204 |193.700 |225.196
g0 |2.791| es.711 0.072 | 2.719 | 19.502 | 3.332 |16.170( 136.211 | 1o o1 [19s.891 |231.2m






TABLE VII1

Resultant Stresses at Nodes &, 5, 6, and 7
For the Orbital Decay Condition

@ @ Q @ ® ®
Time M My M =|®-@ 2 0816x®D 088xQ@ ¢-0+®
Node &4
1650 43 36 7 10 8 6 16
1700 51 3% 20 27 22 17 39
1725 97 62 35 48 39 30 69
1750 104 50 54 77 63 46 109
1770 86 67 17 106 86 15 101
1780 91 72 19 113 92 16 108
1800 67 55 12 78 64 10 7%
1820 49 31 18 45 37 15 52
Node 5
1650 46 45 1 10 8 1 9
1700 56 38 16 . 27 22 14 36
1725 105 77 28 41 38 24 62
1750 116 62 54 76 62 46 108
1770 90 84 6 105 86 s 91
1780 97 89 8 112 91 7 98
1800 71 69 2 77 63 2 65
1820 54 39 15 44 36 13 49
Node 6
1650 44 54 10 9 7 9 16
1700 56 46 10 26 21 9 30
1725 103 92 1 47 38 9 &7
1750 116 74 42 75 61 36 97
1770 87 100 13 104 85 1n 96
1780 93 107 14 11 91 12 103
1800 69 82 13 76 62 1 73
1820 53 47 6 44 36 5 I3}
Node 7
1650 37 63 26 9 7 22 29
1700 48 53 5 26 21 4 25
1725 89 107 18 46 38 15 53
1750 101 86 15 7% 60 13 73
1770 74 116 42 102 83 36 119
1780 79 12 45 109 89 39 128
1800 59 95 36 75 61 31 92

1820 45 Sé4 9 43 35 8 43
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Resultant Stresses at Nodes &4, 5, 6, and 7

TABLE VIII

For the -6.4 Degree Reentry Condition

Time M My [MR] = A o.a% A 088 |Mr] ¢=0+ @
(sec) (in.-lb)  (in.-1b) M; - My (1lb) (psi) (psi) (psi)
Node Point 4
50 44 32.3 11.7 41 33.5 10.0 43,5
55 58 48.7 9.3 65 $3.0 8.0 61.0
58 59 53.9 5.1 82 66.9 4.4 7.3
63 74 68.5 5.5 114 93.0 4,7 97.7
66 85 82.2 2.8 131 106.9 2.4 109.3
70 103 99.9 - 3.1 160 130.6 2.7 133.3
75 123 124,1 1.1 192 156.7 0.9 157.6
77 129 130.7 1.7 202 164.8 1.5 166.3
80 133 134.2 1.2 209 170.5 1.0 171.5
Node Point 5
50 47 40.0 7.0 41 33.5 6.0 39.5
S5 61 60.4 0.6 64 52.2 0.5 52.7
58 62 66.8 4.8 81 66.1 4.1 70.2
63 77 85.0 8.0 112 91.4 6.9 98.3
66 88 102.0 1.0 130 106.1 12.0 118.1
70 107 124.0 17.0 158 128.9 14.6 143.5
75 127 154.0 27.0 190 155.0 23.2 178.2
77 133 162.2 29.2 199 162.4 25.1 187.5
80 137 166.6 29.6 . 206 -168.1 25.4 193.5
Node Point 6
50 46 47.8 1.8 40 32.6 1.5 34,1
55 58 72.2 14.2 63 51.4 12.2 63.6
58 59 79.9 20.9 80 65.3 17.9 83.2
63 73 101.5 28.5 111 90.6 24.5 115.1
66 84 121.8 37.8 129 105.3 32.4 137.7
70 101 148.1 47.1 156 127.2 40.4 167.6
75 119 183.9 66.9 188 153.4 55.7 209%.1
n 126 193.7 67.7 197 160.7 58.1 218.8
80 129 198.9 69.9 203 165.6 60.0 225.6
Node Point 7
S0 39 55.6 16.6 40 32.6 14.2 46.8
55 50 B3.9 33.9 62 50.6 29.1 79.7
58 50 92.9 42,9 80 65.3 36.8 102.1
63 61 118.0 57.0 110 8%.8 48.9 138.7
66 70 141.6 71.6 127 103.6 6l.4 165.0
70 85 172.2 87.2 1535 126.4 74.8 201.2
75 100 213.8 113.8 185 151.0. 97.6 243.6
77 105 225,2 120.2 198 161.6 103.1 264.7
80 108 231.2 123.2 201 164.0 105.7 268.7






Results

Figures 10 through 13 show the relationship between temperature

and maximum combined stress for node points 4, 5, 6, and 7 for the
orbital decay condition.

Plotted in these same flgures is the inter-
polated relationship between yield stress and temperature for beryl-
lium.

The arrows on the curves indicate an increase in time.

Like=-
wise, Figures 14 through 17 show the corresponding relationship for
the -6.4 degree reentry condition.
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Conclusions

Orbital Decay Condition

The stress-temperature curves for each of the nodes for all
three heating rates lie to the left of the yield stress line. Given
the possibility, as mentioned before, that the actual yield stress
- curve could lie below the one shown, it would still appear that yield-
ing of the beryllium cylinder is not likely. Therefore, the orbital
decay trajectory should not cause any structural problems.

-6.4 Degree Reentry Trajectory

The stress-temperature curves for this condition intersect the
yield stress line under the nominal and +20 percent heating rates for
all four node points. Only the -20 percent heating rate lies to the
left of the yield line. 1In the cases of Node 6 and, especially,

Node 7, the probability of this line intersecting the yield line ap-
pears to be high based on the trend of the stress-temperature curves.
Structural damage, then, appears to be probable for the -6.4 degree
reentry condition.

-30 Degree Reentry Trajectory

Temperatures for this condition reached the melting point of
the beryllium very early in the trajectory and structural failure of
the cylinder will occur.

31





1.

32

References

R. E. Berry, et a3l, Aerothermodynamic and Structural Analyses
of the SNAP-27 Fuel Cask, SC-RR-66-2651, Sandia Corporatioen,

ATbuquerque, New Mexico, January 1967.

Aerospace Structural Metals Handbook, Vol. II, Syracuse Univer-
sity Press, Syracuse, New York, March 1963.

D. R. Yeager, Results of a Wind Tunnel Test Program to Determine
the Static Stabilit Dynamic Stability and Pressure Distribu-
tion for the SNAP-Z? Con%{ uration at Mach 6 Through 10,

ATDM 606-06, General Electric C Miss1l d 1

0., e and Space Division,
Valley Forge, Pa., July 21, 1966,





SPECIFIED DISTRIBUTION ONLY

DISTRIBUTION:
U.S. Atomic Energy Commission
Director, Space Nuclear Systems
Space Electric Power Office
Washington, D.C. 20545
Attn: G. P. Dix, Chief

Safety Branch (4)

Administrator National Aeronautics
and Space Administration
Washington, D.C. 20545

Attn: T. B. Kerr (RNS) (3)

National Aeronautics and Space Adm.
Manned Spacecraft Center
Houston, Texas 77058
Attn: W. C. Remini, ZS-5 (1;
J. R. Briley, EP-5 (1

General Electric Company

Valley Forge Space Tech. Center,
P.0. Box 8555

Philadelphia, Pennsylvania 19101
Attn: T. F. Widmer (3)

V. E. Blake, 9310
S. L. Jeffers, 9312 (2)
S. McAlees, Jr., 9314 (4)
J. D. Appel, 9319
Aerospace Nuclear Safety
Information Center, 9319 (2)
J. W. McKiernan, 9331
B. F. Hefley, 8232
B. R. Allen, 3421
w. Ko Cox’ 3"’28-1' Bld . 802
L. C. Baldwin, 3412 (1
Attn: L. L. Algaugh, Jr., 3412 (1)
C. H. Sproul, 3428-2 (10)

REPRODUCTION PERMISSION

This report is not to be reproduced, in whole or in part,
without written permission by the manager of the originating
department.






GE-NS5-00 §0-O4#-/&

ares

| | NS 0080-04-18
JANUARY 24,1967
(\' - . "y

TEST PLAN
FOR
SNAP-27 ENGINEERING MODEL NO. 8
SIMULATED MISSION TESTS

cipD 1317
CALL #—‘os.—all—

Aerospace Nuclear Safety

Information Center

Accession No.FEB 28 19067
01706~/

Sandia Corporation

Return to
Aerospace Muclear Safety

Information Centcr

.

ADVANCED NUCLEAR SYSTEMS OPERATION

GENERAL @B ELECTRIC

MISBILE AND SPACE DIVISION
Valley Forge 8pace Technology Center -
P.O. Box B555 « Philadelphia 1, Penna.





GE-NS-00 8- 0418

- )975
| NS 0080-04-18
JANUARY 24,1967
'\. 7 V '\

TEST PLAN
FOR
SNAP-27 ENGINEERING MODEL NO. 8
SIMULATED MISSION TESTS

ciD B I317
CaLL #05,34’

TR
Aerospace Nuclear Safety

|
Information Center !

-

Accession No.FEB 2§ 987
01706 -/

Sandia Corporation

DO NOT DESTROY

Return to
Aerospace Nuczlear Safety

i : Information Center

3 o v

ADVANCED NUCLEAR SYSTEMS OPERATION

GENERAL &3 ELECTRIC

MISBILE AND SPACE DIVISION
Valley Forge 8pace Technology Center
P.O. Box BS55 « Philadelphia 1, Penna.





TABLE OF CONTENTS

Section Page
1 - INTRODUCTION .,....... et ettt el 141
1ol SCOPE w vt v v ettt eoseoeecnesenaneoans ceeeeeas 1-1
1.2 ODbjJeCtives . . . v v e veeooecooasseaenecsossancsaese ee. 1-1
1.3 Applicable Drawings a.nd Spe01f1cat10ns Gt e s sesssessaseeacns 1-1
1.4 TestSpecimen.........ouoeeeeeeeeenoe et e s e et een e 1-2
1.5 Abbreviations ........ceeeeeeeeeeccens ceeeeeaness 1-8
2 SUMMARY OF TEST, C e et et e ceeceenaess 2-1
2.1 Test Flow Chart Testmg Sequence, and Elapsed Test Times ... 2-1
2.2 Health and Safety Hazards ....... et eeer e e ee e e 2-1
2.3 Security......... Teesens ctsceaseaseseansasanses 2-7
2.4 Responsibilities .......... e et ee e creseseeas 2=
2.5 Organization Responsibility .. .......... et eeeeeeeees. 2-9/2-10
3 TEST CONDITIONS, FACILITIES AND EQUIPMENT ,......c0ce... 3-1
3.1 Test Conditions . .. ....e0eeuuu. et ae e ceo. 3-1
3.2 TestFacilities ......c00veieeereeens D
3.3 TestEquipment ..........0eevuee. S 4
4 PRE-TEST REQUIREMENTS AND OPERATIONS .. ... ¢000000e.. 4-1
4.1 Leak TestS .. .......oeveeeeeeeananaes PR R B
4.2 Fixture Vibration Tests, . . ... vt vvvvereveannanns ee. 4-1
4.3 Instrumentation System ..,.......... et e et s e sas e o oo 4-2
4.4 Pre-Acceptance Buy-Off ...... Ce et st ceeoeees =22
5 TEST.-OPERATIONS . ... ..0evuvenn et ce e R 1
5.1 Visual Examination of the GA as Received Condition from 3M , .. 3-1
Resistance and Continuity Test ............. cerseneees -1
I-VMapping in Air . v v vt on v e v envvooesnssos )

Leak Rate Test in Vacuum (GA Ncn-Operatmg) v ses
GA Cable Assembly and T/C Installation. . v v v v v v v s s s s weass. 5-11

¢ oo oo
3 O U W

.6 Resistance and Continuity Test . ... .. . e e, 0-11
. Operability Assurance (OA) Vibration Test (Acceptance
Level) e o v oot wrsrsssososssssnansssossssssnssse 0-1l
5.8 I—VMappmgmAlr....b......... e rressersans 5-13
5.9 I-V Mapping (Vacuum 170" Sink) and Leak Rate Test ...... ... 9=13
5.10 Thermal-Vacuum Test. . v v v v o e 0
5.11 I-V Mapping (Vacuum 170° Sink) and Leak Rate TesSty s vveeeoss. 5-16
5.12 Thermal-Vacuum Test, , . ... vuv v ensnsssesrosoensss 5-16
5.13 I-V Mapping (Vacuum 170° Sink) and Leak Rate Test, v o v v v v o . 517
5,14 I-V Mapping (Vacuum 170° Sink) with Fueled Capsule + « « « + v o« +» 5-17
5.15 nghTemperatureTest........ ..... s I I |
5.16 I-V Mapping (Vacuum 170° Sink) and Leak Rate Teste oo ovsvess 5-17





TABLE OF CONTENTS (Cont)

Section ' * Page
5.17 Low Temperature Test . et 5-18
5.18 I-V Mapping (Vacuum 1700 Smk) and Leak Rate Test ......... '5-18
5.19 Sinusoidal Vibration Test (Qualification Level) . ce e 5-18
5.20 Random Vibration Test (Qualification Level)............... 5-19
5.21 I-V Mapping (Vacuum 170° Sink) and Leak Rate Test ........ . 5-20
5.22 Acceleration Test . ...... ¢ttt itieeenioosncetcncss 5-20
5,23 I-V Mapping (Vacuum 170° Sink) and Leak Rate Test ......... 5-20
5.24 AcousticNoise Test . ... ... ..t i et e . 5-20
5,25 I-V Mapping (Vacuum 170° Sink) and Leak Rate Test ......... 5-21
5.26 Thermal-Vacuum Operating Life Test . .................. 5-22
5. 27 Coating Sampl-es and TeSt ® o @ o 0 8 0 0 o @ ® o s o o 0 o ® 'o o 0 e o o e o o 5"'22
6 POST-TEST OPERATIONS ...... N ceereeneas. 6-1/6-2
APPENDICES
A OPERATING INSTRUCTIONS FOR THE GROUND SUPPORT
EQUIPMENT ® ® & 6 & o o o o ® & & o 0 ¢ & & o o ® & » ® 9 O ¢ & o ¢ 0 B & O 0 s 00 A-l
B ENGINEERING DRAWINGS ... .evvornnnnrnnn. A - 55 1

C NUCLEAR SAFETY PRECAUTIONS .....c.c0ceveeeecossness C-1/C-2

ii





4-2
4-3
4-4
4-5
4-6
5-1
5-2
5-3
5-4

5-5

LIST OF ILLUSTRATIONS

Title

Typical Generator Assembly . ..ccceeeeeee

Typical Mechanical Thermopile Assembly

Electric Fuel Capsule Simulator (EFCS) .....
Heat Sink (Cold Frame, Outer Case, and Fins)

Handling Base Plate
GA Model No, 8 Test Flow Chart
Total Elapsed Test Time (297 Days)
Floor Plan of Test Facility .....
Vacuum Chamber (Space Simulator).
Thermal-Vacuum Support Fixture .
Engineering Test Monitor Console

Readout Console

.
. e o

® ® 0 ¢ 0 00 0 0 8 0 068 0 0

TPU Simulator Console . . cevoeeeeceeoes

3M Supplied Equipment

® o & 0 0 0 0 0 0 0 0 0 0 00 0 00

Vacuum Chamber Cylinder Thermocouple Locations on

Thermal Shroud

Dolly Door Thermal Shroud Thermocouple Locations

End-Plates Thermocouple Locations

® 6 @ 8 0 006 0 00 0 06 00 * % 80 0 00O e

Support Fixture Thermocouple Locations « ¢ « s ¢ o ¢ 0 ¢ »

Generator Assembly Aft Seal Thermocouple Locations

Electric Fuel Capsule Simulator (EFCS) Thermocouple Locations

Typical I-V Mapping

Sample Generator I-V Mapping Summary Sheet ,, ., ..........

Sample Acceptance Data Sheet

*

® © & 0. 0 0 8 0 0 0 000 00 PO 0 e e eV e e e

.

® & & 9 5 6 9 & 0 0 b O ¢ O 0 O SO 0PV

Definition of the Three Major Orthogonal Axes to be Used in Testing

theGA'..Q

Orientation of GA in Space Simulator

e ® 0 @ 5 & 0 0 00 0 e 0

@ 8 06 & 0 00 06 9 ¢ @ 08 0 00 08 000 0

® 0 0 0 ® 0 0 08 0 0O e 0 s e e

Page

3-11
3-15
3-18
3-20

4-3

4-4

4-5

4-6
4-17
4-18
5-5

9-6
5-7/5-8

5-12
5~-14

iii





Table

iv

LIST OF TABLES o

Title : _ Page
Test Sequence for Engineer.iné‘ Model No, 8 ceeesecsotoenceann 2-3
ResponSibﬂitieS G O & @ & 0 % & 0 ¢ ¢ 0 0 0 ¢ 0 O 9 0 0 ¢ @ .D ® 0 &« 9 @ 0 0 & ¢ 0 8 O O 2-9/2-10

Generator Assembly Thermocouple Locations .. ...ecececooceeo 4=7





1.1 SCOPE

“This document presents detailed instructions for performing engineering tests for a si
mission on the SNAP-27 Radioisotope Thermoelectric Generator Assembly Model No.

The tests are scheduled to start during the week of January 30, 1967.

1.2 OBJECTIVES

TEST PLAN FOR SIMULATED MISSION
ENGINEERING MODEL NO. 8

SECTION 1.0

INTRODUCTION

The primary objective of this test program is to evaluate the generator's performance under

simulated mission conditions.

1.3 APPLICABLE DRAWINGS AND SPECIFICATIONS

1.3.1 DRAWINGS

All applicable drawings are contained in Appendix B, other than those that are classi.fied.t

ATR300128G4
4TE300323G1
ATE300104G4
47E300325G1
47C300169G1
47E300327G1
4TE300097P1
ATR300195

47D300225G2
ATR300334

4TR300126G1 .

47C300443
4TR300403

Generator Assy. Mod 8 (Classified)
Engineering Test Monitor Console
Outer Shell Assy.
Readout Console

Hot Frame Assy.

IPU Simulator Console
Cold Frame (Classified)

Generator Instr. Thermopile Installation

Aft Hermetic Seal Assy. .

R.T.D. and Thermocouple Installation

Generator Power Wiring Arré.ngement (Classified)
Cable Assembly

Wiring Diagram Thermopile with Thermocouple Locations
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47R300454
47D30010.0P1
47D300331
47D300415
47D300332
47D210654
47D300400

Cabling Hookup Mod. 5, 6, and 8

Fwd. Hermetic Seal Assy.

Type ""A" Electric Fuel Capsule Simulator
Handling Base Plate (Classified)

Type "B" Electric Fuel Capsule Simulator
Vibration Table Mounting Fixture

Fuel Capsule Assembly (Classified)

1.3.2 SPECIFICATIONS

1)

2)

3)

4)

5)

6)

1.4 TEST SPECIMEN

"Environmental and Test Requirements for the Integrated Power Unit
System, SNAP-27 Program'!, No. NS 0020-05-01-A. -

Performance and Design Requirements for the Generator Assembly,
SNAP-27 Program', No. NS 6115-30-01-A.

"Long Life Test Laboratory Specification", No. 43E3-001.
"Measurements and Environments Engineering Test Equipment A
Instruction Manual, 8' x 10' Space Simulator Test Facility" prepared
by J. H. Jones, dated November 20, 1961.

"Performance and Design Reqts for the IPU Test Panel - SNAP-27
Program', No. ERNS 4935-01~15.

"Generator Functional Performance Acceptance Test Plan'" Report
No. 3M, dated August 12, 1966.

