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SUMMARY

Authorized and funded by Congress in 1%6U, the EM-3A Nuclear Power klant
located at McMurde Station, Antarctica, first achieved criticality ip March
1962 and was operated by Navy crews under the direction of the hariin Company
and the Atomic Energy Commission (AEC) until May 1964, At that time, the Navy
assumed rull responsibility for its operation and continued to do so until the
plant was shutdown in September 1972 and decommissioning actions completed.

The declsion to terminate plant operaticens was based largely on
economics, A shield water seepage inteo insulation around the reactor pressure
vessel and primary coolant piping made chloride stress corrosion cracking of
the surfaces of the pressure vessel a possibility. The high cost of
performing a full inspection resulted in the decision to permanently terminate
PM-3A operatioms,

During its ten years of operation, the Ph-3A procuced approximately 7&
million kilowatt hours of electricity with an availability of 72 percent. 1In
1971, tne plant set a record for the longest continuous power run of a
military nuclear power plant——4400 hours. This excellent histery of operation
vividly demonstrated the ability to operate a nuclear power plant safely and
reliably in a remote, hostile environment. The plant also represented the
first use of nuclear enmergy ashore to distill fresh water, producing over 13
million gallons of potable water at its seawater distillatien plant. lhese
pperational achievements are a credit to the many dedicated and highly
telented officers and enlisted men of the Navy, Army, and Air Force, who
served at or in support of the PrN-3A during its operational lifetime.

The PM-3A eased the tremendous and costly (beth in dollars and human
lives) logistics problem of hauling millioms of gallens of fuel oil to the
Antarctic continent each year. At the same time, the habitability of Mchurdo
was upgraded by the provision of clean, safe electrical heat, Tle scientific
research effort also benefited in that electrical equipment was not severely
limited by the small electrical capacity of the rossil fueled plant, and the
increased electrical capacity provided by the PM-3A was of a higher quality,
regulated output.

In order to comply with the Antarctic Ireaty, which prohibits the aisposal
of radicactive wastes on the continent, the plant was decommissioned by
completely removing all contaminated components and disposing of them in the
United States. In additiom, 14,400 metric tons of crushed rock containing
extremely small quantities of radionuclides wele also removed from the site

and shipped to the United States., The total removal effort was completed in
February 1579,
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CHAPTER 1

PLANNING AND CONSTRUCTION

l., Project Initiation

Extensive Navy involvement in Antarctica actually began 1n 1955 in
preparation for the Internmational Geophysical Year. The Department of
Defense delegated respensibility for logistic support of Antarctic opera-

ions, and maintenance of stations located in Antarctica to the Department
of the Navy,

In August 1960, Congress authorized and funded the design and
construction of a nuclear power plant to be installed at McMurdo Station,
Antarctica., A little over 18 months later, in early March 1962. the plant
reached initial criticality and became the only nuclear power plant to
date to operate in Antarctica.

Eighteen months is a phencmenally short time in which to design and
construct a nuclear plant anywhere, much less in the distant and harsh
environment of the Antarctic, However, the idea of utilizing nuclear
power to support operation DEEF FREEZE in Antarctica was actually conceived
ae early as 1955 when a study concluded that utilization of nuclear power
there was not only feasible but highly desirable.

Nuclear power on the remote continent was particularly promising in
that money and manpewer expended in logistic support far cutweighed that
spent directly on scientific research, and over half of thig logistie
effort was consumed in transporting fuel oil. Even in 1960 fuel eil
delivered to McMurdo cost $1 to $3 per gallon. The fuel oil sterage
capacity at McMurdo was limited, thus the PM-3A promoted the comservation
of fvel oil in storage, This congervation of fuel oil permitted the
resupply of inland stations early in the season vice the late season
resupply necessitated by the wait for the annual resupply tanker, Further,
transportation operations in the Antarctic were hazardous, and a reduction
in logigtics requirements could be expected to result in fewer logses of
lives and equipment, Alsc not to be overlooked was the nuclear potential
for increasing the habitability of the station and the capacity for
research by providing larger quantities of superior quality electrical
power than could be afforded by a fossil fueled plant, This increased
electrical capacity would also allow for more electrical heating and
less use of oil heaters, which are dangerous fire hazards. Finally, in
the political arena, the installation of a nuclear pewer plant In the
Antarctic was seen as an outstanding example of the United States' "Atoms
for Peace"” program.

All in all, the case for nuclear power in the Antarctic looked good
in the late 1950's, but there were other factors which hampered its
initiation by the Navy. Since the construction cost of a nuclear plant
is significantly higher than a conventional plant, and since such a



project was in direct competition for funding with operatiocnal requirements,
the promises of nuclear power never survived the Navy's budget cycle.
Another contributing factor which hindered any substantial outlay of

capital funds in the DEEP FREEZE program was the fact that the Antarctic
Treaty had not yet been signed, making the permanency of U.S5. operations

on the continent questionable.

By 1960, however, the time was right for approval of the concept of
nuclear power in the Antarctic. The Antarctic Treaty had been signed in
December 1959, and the indication was that the U.5. would be in the
Antarctic for the foreseeable future. Accordingly, it became necessary
to plan for supporting Antarctie Operations on a basis consistent with
long term occupancy rather thanm the adequate-for-survival, and minimal
operational basis followed heretofore. The Naval Facilities Engineering
Command { NAVFACENGCOM) had also completed economic studies in April 1939
and February 1960 which supported the development of nuclear power in
Antarctica. Equally important was the fact that trips to the Antarctic
by Senators and Representatives had spurred congressional Interest in
the intrinsic logistics problem. As a result of this interest, a study
commissioned by the Atomic Energy Commission (AEC) was made by Kaiser
Englneers for nuclear power inm the Antarctic and other remote military
installations. This study was presented in Congressional Hearings before
the Joint Committee on Atomic Energy in April 1960, end in May 1560
Public Law B86-475 (AEC authorization for Fiscal Year 1961) authorized
$13 million for power reactor plants for the Antarctic. The asuthorization
was to cover plants at McMurdo, Byrd, and South Pole staticons. However,
the appropriations bill which followed only provided funde in the amount
of $3.5 million. These funds, plus $1.5 million which the Navy had
advanced to the AEC intending to be reimbursed after passage of the
AEC's appropriation bill, were sufficient for design and fabrication of
only the McMurdo plant. Even then, the Navy would be responsible for
funding site preparation and on-site construction. Nevertheless, the
chain of events had finally been initlated which would lead to the reality
of nuclear power in the Antarctic.

2. Plant Construction

In anticipation of passage of the appropriacions bill, the AEC an 20
June 1960 invited ten reactor manufacturers to bid on the McMurdo Station
nuclear plant, and bids were received from three firms-—-Alco Products, Inc.,
The Martin Company, and Combustion Engineering, Inc. The Martin Company
was selected, and the contract was entered into on 15 August 1960 for
$4,086,148. The initial obligation of the AEC was limited to the 1.5
million advance from the Navy, however, since the AEC funds had not yet
been appropriated.

The nuclear plant to be constructed was designated the PM-3A (a
portable, medium-putput reactor that was the third of its general type
and the first of that type designed for field use). Portability was
central to the PM-3A concept. McMurdo Station is accessible in summer by
ship, but the Navy envisioned future use of nuclear power at inland
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stations and sc developed the Ph-3A as the Frototype of a plant which could be
delivered in modules by LC-13G aircraft to such places as Byrd and Pole
stations. The ability to construct tne plant during the short Antar. __

summer Sseason was also a required feature of the design. The final design c.
the plaat resulted in 18 basic portable units, each with a maxioum weight ot
30,000 pounds and maximum dimensions of 3U feet long by 8 feet ¥ inches
Square., A summary of the wmore important characteristics ot thie PM-3A are
shown in Table I-1, and a diagram of the plant is shown in Figure 1-~]1,

After signature of the contract in August 1%LU, component procurement was
iniriated immediately., In April 1661, the first Navy operating crew arrived
to witness the early fabrication of the Plant as it was assembled in the
Environmental Testing Building of Martin—Marrietta, Baltimore, Maryland, In
July the crew began participsating in the testing program, during the next
three months the complete plant was assembled and tested in all phases short
of actual operation of the reactor itself, The reactor core was tested
separately at zero power in the contractor's “critical® taciliry, DLismantling
of the plant's secondary system began im September, aud the primary system
checkout began, Members of Naval Mobile Lonstructicn Battalion ONE were also
present to observe the disassembly so that Teassenbly in the short
construction season at McMurdo would go as quickly and smoothly as possible.
Site preparation had begun the previous austral summer season and would be
completed early during DEEP FREEZE 62 before the plant components arrived,