1.4.1 GENERATOR SPECIMEN

The Model No. 8 engineering thermoelectric generator assembly (GA) for the SNAP-27

Program is the primary test specimen for this test plan. The materials and processes

used in the engineering model are exactly the same as those to be used for the SNAP-27

qualification and flight generators. The engineering model will be manufactured and
assembled by Solar and the 3M Company and will be tested by the Advanced Nuclear Systems

Engineering group of the General Electric Company, Missile and Space Division (GE-MSD)

located at Valley Forge, Pennsylvania.
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The GA is 18 inches high, 17 inches in diameter, and weighs about 26 pounds. The GA con-
sists primarily of the hot frame, the thermoelectric couples, a heat sink, and internal

insulation, The GA is shown in Figure 1-1; the thermopile assembly with its thermoelectric
couples is shown in Figure 1-2., The GA, when combined with the heat source '(fuel capsule),

is defined as an integrated power unit (IPU).

The fuel capsule (FCA) consisting of a nuclear heat source properly encapsulated, and an
end plate assembly for fastening it into the GA, provides the necessary heat to produce

electrical power.

The heat source to be used for the GA Test Program is an electric fuel capsule simulator
(EFCS), as shown in Figure 1-3. Two types of EFCS's will be utilized. A type ""B'' long
life EFCS, capable of operating in a vacuum equal to or less than 10~° Torr for at least

8, 600 hours, will be used for all vacuum testing. A type "A" dynamic short life EFCS will
be used for ambient operation. The power input is adjustable to provide specified operating
temperatures at the thermopile hot junction. They are equipped with ten thermocouples for

recording temperatures during testing,

The thermoelectric couple assembly provides direct energy conversion within the GA. The
couples, each consisting of an N-leg and a P-leg, are sandwiched between the hot and cold

frames.

Heat is first transferred from the heat source (EFCS) to the hot frame, then from the hot
frame to the hot shoes and elements, and finally to a heat sink.

The heat sink consists of a cold frame, outer case, and eight fins, as shown in Figure 1-4,
Heat from the cold junction of the thermoelectric couple is transferred first to the cold
frame and then to the outer case and fins. Heat from the outer case and fins is dissipated

to the surroundings by thermal radiation.

Thermal insulation, Min-K-1301, is packed into the voids between the internal components
of the GA. The GA is then back-filled with Argon Gas to a pressure of 25 psia when at
operating temperatures of 1100°F at the hot junction and 525°F at the cold junction. A
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POWER LEAD -MIN-K INSULATION
\ /'OUTERCASE

POWER HEADER (1) AFT

-n
-3
o

)

\ STRUMENTATION

|
HEADER (4) ON
MODEL NO.8
O] (LeaD WIRES
NOT PROVIDED)

FLEX TUBE FOR
PRESSURE
TRANSDUCER

HOT FRAME

THERMOPILE

FOLLOWER
8 SPRING

COLD FRAME

PINCH TUBE

SECTION A-A

Figure 1-1, Typical Generator Assembly





SEE DETAIL C

SEE DETAIL B

ollo _ollo

> ol[o o][6 olfo oo ollo oo ollo

PlNNIE

AXIAL ROW

(AR)

CIRCULAR ROW
(CR)

SECTION J-J
TYPICAL INSTRUMENTATION

HOT JUNCTION T/C

COLD JUNCTION T/C

o-

s

CR-AR-N

CRI-ARI-N

pETAIL C

DETAIL B

Figure 1-2. Typical Mechanical Thermopile Assembly
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TABLE 2-1. TEST SEQUENCE FOR ENG. MODEL NO. 8 (SHEET 2 OF 3)

REQUIRED TESTS SPECIFICATION NO. REF. NO. " COMMENTS
Change from - 280°F to
THERMAL VACUUM TEST (350 HRS) NS-0020-05-01-A 4,9.14,3 + 170 F Temperatures
Every 48 Hours.
(o}
I-V MAPPING (VACUUM 170" SINK) _ 0BT
AND LEAK RATE TEST - NS-0020-05-01-A 4,9.2
THERMAL VACUUM TEST 350 HRS) NS-0020-05-01-A 4,9.14,3
o ... .
I-V MAPPING (VACUUM 170 SINK) _ 0RO *
AND LEAK RATE TEST NS-0020-05-01-A 4,9.2
Use Fueled Capsule for This
- 170°
I-V MAPPING (VACUUM 170~ SINK) . Mapping
The GA Will Be Started Up
H,II,GEI:IS;‘ EMPERATURE START UP NS-0020-05-01-A 4.9.12 While at Tunar Day Environ-
ment
o
I-V MAPPING (VACUUM 170 SINK) _ COE_01
AND LEAK RATE TEST NS-0020-05-01-A 4,9,2
i The GA Will Be Started Up
LOW TEMPERATURE START UP NS-0020-05-01-A 4,9.13 While at Lunar Night
TEST
Environment
o]
I-V MAPPING (VACUUM 170" SINK) A on_ e _
AND LEAK RATE TEST NS-0020-05-01-A 4.9,2






G-8

TABLE 2-1. TEST SEQUENCE FOR ENG. MODEL NO. 8 (SHEET 3 OF 3)

REQUIRED TESTS SPECIFICATION NO. REF. NO. COMMENTS
SINUSOIDAL VIBRATION TEST Procedure II, Using the C-125
- - - 1- o Jo X

(QUAL LEVEL) NS-0020-05-01-A 4,9.11.2.b Exciter
RANDOM VIBRATION TEST , Procedure I, Using the C-125

(QUAL LEVEL) NS-0020-05-01-A 4.9.11,2.a Exciter
I-V MAPPING (VACUUM 170° SINK)

AND LEAK RATE TEST NS-0020-05-01-A 4,9.2
ACCELERATION TEST NS-0020-05-01-A 4.9,10 *
I-V MAPPING (VACUUM 170° SINK) R0

AND LEAK RATE TEST NS-0020-05-01-A 4.9,2
ACOUSTIC NOISE TEST To Be Performed at RSD

(s}

I-V MAPPING (VACUUM 170" SINK) NS-0020-05-01-A 4.9.2

AND LEAK RATE TEST

THERMAL VACUUM LIFE TEST
(4400 HOURS)

Perform Leak Rate I-V Mapping
at 1000, 3000, and 4400 Hours.

COATING EXAMINATION AND TEST
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2)

3)

4)

5)

6)

7

8)

2,3 SECURITY

Insure there is cooling water flowing through the system before start
up. Check the small needle valves on the discharge line from the
vapor pumps.

Never turn off the mechanical pump or break vacuum in the chamber
until after the diffusion pumps are cool. ‘

Always break vacuum in the chamber by using the vacuum break valve
on the chamber.

Never keep the ion gage on or attempt to outgas it when the pressure
in the chamber is higher than 9 x 10"~ Torr.

Never keep the system open to the atmosphere for any length of time,

Never allow the discharged eooling water temperature from the diffu-
sion to rise above 120°F, The discharged water should be kept around
body temperature. Any temperature less than this will waste power
and decrease effective pumping speed.

Jul]_qm_the_chamhemdmm.amwhﬁm.unﬁl the trap is at ambi—
ent temperature. \Y-FA ot Lo % M«. /"‘”‘“‘“

The classification of the test specimens, test parameters, and test data shall be "Unglassi-

fied".

2.4 RESPONSIBILITIES - (See Table 2-2.)

2.4.1 TEST CONDUCTOR

1)

2)

3)

4)

5)

6)

Direct and integrate the,eﬂortsl of design, quality control, manufac-
turing and support operations

Expedite test program consistent with funding limitations and schedules

Inform Program Office and Systems Engineering of test status and/or
directed changes in the test program

Coordinate preparation of the final test report

Maintain a daily log of all test activities, problem developments and
tests conducted

Maintain surveillance of tests being conducted to ensure performance
is in accordance with test objectives
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7) Test conductor shall be the single point contact for all participation
during the test

2.4.2 SYSTEM REQUIREMENTS ENGINEER

1) Prepare the test plan in accordance with objectives delineated by the
requirements specification

2) Provide test conductor with test requirements
3) Provide test conductor with latest changes in system requirements

4) Determine strain gage instrumentation and recording requirem ents to
satisfy test obJectlves

5) Coordinate all cha.nges in GA design, test conditions and schedules to
satisfy test objectives

2,4,3 QUALITY CONTROL (QC) DESIGN ENGINEER

1) Design and provide test fixtures

2) ’Design and provide test equipment and instrumentation
2.4.4 QC TEST ENGINEER

1) Sét up test equipment, fixtures and instrumentation

2) Prepare detailed procedures requii'ed for test equipment installation
and operation

3) Responsible for test operations under supervision of test conductor

2,4.5 THERMAL ANALYST

1) Determine temperature instrumentation and recording requirements
to satisfy test objectives

2) Determine and define all thermal boundary conditions to allow construc-
tion of the thermal vacuum test facility

3) Prepare and issue the thermal analysis, conclusions and recommenda-

tions section of the Test Report in accordance with "Test Report Re-
quirements Specification ANSE 270-501", dated May 17, 1965

2-8





. JRGANIZATION RESPONSIBILITY

TABLE 2-2, RESPONSIBILITIES

RESPONSIBLE
INDIVIDUAL

*ANSO ENERGY

CONVERSION
SYSTEMS

DEVELOPMENT

ANSO
SYSTEMS
ENGINEERING

ANSO
SYSTEMS
ANALYSIS

SPACECRAFT
PRODUCT
ASSURANCE

TEST CON-
DUCTOR

THERMAL AN-
ALYST

SYSTEM RE-
QUIREMENTS
ENGINEER

QC DESIGN EN-
NEER

f—

QC TEST EN-
GINEER

*Advanced Nuclear Systems Operation

2-9/2-10
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e. Readout Sequence - A scan may be started on any desired channel and stopped on

pre-selectqd block of ten channels. The system can also continually read on any
cted point. Readout may be done visually on the digital voltmeter or as punch card/

ter readouts.

f. Response - The amplifier unit of the scanner will respond to 0. 01% of its full scale

e in 20 microseconds at 10 kc bandwidth. The digital volimeter unit of the scanner will

ond to 0. 019% of its full scale value within 20 microseconds, and is capable of converting

in a maximum time of 670 microseconds.

g. Accuracy - The system accuracy (omitting sensor error) is rated at +0. 03% of full
e or +4, 0 microvolts, whichever is greater. Based upon the 10 millivolt setting and
yer-constantan thermocouples, an error not gfeater than +0. 259F will be introduced

he Data Management System.

h. Noise - This depends upon the circuits connected to the scanner input. A shorted

t will be in the order of +0.10% of full scale or #2. 0 microvolts whichever is greater.

i. Back-Up Scanner Readout -~ In addition to the normal reduced data readout mode

(g punch cards, direct voltage readout by the "ATLAM" scanner may be obtained visually

a the digital voltmeter, by decimal values printed on paper tape or by coded output on
shed paper tape.

j. Mobility - The complete system is composed of a group of mobile consoles and is
1ily moved for use where required. Approximately two days should be allowed for just

sonnecting, reconnecting and checkout of the system.

k. Open Channel Rejecfion - Thermocouples which indicate an open circuit to the

aner can be automatically rejected from any averages in which they are included.

1. Optimum Scanning Rates - The electronics of the scanner are capable of a one kc

5. The cross bar now incorporated will switch at a rate of 100 times per second. The
mal maximum scan rate for signal levels of 0-10 millivolts and 10-100 millivolts are

0 points per second and 20 points per second respectively.





3,3.3 HELIUM LEAK DETECTOR

A Veeco MS-9 series (or equivalent) helium mass spectrometer shall be used in combination
with the vacuum system for the leak rate test. The system shall be calibrated to measure
helium leak rates ranging from 1 x 1072 std cc/sec. to 1 x 10~10 std cc/sec.

3.3.4 MODEL C-125 VIBRATION EXCITER

: - M8
The operability assurance (OA) vibration test will be performed on a C-125 Vibration

Table.

This system is capable of a 10,000 pound force output (sine wave) and a 8, 000 pound force
~ output (rms-random) over a frequency f‘ange of 5 to 3000 cps. It has a limited table velocity
of 70 inches/sec, and a limited table displacement of +1/2 inch,

A "Mosely Autograph' analog plotter, Model 135, will be used for plotting input g or gz/ cps

versus frequency.

Sondevts -

3
Accelerometers, Model 2213C (or equivalent) are used as sensors. These have a sensitivity

of approximately 30 millivolts per ""G" and a resonant frequency above 14, 000 cps.

3.3.5 RSD ACOUSTIC TEST FACILITY

A 40' x 20' x 15" Reverberent chamber located in the structures lab of RSD will be used for
the acoustic noise test. This chamber has a broad band random noise source capable of

producing the required spectrum and power output specified in the GA testing instructions.

3.3.5.1 Sound Pressure Level System

System consists of condenser type microphones, magnetic tape recorders, 1/3 octave band

audio frequency spectometer, level recorder and trué rms vacuum tube voltmeters.

3.3.5.2 Strain Recording System

System consists of strain gage dynamic balancing system, carrier amplifier magnetic tape

~ system and a recording oscillograph.

3.3.5.3 Accelerometer Recording System

System consists of a 14 channel FM magnetic tape recorder, recording oscillographs,

linear/integrating amplifiers and cathode followers.





3.3.6 GROUND SUPPORT EQUIPMENT (GSE)

The GSE to be used for the checkout and testing of the engineering models of SNAP-27
generator assemblies is composed of three consoles, an engineering test monitor- console,

a readout console and an TPU simulator console.

3.3.6.1 Engineering Test Monitor Console (Figure 3-4 Serial No. 6306004 for Model No. 8)

The console is composed of seven panels; a GPC mode control, sensor panel, performance
map panel, EFCS control panel, EFCS power supply, AC control panel, reference junction
and a rear connector panel. This console is capable of meeting the required specification of
ERNS 4395-01-15 for a minimum of 200-0 hours with reasonable adjustments and replace-

ment of parts.

a. GPC Mode Control Panel - The GPC mode control panel shall have the capability of

operating the IPU with a power conditioning package attached. The GPC Panel shall sense
the E, Iand P outputs of the IPU and provide the circuitry to route these parameters in the
Performance Test Pa;nei's. Capability shall exist in the GPC panel to accept a variable
load (0 to 70 watts) from the resistance appliéd from the Performance Panel. Capability
shall also exist to switch the IPU operating mode from the GPC to a fixed or variable load

resistance as required.

b. Sensor Panel - The sensor panel shall comprise two analog iron-constantan tem-
perature meters, two analog chromel-alumel temperature meters, and two analog copper-

constantan temperature meters.

TYPE RANGE TEMP. KNOWLEDGE ACCURACY
Iron-Con 0- 600°F ' +5°F from 450°F to 575°F
Iron-Con 600 - 1200°F +59F from 1000 to 1200°F
Chrom-Alumel 0- 600°F +50F from 450 t6 575°F
Chrom-Alumel 600 - 1200°F +59F from 1000 to 1200°F
Copper-Con 0 - 600°F +50F from 450 to 575°F

The panel shall further include an analog pressure indicator which will have a range of

0 - 30 psi and an accuracy of +3%.
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.

c. Performance Map Panel - The 19 in. x 30 in. x 14 in. Performance Map Panel

consists of a resistance thermometer read-out section, a performance map section and

test data connéctors.

"The Resistance thermometer read-out section (RTD)" provides means for manual selec-
tion and analog display of three TH and three Tc temperature sensors in degrees Fahren-

heit. These sensors have a T}, range of 600° to 1200°F, and a T , range of 00 to 600°F.

The "Performance Map Section" provides means for monitoring and visually displaying
the potential in vde, current in amperes, power in watts, variable load resistances in

ohms and also measures the elapsed time of these monitored functions:

1. Voltage Monitor and Displé.y - The voltage monitor and display shall provide

capablhty to monitor dc voltage over the range of 0 to 40 vdc in two ranges and shall pro-
vide analog display of the voltage to an accuracy of 1% of full scale. The indicator units
shall be vde.

9. Current Monitor and Display - The current monitor and display shall provide

capability to monitor direct current over the range of 0 to 10 amperes and shall provide
analog display of the current to an accuracy of #1% of full scale. The indicator units shall

be amperes.

3. Power Monitor and Display - The power monitor and display shall provide

capability to monitor i:ower in watts, dc, over the range of 0 to 100 watts and shall provide

analog display of the power to an accuracy of 2%. The indicator units shall be watts.

4, Variable Load Resistor and Dispiay - A variable load resistor with a variable

resistance between 0 and 20 ohms with a step to open circuit, shall be provided. The dis-
play indicator units shall be ohms.

5. Elapsed Time Indicator and Display - The elapsed time indicator and display

shall provide capability to measure elapsed time of monitored functions and shall provide
a digital display of elapsed time in hours and tenths of hours to an accuracy of +2%.
']

6. Test Data Connector ~ A test data connector shall be provided.
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d. Electric Fuel Capsule Simulator (EFCS) Power Control Panel - The EFCS Control

Panel shall consist of the following sections with the capability of providing the performance '

specified:

1. EFCS Control Circuit Section

(@).

()

(c)

(@)

(e)

®)
()

()

Power Controller - The power controller shall utilize power sensing
techniques, shall be adjustable from 1200 to 1700 watts and shall main-
tain a particular power setting in this region to #1%.

Power Indicator - The power indicator shall sense EFCS power and shall
provide display of this power in watts to an accuracy of +1%.

AC Line Voltage Indicator - The ac line voltage indicator shall sense a
potential of 208 vac 60 cps and shall provide display of this voltage to an
accuracy of +1%.

DC Power Supply for EFCS Heaters - The power supply shall have a
remotely programmable output from 85 to 115 vde, 20 amps maximum,

Elapsed Time Indicator and Display - The elapsed time indicator and dis-
play shall provide capability to measure elapsed time of monitored func-

tions and shall provide digital display of elapsed time in hours and tenths
of hours to an accuracy of 12%.

Current Indicator - The current indicator shall sense the current supplied
to the EFCS and shall provide display of the current in amperes over a
range of 0 - 20 amps dc to an accuracy of +1%.

Voltage Indicator - The voltage indicator shall sense the potential across
the EFCS lead pigtail and shall provide display over a range of 0 - 150
volts to an accuracy of +1% in the 25 - 115 v region.

Test Data Connector - A test data connector or individual test jacks shall
be provided. The available test monitor shall include:

e Line voltage (E line)

L Current (IE FC S)
o
' Voltage (EEF C S)
e P
ower (PE FC S)
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2. Safety Monitor Section - The safety monitor section shall monitor one selected

TH sensor and shall de-energize the electric fuel capsule simulator (EFCS) power source
should a predetermined TH level be exceeded. The panel shall include an over temperature

monitor device. The level set shall be variable from 1100°F to 1175°F.

e. EFCS Power Supply - An 18 in, x 18 in. x 7 in. panel shall provide the primary
input power, which shall be 120 vac +5%, 1 8, 60 cycle, 3 wire (2 power leads, 1 facility
ground) and 208 vac 5%, line to line, 60 cycle, 3 wire (2 power leads, 1 facility ground).

f. AC Control Panel - The ac control panel shall accept the required ac input power to

this console, control the application of said line power via ac controllers and distribute said

power to the console power distribution-system.

g. Ref Junction Panel - The reference junction panel shall provide the electrical refer-

ence junctions for ten iron-constantan and fifteen chromel-alumel thermocouples.

h. Rear Connector Panel - A rear connector panel shall be included in the Eng'ineéring

Test Monitor Console. The panel shall be mounted near the bottom of the console and shall

contain:

1. Connectors which will interface with power, EFCS, and instrumentation cabling
for the Engineering Model Generators 8.

2. Connectors which will interface with cabling for the Readout Console and

Permanent Record Patch Panel.

3.3.6.2 Readout Console (Figure 3-5 - Serial No. 6308001)

The feadout console accepts the analog monitors obtained in the engineering test console

and displays them in digital form, and will be used in conjunction with all the engineering
consoles., The console is composed of eight panels: the T/C panel, RTD panel, IPU moni-
tor, oscilloscope panel, universal bridge, patch panel, ac control panel and ‘a rear connector
panel. The primary input power to the test panels is 120 vac +5%, 1 #, 60 cycles, 3 wire

(2 power leads, 1 facility ground).

a. Thermocouple (T/C) Panel - The T/C panel shall comprise two T/C digital ther-

mometers. One T/C thermometer shall accommodate iron-coﬁstantan and one T/C ther-

mometer shall accommodate chromel-alumel. The iron-constantan T/C meter shall be
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'ﬂoating and be capable of operation with T/ C' readings which are 16 vac above ground.

Both T/C meters shall h‘ave a range of 0 - 12_00°F and be accurate to +5°F from 400 - 575°F
and 1000 to 1200°F. Both meters shall have self contained reference junctions. The T/C
digital thermometers shall accept sensor data via two conductor connection to the patch

panel defined in Paragraph 3. 3. 6. 2f for this console.

b. RTD/Panel - The RTD/Panel shall contain one RTD digital thermometer and one
copper-constantan digital thermometer. The RTD meter shall have a range of 0 - 1200°F
and be accurate to +5°F from 400 to 5750F and 1000 to 12000F. The digital sensors shall
accept data via two conductor connection to the patch panel defined in Paragraph 3. 3. 6. 2f

for this console.

c. IPU Monitof - The IPU monitor panel shall contain a digital readout device with
means to indicate E in volts, Iin amps, and P in watts. Accuracy of digital readout shall

be within 1% of absolute true values.

d. Oscilloscope Panel - The oscilloscope panel shall be capable of displaying the in-
stantaneous E and I characteristics of the IPU. The scope characteristics shall be:

1. Bandwidth dc to 450 ke
2. Sensitivity 10 mv/cm to 10 v/em
3. Sweep Range 1y sec/cm to 200 m sec/cm

e. ,lfniversal Bridge ~ Universal Bridge panel shall be capable of measuring the R, L

a.nd‘C of the IPU. The ranges and accuracies required are:

C-1pftoly f+1%
R - 10 milliohms to 10 ohms + 2%
L - 1y hto 1 millihenry +2%

f. Patch Panel - The patch panel shall be capable of accepting all sensor inputs from
the rear connector panel and connecting same via a patching arrangement to the applicable

digital meter.

g. AC Control Panel - The ac control panel shall accept the required ac input power

to this console, control the application of said line power via ac controllers and distribute

said power to the console power distribution system.
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h. Read Conmnector Panel - A rear connector panel shall be included in.the Readout

Console. The panel shall be mounted near the bottom of the console and shall contain:

1. Connectors which will interface with cabling from the Engineering Test

Monitor Console

2. Connectors which will interface with the cabling for the Qual Test Monitor

Console

'3.3.6.3 IPU Simulator Console (Figure 3-6 - Serial No. 6309001 and 6309002)

The IPU Simulator Console is to be used to check out and test all the ground support equip-
ment. It is composed of five panels; the IPU simulator panel, power supply, ac control

panel, blower, and rear connector panel.

a. IPU Simulator Panel - The IPU simulator section shall contain a 0 to 35 vde, 5 amp

power supply and a 0 - 5 ohm variable resistor in series with the power supply output.

1. RTD Section - The RTD section shall contain resistors which will simulate the

RTD sensors at elevated temperatures.

2. T/C Section - The T/C section shall contain at least one iron-constantan T/ C,
one chromel-alumel T/C and one copper-constantan T/C. The T/C's shall be mounted in

such a manner relative to the EFCS section so as to have above ambient inputs.

3. EFCS Section -~ The EFCS section shall contain a resistive load which will
simulate the EFCS heater.

b. Power Supply - The primary input power to the test panels shall be 120 vac, +5%,

14, 60 cps, 3 wire (2 power leads, 1 facility ground).

c. AC Control Panel - The ac control panel shall accept the required ac input power to

this console, control the application of said line power via ac controllers aid distribute said

power to the Qonsole power distribution system.

d. Blower - The blower shall be used to cool the console components.
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e. Rear Connector Panel - The connector section shall provide connectors to interface

with the test monitor console. It shall be used for checkout of the engineering test monitor
consoles, qualification test monitor console, the deliverable units of the performance map
panel, and the EFCS Power Supply Control Panel.

3.3.7 MILLIOHMMETER

A 7-1/2 pound portable Keithley Milliohmmeter, Model 502 A, shall be used to take resist-
ance and continuity checks on the GA. This battery operated unit measures a range of

0. 001 to 1000 ohms, within an accuracy of 3%. I has a voltage-limited mode which limits
the voltage applied across a sample to 25 mv peak to peak. Limiting the maximum voltage
applied to the sample permits dry circuit testing without breaking down thin insulating films.
A four-terminal measuring system is used to eliminate errors due to lead and contact

resistance.
3.3.8 CENTRIFUGAL ACCELERATION MACHINE

A centrifugal acceleration machine, model RCT-2, shall be used for performing accelera-
tion tests. This machine has the capability of rotating at speeds from 5 to 300 rpm, and
produces loads up to 15, 000g - pounds.

The rotating arm has a mounting fixture capable of holding pieces up to a 24 in. cube size.
It has a radius of rotation extending from 24 in. to 48 in., with the center line of a 24 in.
cube being at 36 in. The base plate of the machine's mounting fixture can be raised or
lowered in three inch increments to facilitate centralizing of the test specimen,

3.3.9 3M COMPANY TEST EQUIPMENT (Figure 3-7)

The test equipment specified for use for the initial performance evaluation and acceptance
testing at VFSTC is as follows.

1) Generator Test Console Assembly (as specified on 3M print PD-45-
2331).

2) Environmental Test Chamber Assembly (as specified on 3M print
PD-45-2371).

3) Digital Voltmeter (DIGLTEC Model No. 201)
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4) Temperature Meter (Howell Model BH180 Type K)
5) Temperature Meter (Howell Model BH180 Type J)

3.3.10 GE MODEL LC-20 MASS SPECTROMETER AND ASSOCIATED VACUUM
EQUIPMENT

The General Electric Model L.C-20 Helium Mass Spectrometer Leak Detector will be used
in the ANSO. Lab to locate and determine the leak rate of a minute leak in the GA pressurized

system.

A complete self-contained bell jar vacuum system is provided as part of the leak detector

system which can attain pressures less than 1 x 10-6 Torr.

Leaks are located by the use of a helium tracer gas which has been introduced into the GA
préssure system. While the GA is in the bell jar under a pressure of 10-6 Torr, the leak
detector is used to draw a sample of gas from within the jar. The detector develops an
electrical signal proportional to the number of helium molecules in the sample of gas. The
output meter on a portable indicator indicates that a leak exists in the GA, and also denotes
the size of the leak.
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SECTION 4,0
PRE-TEST REQUIREMENTS AND OPERATIONS

4,1 LEAK TESTS

All test apparatus, exclusive of the pressurization equipment, shall be calibrated at the be-
ginning of each leak test.

4.2 FIXTURE VIBRATION TESTS

Prior to conducting the vibration test with an actual component, the shaker and fixture shall
be subjected to a resonance search. A dummy GA shall be designed to simulate the mass,

center of gravity, and mounting arrangement of the actual GA to be tested.

With the dummy mounted on the fixture, and the fixture mounted on the shaker with accelero-

meters, the following procedure will be followed.

a.¢ The frequency band from 5 to 2000 cycles per second shall be swept at a rate slow

enoughto clearly identify the amplification and bandwidth of each resonance whose amplifi-

cation is greater than three. The fixture shall be modified until all resonance is eliminated »

to the greatest extent possible.

b. The vibration response shall be monitored, through the entire ﬁ'equéncy range in
three orthogonal directions, at the critical attachment points of the dummy to the fixture.
The amplitude readings normal to the direction of excitation shall not be greater than 50
percent of the maximum level in the direction of excitation. The maximum and minimum
amplitude readings taken in the direction of the sha];er, at the attachrﬁent pqints, shall not

differ from each other by more than 50 percent.

Resonance frequencies, bandwidth, and amplification of all resonances shall be noted and

recorded.
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c. The vibration amplitude shall be varied with frequencies as follows:,

RESONANCE SEARCH LEVELS

FREQUENCY (CPS) AMPLITUDE
5-17 cps % 0.1 inch
17-2000 cps * 3G

d. Equalization - All specified power spectral density input to the GA for all tests shall -
be within 3 db in the frequency range of 20-300 cps and within +6 db and -3 db in the fre-

quency range of 300-2000 cps, using analyzing filters with a maximum permissible filter
bandwidth of 50 cps.

-

The overall "g'" (rms) level in the range of 5 to 2060 cps shall be maintained within 10 per-
cent of the nominal G (rms) level specified. The attenuation below 5 cps and above 2000 cps

shall be greater than 2 db/octave. The following analyzer characteristics shall be reported

for each test:
1) Filter Bandwidth
2) Integrator Time Constant
3) Amplitude Accuracy

4.3 INSTRUMENTATION SYSTEM

Quality Control and Test personnel shall install thermocouples onto the vacuum chamber, V “
and support fixture, The location of the 50 thermocouples in the vacuum chamber shall be &
in accordance with Figures 4-1, 4-2, and 4-3. The location of the 47 thermocouples on the

mounting fixture must be in accordance with Figure 4-4, The generator assemblﬁr shall be

externally instrumented with 6 RTD's and 15 chromel-alumel T/C's as shown in Table 4-1

(Reference Drawing 47R300334) and Figure 4-5, The EFCS will be instrumented witﬁ ten
T/C's as shown in Figure 4-6,
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SECTION A-A

THERMOCOUPLE LOCATIONS (24T/C's)

Figure 4~-1. Vacuum Chamber Cylinder Thermocouple Locations on Thermal Shroud

ROW
LINE ’
A-A A-B A-C A-D A-E A-F A-G A-H
1 TCP-1 |TCP-2 |TCP-3 |TCP-4 |TCP-5 [TCP-6 |TCP-7 |TCP-8
. 2 TCP-9 |TCP-10 |TCP-11 |TCP-12 |TCP-13 |TCP-14 |TCP-15 [TCP-16
3 TCP-17 |TCP-18 |TCP-19 |TCP-20 |TCP-21 |TCP-22 |TCP-23 |(TCP-24
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T/C

"
LOCATION EEJEMA

LINE 4
ROW A—I
2' DIAMETER
LINE i1 LINE &
LINE 10 LINE 6
LINE 9 LINE 7

LINE 8
DOLLY DOOR THERMAL SHROUD

9 T/C'S - CENTER T/C NO. IS TCP-25

ROW LI.NE
4 5 6 7 8 9 10 11
A-1 TCP-26 | TCP-27 | TCP-28 | TCP-29 | TCP-30 | TCP-31 | TCP-32| TCP-33

Figure 4-2, Dolly Door Thermal Shroud Thermocouple Locations
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e T/C LOCATIONS

< 4 ) 2
© 36" DIA.

/|

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

ROW A-J

LINE 12
34" DIAMETER

LINE 19

LINE 13

ROW A-K
18" DIAMETER
LINE I8 LINE 14
LINE 17 LINE I5
LINE 16
17 T/C's CENTER T/C NO. IS TCP-34
LINE
ROW 12 13 14 15 16 17 18 19
A-J TCP-35 | TCP-36 | TCP-37 | TCP-38 | TCP-39 | TCP-40 | TCP-41 | ‘TCP-42
A-K TCP-43 | TCP-44 | TCP-45 | TCP-46 | TCP-47 | TCP-48 | TCP-49 | TCP-50

Figure 4-3. End-Plates Thermocouple Locations





LINE 28— F 5
5" LINE 26),
LlNEZS—é— o g \g. | :c:\:rzg-::A |
& LINE 25°_ 4@ NE 20 oW B .
- H— :—;“j';?ésoo “DIA.
LINE 30 ° ° LaeNes T g I5 1/2° DIA.
6" ‘
LINE 31 ——$7 o o o ,_f,\'{é 523 LiNE22 o}
¢ >
LINE 32——-é—.9 o o o o d
'@—6“—»{@—6’—9%—6"-@{@-—6" 2%
ROW ROW ROW  ROW  ROW ROW
A B c D E F
47 T/C's - CENTER T/C NO, IS TSP-1
ROW
LINE | B-A | B-B B~C A B c D E F
20 | TSP-2 | TSP-10 | TsP-18 X X X X X X
21 |Tsp-3 |Tsp-11 | TSP-19 X X X X X X
22 | TSP-4 |TSP-12 | TSP-20 X X X X X X
23 |[TSP-5 | TSP-13 | TSP-21 X X X X X X
24 | TSP-6 | Tsp-14 | TSP-22 X X X X X X
25 | TSP-7 |TsP-15 | TSP-23 X X X X X X
26 |TSP-8 | TSP-16 | TSP-24 X p'e X X X X
27 | TSP-9 |TSP-17 | TSP-25 X X X X X X
28 X X X | TSP-26 | TSP-31 | TSP-36 | TSP-39 | TSP-41 X
29 X X X TSP-27 | TSP-32 X X X TSP=-44
30 x X x | Tsp-28 | TSP-33 X X X | Tsp-45
31 X X X | TsP-29 | TSP-34 | TSP-37 X | TSP-42 | TSP-46
2 | x X X | TsP-30 | TSP-35 | TSP-38 | TSP-40 | TSP-43 | TSP-47
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TABLE 4-1, GENERATOR ASSEMBLY THERMOCOUPLE LOCATIONS

COUPLE IDENTIFICATION | LOCATION CIRC. ROW Lg}éllggw ATLAM NO.
GA Current (Closed Circuit) -— -— -_— 660
GA Voltage (Closed Circuit) — - - 661
R1-1 (RTD) Hot Frame RTD 0°/1 3 662
R1-2 (RTD) Hot Frame RTD 111%/9 17 663
R1-3 (RTD) Hot Frame RTD 2220/17 31 664
TC1-1 Hot Frame T/C 111%/9 3 665
TC1-2 Hot Frame T/C 2220/17 3 666
TC1-3 Hot Frame T/C 0%/1 18 6617
TC1l-4 Hot Frame T/C 222°/117 17 668
TC1-5 Hot Frame T/C 0°/1 31 . .669
TC1-6 Hot Frame T/C 111°%/9 31 670
TC2-1 (Hot Junction) Thermopiie T/C 25 2 671
TC2-2 (Cold Junction) Thermopile T/C 25 2 672
TC2-3 (Hot Junction) Thermopile T/C 9 16 673
TC2-4 (Cold Junction) Thermopile T/C 9 16 674
TC2~5 (Hot Junction) Thermopile T/C 17 16 675
TC2-6 (Cold Junction) Thermopile T/C 17 16 676
TC2-7 (Hot Junction) Thermopile T/C 1 19 677
TC2-8 (Cold-J unction) Thermopile T/C 1 19 678
TC2-9 (Hot Junction) Thermopile T/C 3 30 679
TC2-10 (Cold Junction) Thermopile T/C 3 30 680






TABLE 4-1. GENERATOR ASSEMBLY THERMOCOUPLE LOCATIONS (Cont)

. AXIAL

COUPLE TDENTIFICATION LOCATION CIRC. ROW | LEG ROW | ATLAM NO.

R3-1 Cuter Shell RTD 1/0° 3 - 681

R3-2 Outer Shell RTD 9/111° 17 . 682

R3-3 Outer Shell RTD 17/222° 31 683

TC3-1 Quter Shell T/C 9/1110 3 684

TC3-2 Outer Shell T/C 17/22290 3 685

TC3-3 Outer Shell T/C | 1/00 18 686

TC3-4 Outer Shell T/C 17/222° 17 687

TC3-5 Outer Shell T/C 1/0° 31 688

TC3-6 Outer Shell T/C 9/1110 31 689
Aft Hermetic See Figure | See Figure

TC4-1 Seal T/C 4-5 4-5 690
Aft Hermetic See Figure See Figure

TC4~2 Seal T/C 4-5 4-5 691
Aft Hermetic See Figure See Figure

TC4-3 Seal T/C 4-5 4-5 692
Vacuum Chamber| See Figure See Figure

TCP-1 Cryopanel 4-1 4-1 693
Vacuum Chamber| See Figure See Figure

TCP-2 Cryopanel 4-1 4-1 694
Vacuum Chamber| See Figure See Figure

TCP-3 Cryopanel 4-1 4-1 695
Vacuum Chamber| See Figure See Figure

TCP-4 Cryopanel 4-1 4-1 696
Vacuum Chamber| See Figure See Figure |

TCP-5 Cryopa.nel 4-1 4-1 697
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TABLE 4-1, GENERATOR ASSEMBLY THERMOCOUPLE LOCATIONS (Cont)

AXIAL

COUPLE IDENTIFICATION LOCATION CIRC. ROW | LEG ROW |ATLAM NO.
Vacuum Chamber |See Figure See Figure :

TCP-6 Cryopanel 4-1 4-1 698 -
Vacuum Chamber {See Figure See Figure

TCP-7 Cryopanel 4-1 4-1 699
Vacuum Chamber |See Figure See Figure

TCP-8 Cryopanel 4-1 4-1 700
Vacuum Chamber |See Figure See Figure

TCP-9 Cryopanel 4-1 4-1 701
Vacuum Chamber |See Figure See Figure

TCP-10 Cryopanel 4-1 4-1 702
Vacuum Chamber | See Figure See Figure

TCP-11 Cryopanel 4-1 4-1 703
Vacuum Chamber | See Figure See Figure

TCP-12 Cryopanel 4-1 4-1 704
Vacuum Chamber | See Figure See Figure

TCP-13 Cryopanel 4-1 4-1 705
Vacuum Chamber | See Figure See Figure

TCP-14 Cryopanel 4-1 4-1 706
Vacuum Chamber | See Figure See Figure

TCP-15 Cryopanel 4-1 4-1 707
Vacuum Chamber | See Figure See Figure

TCP-16 Cryopanel 4-1 4-1 708
Vacuum Chamber | See Figure See Figure

TCP-17 Cryopanel 4-1 4-1 709
Vacuum Chamber | See Figure See Figure

TCP-18 Cryopanel 4-1 4-1 710
Vacuum Chamber | See Figure See Figure

TCP-19 Cryopanel 4-1 4-1 711
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TABLE 4-1. GENERATOR ASSEMBLY THERMOCOUPLE LOCATIONS (Cont)

AXTIAL

COUPLE IDENTIFICATION LOCATION CIRC. ROW | LEG ROW |ATLAM NO,
Vacuum Chamber | See Figure See Figure

TCP-20 Cryopanel 4-1 4-1 712
Vacuum Chamber | See Figure See Figure

TCP-21 Cryopanel 4-1 4-1 713
Vacuum Chamber | See Figure See Figure

TCP-22 Cryopanel 4-1 4-1 714
Vacuum Chamber | See Figure | See Figure .

TCP-23 Cryopanel 4-1 4-1 715.