On 3 November 1961, all the plant modules had been loaded aboard the USS
ARNEB (AKA-56), and the resupply ship sailed from Davisville, Khode Island for
its voyage to McMurde Sound. O©n 13 December the ARNEBR was secured to the
annual ice a few miles from McMurdo, and by 29 becewber the last major package
of the plant had been pulled by sled to the PM-34 site. Inirial criticality
of the core was attained 4 March 1962, and the last ship of the summer season
departed, Left behind to test and operate the plant were 20U men of the Nawvy
crew (including Army and Air Force personnel), three Martin engineers and two
ALC representatives., A picture of the completed plant, located 3UU feetr up
the side of Observation Hill ana overlooking McMurdo Station proper, is sliown
in Figure I~ and the site plat plap is shown in Figure I-3, The general
plant arrangement is shown in Figure I-4, while the primary plant arrangement

is shown on Figure 1-5. Figure 1-6 is a diasgram of the FM-3A pressure vessel
and core.
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REACTOR TYPE
POWER (THERMAL)
NET OUTPUT (ELECTRICAL)

FUEL

FUEL ELEMENT CONSTRUCTION
FUEL CLADDING

MODERATOR, REFLECTOR AND
COQLANT

CONTKOL ROD ABSORBER
BURNABLE POISON

PRIMARY LOOP DPERATING
PRESSURE

CORE INLET TEMPERATURE
CORE OUTLET TEMPERATURE
PRIMARY COOLANT FLOW RATE
STEAM FLOW RATE

STEAM PRESSURE FULL LOAD

CONDENSERS

TABLE I-1

PM-3A PLANT DESCRIPTION

INITIAL

Pressurized Water
9.36 Megawatts
1500 Kilowatts

Uranium 93,2%
enriched in 1U-235

Tubular Cermet
Medified type 347 S5

Water

Eutropium
Boron

1300 psia

447°F

479°F

2200 gpm
36,131 1lbs/hr
300 psig

Steam—to—Air

I-4

FINAL

Pressurized Water
11,27 Megawatts
1800 Kilowatts

Uranium 9.6%
enriched in U=235

Pellet in rod
Type 348 8§

Water

Europium
Boron

1300 psia

447°F

479°F

2200 gpm
42,900 lbs/hr
290 peip

Steam—-to-Air
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CHAPTER 1II

INITIAL TESTING AND OPERATION

1. The First Year

Even though initial eriticality had been attained in a very short
time, months of testing, evaluation and debugging remained to be accomplished
before PM-3A could start to perform its prime mission of supplying power
to the MecMurdo complex. Plans called for the demonstration of the plant's
performance and reliability during the Antarctic winter with subsequent
turnover to the Navy during the following austral summer season (October
1962-February 1963).

Numerous problems were encountered in preparing the plant for operation
during the initial testing phase. The most persistent problem encountered
during this period was the inability to successfully complete the containment
air leak test which limited leakage to not more than 1.5 percent per day
at 30 psig. This test was important in that it was an indication of how
safely the plant could handle a postulated "maximum credible accident”
by containing any released radicactive material from a core meltdown.

Air leakage around nuclear instrumentation and electrical cable penetratiens
caused the greatest problems, but after repeated attempts and after

making repairs to a seal weld in one of the containment tanks, the test

was successfully completed in June.

In April, when performing the containment leak test for the fourth
time, it was discovered that the Control Rod Drive Mechanism ( CRDM)
actuator cans, which housed the equipment controlling rod wmovement and
reactor power, had been inadvertently crushed by air pressure. This
situation did not cause an inability to operate control rods, and the
condition was remedied by applying air pressure ineide the cams, causing
them to pop out to their original configuration. (Appendix A describes
the PM-3A reactor rod control system). After inspection and adjustment
of the internals, the cans were returned to satisfactory service.

Another problem which jeopardized early operation of the plant was
the core's failure to meet the “"one-rod stuck" criterion at room temperature.
Freshipment criticality tests conducted at the Martin facility in Baltimore

" had net indicated & failure to meet the criterion, but at the site the

reactor was critical with one of its control rods withdrawn 28.35 inches
(30.75 inches is completely withdrawn) and the coclant at 50°F. It was
determined that procedural controls, i.e., not allowing any withdrawal of

control rods until the system temperature was such that the "one-rod
stuck” criterion could be met, would be an adequate temporary measure

until such time as reduced core reactivity would enable the core to meet
the specification at room temperature. All later cores met the criterion.

Finally, after four frustrating months of testing and correcting

discrepancies, on 10 July 1962, PM-3A exported power to the McMurdo
Station electric heaters, and onm 21 July, all station electrical loads

I1-1



were assumed by the plant for the first time. This was just the beginning,
however, of the shakedown period of the plant.

Between 21 July and 7 October, PM-3A experienced four outages. The
first cccurred 14 August when momentarily low voltage gave a false signal
of low primary coolant pump power, automatically shuotting~down {scramming)
the plant. The set point was checked, recalibrated and the plant put
back in operation within 19 hours. The second outage occurred 25 August
and lasted 154 hours. This shutdown was caused by moisture in the nuclear
instrumentation due partlally to radiation damage to instrumentation
cables inside containment. The equipment was dried, resealed, and cables
replaced and rerouted to help prevent recurrence of the damage. This
incident was immediately followed by a 48-hour outage caused by failure
of the boiler feed pump. The plant then operated continuously until 26
September when one control rod fell into the core due to a transilent
fallure in the control rod power supply. This time PM-3A reassumed the
load in less than four hours, operating on a five-rod bank until the
control power supply was repalred a few hours later.

Then on 7 October the plant suffered a fire in the containment tanks
which resulted in an extended outage. It was subsequently determined
that the fire was caused by the combustion of hydrogen gas which was
generated by radiolytic decomposition of shield and coolant water under
high gamma flux. The damage from the fire was largely superficial. The
short duration, high temperature flash fire caused scorching of cables and
paint, and the resultant overpressure in the contalnment tanks damaged
Jjunctlon box covers, sheet metal work and some thermal insulation. The
only major equipment items damaged were the countrol rod actuator coil
cans, which were partially collapsed around the hold coils and position
indicating mechanism. No injuries or unusual radiocactivity resulted from
the incident. The fact that a flash fire had occurred in the containment
tanks was not known until repeated attempts to restart the plant after a
scram were unsuccessful, and the conteinment was opened for investigation.

Investigation of the accident resulted in several equipment
modifications and procedural changes being implemented to prevent the
reoccurrence of an explosive nixture of hydrogen in the containment. It
was also determined that data on hydrogen generation in the containment
should be collected, and if necessary, based on this information, a
hydrogen recombiner be designed and installed. This data was taken
during November when the plant was run in 40 hour intervals due to the
limit placed on hydrogen buildup. The plant was then shutdown on 28
November and remained down in order tec work on the many items that would
have to be completed prior to acceptance of the plant by the government.
In addition to the installation of a catalytic recombiner for hydrogen
in the containment tanks, this work included such items as nuclesr instru—
mentation noise reduction, modification to the control rod actuator
cans, repair of Condenser Number Four which suffered heavy freeze damage
in September, modifications to the Radioactive Waste Disposal System
(RWDS), and many minor plant operation items.
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An inspection of PM=-3A by NAVFACENGCOM in December 1962, however,
revealed such a large number of deficiencies remaining that it was apparent
the contracter could not complete them all before the end of the austral
sumrer. What was to have been 2 final turnover imspection in February
1963, became instead an inspection to determine if the plant could be
safely operated during the coming winter and to identify any additional

areas which required attention before the plant could be accepted from
the contractor.

The inspection team concluded that the condition of the plant was
adequate to permit operation under the responsibility of the contractor
during the winter, but specific problems were identified in twelve broad
areas which the team felt should be corrected prior to any acceptance by
the Navy. These brpad areas were as follows:

a. Nuclear Instrumentation Reliability and Accuracy
b. Control Rod Actuator Performance

¢s Hydrogen Generation in Contazinment

d. Vapor Containment Integrity

e. Refueling Procedures and Equipment

f. Inadequate Emergency Power

g. FPlant Chemistry Data and Procedures

h. RWDS Capacity

1. Primary System Relief Valve Integrity

j+ TLack of Detailed Design Infeormation

k. Tritium Generation '

1. 1Inadequate Core Physics Data and Testing Procedures

In reviewing the first year's operation of the PM~3A, it should be
kept in mind that the plant was essentially a prototype, conceived after
only ten years of nuclear power plant experience was available and was
operated in the harshest envirommeat in the world. Actually the period
from initial power operation until the fire was impressive for a "shakedown"”
run, with the plant operating 79 out of 89 days.

2. Second Year Operation and Turnover to the Navy

E
\
,
,

After preoperational plant testing, PM-3A began a 400-hour test run
on 27 February 1963. The plant scrammed three times during this rum but
was off the line for only brief intervals totaling eleven hours before
termination of the rum en 17 March. Between 17 March and 4 April, the
plant remained down to allow completrion of various corrective actions.
This was followed by a period of plant testing, including rod drop and
transient testing, during which the plant was cycled up and down numerous
times. A second 400-hour demonstration run was then conducted from 14
April through 5 May when the plant was shutdown for demineralizer resin
change. The total operating time for this demonstration run was actually
502 hours with one 4~hour down period on 18 April. After replacement of
resins, PM-3A remained down for repairs to the emergency diesel generator
as well as other miscellaneous minor repairs. On 15 May power operations
resumed and continued with only minor outages {20 hours total) until
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3 August when the plant was secured for scheduled maintenance. The plant
returned to producing power 14 August and was only brought down twice

for minor repair (& hours total) before 30 August 1963, when the AEC
representative ordered the plant secured due to pitting corrosion on the
control red actuator thimbles. Following this shutdown, the plant was
only briefly operated twice--11 to 29 November 1963 for training and

minor testing of components and 29 February to 3 March 1964 for a performance

test-—before the AEC accepted the plant from the contractor and the Kavy
assumed custody.

During the extensive down time which followed 30 August, the contractor
not only replaced and medified the corroded thimbles, but also worked on
an extensive list of discrepancies identified by the Navy and the AEC in
order to turn the plant over before the next winter season. It became
apparent, however, that all items requiring attention could not be
aceomplished in the time remaining. It was also the position of the
cotitractor, with concurrence of the AEC, that not all the problem areas
remaining were within the scope of the contract to correct. Recognition
was being made of the fact that further continuing research and development
and medification would be required in order for PM-3A to perform in
accordance with the Navy's original expectations at a suitable reliability
level.

In light of the above, the AEC proposed the following division of
responsibilities for resolving plant deficiencies and accepting the plant
from“the contractor. Firgt, Martin—Marietta would be required to complete
certain items determined to be within the scope of the original contract
and previous modifications. Additionally, a final modification to the
contract, Modification 16, would be negotiated and accomplished as soon
as possible, but acceptance of the plant would coincide with signing of the

contract modification. Modification 16 included the following items of work:

a. Control rod actuator repair.

b. Preparation of a revised containment air leak test procedure and
provision of a complete set of elactrical penetratioms.

c. Supervision of the first plant refueling.
d. Analysis of tritium generatiocm.
e. Provision of primary and shield water demineralizers.

f. Modification of equipment/procedures to maintaln shield water pH
and steam generator blowdown chlorides within operating limits.

2. Analysis/verification of the life of the nuclear instrumentation
cables.

h. Drawings and analyses of the modifications to date on the reactor
safety system.
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i. BReplacement of defective batteries.
j- Provision of detailed as=built electrical drawings.
k. PFPreparation of set point analysis.

1. Provision of manuals, drawings and procedures reflecting latest
revisions.

m. Preparation of core and plant monitoring procedures.
n. Preparation of a plant heat balance.

o. Modifications to the RWDS.
p- Establishment of criteria for ailr activity and gaseous release.

q. Preparation of a casualty procedure in the event of a fuel element
cladding failure,

r. Preparation of steam generator level calibration and control
procedures.

s+ Preparation of an extended shutdown procedure.
t. Modification of the hydrogen recombiner system.

The AEC agreed to extend its Portable Medium (PM) Power Reactor
Development Program to include further work in the following areas relating
te the PM-3A deficiencies:

a. Improvement to the control rod actuator system.

b, Improvement im the nuclear instrumentation and reactor safety
systems.

¢. Investigation into the problem of hydrogen generation.

d- Improvements in the RWDS.
e. Development of an Improved, low cost core (Type IV).

The Navy reluctantly agreed to thils proposed turnover scheme, realizing
that a continuing effort on its part would also be required to improve
plant safety and reliability. Thus, on 12 March 1964 the Martin Company
and the AEC executed Modification 16 to the contract, and the Navy took
custody of the plant but did not assume operational responsibility. The
plant remained shutdown during subsequent months while certain safety and
operational matters were resolved between the Navy and the AEC. Major
areas of concern were as follows:
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a. Verification of the integrity of the containment vessels. (Failures
had occurred in other structures made of stress relieved T=1 steel, of which
PM-3A containment tanks were manufactured.)

b, Reevaluation of the consequences of a postulated breach of containment

accident, (Certain assumptions had been made in calculating dose rates
which required verification,) '

c. Development of an Emergency Plan, should the need to evacuate
McMurdo arise, (Concern for items (a) and (b) above and the difficulty in

performing an evacuation during Antarctic storms caused particular attention
to this area,)

d. The ability of CONUS organizatioms to adequately coatrol the
isolated plant,

e. Ability to monitor the status of the automatic safety shutdown
system. (Here the correction of one problem had caused another, Originally
the scram logic was devised such that two out of two signals were required
to initiate a scram. In the event that one of the channels "failed to
danger” between routine tests of the system, & scram could be prevented
from occurring. The system was changed to one out of twe legic which
solved the "prevention of scram" problem but made it impossible to test the
system on the line without causing a scram. This problem was initially
golved by scheduling down times at satisfactory intervals to test the system.
Shortly thereafter, the system was modified to allow on-line testing. This
led to yet another problem--spurious false scrams during testing.)

f. Development of operating limits, since the technical specifications
provided by the contractor would not suffice. (Technical specifications

were eventually developed, but the operating limit procedure was utilized
for several years,)

g. Problem with a previous modification to the Control Roa Actuators,
(During original assembly of modified control rod actuators prior to the
February test run, the buffer piston on the rod actuator of Port #b was
reduced .020 inches in diameter. It was determined that no further
operation should occur with the reduced size buffer piston, and the actuator
dimensions had to be brought to acceptable tolerances.)

The above problem areas were resolved to the satisfaction of the AEL
and the Navy, and on 28 May 1964 the plant personnel received authorization
to proceed with startup testing and commence operation. lhe next chapter
of this report covers the operation of the PM=3A under Navy responsibility
up until the decision to decommission the plant.
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CHAPTER 1III
NAVY OPERATION (1964-1972)

1. Command Relationships/Responsibilities

a. AEC and Department of Defense. Under the Atomic Emergy Act of
1954 and by Presidential Directive of 23 September 1961, the AEC was
assigned continuing responsibility for the health and safety aspects
relating to the operation of nuclear power plants by the Department of
Defense., The Department of Defense was required to obtain comment or
concurrence of the Commission on the safety aspects of the design, location,
and operation and on the safety standards, procedures and instructions
for utilization facilities and the special nuclear material for use
therein. An agreement between the AEC and the Department of Defense was
required to more closely define the division of responsibilities stated
in the Presidential Directive,

A Memorandum of Understanding between the ARC and the Department of
Defense concerning the FM~3A and PL-3 (PL-3 was planned for installation
at Byrd Station but was never funded) nuclear power plants was finalized
on 28 March 1962, This Memorandum of Understanding (Appendix B) delineated
the responsibilities for both the Commission and the U.S. Navy that were
to be applied to the operation of a nuclear power plant in Aptarctica. 4
unique situation existed dve to the fact that nuclear power plants in the
Antarctica were not placed under the provisions of Section 91b (Chapter
9, Military Application of Atomie Energy) of the Atomic Energy Act of
1954, because Article I of the Antarctie Treaty (Appendix C) prohibits "any
measures of a military nature" in Antarctica. The Chief of Naval Operatioms
assigned the Department of Defense responsibilities withim the Navy to
the Naval Facilitfes Engineering Command (NAVFACENGCOM),

b. Naval Facilities Engineering Command. The special mature of the
equipment, supplies and engineering involved in the safe, reliable and
efficient operation of nuclear shere power plants resulted in assignment
of overall program management and technical direction to NAVFACENGUOM.
Within NAVFACENCCOM, the responsibility was assigned to the Director of
the Nuclear Power Division, with tasking to provide technical direction
and program management and to assume reactor safa=ty responsibility for the
development and operation of nuclear shore power plants for Naval
applications. The Division was further responsible for selecting, training
and providing qualified crews for the safe and reliable operation,
maintenance, and modification of the power plants.