' Vacuum Chamber | See Figure | See Figure

TCP-24 Cryopanel 4-1 4-1 716 -
Dolly Door See Figure See Figure

TCP-25 Cryopanel 4-2 4-2 717
Dolly Door See Figure See Figure

TCP-26 Cryopanel 4-2 4-2 718
Dolly Door See Figure See Figure

TCP=-27 Cryopanel 4-2 4-2 719
Dolly Door See Figure See Figure

TCP-28 Cryopanel 4-2 4-2 720
Dolly Door See Figure See Figure

TCP-29 Cryopanel 4-2 4-2 721
Dolly Door See Figure See Figure

TCP-30 Cryopanel 4-2 4-2 722
Dolly Door See Figure See Figure

TCP-31 Cryopanel 4-2 4=2 723
Dolly Door See Figure See Figure

TCP-32 Cryopanel 4~2 4-2 724
Dolly Door See Figure See Figﬁre

TCP-33 Cryopanel 4-2 4-2 725

4-10






TABLE 4-1, GENERATOR ASSEMBLY THERMOCOUPLE LOCATIONS (Cont)

AXIAL

COUPLE IDENTIFICATION LOCATION CIRC. ROW | LEG ROW |ATLAM NO.
End Plate See Figure See Figure

TCP-34 Cryopanel 4-3 4~3 726
End Plate See Figure See Figure

TCP-35 Cryopanel 4-3 4-3 727
End Plate See Figure See Figure

TCP-36 Cryopanel 4-3 4-3 728
End Plate See Figure See Figure

TCP-37 Cryopanel 4-3 4-3 729
End Plate See Figure | See Figure .

TCP-38 Cryopanel 4-3 4-3 : 730
End Plate See Figure See Figure _

TCP-39 Cryopanel 4-3 4~-3 731
End Plate See Figure See Figure

TCP-40 Cryopanel 4-3 4-3 732
End Plate See Figure See Figure 4

TCP-41 Cryopanel 4-3 4-3 733

, End Plate See Figure See Fig'ure

TCP-42 Cryopanel 4-3 4-3 734
End Plate See Figure See Figure

TCP-43 Cryopanel 4-3 4-3 735
End Plate See Figure See Figure

TCP-44 Cryopanel 4-3 4-3 736
End Plate See Figure See Figure

TCP-45 Cryopanel 4-3 4-3 737
End Plate See Figure See Figure

‘"TCP-46 Cryopanel 4-3 4-3 738
End Plate . See Figure See Figure

TCP-47 Cryopanel 4-3 4-3 739
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TABLE 4-1, GENERATOR ASSEMBLY THERMOCOUPLE LOCATIONS (Cont)

AXTIAL
COUPLE IDENTIFICATION LOCATION CIRC. ROW | LEG ROW | ATLAM NO.

. End Plate See Figure See Figure

TCP-48 Cryopanel 4-3 4-3 740
End Plate See Figure See Figure

TCP-49 Cryopanel 4~3 4-3 741
End Plate See Figure See Figure

TCP=-50 Cryopanel 4-3 4-3 742
See Figure See Figure

TSP-1 Support Fixture | 4-4 4-4 743
See Figure See Figure

TSP-2 Support Fixture | 4-4 4-4 744
See Figure See Figure

TSP-3 Support Fixture | 4-4 4-4 745
See Figure See Figure

TSP-4 Support Fixture 4-4 4-4 746
. See Figure See Figure

TSP-5 Support Fixture | 4~4 4-4 747
See Figure See Figure

TSP-6 Support Fixture | 4-4 4-4 748
See Figure See Figure

TSP-7 Support Fixture | 4-4 4-4 749
See Figure See Figure

TSP-8 Support Fixture | 4-4 4-4 750
See Figure See Figure

TSP-9 Support Fixture | 4-4 4-4 751
See Figure | See Figure

TSP-10 Support Fixture | 4-4 4-4 752
See Figure See Figure

TSP-11 Support Fixture | 4-4 . 4-4 753

4-12






TABLE 4-1. GENERATOR ASSEMBLY THERMOCOUPLE LOCATIONS (Cont)

, ) AXIAL
COUPLE IDENTIFICATION LOCATION CIRC. ROW | LEG ROW |ATLAM NO.,
. See Figure See Figure
TSP-12 Support Fixture | 4-4 4-4 754
See Figure See Figure .
TSP-13 Support Fixture 4-4 4-4 755
See Figure See Figure
TSP-14 Support Fixture 4-4 4-4 756
See Figure . | See Figure
TSP-15 Support Fixture | 4-4 4-4 757
See Figure See Figure
TSP-16 Support Fixture 4-4 4-4 758
See Figure See Figure
TSP-17 Support Fixture 4-4 4~4 759
See Figure See Figure
TSP-18 Support Fixture 4-4 4-4 760
See Figure See Figure
TSP-19 Support Fixture 4-4 4-4 761
See Figure See Figure
TSP-20 Support Fixture 4-4 4-4 762
See Figure See Figure
TSP-21 Support Fixture 4-4 4-4 763
See Figure See Figure
TSP-22 Support Fixture 4-4 4~4 764
- | See Figure See Figure
TSP-23 Support Fixture 4-4 ' 4-4 765
See Figure See Figure
TSP-24 Support Fixture | 4-4 4-4 766
See Figure See Figure
L;‘SP-25 Support Fixture 4-4 4-4 767
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TABLE 4-1, GENERATOR ASSEMBLY THERMOCOUPLE LOCATIONS (Cont)

AXIAL

COUPLE IDENTIFICATION LOCATION CIRC. ROW | LEG ROW | ATLAM NO,
See Figure See Figure

TSP-26 Support Fixture | 4-4 4-4 768
Seer Figure See Figure

TSP-27 Support Fixture | 4-4 4-4 769

_ See Figure See Figure

TSP-28 Support Fixture | 4-4 4-4 770
See Figure See Figure

TSP-29 Support Fixture | 4-4 4-4 771
See Figure See Figure .

TSP-30 Support Fixture { 4-4 4-4 ~ 772
See Figure | See Figure

TSP-31 Support Fixture | 4-4 4-4 773
See Figure See Figure

TSP=-32 Support Fixture | 4-4 4-4 774
See Figure See Figure

TSP-33 Support Fixture | 4-4 4-4 775
See Figure See Figure

TSP-34 Support Fixture | 4-4 4-4 776
See Figure See Figure

TSP-35 Support Fixture | 4-4 4-4 T
See Figure See Figure

TSP-36 Support Fixture § 4-4 4-4 778
See Figure See Figure

TSP-37 Support Fixture 4-4 4-4 779
See Figure See Figure

TSP-38 Support Fixture | 4-4 4-4 780
See Figure See Figure

TSP-39 Support Fixture | 4-4 4-4 781
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TABLE 4-1. GENERATOR ASSEMBLY THERMOCOUPLE LOCATIONS (Cont)

: AXTAL
COUPLE IDENTIFICATION LOCATION CIRC. ROW | LEG ROW | ATLAM NO,

See Figure | See Figure

TSP-40 Support Fixture | 4-4 4-4 782
. See Figure | See Figure

TSP-41 Support Fixture 4-4 4-4 : . 783
See Figure See Figure

TSP-42 Support Fixture 4-4 4-4 784
See Figure See Figure

TSP-43 Support Fixture | 4-4 4-4 " 785
See Figure See Figure

TSP~44 Support Fixture 4-4 4-4 786
See Figure See Figure

TSP-45 Support Fixture 4-4 4-4 787
See Figure See Figure

TSP-46 Support Fixture | 4-4 4-4 788
See Figure See Figure

TSP~47 Support Fixture 4-4 4-4 789
Pressure See Figure See Figure

TPT-1 Transducer 4-5 4-5 790
Pressure See Figure See Figure

TPT-2 Transducer 4-5 4-5 791

EFCS Analog Voltage -— -— - 792
Electric Fuel See Figure See Figure

TFC-1 Capsule Sim., _4-6 4-6 793
- Electric Fuel See Figure See Figure

TFC-2 Capsule Sim, 4-6 4-6 794
Electric Fuel See Figure See Figure

TFC-3 Capsule Sim, 4~6 4-6 795
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TABLE 4-1. GENERATOR ASSEMBLY THERMOCOUPLE LOCATIONS (Cont)

AXTAL -
COUPLE IDENTIFICATION LOCATION CIRC. ROW | LEG ROW | ATLAM NO.

Electric Fuel See Figure See Figure

TFC-4 Capsule Sim. 4-6 4-6 796
: Electric Fuel See Figure See Figure

TFC-5 Capsule Sim. 4-6 4-6 797
. Electric Fuel See Figure See Figure

TFC-6 Capsule Sim, 4-6 4-6 798
Electric Fuel | “See Figure | See Figure

TFC-7 Capsule Sim, 4-6 4-6 . 799
. Electric Fuel See Figure See Figure

TFC-8 Capsule Sim, 4-6 4-6 800
Electric Fuel See Figure See Figure

TFC-9 Capsule Sim, 4-6 4-6 801
Electric Fuel See Figure See Figure

TFC-10 Capsule Sim, 4-6 4~6 §02

GA Voltage (open circuit) ——— -— : - 803

Pressure Trans., Voltage ——— —— — 804

4.3.1 THERMOCOUPLE INSTALLATION

The 3M Company shall install the following internal thermocouples on the generator assembly
(Reference Drawing 47R300195).

a. Hot Electrode (Internal) - Five-iron-constantan thermocouples., One each at the

following locations:

T/C NO. AXIAL LEG ROW CIRCUMFERENTIAL ROW
TC2-1 2 25
TC2-3 16 9
TC2-5 16 17
TC2-7 . 19 1

TC2-9 30 . 3
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Figure 4-5. Generator Assembly Aft Seal Thermocouple Locations
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following locations:

T/C NO. AXIAL LEG ROW
TC2-2 9 |
TC2-4 16

TC2-6 16

TC2-8 19

TC2-10 30

Hot Frame (External)

b. Cold Electrode (Internal) - Five-iron-constantan thermocouples. One each at the

CIRCUMFERENTIAL ROW

25
9
17
1
3

3M shall install the following external temperature RTD's and thermdcouples :

1. Three platinum resistance thermometers, One each at the following locations:

RTD NO. AXTAL LEG ROW
Ri-1 3
R1-2 17
R1-3 31

CIRCUMFERENTIAL ROW

1
9
17

2. Six chromel-alumel thermocouples. One each at the following locations:

T/C NO. AXIAL LEG ROW
TC1-3 18
TCl-1 3
TC1-2 3
TC1-5 31
TC1-6 31
TCl-4 17

CIRCUMFERENTIAL ROW

1
9
17
1
9
17
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b. Outer Shell (External)

1. Three platinum resistance thermometers. One each at the following locations:

RTD NO, AXIAL LEG ROW CIRCUMFERENTIAL ROW LOCATION
R3-1 3 1 . Fin Base
R3-2 17 9 Shell
R3-3 31 @225° Fin Base

2, Six chromel-alumel thermocouples. One each of the following locations:

(External)

T/C NO. AXTAL LEG ROW CIRCUMFERENTIAL ROW LOCATION
TC3-5 ' 31 1 Fin Base
TC3-1 3 9 Shell
TC3-2 -3 @ 225° Fin Base
TC3-6 31 9 . Shell
TC3-4 17 @ 225° Fin Base
TC3-3 18 1 Fin Base

\

3. Three chromel-alumel thermocouples on the aft hermetic seal as shown in

Figure 4-5.

4,3.2 FINAL ASSEMBLY AND CHECKOUT OF THERMOCOUPLES

When all the thermocouples are in place, the EFCS shall be inserted into the GA Hot Frame
and the hot frame thermocouple lead extensions carefully positioned. After final assembly
is complete, all thermocouple (external and internal) and voltage probes shall be checked
for proper operation before starting the tests., This shall be accomplished by checking for

shorted, grounded and open circuits.,

The Quality Control and Test Engineer in charge of the test operation shall verify that all
thermocouple locations and identifications are in agreement with drawings, figures and

tables.
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CAUTION

NEVER ENERGIZE THE HEATER IF THE GENERA-
TOR IS CIRCUIT OPEN.

a. Voltage - The generators two circuits will be paralleled at the output terminals,

All generator open and closed circuit voltages will be measured at the point of parallel.

In addition to generator voltages, the open and closed circuit voltage of (10) '""P" legs, and
in between individual legs, will be monitored. These voltage measurements will be made
between the iron wires of the temperature sensing thermocouples described in paragraph

4,3.1.a and b,

CAUTION

DO NOT LEAVE THE GENERATOR CIRCUIT OPEN
FOR MORE THAN 4 TO 8 SECONDS DURING THESE
CHECKS.

b. Pressure - Each generator will incorporate a Data Sensors Inc. Model PB 531 A
bonded strain gage pressure transducer which will continually measure the internal pressure
and detect sizable leaks.

4.3.3 INSTRUMENTATION ACCURACIES

The following indicates the relative accuracies for the generator assembly instrumentation

and related test equipment.

1) Thermocouples

TYPE T/C RANGE ACCURACY

Copper-Const. -300°F to -75°F *1%
~75°F to 200°F 3/4°F
200°F to 700°F +3/8%

Chromel-Alumel 0°F to 530°F +20F
530°F to 2300°F +3/8%

Iron-Const. 0°F to 530°F. +4O0F
530°F to 1400°F +3/4%
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2)

TYPE ANALGCG

Copper-Const.

Chromel-Alumel
Iron-Const.
3)

4)

5)
6)
7)
8)
9)
10)
11)

12)

Related Test Equipment

RANGE ACCURACY

0°F to 600°F £5°F (450°F to 575°F)
0°F to 600°F +50F (450°F to 575°F)
600°F to 1200°F +50F (1000°F to 1200°F)
0°F to 600°F +5°F (450°F to 575°F)
600°F to 1200°F £50F (1000°F to 1200°F)

R.T.D. - 21°F 450°F to 575°F)
#19F (1050°F to 1200°F)

R.T.D. Related Test Equipment - Temperature knowledge accuracy of:

+5°F (400°F to 575°F)
+5°F (1000°F to 1200°F)

Accelerometers 5% of measured value
Pressure Indicator +3% of the full scale
Wattmeter Transducer +1% of full s:c;a,le
Watfmeter | +19% of full scale
Ammeter +19% of full scale
Voltmeter , +1/2% of full scale
Digital Voltmeter +1/4% of measured value
Elapsed Time Indicator +2%

4.4 PRE-ACCEPTANCE BUY-OFF

Pre-acceptance tests including in-process checks and analyses will be required by the 3M

Company before the GA will be received at VF/STC. They shall include the following

operations.
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a. Component Inspection, Cleaning, and Certificafions - During pre-test operations,

. the GA components shall be inspected, cleaned, and certified according to SNAP-27 speci-
fications. All certified materials will be stored in Bonded Stock.

b. Gas Analysis - Mass-spectrographic analysis of the argon backfill gas will be

conducted to provide a standard for post-test comparisons. Each tank of gas will be
analyzed by Quality Control.

c. Thermoelectric Test Specimens - The following pre-test operations will be per-

formed on the thermoelectric test specimens:
1) Measure Seebeck voltages on several thermoelectric leg samples
2) Measure resistance versus length for each thermoelectric leg

3) Review Quality Control records on the cold-electrode bond for each
thermoelectric leg '

4) Perform an emission spectrographic analysis of one sample from
each batch of thermoelectric legs

5) Perform a microprobe analysis of one sample from each batch of
thermoelectric legs

d. Color Photographs - Color photographs shall be taken on the GA components before -
e - . 7
and during assembly. N— wJL’f anptlon (f"‘ :

e. Electrical Resistance Test - An electrical resistance test shall be performed on

each GA before its electrical heater is energized.

f. Component Analysis - The pre-test analysis list for the GA components is shown

below. All certification and analysis shall be under the jurisdiction of Quality Control.
_ After analysis, all materials will be stored in Bonded Stock until needed. ‘

COMPONENT . ANALYSIS
Thermoelectric legs Measure resistivity (each leg)
Measure Seebeck (samples)

Emission spectrograph (samples)

Metallic parts (except beryllium) Chemical
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COMPONENT ANALYSIS

Boron nitride - Chemical

Beryllium . None
MIN-K 1301 Emission spectrograph X-ray scattering,

and wet chemical
Argon . Mass spectrograph

g. Performance Test - A 300 hour performance test and I-V mapping shall be per-

formed on each generator assembly by 3M before shipment to GE. In addition, a final
pressure measurement and resistance check shall be made just prior to packing after the
test assembly has been dismantled. This data should accompany the GA to provide a com-

. parative check for preliminary tests at GE.
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SECTION 5.0
TEST OPERATIONS

5.1 VISUAL EXAMINATION OF THE GA - AS RECEIVED CONDITION FROM 3M

STEP 1. - Receiving inspection will receive the equipment from 3M. All handling, inspec-
tion, instrﬁmentation, etc. will be performed with the GA mounted on its handling base plate.

Special care must be taken to preclude any rough handling which could result in damage.

STEP 2. - Each GA will be delivered to the ANSO Lab and visually inspected for any handling
or shipping damage. All parts and accessories must be constructed and finished in accord-

ance to specification NS6115-30-01-C and GE-MSD 47R300128G2.

STEP 3. - Particular attention shall be paid to neatness and thoroughness of soldering,
v&iring_ and coatings, The GA should also be free of all burrs and sharp edges.

STEP 4, - The console and related instrumentation provided by 3M will be logged into the

instrument pool for calibration and identification prior to its use.

STEP 5. - All indications of damage and nonconformance to the specifications shall be re-

corded in a log book.

5.2 RESISTANCE AND CONTINUITY TEST

' STEP 1. - Measure the pressure transducer reading.

STEP 2. - Measure the continuity and total GA dc resistance at the power header '"P",
across pins #1 and 3 or pins #2 and 4, using a Keithly Milliochmmeter (or equivalent). Note:
If the GA is left in an unheated state the values should stay to within £10%. Always check
the resistance when the GA is at ambient temperature, otherwise the values will vary and

cause inaccurate comparisons,
STEP 3. - Weigh the GA without the handling base plate.

STEP 4. - Record the data and compare it with the corresponding data furnished from the
3M Company.

5-1





6.3 I-V MAPPING IN AIR

All acceptance testing for IV mapping in air shall be acdomplished using 3M supplied
equipment and a type-A EFCS, ’ '

STEP 1. - The GA in its "as received condition' should produce a similar mapping, com-
parable to the data furnished by the 3M Company. The hot and cold electrode thermocouples
located at axial leg row 17, circumferential row 17, will be used to drive a safety device

which cuts off the power if an over temperature reading is reached.

A hot electrode thermocouple located at axial leg row 17, circumferential row 9, will be

used to drive a power-temperature controller,

While a resistance load of 4.7 £10% ohms is applied across the output terminals at their
point of parallel, the GA will be heated to an average hot electrode temperature of 1085

ilOOF, and if possible an average cold electrode temperature of 525 +10°F.

These averages will be determined by using the ten (10) hot and cold thermocouples listed
in Section 4, Paragraphs 4.3.1, a and b, The GA shall be placed into the 3M environmental
chamber and the EFCS will be inserted into the GA,

STEP 2. - Energize the GA to operational temperature by using the following procedure:

1) With the generator in a cold (unheated) condition, apply a resistance
load of 4.7 £10% ohms across the two circuit parallel points.

2) Apply Power to the electric fuel capsule simulator (EFCS).

3) Continually adjust the hot side power control to achieve an average
hot electrode temperature of 1085 +10°F, and if possible an average
cold electrode temperature of 525 +10°F, Record data, as designated
by the Test Conductor, in the Test Data Book.

4) Stabilize the generator at average hot and cold electrode temperatures

of 1085 +10°F and 525 #10°F, Caution: Do not allow the hot and cold
electrode temperatures to exceed 1130°F and 615°F respectively.

5-2





STEP 3. - The generator shall be stabilized at the above thermal and electrical conditions
‘for 24 hours. During this time the input power necessary to achieve and maintain the desired

electrode temperatures shall be measured and recorded.

STEP 4. - With the input power determined above held constant, a current-voltage map will
be made by varying the external resistance load. The mapping will be done using the following

loading points and sequence indicated below.