The Secretary of the Navy directed NAVFACENGCOM to issue and promulgate
regulations and instructions as required in carrying out assigned responsi—
bilities, The publication, known as NAVDOCKS P=311 “Nuclear Shore Power
Plant”, defined RAVFACENGCOM policiles and organizational responsibilities
and contained the instructions that governed the operation and safety of
naval nuclear shore power plants, The material contained in NAVDOCKS
P-311 was submitted to the AEC for review on 13 January 1964, and the
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AEC concurred in the adequacy of the policies and instructions on 24
April 1964. Accordingly, P-311 was the equivalent of an AEC license for
the operation of nuclear shore power plants by NAVFACENGCOM. Coumpliance
with NAVDOCKS P-31l was mandatory for all personnel concerned with the
operation of naval nuclear shore power plants. Therefore, from the time
the Navy took over operation on 12 March 1964 until finsl criticality on
26 October 1972, the PM-3A operated under the parameters set forth by
NAVDOCKS P-311,

c¢- Naval Nuclear Power Unit. As a matter of policy, the responsibility
for technical support of the operation and maintenance of shore nuclear
power plants was assigned outside of NAVFACENGCOM. Prime responsibility
for the technical support and maintenance of the PM~3A was delegated to
the Naval Nuclear Power Unit (NAVNUPWRU), an activity under the command
of NAVFACENGCOM. The reasons for thias delegation were twofold:

(1) By assigning the responsibility outside of NAVFACENGCOM, the
Command was in a position to exercise independent reviews and avoid the
undesirable situation of having personnel reviewing their own work.

(2) NAVNUPWRU was closely associated with the Army Nuclear Power

Fleld Office and would have the bemefit of experience and services of
personnel used for similar work by the Army.

The stated mission of NAVNUPWRU was to provide field services for
NAVFACENGCOM in dcquisition, operation and support of nuclear shore
systems and to perform related training and personnel management functions
and other assigned tasks. Major support functions consisted of engineering
and logistics suppert and review and analysis of PM-34A operating data.

A few examples of the engineering support provided were (1) an engineering
study to finalize the scope of a work project to upgrade CRDM's, (2)
analysis of high steam generator blowdown activity during startup and
after load transients, (3) evaluation of amendments to 10 CFR 50 proposed
in 1971 to ascertain whether or not any modifications to the PM-3A or

its operating instructions would be required to ensure compliance with
the proposed regulations, (4) analysis to determine the thermal and
hydraulic transients which would be experienced at the PM-3A in the

event of a loss of coolant accident and to establish criteria for design
of an emergency core cooling system, and (5) evaluation of operating
parameters for all cores used in or proposed for the PM-3A.

Logistics support of the PM-3A was doubly unique. First, supplies,
replacement parts etc., for a full years operations were deliverable
only once each year during the short summer season. This required advance
planning beyond the norm experienced by the majority of Naval bases, and
the potential existed for a lemgthy shut down of the plant due to an
overlooked spare replacement part or repair item. Secondly, the majority
of items utilized in the PM~3A were not available within the federal
supply system. This situation frequently produced lengthy lead times
when ordering replacement parts of ma jor plant components, necessitating
the maintenance of approximately 15,000 line items peculiar to nuclear
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power plants at the PM-3A. All supply requests, with the exception of
office supplies etc., available locally, were processed through a supply
coordinator at the XNaval Nuclear Power Unit.

d. Naval Nuclear Power Unit Detachment PM-3A McMurdo. PM-~3A Detachment,
MeMurdo Station, Antarctica was an operating unit of the U.S. Atlantic
Fleet, Task Force 43, and participated year round in Operation DEEP
FREEZE. The detachment operated the PM-3A nuclear power plant from
March 1964 until finsl defueling in July 1973 for the Commander, U.S.

Naval Support Force, Antarctica, in support of the National Sclence
Foundation's U.5. Antarctic Research Program.

The unique acquisition of the plant and the requirements for nuclear,
radiological and reactor safety warranted an exceptional pesition
with respect to command. The Detachment Officer in Charge (OIC) reported
to NAVFACENGCOM for command and to Commander, Naval Support Force, Antarctica
for additional duty for support. The OIC further acted as advisor to
Commander, Naval Support Force, Antarctica with respect to nuclear and
radioclogical safety and safe operation of the PM-3A. The OIC was also
designated the AEC Representative, Antarctica. Im this capacity he
assumed custody of special nuclear material (reactor fuel), complied
with accountability reporting requirements of the AEC, and assured that
the material was handled in accordance with approved procedures.

The mission of the Detachment was to provide the primary source of
electrical power from the PM~3A nuclear power plant; to safely operate,
maintain, and modify the PM-3A; to test and evaluate the concept of -
portable nuclear power plants in an isclated, hostile environment; and to
provide a base of trained and experienced personnel for the Navy Nuclear
Shore Power Program. The mission was expanded at the later dates to
include operation, maintenance and modification of the seawater distillation
plant and provision of technical assistance in suppert of Radicisotope
Power Devices. This program operated closely with similar programs of
the U.S5. Army and Air Force.

€. Army, Navy and Air Force Interface. NAVFACENGCOM was required by
the Chief of Naval Operations to coopérate with the Army and the Adir
Force in the development, design, and construction of nuclear shore power
plants and to utilize established training facilities. In the early days
of nuclear shore power in the Department of Defense, the U.S. Army Corps
of Engineers was given primary responsgibility for program development, a
tri-service effort with the Army having the lead role. The Army had
contracted with civilian engineering firme to provide technical support
on the operation and maintenance of nuclear power plants, and agreements
between NAVFACENGCOM and the Army Corps of Engineers made these services
and facilities available to the NAVNUPWRU.

f. NAVFACENGCOM Inspection and NAVNUPWRU Engineering Support Teams.

Buring the years of operating the PM-3A, NAVFACENGCOM and NAVNUPWRU
sponsored an annual inspection team and two annual engineering support
teams which deploved to the PM-3A site.
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The NAVFAC inspection team's mission was to ensure that the new crew
was qualified to operate the reactor and that the reactor operation
during the previous winter had been in cempliance with instructions.
This team was headed by a military officer from NAVFAC or the Army Nuclear
Power Program with the remainder of the team comprised of specialists, in
and out of government, in such fields as health physics, reactor licensing
and compliance, enviromnmental health, and reactor systems. This team
normally spent five to seven days making in-depth probes of all aspects
of the PM-3A operation. Recommendations were made for improvements,
specific items of non-compliance were noted, ,and the plant and crew were
certified for the coming year's operation.

The Engineering Support Teams (EST) were comprised of nuclear qualified
officer(s} and engineer(s) from NAVNUPWRU. EST I deployed during crew
turnover and was headed by either the 0IC or AQOIC of NAVNUPWRU. This
team reviewed all winter-over operations, observed crew turnover training
and qualification boards, and authorized the relief of the outgoing PM-3A
OIC. This team alsc reviewed any outstanding engineering problems or
plant modification requirements which had surfaced during the winter—
over period.

EST II deployed in January, toward the end of the summer seascun, and
was normally headed by a prospective PM-3A QIC. This team assisted tha
plant personnel in the start-up testing required after the annual mainten-
ance, ensured supply inventories were adequate, and provided health
physicse support for enviromnmental sampling. Any team members who werea new
to the program stood indoctrination watches at the plant. This team also
reviewed progress of the work projects scheduled for completion during
the summer period.

2. Personnel Training

a. Unique Location of PM-3A. The hostile environment, remote location

and psychologically strenuous period of the lomg winter darkness made

duty Iin Antarctica extremely arduous. In light of this isolated duty, a
complete PM-3A crew turnover was required each year. (Typical crew
structure is illustrated in Figure III-1.) This complete change over
occurred each austral summer, with a one to two month overlap between

the arrival of the new crew and the departure of the old. The short

period for an operating staff turnover required that the new crew be
trained, thoroughly familiar with plant layout and systems, and well

versed inr operating procedures and limits prior to arrival at the plant.

This unique situation of the PM-3A resulted in a training cycle of 24 to
30 months.

b. Selection Program. Volunteers who met stringent intelligence,
physical and personality requirements were selected fronm Navy Group VIII

Construction Ratings (Seabees) and Group X Hospital Corpsman rating for
Naval Nuclear Shore Power Program training. Individuals selected were

encouraged to take appropriate correspondence courses and were given
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FIGURE III-1

TYPTICAL PM-2A CREW STRUCTURE
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guided study as required to bring them to a minimum academic training
level prior to theilr entering formal training.

¢. Training Program. Individuals selected were transferred to the
NMuclear Power Flant Qperators Course which was nominally one year in

length and administered within the Army Nuclear Power Program. The course
consisted of three wmajor phases -- academic, operations, and specilalty.

Specialty training was divided into mechanical, instrument, electrical,
and health physics/process control courses. These four specialty courses

were taught concurrently, and three of them were continued beyond the
basic course graduation for periods of from four to fourteen weeks.

Course graduate data by class and rating are contained {n Table III-1.

The Navy also enhanced the operating and maintenance experience of
its personnel by assigning them to nuclear power plants oparated by the
Army and Air Force. 1In return, Army and Air Force personnel were invited
to participate as members of PM-3A operating crews. This training was
available at the following nuclear power plants during their respective
periods of operation:

(1) SL-1, National Reactor Testing Station, ID, Army, August
1958 - January 1961.
(2) 8SM-lA, Fort Greely, AK, Army, March 1962 - March 1972.
(3) PM-2A, Camp Century, Greenland, Army, Octcber 1960 — July 1963,
(4) PM-1, Sundance, WY, Alr Force, February 1962 - April 1968.
(5) MH-1A, Panama, Army, January 1967 - July 197&.

PM-3A crew members were identified one year prior to their deployment
to Antarctica. During this year, specific training and qualifications
were programmed to assure balanced operational and maintenance capability
for each crew. Qualifications considered were operations supervisor,
maintenance supervisor, watch supervisor, control room operator, equipment
operator, health physics and process control, maintenance specialties,
welding qualifications, and supply. One member of each specialty was
selected for PM-3A nucleus training in advance of the crew's deployment.
These four men were trained with the previous crew and received approximately
six weeks of experience with that crew at the PM-3A. This nucleus group,
along with several crew men who had previously completed tours of duty
at the plant, contributed to PM-3A operational and maintenance continuity.
A listing of personnel who made up each crew 1s contained in Appendix D.

Further training prior to deployment was obtained from manufacturers’
training courses on specific equipment which would he operated or maintained
at the PM-3A, and through PM-3A Replacement Crew Training. During Replace-
ment Crew Training, members were given a comprehensive seven week course
Speclfically prepared to teach PM-3A plant information, engineering
fundamentals, plant operations and procedures, core physics, testing,
maintenance, refueling, safety and related subjects.

Replacement crew operators all had qualifications in one or more
similar type nuclear power plant for the operator position in which they
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TARLE ITI-1

NUCLEAR POWER PLANT OPERATORS COURSE GRADUATES
by
CLASS AND RATING

Class havy Rating Total
56 3 3 v 0 0 0 6
58 2 1 ¢ c 0 o 3
59/1 3 0 0 G 0 v 3
59/2 G 5 0 ] 0 0 5
60/1 & 0 0 0 0 U &
60/2 4 4 1 1 0 2 12
61/1 7 2 2 1 2 3 17
61/2 8 1 0 0 1 & 16
62/1 7 ) 1 0 3 6 17
62/2 9 1 3 1 ¢ 4 18
63/1 4 0 1 0 0 1 &
63/2 g 1 0 0 1 2 12
64/1 1 v ¢ 0 0 2 3
64/2 2 1 1 0 1 4 o
65/1 4 1 0 0 1 1 7
66/1 3 4 1 0 4 6 18
67/1 ¢ 0 0 1 0 3 12
68/1 4 ¢ 1 ¢ 0 2 7
68/2 3 2 0 0 ¢ 1 6
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TABLE III-l (continued)-

NUCLEAR POWER PLANT OPERATORS COURSE GRADUATES
by
CLASS AND RATING

Class Navy Rating Total
I R -
6S/1 1 1 1 1 0 1
63/2 2 4 1 0 0 1
70/1 5 0 2 2 3 ¢
71/1 6 1 0 0 3 3
71/2 4 2 0 0 0 2
72/1 4 2 1 3 3 6
7472 2 0 1 0 4 4
75/2 2 0 0 0 1 2
7771 2 0 2 1 0 0
77/2 3 1 0 1 0 0
TOTAL 117 37 19 12 27 64

*Class 72/1 alsc had one Engineering Aide (EA) as a member,

NOTE: 38 of these graduates have advanced to officer status,
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would be initially qualified at the PM-3A. Minimpum training requirements
for PM-3A were specified by NAVFACENGCOM with additional requirements
established by the PM-3A 0IC. The 0OIC conducted a stringent relief training
program for qualifying new crew members, as well as upgrade and refresher
training programs. Qualificatioms for nuclear shore power plant OICs and
Plant Superintendents were also specified by NAVFACENGCOM.

3. Znvironmental Radiation Surveillance Program (ERSP)

a. Backgound. The U.S. Nationzl Sclence Foundation, being responsible
for the coordination and management of the U.S. sclentifle programs in
the Antarctic, reviewed any possible effects of nuclear power on these
programs. Using the Foundation's deslres as a guide, the following
criteria were determined for the PFM-3A nuclear power plant:

(1) The incidence of neutrons from the reactor would not exceed
one neutron per square meter per minute at a distance of one mile from
the reactor.

(2) Liquid waste having an activity greater than 1x10~7
microcuries per cc would not be released to the environment.

(3) Gaseous waste, exclusive of Argon—-41, having an activity
greater than 4x10~1% microcuries per cc would not be released to the
environment.

(4) Activated air containing Argon-41 in concentrations greater
than 1x10~8 microcuries per cc would not be released to the environment.

NOTE: Criterion {4) above was rather unusual and was due to the use of

air cooling for the PM-3A secondary shielding. The primary system of

the PM-3A was enclosed in four containment tanks within a hillside exca-
vation. The excavation was backfilled with crushed basalt material to

act as secondary shielding. The use of air for cooling the backfill (to
maintain the frost line within pre—selected bounds that might have been
exceeded by gamma and neutron heating of the backfill) introduced activation
problems. The major radicactive comstituent in the ccoling air was
postulated to be Argon-4l, produced through the activation of Argon—40

by tha neutron flux within the backfill.

To assure the peaceful use of the Antarctic, the 12 nations engaged
in various scientific activity operations in Antarctica during the
Internaticnal Geophysical Year signed the Antarctic Treaty in December
1959. This treaty states, in part, that radioactive waste shall not be
disposed of in the Antarctic. To meet the treaty obligatioms, the criteria
gset forth by the Nationmal Science Foundation, and the requirements of
Title 10 of the U.S. Code of Federal Regulations, the PM-3A was designed
for contzinmnent of radioactivity and temporary storage of radiocactive
wastes.

To provide conclusive data that the plant would not release activicy
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greater than established limits after the scheduled initfal criticality
in Mareh 1962, the Navy requested the Division of Radiological Health of

the USPHS to maintain a radiological monitoring program at McMurdo Station.

The ERSP at McMurde Station was initiated by the USPHS in December 1860

and involved measurement of the background radiation of the lithosphere,
the bicsphere, and the hydrosphere.

Various enviroumental medla were collected to determine if activity
was jncreasing in the McMurdo area. Air was the most closely monitored
media since it was the principal medium for transport of radicactivity.
Other samples were collected routinely from the station drinking water
and available snow. During the summer melted sunow accumulated in low
areas forming open water poads, and these shallow ponds contained a form
of blue-green algae which was sampled intermittently as available. The
ponds are open for only a few short months during the summer and Just a
few samples could be collected each year.