*CAUTION

MONITOR TEMPERATURE READINGS DURING THESE
CHECK POINTS. DO NOT EXCEED TH OF 1130°F,

POINT LOAD CONDITION

4,7 ohm

Matched Load Current (MLC)
1.25 MLC

1.50 MLC (if possible)

G W N =

Minimum Load
6* 0.65 MLC*
T* ' 0.50 MLC (if possible)

The generator will be allowed to attain steady state conditions for each map point and held

for a total of 4 hours.

As the load is shifted from matched load current (see note below) to open circuit conditions,
the last map point will be determined by the load condition that produces a maximum hot

electrode temperature of 1130°F.

CAUTION

DO NOT LEAVE THE GENERATOR CIRCUIT OPEN FOR
MORE THAN 4-8 SECONDS.
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~NOTE: To establish the matched load current, break the output load circuit and measure the

open circuit voltage with a digital voltmeter.

Close the output load circuit and set the closed circuit voltage to 50% of the above measured
open circuit readings, by varying the load resistance. After resetting the load, stabilize

temperatures and attain steady state conditions.

Repeat the above procedure until the closed circuit voltage is exactly 50%+ 1%~ 0% of the
final open circuit voltage. This will result in the matched load current to use for the I-V
mapping (see Figure 5-1).

STEP 5. - Record all data on Test Time Record Sheet, I-V Mapping Summary Sheet (Figures
5-2 and 5-3) and GA Test Data Book for comparison with the results furnished from 3M

Company's mapping.

STEP 6, - At the completion of the test, the GA shall be visually examined for indication of
any possible damage, .

STEP 7. - When the GA has cooled to ambient room temperature, measure and record the

resistance and pressure transducer reading.

50,4 LEAK RATE TEST IN VACUUM (GA NON-OPERATING)

STEP 1. ~ Place the GA in the bell jar.
STEP 2. - Evacuate the chamber to a pressure of 1 x 1079 torr or less.

STEP 3, - Calibrate the sensitivity of the LC-20 mass spectrometer using a calibrated leak

rate sample,

Sensitivity is determined by dividing the total output reading into the known calibrated leak

rate resulting in that output.

_ L
5= M
where:
S = Sensitivity in Std. CC/Sec.
L = Calibrated leak rate (Std. CC/Sec. of helium)
M = Total divisions of output.
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GENERATOR I-V MAPPING SUMMARY SHEET

GENERATOR ASSEMBLY NO. AVERAGE SINK TEMPERATURE F
START DATE TIME AVERAGE CHAMBER PRESSURE
TECHNICIAN EFCS POWER INPUT. WATTS
ENGINEER

POWER POWER
ouT IN INT.RES. ELAPSED

MAP POINT TC TH Ex EL IL RL =EL/IL (EL x IL) (EFCS) (Ex—EL) TIME

(°F) (°F) (VOLTS) (VOLTS) (AMPS) (OHMS) (WATTS) (WATTS) (OHMS) (HOURS)

4.7 Q

MLC

1. 25 MLC

.50 MLC

MINIMUM LOAD

0.75 ML.C

0.50 ML.C

NOTE: ELAPSED TIME IS DEFINED AS: THE BEGINNING OF- TO THE END OF STEADY STATE CONDITIONS.
ALL OF THE ABOVE VALUES SHALL BE AVERAGED OVER THE ELAPSED TIME PERIOD.

Figure 5-2,





1-MOD GAI-V MAPPING (USING 3M EQUIPMENT) (SHEET 1 OF 2)

Figure 5-3. Sample Acceptance Data Sheet
(Sheet 1 of 2)
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T - MOD GA I-V MAPPING (USING 3M EQUIPMENT)(SHEET 2 OF 2)

Figure 5-3. Sample Acceptance Data Sheet
(Sheet 2 of 2)
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STEP 4. - Connect the mass spectrometer to the bell jar, Valve off the bell jar pumping
system and valve in the mass spectrometers pumping system to evacuate the total volume

‘of the bell jar through the leak detector.
STEP 5. - Record the stabilized output meter response on the leak detector.

STEP 6. - Determine the leak rate of the generator assembly as follows.
1

Lx = SxMx x He Concentration in Generator
where:
Lx = Generator leak rate
S = Sensitivity in CC/Sec. (Step 3)
Mx = Total output reading (Step 5) - Background Reading
‘The ratio 1 corrects for the gas consumption in the test article,

He Concentration

STEP 7. - Measure, record and compare the resistance and pressure transducer readings.

STEP 8. - At the completion of the test, the GA shall be visually examined for indication of

any possible damage.

5.5 GA CABLE ASSEMBLY AND T/C D\ISTALLATiON

Install the GA cable assemblies per Drawing 47C300454 and thermocouples as required by
G.E. Drawings 47R300334 and 47R300195,

‘5.6 RESISTANCE AND CONTINUITY TEST

Repeat the pressure resistance and continuity check as specified in Paragraph 5. 2.

5.7 OPERABILITY ASSURANCE (OA) VIBRATION TEST (ACCEPTANCE LEVEL)

STEP 1. - Mount the vibration fixture onto the C-125 shaker table, and assemble the GA and
handling base plate onto the fixture. Mount two tri-axial control accelerometers at the foot

of the GA, in the Y and Z axes.

STEP 2, - Subject the GA to a sinusoidal test by vibrating along each of the three major
orthogonal axes (Figure 5-4) for five minutes, through a frequency range from 5 to 2000 cps.

The following frequency range shall be swept at a constant octave sweep rate,
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Figure 5-4. Definition of the Three Major Orthogonal
Axes to be Used in Testing the GA ‘

(=) X AXIS
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FREQUENCY, CPS VIBRATION LEVEL

5 to 18 cps 0.15-inch double amplitude
18 to 320 cps *¥2,7G
320 to 2000 cps +4,5G

STEP 3. - Record and compare the resistance and pressure transducer readings with those

of the last test.

STEP 4., - At the completion of the test, the GA will be visually examined for indication of
possible damage.

5.8 I-V MAPPING IN AIR

Repeat the I-V mapping in air test as specified in Paragraph 5,4, Use loading conditions of
points 1 and 5 only.

5.9 I-V MAPPING (VACUUM 170° SINK) AND LEAK RATE TEST

NOTE: Take a mass spectrometer reading of the empty test chamber prior to inserting

the GA.,

STEP 1, - Place the GA (mounted on the support plate) in the space simulator and orient it
as shown in Figure 5-5. Use a type '"B" EFCS.

STEP 2, - Evacuate the chamber to a pressure of 1 x 1078 torr or less.

STEP 3, - The "Data Management System" shall be programmed to scan all channels at a

rate of one complete scan every ten minutes, or less, if so directed by the test conductor.

STEP 4, - Establish and maintain a thermal shroud temperature of +170° +5°F,

STEP 5. - Ensure the GA is under a load condition of 4,7 ohms. Energize the EFCS and

set the power controls for 1500 £15 watts,

CAUTION

MONITOR PRESSURE TRANSDUCER CONTINUOUSLY
DURING HEAT-UP
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Figure 5-5. Orientation of GA in Space Simulator
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Do not exceed A Ty of 1085 +10°F. Allow the GA to stabilize at this load and attain steady
state conditions. Steady state is defined as the point at which the hot junction, cold junction, .
.hot frame and outer case average temperature do not deviate more than +1°F for a total of
twenty data points. Data points will be recorded at intervals of 3 to 5 minutes by the data
acquisition system. The data shall be plotted on a time versus temperature ba;sis to indicate
trends. GA output power, voltage, current and temperatures shall be recorded in the Test

Book as designated by the Test Conductor. Repeat this procedure for points 2 through 7.

*CAUTION

MONITOR TEMPERATURE READINGS DURING THESE
CHECK POINTS. DO NOT EXCEED Ty OF 1130°F,

POINT o LOAD CONDITION
1 4.7 ohms
2 Matched Load Current (MLC)
3 1.25 of MLC
4 1,50 MLC (if possible)
5 Minimum Load
6% 0.65 MLC*
T* 0.50 MLC* (if possible)

STEP 6. - Apply a load resistance of 4.7 ohms, and valve a helium sensitive mass spectro-

meter leak detector into the chamber,

STEP 7. - Record the stabilized output meter response on the leak detector,

STEP 8. - Introduce a calibrated leak into the chamber and record the stabilized leak

detector output meter response.
STEP 9. - Isolate the calibrated leak from the chamber.

STEP 10, - Determine the leak rate of the generator assembly as follows:

Bx C 1
D x Hgp CONCENTRATION IN GENERATOR

A=

5-15





where;

A = Generator leak rate

B = Calibrated leak rate (STD CC/SEC of Helium)

C = Leak detector response for Generator (Response Step 7.)

D = Leak detector response for calibrated leak (Step 8 minus Step 7.)

1 : :
3 - s 3 3 1 o
The ratio Hy CONCENTRATION corrects for the gas consumption in the test article

STEP 11. - Note and record the output performance of the GA, and the resistance and

pressure transducer readings.

5,10 THERMAL-VACUUM TEST

STEP 1. - While the GA is still setup and operating in the environment of the space simulator,
start the lunar day-lunar night cycles.

STEP 2. - Maintain the +170°F temperature for 48 hours.

STEP 3. - At the end of this period, reduce the shroud témperature to -280°F.
STEP 4. - Maintain the -280°F t.emperature for 48 hours.

STEP 5. - At the end of this period, raise the shroud temperature to +17 0°F.

STEP 6. - This shall constitute one cycle, This cycle will be repeated continuously for the

next 350 hours.

5.11 I-V MAPPING (VACUUM 170° SINK) AND LEAK RATE TEST

STEP 1. - While the GA is still setup and operating in the cycle range of the +170°F tempera-

ture, a current-voltage map will be generated.

STEP 2. - Repeat the procedure described in Paragraph 5.9 for mapping the generator and
performing the leak rate test.

5.12 THERMAL-VACUUM TEST

Repeat the procedure described in Paragraph 5.10.
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5.13 I-V MAPPING (VACUUM 170° SINK) AND LEAK RATE TEST

STEP 1. - Repeat the procedure described in Paragraph 5.9. Use loading conditions of

points one and five only,

STEP 2, - At the completion of the test, the GA will be visually inspected for indication of

possible damage.

5.14 I-V MAPPING (VACUUM 170° SINK) WITH FUELED CAPSULE

STEP 1, - The exact procedure for this nuclear test will be supplied later.
STEP 2. - Replace the EFCS with a fueled capsule to take the map point readings.

All nuclear safety precautions noted in Appendix C shall be strictly adhered to. Do not
perform the leak rate test.

5,15 HIGH TEMPERATURE TEST

STEP 1. - Remove the fuel capsule and replace it with a Type''B'EFCS. Let the GA reach

‘ambient temperatures,

STEP 2, - Place the mounted GA inside of the space simulator and orient as shown in

Figure 5. 4.

STEP 3. - Establish and maintain a thermal shroud temperature of 160° £4°F for a period

of not less than 48 hours. The relative humidity shall not exceed 15% during this time.

STEP 4. - Adjust the temperature to the highest operating temperature the GA will see,
which is +170°F,

STEP 5, - Maintain this temperature until temperature stabilization of the GA is reached.
The EFCS shall then be energized to previous power input but not to exceed a Ty tempera-
ture of 1130°F,

5.16 I-V MAPPING (VACUUM 170° SINK) AND LEAK RATE TEST

STEP 1. - While the GA is still setup and operating in the space simulator, reduce the

chamber pressure to 10~ torr or less.

STEP 2. - Repeat the procedure described in Test 5,9 for mapping the generator and

checking the leak rate, Use loading conditions of points one and five only.
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5.17 LOW TEMPERATURE TEST

STEP 1. - Deenergize the EFCS, bring pressure back to normal and allow the mounted GA

inside of the space simulator to reach ambient temperatures.

STEP 2. - Establish and maintain a thermal shroud temperature of -80°F for a period of

not less than 48 hours,
STEP 3. - Remove and inspect the GA for any indicatjon of possible damage.

STEP 4. - Replace the GA back into the space simulator and establish a thermal shroud

temperature for the lowest operating temperature the GA will see (-280°F),

STEP 5. - Maintain this temperature until temperature stabilization of the GA is reached.
The EFCS shall then be energized to previous power input but not to exceed a Ty temperature
of 1130°F.

5.18 I-V MAPPING (VACUUM 170° SINK) AND LEAK RATE TEST

STEP 1. - While the GA is still setup and operating in the space simulator, reduce the

chamber pressure to 10-6 torr or less.

STEP 2, - Repeat the procedure described in Test 5.9 for mapping the generator and

checking the leak rate. Use loading conditions of points one and five only.

5.19 SINUSOIDAL VIBRATION TEST (QUALIFICATION LEVEL)

STEP 1. - Mount the vibration fixture onto the C-125 shaker table. Assemble the GA and
the handling base plate to the fixture. Measure the pressure transducers output and record
it. Conduct a low level sine, 0.5g to 1.0g, for purposes of setting amplifiers. Continually

monitor the total resistance throughout the tests.

STEP 2. - The GA non-operating shall be subjected to X-axis sinusoidal vibration as follows:

FREQUENCY, CPS AMPLITUDE
5-20 0.39-inch D. A.
20-35 +7,8g

35-100 +10.,4g
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The frequency range shall be swept at a rate of three octaves per minute, increasing

frequency only.

STEP 3. - Visdally inspect the GA and measure the total circuit resistance and the resistance
to ground at the generator power connector. Record values and any defects. Measure and

record the pressure transducer reading.
STEP 4. - Repeat steps 2 and 3 for the Y-axis vibration test.
STEP 5. - Repeat steps 2 and 3 for the Z-axis vibration test.

STEP 6. - At the completion of the test, the GA will be visually examined for indication of
possible damage.

5.20 RANDOM VIBRATION TEST (QUALIFICATION LEVEL)

STEP 1, - Mount the GA onto the vibration fixture and then onto the C-125 shaker table.
Continually monitor the total resistance throughout the tests.

STEP 2. - The GA non-operative shall be subjected for five minutes to an X-axis random

vibration as follows:

FREQUENCY, CPS VIBRATION LEVEL

23-80 0.224 g2/cps

80-103 ' 12 db/octave decrease
103-950 0.075 g2/cps
950-1400 12 db/octave decrease
1400-2000 0.0148 g2/cps

STEP 3. - Visually inspect the GA, and measure the total circuit resistance and the resist-
ance to ground at the generators power connector. Record these values and any defects.

Measure the pressure transducer output and record it. Note: Any deviation in the pressure

transducer reading greater than #10% or change in circuit resistance greater than +10% shall

be cause for immediate suspension of all dynamic testing, Testing shall not be resumed

until the cause for the deviation is ascertained,

STEP 4. - Repeat steps 2 and 3 for the Y-axis vibration test.
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STEP 5. - Repeat steps 2 and 3 for the Z-axis vibration test.

STEP 6. - At the completion of the test, the GA will be visually examined for indication of
possible damage.

5,21 I-V MAPPING (VACUUM 170° SINK) AND LEAK RATE TEST

Repeat test procedure described in Paragraph 5.9, Use loading conditions of points one
and five only.

5.22 ACCELERATION TEST

STEP 1. - Mount the GA onto the centrifuge.

STEP 2. - An acceleration of 7. 5g shall be attained, stabilized, and maintained for a period

- of not less than three minutes or more than four minutes, in the direction of the X-axis.,
STEP 3. - Measure and record the GA resistance and pressure transducer output,
STEP 4, - Repeat steps 2 and 3 along the Y-axis,

STEP 5. - Repeat steps 2 and 3 along the Z-axis.

STEP 6, - At the completion of the test, the GA will be visually examined for indication of

possible damage.

5.23 I-V MAPPING (VACUUM 170° SINK) AND LEAK RATE TEST

Repeat test procedure described in Paragraph 5.9. Use loading conditions of points one

‘and five only.

5.24 ACOUSTIC NOISE TEST

STEP 1. - The GA shall be suspended in the center of the reverberent chamber by means of
soft suspension cords such as soft springs or elastic cord. The natural frequency of the

selected type of suspension shall be less than 25 cps.

STEP 2. - One or more microphones shall be used to make measurements both in the

proximity of each major surface of the GA and at least 18 inches from these surfaces.

STEP 3. - Introduce an overall sound pressure level of 145 db into the chamber, The octave

band spectrum shall be:
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OCTAVE BAND C. B, FREQUENCY DB

9 -  18.8 13.5 131
18.8 -  37.5 27 | 137
37.5- 175 53 141
75 - 150 106 - 138
150 - 300 212 134
300 - 600 425 130
600 - 1200 850 125

1200 - 2400 1700 120
2400 - 4800 3400 114
4800 - 9600 6800 108

The microphone(s) shall be moved over the GA surfaces and at least 18 inches from each
surface, for a duration not to exceed twelve (12) minutes, During this time twelve (12)

measurements shall be taken and averaged.

STEP 4. - Raise the overall sound pressure level to the required 150 +3 db and hold for
thirty (30) minutes. The octave band spectrum shall be as shown below.

OCTAVE BAND C. B. FREQUENCY DB
9 -  18.8 13.5 136
18.8-  37.5 27 142
37.5~- 15 53 146
75 - 150 106 143

150 - 300 212 139
300 - 600 425 135
600 - 1200 850 : 130
1200 - 2400 1700 125
2400 - 4800 3400 - : 119

4800 -~ 9600 6800 . 113

STEP 5, - At the completion of the test; measure the total circuit resistance and the resist-
ance to ground at the generators power connector, Measure the pressure transducer output

and visually inspect the GA for indication of possible damage.

5.25. I-V MAPPING (VACUUM 170° SINK) AND LEAK RATE TEST

Repeat test procedure described in Paragraph 5,9, Use loading conditions of points one

and five only,
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5,26 THERMAL-VACUUM OPERATING LIFE TEST

STEP 1, - While the GA is still setup and operating in the environment of the space simulator,

an accelerated iife test of 4400 hours will commence.

STEP 2. - The space simulator shall be maintained at a pressure of 10~6 Torr, The shroud

temperature (sink) shall be maintained at a temperature of +170°F for a 14 day period.

STEP 3. - At the end of this period, the shroud temperature shall be retiuced to -280°F and

maintained for a 14 day period. This shall constitute one thermal cycle.
STEP 4. - Repeat this cycle continuously for the 4400 hours.

STEP 5. - During the continuous life test, a leak rate test will be performed as described in
test procedure 5.9 at least once a week for the first 1000 hours, and during each I-V

Mapping thereafter.

STEP 6. - I-V Mappings must be taken as described in test procedure 5,9 at the following

intervals:
1) After 1000 hours of operation
2) After 3000 hours éf operation
3) After 4400 hours of operation

STEP 7. - At completion of the 6 month life test, the GA will be visually inspected for indica-

tion of any possible damage.

5.27 COATING SAMPLES.AND TEST

The two 49/64-inch samples of thermal coatings shall be analyzed for evaluation of the
absorptance and emittance values. The absorptance shall be measured using a Beckman
DK-IL Si)ectrophotometer (or equivalent) over a wave length region of 0.3 to 2.6 miérons.
The normal emittance shall be measured using a Perkin-Elmer Model 205 Spectrophotometer

(or equivalent) over a wave length region of 2 to 25 microns,
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The two four-inch by four-inch samples of thermal coatings shall be submitted for adhesion
. tests in accordance with Federal Test Method Standard 141, Method 6301, Adhesion Tape

Test, except that the specimens shall not be immersed in water.