The USPHS conducted the ERSP from its inception through October 1963
when the Navy assumed the responsibility. Collection and counting of
samples was then assigned to the Health Physics and Process Control
Section Supervisor, PM-3A. Analysis of all environmental data following
Navy assunmption of the program was performed by the Nuclear Branch,
Engineering Division, U.S5. Army Engineer Power Group, Fort Belvoir, VA.

b. ERSP Sampling Schedule. The following was the environmental
sampling schedule at McMurdo Station. Sample locations are shown in
Figure 1II-2,

(1) Air Samples - long lived beta activity
(a) Station 0101
Location: New Building 63 (Recreation Bldg)
Frequency: Contiouous 24-hour sample
{(b) Station 0401
Location: Cosmic Ray Laboratory
Frequency: One 24-hour sample per week

(2) Water and snow sample - long lived beta activity
(a) Galley water samples
Frequency: One sample per month
(b) Seawater distillation plant distillate sample
Frequency: One sample per week

(3) Smear test for gross contaminations — gross beta activity
Location: Various smears in McMurdo Station galley and
PM-3A persommel living quarters
Frequency: Survey once each wesk

(4) Water samples - Tritium activity (started in 1967)
(a) Seawater samples
Frequency: One sample per week
(b) Seawater Distillation Plant distillate samples

III-10
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FIGURE III-2
McMURDO STATION ENVIRONMENTAL MONITORING SAMPLE LOCATIONS
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Frequency: One sample per week
(c) Galley water samples
Frequency: One sample per week

¢. Results and Conclugions. Fission products from fallout were
determined to have the greatest effect on the activity found in air samples
at McMurdo. Due-to the large uncertainty in the air activity data, a
comparison was made with findings by other investigators to explain trends
in the McMurde findings. In making the comparison, the following
conclusions from references in the literature were helpful. (The numbers
in parentheses are keyed to references listed at the end of this section.)

(1) Fallout is subject to seasonal fluctuations with a maximum
between November and March (1, 2, 3) and is attributed to seasonal mixing
of stratospheric and troposheric air in the polar regions (2).

(2) Low yield fission nuclear bombs produce almost only
troposheric fallout while high yield thermonuclear bombs inject a large
portion of fission products inte the stratosphere {3).

(3) The residence time for fission products in the troposphere

is on the order of months while residence time in the stratosphere is on
the order of several years (3).

The first feature of McMurdo Staticn air activity was an increase of
g8ross beta activity in early 1963 (see Table III-2 and Figure III-3).
USPHS analyzed samples taken in late 1962 and early 1963 and found Cs-
137, Ru-106, Zr-95, and Ce-144. The latter three isotopes are short-—
lived fission products. The USPHS alsu found Ru~106 and Zr-95 in Byrd
Station samples (800 nautical miles southeast of McMurdo) which indicated
the fission products resulted from fallout of U.S. and U.3.S5.R. thermo-
nuclear tests in 1961 and 1962. Similar increases in short-lived beta
activity for late 1962 were also noted in New Zealand.

In early 1965, another increase in air activity at McMurdo was noted.
Similar increases of long-lived fission products were found in air activity
at the South Pole (700 nautical miles frem McMurdo), rainfall concentration
in New Zealand, and snow samples taken near Adelie Land {1500 mlles
southeast of McMurdo). Since ne bomb tests were run in 1964 and no short—
lived fission products were found in air activity in New Zealand; the
Increase was attributed to seasonal mixing of the stratosphere and
troposphere.

Thereafter, the air activity decreased throughout the remainder of
1965 and 1966. With the resumption of atmospheric testing by the French
between May and Qctober 1966, short-lived fission products in the air
were measured in New Zealand with large increases in late 1966 and again
in August of 1967. These peaks mateched the increase at McMurdo Station.
A sharp increase ip air activity at McMurdo was once more noted during
early 1969 following renewed atmospheric bomb tests conducted by the
French between June and October 1968.
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MONTHLY AVERAGES OF LONG LIVED BETA ACTIVITY

FIGURE T1-3
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No bomb tests ware made in the southern atmesphere in 1969. A
corresponding smaller activity increase occurred in early 1970 due to
seasonal mixing as described above. Ratios of Sr~89 to Sr-90 measured in
New Zealand indicated that there was a stratospheric interchange of
figsion produects across the equator (4). Continued French and Chinese
bomb tests were made in 1970 and coupled with seasonal mixing contributed
to air activity increases through 1973.

During the period of USPHS survelllance at McMurdo, the radioactivity
in water samples collected from the galley averaged less than 10 plcocuries
per liter. During 1963, the average of the galley samples (Table III-3)
rose somewhat above that of 1962. This could also have been due to aum
increase of fallout from the nuclear tests. The pond water and snow
activity lagged in the trends shown by air but eventually did follow.

It was alsoc observed that the activity in the galley water was an
order of magnitude below the levels in the snow. This difference would
be expected because the galley water was furnished by filtered, melted
snow prior to operation of the seawater distillation unit. It was felt
that the higher snow activity was attributable to the increased solids
content of melted snow. The increased solids were assumed to be due to
high winds in the station area causing dirt to be mixed with blowing
snow. The Navy period of operations of the ERSP showed the same general
trends observed during PHS operations.

The long-lived beta activity in galley water in 1969 (Table III-
3) was found to be significantly higher than previous years. However,
the levels of activity reported were extremely low and did not pose a
threat to either personmel or the McMurdo enviromment. Action was taken
by NAVNUPWRU to determine the cause of the increase and to correct the
conditions if possible. It was concluded from a statistical analysis
that the reported increase during the period January 1969 through January
1970 was attributable to improper measurement technique. One-liter
samples had not been used and several of the samples had been counted on
a Gelger—Muller system which was not capable of detecting activities in
the one to ten picocuries per liter range using a reasonable (60 minute)
count time. The unverified Jume 1969 value camnot be explained. It
should be noted, however, that a one-liter volume was used for the February
1970 galley water sample and that the activity reported was within acceptable
limits.

Algae and pond water samples were submitted when available, but the
quantity of data submitted was insufficient to produce a true statistical
analysis. It can only be concluded that there was no indication of a
trend developing in these areas.

The results of tritium sampling, begun in 1967, are chown in Tables
I11-4 and III-5. As is seen from the tables, other than the higher
concentrations cccurring in the first year data was collected, no significant
trend in rritium concentrations was noted.
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TABLE III-4
McMURDO STATION ENVIRONMENTAL DATA

Monthly Averages of Tritium Activity in Seawater at McMurde Station
in Microcuries per liter (U Ci/L)

MONTH 1567 1968 1965 1970 1971 1572
& JAN * 0.0080 0.0215 0.00656  0,00267 0.00187
FEB * .0082 . 0011 .00648 .0022625 00160
MAR 0.1700 .0080 . 0050 .1396 002127 .00351
E APR * .0082 L0045 A% .004072 00426
i MAY . 0061 . 0065 0049 .00801 .00102 .00318
E JUN 0061 L0976 .0088 ** . 000978 003045
E JUL . 0490 .0055 L0624 . 0065 .00102 . 00520
AUG . 0300 L0045 .0051 .00575 .00102 .005015
E SEP . 0059 . 0042 L0061 .0072 . 00102 , .003432
s oCT . 0059 . 0044 .0061 0092 00106 . 004225
& NOV .0263 0.0510 .0124 . 0056 003027 .00330
§ DEC 0.0083 * * 0.0027  0,001455 *
YEARLY
E AVERAGE 0.0342 0.0106 0.0107 0.0198 0.00180 0.003513

*None Taken
**Inst. Malfunction
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TABLE III-5

McMURDO STATION ENVIRONMENTAL DATA

Monthly Averages of Tritium Activity in Distillation Plant Distillate
in Microcuries per liter (UCi/L)

Month 1967 1968 1969 1970 1971 1572
JAN * 0.0400 0.0049 0.00636 0.,00228 0.00187
FEB * .0091 ..0042 .0118 00244 .00257
MAR 4400 .0480 0047 0271 002127 .00351
APR * .0160 .0197 *% 004072 .00378
MAY .0084 .0080 .0043 » 00801 +00102 00399
JUN ,0061 .007¢6 0049 *k .000978 00264
JUL 0650 .0055 0049 .00692 . 00102 .00413
AUG .0035 «0045 * .00591 .00102 .00574
SEP «0031 0046 + 0061 .b0703 .00102 00318
oCT + 00200 .0051 » 0060 .00557 . 00106 00315
NOV »,0130 0820 .0135 .00996 . 00409 .00372
DEC 0,076 * 0,0174 0.0027 0,001455 *
YEARLY

AVERAGE G.0707 0.020% 0.0082 C.00916  0.00188 0.00348

*No Data Collected
¥**Inst, Malfunction
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The conclusion drawn from analysis of the ERSP is that the contribution
of activity to the radiation background of the McMurdo environs by the
PM=-3A nuclear power plant was inconsequential.