After the completion of all the tests the thermal coatings on all exterior surfaces of the GA
shall be visually inspected for degradation. The emissivity value of the coating shall be

determined by use of the "Lion Emissometer" (portable spectrometer).
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MOD 8. SIMULATED MISSION TEST PLAN CHECK OFF SHEET

Measure Pressure Transducer
Measure Resistance and Continuity
Total Elapsed Operating Time

EQUIP. SIGN
SEQ. TEST - OR ACTUAL
NO, No, | DATE REQUIREMENTS METHOD MEASUREMENT | OFF
STAMP
USED
14, 65,14 8 I-V Mapping in Vacuum Points
F. with Fueled Capsule
15, 5.15 S High Temperature Test
F
16. 5.16 S 1I-V Mapping in Vacuum Points
F Leak Rate Test in Vacuum
Measure Pressure Transducer
Measure Resistance and Continuity
Total Elapsed Operating Time
17. 5.17 S Low Temperature Test
F
18. 5.18 S 1-V Mapping in Vacuum Points
F Leak Rate Test in Vacuum
Measure Pressure Transducer
Measure Resistance and Continuity
Total Elapsed Operating Time
19, 5.19 S Sinusoidal Vibration Test {Qual. Level) | C-125 Exciter
F. - Measure Pressure Transducer
Measure Resistance and Continuity
20, 5.20 ] Random Vibration Test (Qual. Level) C-125 Exciter
F Measure Pressure Transducer
Measure Resistance and Continuity
21, 5.21 8 I-V Mapping in Vacuum Points
F Leak Rate Test in Vacuum
Measure Pressure Transducer-
Measure Resistance and Continuity
Total Elapsed Operating Time
22, 5,22 S Acceleration Test
F Measure Pressure Transducer
Measure Resistance and Continuity
23. 5.23 8 I-V Mapping in Vacuum Points
F Leak Rate Test in Vacuum
Measure Pressure Transducer
Measure Resistance and Continuity
Total Elapsed Operating Time
24, 5.24 ] Acoustic Noise Test
F Measure Pressure Transducer
Measure Resistance and Continuity
25, 5.25- S______| IV Mapping in Vacuum Points
F Leak Rate Test in Vacuum
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MOD 8. SIMULATED MISSION TEST PLAN CHECK OFF SHEET (Cont)

SEQ. | TEST R ACTUAL SIGN
NO. No. | DATE REQUIREMENTS METHOD MEASUREMENT | _OFF
STAMP
USED .
1, 5.1 S Inspect for Damage and Visual
F Non Conformance.
2, 5.2 S__ | Measure Pressure Transducer Digitec
F Measure Resistance and Continuity Millichmmeter
Weight of the GA Scale
3. 5.3 S___ | 1-V Mapping in Air 3M Console ___ Points
F. Measure Pressure Transducer
Measure Resistance and Continuity
Total Elapsed Operating Time
4, 5.4 S Leak Rate Test in Vacuum Bell Jar
F with GA Non Operation
Measure Pressure Transducer
Measure Resistance and Continuity
5. 5.5 S_____ | Install GA Cabling as Per
F Drawing
6. 5.6 S Measure Preséure Transducer
F Measure Resistance and Continuity
7. 5.7 S OA Vibration Test (Acceptance Level) C-125 Exciter
F Measure Pressure Transducer
Measure Resistance and Continuity
8. 5.8 S I-V Mapping in Air —__Points
F. Measure Pressure Transducer
Measure Resistance and Continuity
Total Elapsed Operating Time
9. 5.9 S I-V Mapping in Vacuum Points
F___ | Leak Rate Test in Vacuum
Measure Pressure Transducer
Measure Resistance and Continuity
Total Elapsed Operating Time
10, 5.10 S Thermal Vacuum Test (350 Hours)
F Total Elapsed Operating Time
11, 5,11 8 I-V Mapping in Vacuum —_Points
F Lesk Rate Test in Vacuum
Measure Pressure Transducer
Measure Resistance and Continuity
Total Elapsed Operating Time
12, 5.12 S____| Thermal Vacuum Test (350 Hours)
F_____ | Total Elapsed Operating Time
13, 5.13 S______ | I-V Mapping in Vacuum ____Points
F Leak Rate Test in Vacuum

Measure Pressure Transducer
Measure Resistance and Continuity
Total Elapsed Operating Time
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MOD 8, SIMULATED MISSION TEST PLAN CHECK OFF SHEET (Cont)

EQUIP. SIGN
SEQ. TEST * OR ACTUAL
NO. NOo. | DATE REQUIREMENTS METHOD MEASUREMENT | OFF
STAMP
USED i
26, 5.26 S______| Thermal Vacuum Operating .
F______| Life Test
1000 Hour Mapping
3000 Hour Mapping
4000 Hour Mapping
Total Accumulative Operating
Hours on GA
27, 5.27 S Coating Samples and Test
F
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APPENDIX A
OPERATING INSTRUCTIONS FOR THE GROUND
SUPPORT EQUIPMENT
SECTION 1.0
INTRODUCTION

The operating instructions which follow are written for normal operation of an Engineering

Test Monitor Console (ETMC) after system test acceptance checkout and calibration have

been completed. The following procedures are for general console operation and are not to

be used as specific test instructions or to replace Quality Control Standing Instructions
(S.1.'s). During operation and maintenance of an ETMC (shown on the following page),
care must be taken to prevent damaging the Weston Wattmeter located on the EFCS
Control Panel. There is a '"lock' located to the right of this meter vs}hich must be en-
gaged (pushed in) whenever the console is not iﬁ use. Equally important, the lock must
be disengaged (pulled out) prior to energizing the main powér circuit breaker on the con-

sole. The console should never be moved with power on and without the lock engaged.
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SECTION 2.0
GENERAL OPERATION
FOR ENGINEERING TEST MONITOR CONSOLE

2.1 POWER TURN ON

Before connecting the ac power connector to 3¢ 115vac 60 cycles, connect all other cables

and de-energize the main power circuit breaker located on the ac power control panel.

Connect the power connector and check that the three red indicator iights located on the left

hand side of the ac power control panel, are energized.
Tuin the power select pot on the EFCS control panel full counter clockwise, (Zero output)

Check that the ""red line" indicator on the Over Temperature Meter, located on the EFCS

control panel, is set at 1150°0F,

Pull out the "lock'" lever on the Weston Wattmeter and level the meter with the level

adjustments if required.

Energize the main power circuit breaker on the ac powei' control panel. The console blower
should now be operating. The extreme right amber indicator should be energized on the ac
power control panel. Various indicator lights and meter lights will now be on depending upon

the condition of the console when last operated prior to de-energizing the main power breaker.

2.2 CONSOLE OPERATING INSTRUCTIONS

After energizing main power as directed in Paragraph 2.1 check the console and energize

the appropriate switches if necessary to obtain the following indicator illumination:

a. EFCS ac power off
' b. EFCS power off
¢. Performance map panel power on
d. DC mode/GPC mode in dc mode
-e. IPU load on/open circuit in On position {Read Paragraph 2.6 before continuing)

f. Sensor test panel power on





g. 0 to 20 volts/20 to 40 volts indicator in 0 to 20 volts
h. 0 to 10 ohms/10 to 20 ohms indicator in 0 to 10 position.

Check and be sure that the EFCS power select pot is full counter-clockwise.

NOTE: A 30 minute warmup period is required for accurate operation of the console.
The Weston Model 1483 Wattmeter and the Thermocouple Reference Junction unit will not

operate to design accuracy levels with less than the 30 minute warmup period.

Check the '"red line' marker on the Over Temperature Meter located in the EFCS control

panel. It should be set at 11500F,

Take the readings on the IPU Elapsed Timer and on the EFCS Timer and record them in the
test logbook., Reset the meters, if desired, only after both readings have been recorded.

Energize EFCS ac power on. The corresponding indicator should light.

Energize EFCS power on. The corresponding indicator should light and also the two remaining
amber indicators on the ac power control panel, The ac line voltmeter on the EFCS control
panel should now read 208 volts. If EFCS power does not turn on, repeat turn on procedure

as an interlock will not allow power turn on unless previbus directions are followed exactly.

Energize RTD select buttons R1-2 and R3-2. Set the IPU load select pot at full clockwise
position to the mechanical stop (stop will be located somewhere between 4 to 6 ohms).

' Increase the EFCS power select pot slowly clockwise to the desired power level as read on

~ the Weston Model 1483 Wattmeter (0 to 1800 watts).

The increase in temperature at the EFCS should be visible after a short time on the R3-2 RTD
Meter. The Over Temperature Meter on the EFCS control panel should also indicate an
increasing temperature., Correlation between the R1~2 RTD Meter and the Over Temperature
Meter should exist between 6000 and 13000 temperatures.

Generator output may be observed on the Performance Map panel. Do not change switch
settings or IPU load resistance unless specifically directed to do so by the Cognizant Test

Director or Test Conductor.
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. Specific thermocouple readings may be monitored by activating the desired thermocouple
select switch. ~ Up to four thermocouples, one from each meter group, may be monitored
simultaneously. Generator pressure should indicate as soon as sensor panel switch is

energized.

2.3 AUTOMATIC OVER TEMPERATURE SHUTDOWN

If the '"black line'' over temperature reading reaches the ''red line' temperature setting,
an over temperature condition will result and the over temperature indicator on the EFCS
control panel will light, Approximately ten seconds after an over temperature condition
occurs, should the temperature remain at or over the '"red line" setting, EFCS power will
automatically shut off. The over temperature indicator will remain energized and EFCS
power will remain off until the ""black line" temperature readout falls below the '"red line"
level, At this time, if the console has gone unattended and the EFCS power select pot has
not been reduced, the over temperature indicator will go out and EFCS power will again be
applied at the original level. The system will continue to cycle automatically, if the over
temperature problem continues, to prevent exceeding the selected "red line" temperature
level. The Over Temperature Meter and associated circuitry will operate with or without

RTD monitoring selected at the Performance Map Panel.

2,4 TURN OFF PROCEDURE

Reduce the EFCS power select pot to zero (Full counter-clockwise). Turn EFCS power off
then EFCS ac power off, ‘

Turn sensor panel power off and Performance Map Panel power off.
- De-energize the main power circuit breaker on the ac power control panel.

Disconnect the ac power cable from the ac power outlet to prevent accidental turn on of GSE

equipment,

Engage the ""lock'' located on the EFCS control panel for the Weston Model 1483 Wattmeter,





2.5 GPC MODE PANEL

The Generator Protective Circuit (GPC), or the Power Conditioning Unit (PCU) as sometimes
referred to, may or may not connect to the IPU generator output as controlled by the dc mode/
GPC mode switch on the Performance Map Panel. Information on this unit is presently not
available but will be released later. The GPC mode switch should not be actuated without a
GPC unit mounted in the ETMC, connected and tested.

CAUTION

DAMAGE TO THE IPU GENERATOR MAY RESULT BY
SWITCHING INTO GPC MODE WITHOUT A GPC UNIT
OPERATING IN THE ETMC. SWITCHING INTO GPC
MODE WITHOUT THE GPC UNIT WILL OPEN CIRCUIT
THE GENERATOR OUTPUT.

2.6 IPU LOAD ON/OPEN CIRCUIT SWITCH

This switch, located on the Performance Map Panel, should remain intthe load on condition
unless the Cognizant Test Conductor directs aétuation of the switch to open circuit mode.
Open circuit mode (no load on the generatorv output) cannot be attained by just actuating the
switch, In addition to this a "short" (contact closure) is required from the Data Acquisition

system across prior to pins p and r on ETMC rear panel connector J3. An open circuit
condition exists only if the red light indicator on the switch lights when the switch is actuated.
If the red indicator does not light with actuation of the switch, this indicates that prior to

pins p and r (connector J3) have not been shorted by the Data Acquisition system and the IPU
load is still on even through the green indicator is no longer lit.
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SUMARY

Tr. tve ferc.pac2 Nuclear Safety Program, Sandia laboratery is
recpavci=ie {or srividing independsnt safety assessment:s nf space
nuchear pruws: svstems. These safety ar-sessments require that the

s
penavior of th2 nuclear systems be determined during all phases of its

s poct of the Aerospace Nuclear Safety Program, a number of
azrodviamic a2nd thermodyncmic analyses of the SNAP-27 fuel cask and

fual cepsule wer: conducted. This report surmarizes the thermodynamic
analysis that was performed on the SNAP-27 graphite fuel cask and
eniclosed fuel capsule. This study was part of the overall analysis
usad to detarmine the capability of the graphite fuel cask to protect
the fuel capsule during mission aborts resulting in atmospheric reentry.

Three classes of mizsion aborts were analyzed, one at orbital
dacay velccity and twc at supercircular velocities; the supercircular
velocity reentries were at reentry angles of -6.4° and -38°. The
results are shown as plots of temperature versus time for the graphite
outzr surface, fuel capsule outer liner, and fuel capsule inner liner
for each of the atmosphzaric reentry trajectories comsidered. The
effect of the graphite reaction kinetics upon the temperature response
of the fuel capsule is shown to be small for all cases considered, but
the effect of reaction kinetics on the temperature response of the
graphite fuel cask is shown to ba significant for the steep reentry
angle supercircular velocity reentries.
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THERMAL ANALYSIS OF A SNAP-27
GRAPHITE FUEL CASK

Introduction

The SNAP-27 is a 56-watt thermoelectric power supply which will
provide the power for the Apollo Lunar Surface Experiment Package
(ALSEP) on the manned Apollo lunar missions. During the flight to the
lunar surface the SNAP-27 fuel capsule (Figure 1) will be protected by
the graphite LM fuel cask (GLFC) from the reentry environments of
possible mission aborts.

As part of the Aerospace Nuclear Safety Program, Sandia Laboratory
conducted aerodynamic and thermodynamic analyses of the SNAP-27 fuel
cask and fuel capsule.l’2 In Reference 2 it was shown that the SNAP-27
fuel cask and fuel capsule, as originally designed, would not survive
all supercircular velocity lunar return reentries even if separated
from the Lunar Module (LM) at high altitudes. The information contained
in Reference 2 was presented at Atomic Energy Commission Headquarters
by the Aerospace Nuclear Safety Department of Sandia Laboratory on
November 4, 1966.

Probability information obtained by the Sandia Laboratory Safety
Analysis Division indicated that the probability of mission aborts
resulting in supercircular velocity reentries is of the same order of
magnitude as those aborts leading to orbital decay reentries. Thus it
became highly desirable to design a fuel cask which would survive both
orbital decay and lunar return atmospheric reentries. The Space Electric
Power Office (SEPO) of the AEC asked General Electric (GE) and Sandia
Laboratory to study the feasibility of using a graphite cask to protect
the SNAP-27 fuel capsule during mission abort reentries. The results
of these studies were presented at AEC Headquarters by GE and Sandia
Laboratory on January 5, 1967.3. Based on the results of these studies,
AEC/SEPO directed GE to redesign the SNAP-27 fuel cask to survive
orbital decay and supercircular velocity reentries. GE subsequently
redesigned the fuel cask based on a graphite heat shield.
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Preliminary aerodynamic and thermodynamic analyses conducted by
Sandia Laboratory and GE indicated that the initial fuel cask redesign
would not adequately protect the fuel capsule during some of the credible
mission abort reentries. After a number of design revisions (A through
F), preliminary analyses indicated adequate thermal protection of the
fuel capsule had been attained. The final graphite cask design (Figure
2) is based on a graphite heat shield and a secondary thermal shield
between the graphite shield and the fuel capsule.4 During steady state
conditions, the secondary thermal shield allows the internal heat
generated by the fuel capsule to escape through the thermal shield by
means of silver conduction fins which go through the secondary shield.
In a reentry environment, the silver conduction fins melt and the
secondary thermal shield then protects the fuel capsule from the high
external heating rates to which the fuel cask is subjected.

An aerothermodynamic analysis of the SNAP-27 graphite fuel cask
and fuel capsule was then conducted by Sandia Laboratory to determine
the capability of the graphite fuel cask to protect the fuel capsule.
Since this analysis is to be used to help determine the overall safety
of the SNAP-27 fuel cask and fuel capsule on the manned Apollo lunar
missions, this report has been written to document the thermal studies

which were a part of the entire analysis. \

Thermal Model

Introduction

The thermal model described in this section of the report was
constructed for use in the Sandia HERMAN5 heat transfer program and
was run on Sandia's CDC 3600 computer. The material in which heat is
flowing is broken up into a finite number of nodes. The mass of
material associated with each node is treated as a lumped capacitance,
and the material is partitioned such that the thermal parameters can
be described by average'values. When this is done, the thermal behavior
of each node can be described by an ordinary differential equation.
The system of differential equations is then solved simultaneously for
each time step by a numerical integration technique. The program allows
all thermal parameters to be varied as a function of time and/or tem-
perature.

11
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Model Description

The thermal model of the SNAP-27 graphite fuel cask and enclosed
fuel capsule consists of a typical "slice" of the system one-half inch
long. This representative portion of the system is divided into 16
nodes, as shown in Table I. The node numbers and relative node positions
are shown in Figu;e 3. The material properties used in the model are
given in Appendix A.

The thermal model is essentially one-dimensional with temperature
gradients in the radial direction. However, in the secondary thermal
shield, temperature gradients are allowed in both the radial and axial
directions since the silver conduction fins create gradients in both
directions. The model allows for heat transfer by conduction and for
radiation between the appropriate nodes. All radiating surfaces are
assumed to be gray with constant emissivities. '

TABLE 1
Thermal Model Description by Nodes

Radial Node
: Node Node Distance Thickness
Component No. Material (inches) (inches)

Graphite Heat Shield 1 Graphite .. 4,00 0.05
2 Graphite 3.89 0.12

3 Graphite 3.77 0.13

4 Graphite 3.67 0.05

Secondary Heat Shield S Silver 1.95 0.005
6 Silver 1.95 0.005

7 Silicon dioxide 1.90 0.10

8 Silicon dioxide 1.90 0.10

9 Silicon dioxide 1.80 0.10

10 Silicon dioxide 1.80 0.10

11 Silver and
columbium 1.745 0.017
12 Silver and

columbium 1.745 0.017

Fuel Capsule 13*% Haynes 25 1.17 0.08
14 Plutonium dioxide 0.98 0.20

15 Plutonium dioxide 0.73 0.25

16 Haynes 25 0.69 0.02

*Includes capsule cladding and fuel outer liner.

11
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The internal heat generated by the fuel capsule is included in the two
fuel nodes. The aerodynamic heating is accounted for by applying a
time-varying heat generation to the node nearest the graphite outer
surface. The heat of fusion of the silver and the Haynes 25 is
included in the model, and the conductance path provided by the silver
fins goes to zero when the silver melts.

The radiant cooling during reentry is handled in the model by
allowing the cask to radiate to a heat sink of constant temperature
(400°R). The view factor of the graphite fuel cask (including end
effects) to space while attached to the LM is 0.65. During reentry
while the LM is still intact, the portion of the graphite cask exposed
to aerodynamic heating has a view factor of 1.0. However, this value
cannot be used for the entire cask prior to LM breakup or an unrealistic
dip in temperature (below steady state) occurs. To circumvent this
problem, the graphite cask is maintained at a steady state temperature
until the aerodynamic heating to the cask is sufficient to counter-
balance the sudden heat loss, and thus temperature drop, created when
the view factor is switched from 0.65 to 1.0. At this time, the aero-
dynamic heat input is started and the view factor is changed to 1.0
simultaneously. Of course, this view factor is exactly correct after
LM breakup.