4. Radivcactive Waste Disposal

a. Background. Radionuciides produced in a nuclear reactor are of
two kinds; Fission products and activation products. Fisslon products
can oceur in the reactor coolant water due to leaks from fuel elements.
Unless major cladding failures occur, these products are effectively
contained within the reactor cocre. Activation products result from
neutron activation of impurities such as particles and minerals in the
coolant water and of materials used in construction of the nuclear power
plant. Radiocactive wactes may be evolved in any physical state--solid,
liquid, or gaseous.

b. Solid Waste. Solid wastes at PH=-3A consisted of spent demineralizer
resins, air filter cartridges, damaged components from the primary system,
clothing, rags, paper, and contaminated laboratory apparatus or tools
which could uot be made fit for reuse by simple decontamination methods.
These wastes were prepared for shipment and subsequent disposal by packagling
in shipping containers approved by the U.S. Department of Transportation
and the International Atomic Energy Agency (IAEA). High level wastes
were packaged in modified specification 17H metal drums and placed in a
concrete shielded Type B shipping container for shipment. Each shipping
cask was capable of holding only one modified drum, and three of these
shipping casks were available for PM-3A use.

low level wastes were packaged in standard 17H metal drums (approved
Type & shipping containers), and 24 of these drums were placed in a
military conex box for ease in handling and storage during shipment.
During the austral summer of 1966-67, a waste compactor was installied in
order to reduce the number of low level waste drums being generated. The
compactor was designed to compress selected types of material directly ln
a 173 drum.

Many medium level 17H drums (radiation levels exceeded Type A shipping
container limits) were generated from compactor operations and the
initial phase of PM-3A dismantling. These medium level crums as well as
ones generated during the latter years of PM-3A operation, were packaged
and shipped in a heavily shielded cask capable of holding 14 drums per load.
Spent reactor cores, irradiated control rods and other large quantity
shipments were made utilizing specially designed and approved spent fuel
shipping casks.

¢c. Liquid Waste. Liquid wastes from the PM-3A were collected in a
1600 gallon sump tank and processed by a tank mounted evaporator (Figure
I11-4). The vapor from the evaporator was passed through an agglomerator
to remove any carryover of particulates and then to a condenser. The collected
condensate was pumped to a holding tank where the activity was measured
to determine if the condensate required recycling to the sump tavk for
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further processing or was within limits for discharge.

The evaporator blowdown was drained to a shielded 500 gallon
waste storage tank. A heating coil in this tank permitted liquification
of the concentrated waste for removal and drumming. Continuous operational
problems with the unit resulted in the installation of a second liquigd
waste disposal system and a new waste drumning station during the 1966-67
austral summer. The new skid mounted system (Figure III-5) operated at
a low pressure (vacuum) and temperature (180°F) whereas the tank mounted
system operated at atmospheric pressure and 212°F.

In 1963 it was found that tritium, a radicactive isctope of hydrogen,
presented a disposal problem. S8ince tritium combines ¢hemlcally with
oxXygen to form water, the solidification process for its removal was

lnadequate. A study on tritium control and discharge conducted by NAVNUPWRU
is included in Appendix E.

d. Gaseous Waste. The following sources contributed to the release
of radicactive gases or airborne particulates to the enviromment: (1)
The containment purging system, (2) the radicactive waste disposal eystem,
(3) the primary sampling system, (4) the chemistry lab, (5) the decontam-
ination pad, and (6) the Primary Building work area. The activity from
these sources was discharged to the Primary Building ventilation system
which was ducted to the discharge stack for release to the atmosphere.
The discharge piping or ducting from these sources contained absolute
filters to remove particulates, and in the areas of the first four of
these sources charcoal filters were installed to remove iodine. The

"discharge from the Primary Building ventilation system was continuously

monitored and recorded for both gaseous and particulate activity.

The release of activity to the environment from the PM-3A was governed
by NAVFACENGCOM Instruction which specified that the limits contained in
Title 10, Code of Federal Regulations, Part 20 (10 CFR 20), Appendix B,
Table TII, Columm I would be used for release of airborne activity in all
cases where release was continuous or could not be controlled. 4 controlled
release of activity exeeding these limits was a lowed under certain
weteorological conditions where adequate natural dilution could be assured.
In such cases, the released activity was averaged over a peried of one
week and the average could not exceed the limits.

e. Handling and Shipment. Under the provisions of NAVDOCKS P-311,
the PM-3A 0IC was responsible for safe handling, packaging, and monitoring
of all radicactive materials associated with the plant. NAVDOCKS P-311
further required that no radioactive materials, in concentrations greater
than the limits established by 10 CFR 20 for continuous exposure in
unrestricted areas, were to be released to areas external to the PM-34
nuclear power plant. All radiopactive waste materials which could not be
released within these limits were appropriately packaged, returned to
the United States and disposed of through organizations licensed by the
Kuclear Regulatory Commission. Table 1II-6¢ is a tablulation of all
reactor core shipments between PM-3A and the United States.
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Since PM-3A shipments passed through foreign countries, the TAFA
Safety Series Number Six was utilized in conjunction with other Tegulatory
documents for preparation of PM-3A radicactive waste shipments. Continental
United States waters as well as the Panama Canal Zone are under the
cognizance of the United States Coast Guard, and 46 CFR 146 was the
applicable shipping regulation in these areas {all shipping regulations
now come under 49 CFR). United States highway shipments were normally
accemplished by commercial carriers which are regulated by the U.S.
Department of Transportation in 49 CFR 170 through 190. TAEA, Coast
Guard, and Department of Transportation regulations were adhered to for
all PM-3A shipments.

f. Inc¢idents and Violations. There were no major incidents or violations

of federal and international regulations concerning radicactive waste

shipments during the years of Navy operation of the PM-3A. Incidents and
violations which occurred but were of a minor nature are discussed below.

A personnel exposure of 3.596 Rem in one calendar quarter occurred
in February 1967 when a worker removed the 1id ¢f a spent fuel shipping
casg that presumably contained a non-radicactive cadmium control rod. A&
single exposure of 3.3 Rem took place when the worker climbed on the cask
to see how the control rod was situated prior to removal attempts. The
contrel rod was not in the cask. However, inspection revealed an irradiated
core shroud. A radiation level of 200 R/hr was found at a point above
the cask where a person weuld likely stand to inspect the cask contents.
The overexposed worker was restricted from all radiation areas for the
remainder of the calendar quarter. Following this incident all ghipping
containers were closely monitored to ensure no hazard existed.

In March 1968, the trailer bed of a commercial carrier became contaminated
while transporting a PM-3A radiocactive waste shipment from CBC Davisville
to a burial site in Moorhead, Kentucky. The centamination could not be
removed by high pressure water and Steam, and replacement of the wooden
trailer bed was required. Immediate Investigation revealed that when the
sealed truck was opened an overturned shipping cask was found lying at
the end of the trailer near the door. The pallet was behind the cask
and a single steel band was lying on the floor. The cask had not been
banded to the pallet, but the steel band had been used to tie the cask
and two conex boxes to one side of the trailer. There was no radiation
€xposure to personnel, no injuries, and no reporrable release of radiocactive
materials. The cask was examined, and the 1lid was found to be welded
completely around the cask. The lid was not bolted on, however, in any
of the four bolt flanges. The weld apparently contained flaws, because
approximately 1/3 of the circumference of the cask around the weld was
grossly contaminated. The aenly actions taken were decontamination efforts
aund finally replacement of the trailer bed. Recommendations were that
care be exercised to ensure solidification of all liquid wastes, that
welding of 1lid to cask be certified, that the bolt flanges be used to

further secure the 1id to the cask, and that truck shipments be inspected
to ensure adequate securing of Cargo.
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During the February-March 1%69 radiocactive waste shipment damage
occurred when a portion of the load broke loose from the ship's hold.
Investigation revealed that upon departure from McMurdo Station, the
entire shipment consisting of three waste shipping casks, two epare
unirradiated core bundles, one 1000-pound waste shipping cask, one SNAP-
7C RTG in a specification l7H drum, and a radicgraphy source had all been
stowed in the tween—decks space of Hold Number 5 and had been well secured.
When the ship encountered heavy seas between McMurde and Port Lyttleton,
New Zealand, the best information available indicates that an empty connex
box broke loose striking the RTG contalner, the large waste shipping
container (serial 0003), and the cable securing the 1000-pound shipping
cask. Upon arrival at Port Lyttleton, the cargo was restowed and secured
in the hold, and the large waste shipping casks were moved to the lower
deck and secured. The large waste shipping cask suffered a triangular
puncture near its base and the RTG container was extensively damaged.