Aerodynamic Heating

Introduction

During reemtry into the atmosphere, the graphite fuel cask is
subjected to high heating rates., The convective heat input occurs in
both the free-molecular and continuum flow regimes. When the reentry
velocity is sufficiently high, heat transfer to the cask also occurs
by radiation from the high temperature gas cap formed in front of the
reentering fuel cask. This section of the report indicates how the
aerodynamic heat input to the cask is determined. 1In all cases, the
rates are determined for the fuel cask spinning in cross flow as it
reenters,

Convective Heating

The convective heat input to the cask in the free-molecular flow
regime is determined by first calculating a reference heating rate to

15





a flat plate perpendicular to the flow. This reference heating rate
is then related to the heating to the graphite fuel cask by a free-
molecular heating ratio. The reference rate to the flat plate is
readily determined by the equation

3
él=ape.ovw<BTU
1556 ftzsec
where
3
Pw(slugs/ft )

Vm(ft/sec) .
The accommodation coefficient, a, is defined by

I
Ei - Ew

where

energy brought to the wall by incident molecules

o
.
] ]

energy carried away by reemitted molecules

{3
€
0

energy that would be carried away if the reemitted
molecules were at wall temperature.

The accommodation coefficient for the graphite shield is taken to be
0.9. The free-molecular heating ratio for a cylinder in cross flow is
determined in reference 6 to be a function of Mach number, and for the
cases of interest to this report, it varies from 0.3197 to 0.3190.

In the continuum flow regime, the convective reference heating
rate to a one-foot radius sphere is calculated by Sandia Corporation's
_Theoretical Trajectory Program A (TTA)7 by the equation

1/2 3.15
) P Ve 2
q, = 17600 (5= & BTU/£t%-sec

S c

16





where

p is local air density
is sea level air density
V_ is the air relative velocity

is the circular orbital velocity.

This reference heating rate is then modified by a multiplier, fq, to
relate it to the actual heating rate to the graphite fuel cask. The
multiplier is

Fq = 7;1(: (0.23) ,

where R is the radius of the graphite fuel cask in feet. The factor
0.23 comes from two separate effects. The heating rate to the
stagnation line on a cylinder is lower than that to a sphere of the
same radius, due to the two-dimensional flow field around the cylinder
and the three-dimensional flow field around the sphere. Flow theory
indicates factors ranging from 0,707 to 0.74. Tests run at the Cornell
Aeronautical Laboratory by R. D. Klett of Sandia Laboratory, indicated
the heating rate reduction factor from a sphere to a cylinder to be
0.73. Since this was in good agreement with theory, the value 0.73
from the Cornell tests was used. The second effect occurs due to
cylinder spin. The average heating around a cylinder was found to be
0.315 times the heat rate occuring along the cylinder stagnation line.
Therefore, the average convective heat input to the SNAP-27 graphite
fuel cask when it is reentering in a cross-flow spin mode is a factor
of 0.398 of that continuum reference rate calculated by TTA.

The convective heat input calculated by TTA and corrected by the
factors discussed above is the cold wall heat input and is further
modified in the HERMAN program by the hot wall correction factor.

The convective heating which occurs in the transition flow regime
is obtained by extending free molecular and continuum heating curves to
their intersection, as shown for a specific orbital decay trajectory in
Figure 4. This method is justified since it gives results close to the
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various theories of transition flow heating as well as to experimental
results.  As Figure 4 indicates, the intersection usually occurs
toward the lower (continuum) end of transition flow.

Radiative Heating

When the reentry velocity is sufficiently high and remains so to
altitudes where the air density is relatively high (<200,000 feet), a
high temperature gas cap is formed in front of the reentering graphite
fuel cask.  The radiant heat transfer from the gas cap is then a
significant portion of the total heat input to the cask. The TTA
_program calculates the radiant heat transfer (ﬁr) to the stagnation
point of a one foot radius sphere by use of the equation 2,

1.78 B :
1. = A 32 Yo BTU/ftz-sec
i) (o

s
where
Py is local air density
Pg is sea-level air density
V., 1s air relative velocity (ft/sec)
and where

6.8, B =12,5 for V,< 30,000
.003, B = 19.5 for 30,000 = V_, s 35000
20.4, B = 12.5 for 35,000 sV, .

]
A

1A

This value of radiant heat input is then modified by a radiant heating
multiplier, F., to give the correct radiant heat input to the graphite
cask wvhen it is reentering in a cross-flow spin mode. F. is determined
by the equation,

RC
Fo = 25 (0.188)
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where

is the radius of the sphere used in TTA (1 ft.)

is the radius of the cylindrical section of the
graphite fuel cask (0.33 ft.)

The factor 2 comes from the difference in the radiant heating to a
stagnation point on a sphere to a stagnation line on a cylinder; this
difference is caused by the difference in shock detachment distance.
The factor 0.188 is the average radiant heating which occurs around
the cylinder as compared to the radiant heating to the cylinder
stagnation line.8 Evaluation of F, for the graphite fuel cask yields
F, = 0.125.

Reaction Kinetics

During atmospheric reentry, the actual heat input to the graphite
heat shield is altered by the ablation and oxidation of the graphite
surface. Since the HERMAN heat transfer program does not take these
effects into account, one test case for each of the reentry conditions
(orbital decay, -6.4° superorbital velocity reentry, and -38° super-
orbital velocity reentry) was run on Sandia's Charring Material Ablation
Code (CMA).11 This computer code determines the effect ablation and
oxidation of the graphite have upon the heat input to the graphite wall,
and it prints out the corrected heat input and the temperature
difference across the graphite heat shield.

The corrected heat input to the graphite heat shield obtained
from CMA is then used as input data to the HERMAN program. Comparisons
can then be made from the HERMAN output as to how the temperatures are
affected throughout the system with and without reaction kinetics taken
into account. The temperature difference across the graphite heat
shield is obtained directly from the CMA output without the necessity
of going back through the HERMAN program. This difference is in fact
more exact than that obtained from the HERMAN program since 10 material
nodes are used across the graphite in CMA as compared to 4 in HERMAN.
CMA also takes the receding surface effect (ablation) into account.

The emissivity of the graphite was allowed to vary as a function of
temperature in CMA, but it was held constant in HERMAN.

20





Results

Introduction

The SNAP-27 graphite fuel cask and fuel capsule temperature
response during atmospheric reentry was determined for two orbital
decay reentries and two supercircular velocity reentries. The initial
temperature of each node of the thermal model is shown in Table II.
Based on previous analyses of space systems reentering the atmosphere,
the LM was expected to disassemble at 300,000 feet for the system
decaying from orbit. For supercircular velocity reentries LM disassémbly
was expected at 330,000 feet, based upon flat plate free molecular heat-
ing and radiation equilibrium temperat:ures.3 Therefore the ballistic
coefficient for the LM was used down to those respective altitudes.
Below those altitudes the graphite fuel cask and enclosed fuel capsule
was assumed to be reentering in a cross-flow spin mode completely
unencumbered.

The Sandia Reentry and Space Sciences Division and the GE Missile
and Space Division have different transition drag curves for the graphite
fuel cask (Figure 5). There was also some question concerning the cor-
rect value of the maximum pressure coefficient, Cp (1.83 as compared to
1.93).9 Therefore, trajectories were computed for both orbital decay
reentries and both supercircular velocity reentries with each of the
pressure coefficlents to determine their effect upon the temperature
response of the fuel cask and fuel capsule.

Orbital Decay

The orbital decay reentry trajectories were computed for the
following conditions:

A. Latitude 0°, Heading 32°, LM Descent Tanks 80 percent full.
1. Sandia Drag Curve, Cp = 1.83
2. Sandia Drag Curve, Cp = 1,93
3. General Electric Drag Curve, Cp = 1.93

B. Latitude 32°, Heading 0°, LM Descent Tanks 80 percent full.
1. Sandia Drag Curve, Cp = 1.83
2. Sandia Drag Curve, Cp = 1.93
3. General Electric Drag Curve, Cp = 1.93

21





TABLE I1

Thermal Model Initial Temperatures

Node Temperature
No. (°R)
1 1245
2 1249
3 1253
4 1257
5 1566
6 1566
7 1564
8 1564
9 1574
10 1574
11 1582
12 1582
13 1834
14 2042
15 2204
16 2204
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Some of the input data used for the thermal model for each of the above
orbital decay cases are shown in Tables III through VIII, including
time versus altitude, flow regime, convecting reference heating, heat-
ing rate multiplier (Fq), and cold wall heat input. Figures 6 through
11 show the temperature response of the fuel cask's outer surface and
the fuel capsule's outer liner and inner liner for each of the above
cases.

It can be seen from Figures 6 through 11 that the change in pres-
sure coefficient has little effect on peak temperatures, with the
higher pressure coefficient leading to peak graphite surface temperatures
approximately 20°R cooler. It should be noted that the lower peak
graphite surface temperatures generally leads to lower peak temperatures
throughout the system; however, the peak temperature difference is not,
in general, the same in a node to node comparison from one trajectory to
another. The change in the drag curve has a slightly greater effect. The
Sandia drag curve leads to peak temperatures on the graphite surface
which are approximately 34°R higher than the GE drag curve. ' The dif-
ferent initial conditions at 400,000 feet altitude (Latitude 0°, Heading
32° compared to Latitude 32°, Heading 0°) leads to a large difference in
trajectory time from 400,000 feet, but the peak temperatures reached
throughout the system are essentially identical. Since the temperature
differences are additive, the maximum temperature differences occur
when the Sandia drag curve, low pressure coefficient trajectory is
compared to the GE drag curve, high pressure coefficient trajectory. In
the first case, the temperature is approximately 50°R higher on the
graphite surface at peak temperature and approximately 40°R higher at the
fuel capsule cladding. These temperature differences are relatively
small at the temperatures involved (>2700°R).

The CMA computer code was used to determine the effect of ablation
and oxidation for one orbital decay reentry trajectory (case B-2, page
21). The corrected heat flux obtained from CMA was used to input the
HERMAN thermal model. Figure 12 shows the results. Figure 10 shows the
results that were obtained from the HERMAN program alone. Comparison
of the two figures indicates that the temperature response of the system
is nearly identical for the two methods. The CMA-HERMAN combination
leads to a peak temperature on the graphite surface 50°R higher than the
HERMAN program alone. This is caused by the increased heat input from the
graphite oxidation. Figure 13 compares three separate methods (HERMAN
alone, CMA alone, CMA-HERMAN in combination) of predicting the graphite
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TABLE III1

Heating Rates to GLFC as a Function of Time and Altitude

Notes: 1. Orbital Decay, LM Descent Tanks 80% Full
. 2. Latitude 0° - Heading 32°
3. Sandia Drag Curve, Cp = 1.83
Convective Cold
Reference Heating Wall
Heating Rate Heat
Time Altitude Rate Multiplier Accommodation Input
Flow Regime (sec) (ft) (BTU/ft“-sec) (Fq) Coefficient (BTU/ft“-sec)
Free Molecular 0 400000 0.32 0.3197 0.9 0.09 '
1140 406227 0.24 0.3197 0.07
2010 390474 0.48 0.3196 0.14
2490 379908 0.71 0.3195 0.20
3480 380362 0.70 0.3195 0.20
4110 370560 1.09 0.3195 0.31
4380 360070 1.80 0.3194 0.52
4590 350394 2.80 0.3194 0.80
4800 340389 4.78 0.3193 1.37
5010 330741 7.60 0.3193 2.18
5250 320192 13.0 0.3193 3.74
5460 310242 23.0 0.3193 6.61
Continuum 5630 299893 20.7 0.398 Not 8.24
5740 289746 26.8 Applicable 10.67
5750 288446 28.0 11.14
5890 255334 60.1 23.92
5950 225172 89.2 35.50
5970 210989 95.7 38.09
5980 202870 " 96.7 37.61
5990 193999 94.5 35.26
6000 184357 88.6 24.95
6020 162963 62.7 11.06
6040 139992 27.8 5.73
6050 128766 14.4 1.00
6070 108376 2.5 0.06
6100 82938 0.16 0
6170 44231 0.01 0
6370 80 0
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TABLE IV

Heating Rates to GLFC as a Function of Time and Altitude

Notes: 1. Orbital Decay, LM Descent Tanks 80% Full
2. Latitude 0° - Heading 32°
3. Sandia Drag Curve, Cp=1.93

Convective Cold

Reference Heating ~Wall

Heating Rate Heat
Time Altitude Rate , Multiplier Accommodation Input ,

Flow Regime (sec) (feet) (BTU/ft"-sec) (FQ) Coefficient (BTU/ft"-sec)

Free Molecular 0 400000 0.32 0.3197 0.9 0.09
1140 406227 0.24 0.3197 0.07
2010 390474 0.48 0.3196 0.14
2490 379908 0.71 0.3195 0.20
3480 380362 0.70 0.3195 0.20
4110 370560 1.09 0.3195 0.31
4380 360070 1.80 0.3194 0.52
4590 350394 2.80 0.3194 0.80
4800 340389 4.78 0.3193 . 1.37
5010 330741 7.60 0.3193 2.18
5250 320192 13.0 0.3193 3.74
5460 310242 23.0 0.3193 6.61
Continuum 5630 299893 20.7 0.398 Not 8.24
5740 289683 26.8 Applicable 10.67
5750 288363 28.0 11.14
5890 254284 60.8 24.20
5950 222816 89.2 35.50
5970 207957 94.3 37.53
5980 199455 93.1 37.05
5990 190183 89.5 35.62
6000 180149 8l.1 32.27
6020 158150 51.8 20.62
6040 135189 19.4 7.72
6050 124254 9.2 3.66
6070 104638 1.42 0.57
6100 80036 0.11 0.04
6170 43441 0.01 0
6370 546 0 0
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TABLE V -
Heating Rates to GLFC as a Function of Time and Altitude
Notes: 1. Orbital Decay, LM Descent Tanks 80% Full

2. Latitude 0° - Heading 32°
3. General Electric Drag Curve, Cp = 1.93

Convective Cold
Reference Heating Wall
Heating Rate Heat
Time Altitude Rate Multiplier Accommodation Input ,
Flow Regime (sec) (feet) (BTU/ft“-sec) (Fg) Coefficient (BTU/ft“-sec)
Free Molecular (4 400000 0.32 0.3197 0.9 0.09
1140 406227 0.24 0.3197 0.07
2010 390474 0.48 0.3196 0.14
" 2490 379908 0.71 0.3195 0.20
3480 380362 0.70 0.3195 0.20
4110 370560 1.09 0.3195 0.31
4380 360070 1.80 0.3194 0.52
4590 350394 2.80 0.319 0.80
4800 340389 4,78 0.3193 1.37
5010 330741 7.60 0.3193 2.18
5250 320192 13.0 0.3193 3.74
5460 310242 23.0 0.3193 6.61
Continuum 5630 299893 20.7 0.398 Not 8.24
5740 289763 26.8 Applicable 10.7
5750 288465 27.9 11.1
5890 254808 59.4 23.6
5950 222868 85.1 33.9
5960 215595 89.0 35.4
5970 207610 ©90.1 35.9
5980 198863 88.6 35.3
5990 189326 84.5 33.6
6000 179021 75.7 30.1
6020 156568 46.5 18.5
6040 133436 16.5 6.57
6050 122558 7.56 3.01
6070 103179 1.13 0.45
6100 78920 0.10 0.04
6170 43239 0.01 0
6370 896 0 0
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TABLE VI
Heating Rates to GLFC as a Function of Time and Altitude
_Notes: 1. Orbital Decay, LM Descent Tanks 807 Full

2. Latitude 32° - Heading 0°
3. Sandia Drag Curve, Cp = 1.83

Convective Cold

Reference Heating Wall

Heating Rate Heat
Time Altitude Rate , Multiplier Accommodation Input ,

Flow Regime (sec) (feet) (BTU/ft"-sec) (Fq) Coefficient (BTU/ft-sec)

Free Molecular 0 400000 0.32 0.3197 0.9 0.09
510" 390071 0.49 0.3196 0.14
870 379862 0.71 0.3195 0.20
1410 369907 1.12 0.3195 0.32
2640 360117 1.80 0.3194 0.52
2880 350624 2.80 0.3194 0.80
3090 339803 4.76 0.3193 1.37
3240 330994 - 7.42 0.3193 2.13
3420 319524 13.7 0.3193 3.94
3570 309161 25.0 0.3193 7.18
Continuum 3690 299999 20.68 0.398 Not 8.23
3790 290441 26.47 Applicable 10.54
3830 284974 30.77 12.25
3890 273339 40.75 16.22
3930 262149 52.55 20.91
3960 251135 64.12 25.52
+ 4010 225279 88.88 35.37
4030 211210 95.28 37.92
4040 203146 96.34 38.34
4050 194326 94.11 37.46
4070 174399 77.82 30.97
4090 151999 45.57 18.14
4110 129222 14.81 5.89
4130 108767 2.55 1.01
4160 83268 0.17 0.07
4250 37751 0 0
4430 167 0 0
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Heating Rates

TABLE VII
to GLFC as a Function of Time and Altitude

Notes: 1. Orbital Decay, LM Descent Tanks 80% Full
2. Latitude 32° - Heading 0°
3. Sandia Drag Curve, Cp=1.93

Convective Cold

Reference Heating Wall

Heating Rate . Heat
Time Altitude Rate Multiplier Accommodation Input o

Flow Regime (sec) (feet) (BTU/ft"-sec) (Fqg Coefficient (BTU/ft"-sec)

Free Molecular 0 400000 0.32 0.3197 0.9 0.09
510 390071 0.49 0.3196 0.14
870 379862 0.71 0.3195 0.20
1410 369907 1.12 0.3195 0.32
2640 360117 1.80 0.3194 0.52
2880 350624 2.80 0.3194 0.80
3090 339803 4.76 0.3193 1.37
3240 330994 7.42 0.3193 2,13
3420 319524 13.7 0.3193 3.94
3570 309161 25.0 0.3193 7.18
Continuum 3690 299999 20.68 0.398 ° Not 8.23
3790 290395 26.45 Applicable 10.53
3830 284842 30.80 12.26
3890 272916 40.96 16.30
3930 261357 52.99 21.09
3960 249919 64.65 25.73
4010 222895 88.86 35.37
4020 215857 .92.41 36.78
4030 208138 - 93.86 37.36
4040 199685 92.69 i 36.89
4050 190459 89.22 . 35.51
4070 169769 68.16 NN 27.13
4090 146994 35.02 . 13.94
4110 124604 9.42 3.75
4130 104940 1.47 0.59
4160 80292 0.11 0.04
4250 37219 0.007 0
4430 619 0 0
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TABLE VIII

Heating Rates to GLFC as a Function of Time and Altitude

Notes: 1. Orbital Decay, LM Tanks 807 Full

2. Latitude 32° - Heading 0°

3. General Electric Drag Curve, Cp = 1.93
Convective Cold
Reference Heating Wall
Heating Rate . Heat
Time Altitude Rate o Multiplier Accommodation Input »
Flow Regime (sec) (feet) (BTU/£ft“-sec) (Fqg Coefficient (BTU/ £t -sec)
Free Molecular 0 400000 0.32 0.3197 0.9 0.09
510 390071 0.49 0.3196 0.14
870 379862 0.71 0.3195 0.20
1410 369907 1.12 0.3195 0.32
2640 360117 1.80 0.3194 0.52
2880 350624 2.80 0.3194 0.80
3090 339803 4.76 0.3193 1.37
3240 330994 8.42 0.3193 2.13
3420 319524 13.7 0.3193 3.94
3570 309161 25.0 0.3193 - 7.18
Continuum 3690 299999 20.7 0.398 Not 8.23
3790 290453 26.5 Applicable 10.55
3830 284990 30.7 12.22
3890 273270 40,5 16.12
3930 261818 52.0 20.70
3960 250342 63.1 25.11
4010 222781 85.6 34.07
4020 215539 88.7 35.3
4030 207581 - 89.7 35.7
4040 198859 88.2 35.10
4050 189343 84.1 33.47
4070 168089 62.4 24.84
4090 144962 30.2 12.02
4110 122619 7.6 3.02
4130 103235 1.1 0.44
4160 78972 0.1 0.04
4250 37055 0.01 0
4430 926 0 0
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Figure 8. Temperature Response of GLFC and Fuel Capsule for Orbital Decay
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Figure 12, Temperature Response of GLFC and Fuel Capsule from CMA-HERMAN Combination
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cask surface temperature., Figure 14 shows the temperature difference
across the graphite heat shield during orbital decay reentry as obtained
directly from the CMA program. The temperature difference never exceeds
100°F for this trajectory.

-6.4 Degree Supercircular Velocity Reentry

A supercircular velocity reentry at a reentry angle of -6.4° was
analyzed since this represents the desired reentry angle for a mission
abort once.the LM is inserted into a lunar trajectory.lo These tra-
jectories were computed for the following conditions:

-6.4° supercircular velocity reentry, LM ascent and descent
tanks 1007 full.

1. Sandia drag curve, Cp = 1.83
2. Sandia drag curve, Cp = 1.93
3. General Electric drag curve, Cp = 1.93

Some of the input data used for the thermal model for each of the above
supercircular velocity reentry cases are shown in Tables IX,.X, and XI.
Included in the tables are time versus altitude, flow regime, convective
reference heating, radiative reference heating, heating rate multiplier
(Fq), and cold wall heat input. Figures 15, 16, and 17 show the
temperature response of the graphite fuel cask outer surface, fuel
capsule inner liner, and fuel capsule outer liner for each of the above
cases.

These figures indicate that increasing the pressure coefficient
from 1.83 to 1.93 causes the peak graphite temperature to decrease by
approximately 30°R. This peak graphite temperature decreases another
40°R when the GE drag curve is used in place of the Sandia drag curve.
The fuel capsule outer liner is also cooler by 31°R when the higher
pressure coefficient and GE drag curve are used. These temperature dif-
ferences are relatively small and indicate that either of the pressure
coefficients or drag curves will give temperature responses which are
very nearly the same.

The CMA computer code was used to determine the effect of ablation
and oxidation on the temperature response of the system for a -6.4°
supercircular velocity reentry trajectory. Figure 18 shows the tem-
perature response of the system obtained by using the corrected heat
flux from CMA as input to the HERMAN thermal model. Figure 16 shows
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TABLE IX

Heating Rates to GLFC as a Function of Time and Altitude

-6.4° Superorbital Velocity Reentry
Sandia Drag Curve

Cp = 1.83
Convective Cold
Reference Heating Wall
Heating Rate Heat
Time Altitude Rate 2 Multiplier Accommodation Input ,
Flow Regime (sec) (feet) (BTU/ft“~-sec) (Fq) Coefficient (BTU/ft“-sec)
Free Molecular 0 400000 1.1 ' 0.3192 0.9 0.316
5 380602 2.4 0.3192 0.689
10 361966 5.6 0.3192 1.61
15 344096 12.6 0.3190 3.62
20 . 326098 30.0 0.3190 8.61
25 310653 76.0 0.3190 21.82
Continuum 30 295095 77.3 0.398 Not 30.77
40 266340 171.2 Applicable 68.14
50 240828 299.6 119.2
55 229341 365.7 145.5
60 218733 423.6 168.6
65 209014 462.8 184.2
70 200176 477.3 190.0
75 192184 470.4 187.2
100 162007 200.6 79.84
120 143533 56.5 22.49
130 134688 26.5 10.55
150 117130 4.9 1.95
165 104218 1.3 0.52
240 52708 0.02 0.008
460 242 0 0
Radiant Heat Input
Reference’ Heating Radiant
Heating Rate Heat
Time Altitude Rate 9 Multiplier Input 2 )
(sec) (feet) (BTU/ft-sec). “(Fp) (BTU/ft“-sec)
50 240828 1.88 0.125 0.24
55 229341 3.44 0.43
60 218733 . 4,92 . 0.62
65 209014 5.28. 0.66
70 200176 4.22 0.53
715 192184 2.91 0.36
80 184975 2.04 0.26
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, TABLE X
Heating Rates to GLFC as a Function of Time and Altitude

~ =6.4° Superorbital Velocity Reentry
Sandia Drag Curve

Cp = 1.93
Convective Cold
Reference Heating : Wall
Heating Rate Heat
Time Altitude Rate .-, Multiplier Accommodation Input o
Flow Regime sec feet BTU/ft"~sec F Coefficient BTU/ft-sec
ree ecular . . . . b .
5 380602 2.4 0.3192 0.689
10 361966 5.6 0.3192 1.61
15 344094 12.6 0.3190 3.62
20 326988 30.0 0.3190 8.61
25 310653 76.0 0.3190 21.82
Continuum 30 295096 77.3 0.398 Not 30.77
40 266344 171.0 Applicable 68.06
50 240840 298.7 118.9
55 229364 363.8 144.8
60 218770 419.9 167.1
65 209070 456.5 185.3
70 200255 468.1 186.3
75 192287 457.9 : 182.2
80 185102 420.8 167.5
100 162179 186.9 74.4
120 143669 51.16 20.36
130 134805 23.74 9.45
150 117240 4.35 1.73
165 104350 1.12 - 0.45
240 53269 0.02 0
460 1343 0 0
Radiant Heat Input
Reference Heating Radiant
Heating Rate Heat
Time Altitude Rate : Multiplier Input ,
sec feet BTU/£t2-sec Fr BTU/ft“-sec
* 0 .
55 229364 3.34 0.417
60 218770 4.66 0.538
65 209070 4.87 0.609
70 200255 3.75 0.469
75 192287 2.61 0.326

80 185102 1.77 0.221
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TABLE XI
Heating Rates to GLFC as a Function of Time and Altitude

-6.4° Superorbital Velocity Reentry
General Electric Drag Curve

Cp = 1.93
Convective Heating Cold Wall
Reference Rate Heat
Time Altitude Heating,Rate Multiplier Accommodation Input ,
_Flow Regime (sec) (feet) (BTU/£ft -sec) (Fq) Coefficient (BTU/ft"-sec)
Free Molecular 0 400000 I.T 0.3192 0.9 0.316
5 380602 2.4 0.3192 0.689
10 361966 5.6 0.3192 1.61
15 344094 , 12.6 0.3190 3.62
20 326988 30.0 0.3190 8.61
25 310653 76.0 0.3190 21.82
Continuum 30 295094 77.3 0.398 Not 30.77
40 266342 170.9 Applicable 68.02
50 240859 296.8 118.1
55 229407 359.5 143.1
60 218844 412 .4 164.1
65 209181 445.3 177.3
70 200400 - 453.8 180.6
75 192460 440.9 175.9
80 185292 402.8 ) 160.3
85 178806 349.1 138.9
100 162321 175.6 69.89
120 143657 47.7 18.98
130 134723 22.1 8.80
150 117088 4.0 1.59
165 104199 1.02 0.41
240 53465 0.02 0.008
470 385 _ 0 0
Radiant Heat Input
Reference Heating Rate Radiant
Time Altitude Heating_Rate Multiplier Heat Input
(sec) !feet! SBTU/ftz-sec) (Fr) (BTU/ftZ-sec)
! o0 ' 0.125 0
50 240859 - 1.78 0.22
55 229407 3.11 : 0.39
60 218844 4.19 0.52
65 209181 4.19 0.52
70 200400 3.11 0.39
75 192460 2.25 0.28
80 185292 1.49 0.19

100 1623321 0 ) 0
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Figure 15, Temperature Response of GLFC and Fuel Capsule
for -6.4° Superorbital Velocity Reentry
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results obtained from the HERMAN thermal model alone for the same
conditions. A comparison of the two figures indicates that the tem-
perature response obtained in each case is nearly identical., Apparently,
this is because for these conditions the heat blockage effect of abla-
tion is directly offset by the increased heating caused by graphite
oxidation. Figure 19 shows how the three separate methods of predicting
graphite surface'temperature compare, The CMA program predicts a peak
surface temperature approximately 150°R cooler due to the ablation
effects, 'Figure 20 shows the temperature difference across the graphite
heat shield during -6.4° superorbital velocity reentry; it reaches a
maximum of 740°F across the 0.35-inch graﬁhite radial thickness.

-38 Degree Supercircular Velocity Reentry

A supercircular velocity reentry at a reentry angle of -38 degrees
was analyzed since it represents a maximm probable reentry angle for
a mission abort after the LM is inserted into a lunar trajectory.

The -38 degree reentries were run for the following cases:

-38° supercircular velocity reentry, LM ascent and descent
tanks 1007 full,

1. Sandia drag curve, Cp = 1.83
2. Sandia drag curve, Cp = 1.93
3. General Electric drag curve, Cp = 1.93

Some of the input data used for the thermal model for each of the above
supercircular velocity reentry cases are shown in Tables XII, XIII and
XIV. Included in the tables are time versus altitude, flow regime,
convective reference heating, radiative reference heating,ﬁheating
ratios, and convective cold wall heat input. Figures 21, 22 and 23
show the temperature response of the graphite fuel cask outer surface,
fuel capsule inner liner, and fuel capsule outer liner for each of the
above cases. As with other trajectories considered, the graphite outer
surface peak temperature is lower with the higher pressure coefficient
and drag curve. However, the capsule outer liner temperatures are
nearly identical throughout each of the -38° reentries, showing
practically no dependence upon the changes in the transition drag curve
and the pressure coefficient.

The CMA computer code was used to determine the effect of ablation
and oxidation for a -38° superorbital velocity reentry trajectory.
Figure 24 shows the temperature response of the system obtained from
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TABLE XII :
Heating Rates to GLFC as a Function of Time and Altitude

-38° Superorbital Velocity Reentry
Sandia Drag Curve '

Cp = 1.83
Convective Heating Cold Wall
Reference Rate Heat
Time Altitude Heating Rate Multiplier Accommodation Input
Flow Regime sec feet BTU/ft2-sec F Coefficient BTU/ft2-sec
Free Molecular . . . .
1 377610 2.8 0.3192 0.804
2 355228 7.9 0.3190 2.27
3 332853 22.5 0.3190 6.46
4 310481 76.0 0.3190 21.82
Continuum 5 288131 104 .4 0.398 Not 41.55
6 265788 195.5 Applicable 77.81
8 221210 518.3 206.3
10 177202 1085 431.8
11 155902 1437 571.9
12 135747 1712 681.4
13 117807 1542 613.7
14 103352 911.4 362.7
15 92833 379.3 150.9
16 85546 139.5 55.52
17 80458 52.9 . 21.05
18 76778 22.0 8.76
20 71820 5.1 2.03
22 68573 1.7 0.67
28 62780 0.2 : 0.08
50 51526 0.02 0
270 0 0 . 0
Radiant Heat Input
Reference - Heating Rate Radiant
Time Altitude Heating Rate Multﬁp ier Heat Input
(sgs) (feet BTU/ft2-sec r BTU/ft<-sec
P . . .
9 199071 63.0 ' 7.9
10 177202 216.0.: 27.0.
11 155902 454 .o : 56.7
12 135747 442 ) 55.3
13 117807 178 - : 22.3
14 103352 19.4 - . 2.4
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TABLE XIII
Heating Rates to GLFC as a Function of Time and Altitude

-38° Superorbital Velocity Reentry
Sandia Drag Curve

Cp = 1.93
Convective Heating Cold Wall
Reference Rate . Heat
Time Altitude Heating_Rate Multiplier Accommodation Input
Flow Regime (sec) (feet) (BTU/ft2-sec) (Fq) Coefficient (BTU/ft2-sec)
'H:ee Molecular 0 400000 T.1 0.3192 0.9 0.32
1 377610 2.8 0.3192 0.80
2 355228 7.9 0.3190 2.27
3 332853 22.5 0.3190 6.46
4 310487 76.0 0.3190 21.82
Continuum 5 288131 104.4 0.398 Not 41.55
6 265789 195.5 Applicable 77.81
8 221215 517.9 206.1
9 199096 762.6 303.5
10 177240 1079. 429.4
11 155981 1421. 565.6
12 135917 1672. 665.5
13 118134 1475. 587.1
14 103876 855.5 340.5
15 93537 352.7 140.4
16 86374 129.8 51.7
17 81365 49.5 19.7
18 77732 20.7 8.24
20 72824 4.9 1.95
22 69598 1.6 0.64
28 63825 0.2 0.08
50 52579 0.02 0.01
270 1147 0 0
Radiant Heat Input
Reference Heating Rate Radiant
Time Altitude Heating Rate Mult%plier Heat Input
(sec) (feet) (BTU/£t2-sec) - (Fr) (BTU/ft2-sec)
8 221215 15.8 0.125 1.98
9 199096 62.4 7.80
10 177240 211. 26.38
11 155981 425. 53.12
12 135917 385. 48.13
13 118134 150. 18.75
14 103876 15.1 1.89

15 93537 0 0





LS

TABLE XIV
Heating Rates to GLFC as a Function of Time and Altitude

-38° Superorbital Velocity Reentry
General Electric Drag Curve

Cp = 1.93
Convective Heating Cold Wall
Reference Rate Heat
Time Altitude Heating Rate Multiplier Accommodation Input -
Flow Reﬁime (sec) Efeet! SBTU/ftz-sec! SF?E Coefficient SBTU/ftz-secz
ree Molecular . .
1 377610 2. 8 0.3192 0.80
2 355288 7.9 0.3190 , : 2.27
3 332853 22.5 0.3190 6.46
4 310487 76.0 0.3190 21.82
Continuum 5 288131 104.4 0.398 Not 41.55
6 265788 195.5 Applicable 77.81
8 221225 516.9 205.7
9 199113 759.7 302.4
10 177294 1072. 426.6
11 156083 1406. 559.6
12 136093 1643. 773.3
13 118407 1436. 571.5
14 104252 826.7 ) 329.0
15 93996 340.1 135.4
16 86887 125.4 : 49.91
17 81909 47.96 19.09
18 78294 20.13 i 8.01
20 73402 4.77 1.90
22 : 70183 1.56 0.62
28 64413 0.17 0.07
50 53167 0.02 0
280 327 0 0
Radiant Heat Input
Reference Heating Rate Radiant
Time Altitude Heating Rate Multiplier Heat Input
(sec) ifeetg SBTU/ft -sec) (Fr) (BTU/ft2-sec)
.21 0.125 0.40
8 221225 15.7 1.96
9 199113 61L.5 ' 7.69
10 177294 206. 25.75
11 156083 399. 49.88
12 136093 348. 43.50
13 118407 135. 16.87
14 104252 13 3 1.66

15 93996 0.4 0.05
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Figure 24. Temperature Response of GLFC and Fuel Capsule from CMA-HERMAN for -38° Superorbital Reentry





using the corrected heat flux from CMA as input to the HERMAN thermal
model. A comparison with Figure 22, which shows the results obtained
for the same case using the HERMAN thermal model alone, indicates that
the temperature response of the fuel capsule is the same in each case.
This is caused primarily by the short reentry time. The heat pulse is
so short that the fuel capsule feels no effect from it, regardless of
whether or not the ablation'effects are taken into account.

Figure 25 compares the three methods of predicting the graphite
outer surface temperature for this steep reentry condition. Ablation
and oxidation effects are quite pronounced for this reentry trajectory.
The CMA program predicts peak graphite wall temperatures approximately
800°R lower than the HERMAN thermal model. This large temperature
difference is caused primarily by the ablation heat blockage effect.

At high temperatures, the CMA program uses a slightly higher graphite
emissivity than does the HERMAN thermal model and this contributes also
to the temperature difference. The CMA program predicts graphite sur-
face temperatures approximately 700°R higher after the heat pulse when
temperatures level off. This is caused by the additional heat input to
the CMA model caused by graphite oxidation.

The =-38° superorbital velocity reentry creates a high heat pulse
of short duration. This heat pulse causes a large temperature dif-
ference across the 0.35-inch graphite wall (Figure 26) and reaches a
maximum of 2970°R.

Conclusions

The results indicate that for all three classes of reentry
trajectories considered (orbital decay, -6.4° superorbital velocity
reentry, and -38° superorbital velocity reentry) the different
transition drag curves and pressure coefficients used in the trajec-
tories had veri little effect upon the temperature response of the
system. The reaction kinetics of the graphite during reentry had
almost no effect during orbital decay reentry and only a small effect
during the =-6.4° superorbital velocity reentry. During the -38° super-
orbital velocity reentry, the graphite reaction kinetics had a large
effect upon the temperature response of the graphite surface; however,
this short time trajectory did not allow these effects to propagate
inward and thus the interior temperature response was unaffected.
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The fuel capsule inner and outer liner reached their maximum
temperatures during orbital decay reentry. The outer liner maximum
temperature was approximately 100-150°R below the melt condition, and
the inner liner just reached melt temperature. For both superorbital
reentries, the fuel capsule liners remained well below the melt tem-
perature.

The temperathre difference across the graphite heat shield was
small for orbital decay, but reached 740°F for -6.4° superorbital
reentry and 2970°F for -38° superorbital reentry. This 2970°F tem-
perature difference is very large for the 0.35-inch graphite thickness,
and the thermal stresses will be significant. A complete thermal stress
analysis should be performed to determine if the graphite can withstand
such a temperature difference. .
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APPENDIX A

Material Properties Used in the Thermal Model

Graphite¥*
Density = 88 lb/ft>
Emissivity = 0.8 (at all temperatures)¥¥*

Specific Heat, Cp

Temperature Cp
(°F) (BTU/1b-°F)

70 0.22

1000 0.39

4000 0.53

7540 0.53

Thermal Conductivity, K

Temperature K
(°F) (BTU/HR-Ft=-°F)
165 4.85
565 5.22
965 5.50
1365 5.76
1965 6.04
2365 6.15
2965 6.30
4165 6.66
5665 6.92
7540 7.50

*Pyrocarb 406
*#*The CMA runs allowed emissivity to vary with temperature.





Silver

Columbium

66

Density = 657 1b/ft3
Emissivity (High emissivity coating) = 0.8
Specific Heat = 0.056 BTU/1b-°F

Thermal Conductivity, K

Temperature K
(°F (BTU/HR-Ft-°F)

740 208

1761 208

Melt Temperature = 1761.4 °F
Heat of Fusion = 43.9 BTU/lb

Density = 541 1b/ft3
Emissivity (coated) = 0.8
Specific Heat = 0.074 BTU/1b-°F
Thermal Conductivity, K

Temperature K
(°F) (BTU/HR-Ft-°F)

0 32

1200 38

4000 32





Silicon Dioxide
Density = 114 lb/ft3

Emissivity (coated) = 0.8
Specific Heat, Cp

Temperature Cp
(°F) (BTU/1b-°F)
0 0.18
500 0.24
1500 0.288
2000 0.30
5000 0.30

Thermal Conductivity, K

Temperature K
(°r (BIU/HR-Ft-°F)

0 0.08

500 0.25

800 0.32

1300 0.36

1500 0.41

1600 0.45

1800 0.57

2000 0.65

5000 0.90





Haynes 25
Density = 570 1b/ft3

Emissivity (iron titanate coating) = 0.85
Specific Heat, Cp

Temperature Cp
(°F) (BTU/1b-°F)
60 0.092
2425 0.19

Thermal Conductivity, K

Temperature K
(°F) . (BTU/HR-Ft-°F)

100 5.59

500 8.10

900 10.61

1300 13.10

1700 15.90

2100 19.50

2425 23.00

Melting Range = 2425 - 2570 °F
Heat of Fusion = 115 BTU/1lb





238

Plutonium Dioxide (Pu 02) Microspheres

Density = 662 lb/ft3
Specific Heat, Cp

Temperature Cp
(°F) (BTU/1b-°F)
240 0.0662
840 0.0734
3000 0.0835
4000 0.0835

Thermal  Conductivity, K

Temperature K
(°F) - (BTU/HR-Ft-°F)
1000 0.46
1500 0.62
1700 0.68
4000 0.75°
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