There were no injuries, no loss of shielding, and no releage of radicactive
mzterial cccurred. Damage to the waste shipping container did not preclude
ncrmz]l handling and trans-shipment to the disposal site. In order to
prevent future occurrences of this nature, consignors were to reemphasize
the necessity of adequate tie-down of radiocactive consignments.

A radicactive waste shipment exceeded the allowable grouped transport
indices for a single load in April of 1966. The waste barrels within
three conex boxes were rearranged to make up two loads that met the
limits. It was emphasized that all personnel initiating a waste shipment
must insure that all shipping requirements were met-.

In October 1966, a shipment identified as miscellaneous liquid samples
was received by NAVNUPWRU. After routine handling and unpacking part of
the samples, the radioactive contents were discovered. Radiation readings
of 50 and 60 mR/hr at the surfaces of the polyethylerne bottles, as noted
on labels affixed to the samples, were verified. The container was not
marked as a radicactive shipment. At the time of discovery, unpacking
was immediately stopped until proper health physics procedures for receipt
cf a radivcactive shipment could be conducted. Corrective actions, were
initiated to assure that future shipments would mect established requirements.

During the 1970 shipment, explosive gases {oxygan and acetylene)
were stowed in the same compartment onboard ship with the radiocactive

material, and in 1972 containers with a corrosive liquid label were
located in the compartment with the radicactive shipment. Both items are

specifically prohibited from being stowed in the same hold with radiloactive
material. Recommendations arising from these viclations were that the

0IC, PM-3A inspect the load and advise the ship's master of any discrepancies.

A conex box did not meet the criteria for maximum radiation levels
at six feet from the container surface during the January 1971 radicactive
waste shipment. The barrels of waste within the conex box were rearranged
to meet the shipping criteria. It was recommended that to prevent future
violations of this nature the NAVNUPWRU instruction be rewritten to
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reflect the current shipping regulations and that attention ot PM-3A
personnel to the shipping requirements be emplasized.

5. Health Phvsics Personnel Safety and Chemistry (HFSC) Reports

a. HPSC Type Definitions.

Type I: Occurrence of an injury to plant personnel or visitors
requiring outside medical assistance.

Type I1: Occurrences resulting in the exposure of persconnel in
excess of 350 mRem per seven comsecutive days. Occurrences resulting in
the radiatfon exposure of personnel in excess of the quarterly limits as

specified in NAMVED P-5055 or 10 CFR 20 shall be reported by message
within 24 hours,

Type I11I: A4ny release of radioactivity to the environment in
excess of the limits of 10 CFR 20.

Type IV: Increase of radifation and/or activity levels within the
plant by more than a factor of three above those normally experienced,

Type V: Water chemistry or radiochemistry analysis outside of a
limitiog condition for operation as indicated in the Operating Limits,

Type VI: Any inability to perform a required chemistry or
radiochemistry analysis not otherwise reported as a malfunction report.

Type VII: Occurrences tesulting in airborne particulate exposure

to personnel greater than 3x10~10 uCi/ec gross beta for any 40 hour period
in seven consecutive days.

Type VIII: Detection of airborne alpha activity greater than
2x10~12 yci/ee,

b. Summary of the 223 HPSC Reports in the Operating History of the
PM-34,

Fourteen reports were Type I--outside medical assistance required.
In 11 cases, the injured personnel were treated at the McMurdo Station
Dispensary and returned to duty with minimal time absent from duty, 1In
three cases, the injured individuals were admitted to the MeMurdo Station
Dispensary for observation, One case resulted in 14 days lost time from
duty and another case in one day lost time from duty. In the third case,
the injured individual was admitted to the McMurdo Station Dispensary for
observation and further evacuated to CONUS.,

One hundred twenty~three reports were JType Il~-radiation exposure in
excess of 350 mRem I{n seven consecutive days. In every case but one
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Four reports were Type IIl--release of radioactivity to the environment in
excess of the limits in 10 CFR 20. C(ase one occurred in 1964 and resulted
from the contaimment purge. The isotopes present were identified as Xe-133
and Xe-135. Although the release broke the plant operating limits set forth,
it did not exceed 10 CFR 20 limits. Case two occurred in 1966 and resulted
from the operator erronecusly dumping Hold Up Tank (HUT) #4 overboard.
Corrective action was taken by dumping HUI #1 overboard through the same line
to dilute the water released from HUT #4, Case three occcurred in 1972 and
resulted when 200 gallons of water at 4,6%x10"2 uyCi/ml were released to the
area adjacent to the Primary Building south wall, Total estimated release vas
,035 C1. There was no evidence of release beyond the PM~3A restricted area.
The frozen material was recovered and processed for disposal, There was no
increase in background radiation levels. Case four occurred in 1973 and
resulted when approximately two gallons of 3,0x1072 yCi/wl water leaked
under the Primary Building loading dock due to a malfunction of the skid
mounted radicactive waste disposal system. The surface area was disposed of
and the area was surveyed with results consistent with background.

Eleven reports were Type IV--increase in activity levels in the plant by
more than a factor of three above those normally experienced. These increases
in activity levels were due to various causes, and as the causes were
rectified, the activity levels returned to normal.

Sixty—one reports were Type V——water chemistry or radlochemigtry analysis
outslde of a limiting condition for operation. Im each case, corrective
action was taken until the activity returned to the normal coperating limits.,

Five reports were Type VI--inability to perform & required chemisty or
radiochemistry analysis. Each case was due to equipment being inoperative,

Five reports were Type VII--airborne particulate radiocactivity exposure
to personnel greater than 3x10710 wCi/ce gross beta. Appropriate action was
taken in these cases to reduce personnel exposure.

There were no Type V111 reports.

6. Water Distillation

a. Background. The first U.S5. land based desalinization plant using
gteam produced by a nuclear power plant produced fresh water from the sea at
McMurdo Station, Antarctica, on 19 February 1966, This fresh water was
obtained during a test in which steam obtained from the FM-3A secoundary system
was used as the heat source for the evaporation.

The 4,000 gallons of fresh water produced during this test was &

welcome sight to scientists and Navy men at the station, Fresh water had
previously been obtained by melting snow. Although snow is plentiful at
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McMurdo, it was frequently difficult to obtain enough clean snow to
satisfy water needs, as dirty snow is blown off the volecanic rock around
McMurdo Station.

b. Operating History. During the austral summer of Operation DEEP
FREEZE 64, November 1963 through February 1964, the major installation of
equipment was completed. A saltwater intake and pumping system was
installed with pipelines to take seawater to the distillation plant and
to return concentrated brine to the sea. Steam, condensate, and fresh
water lines between the nuclear power plant and the water distillation
plant were partially jnstalled and a major portion of the work on the
fresh water distribution system within McMurdo Station was completed.

In February 1964, initlal operational tests were conducted using a
temporary oll-fired boiler as the steam source. Difficulties were
encountered with freezing of the saltwater intake system and with adjust-
ment and operations of the distillation unit. As a result of these
factors, it was not possible to obtain rated performance of the unit
during the tests, and as the equipment neccessary to correct those diffi-
culties could not be received prior to the next austral Summer, it was
decided that no further attempt would be made to operate the system
during the 1964 austal winter. The unit was drained and the equipment
placed in storage.

Early in DEEP FREEZE 1965, a new oil-firad boiler which had been
shipped to McMurdo in 1964 replaced the temporary boiler that had been
used for the imitial tegting. The distillation unit wa2s operated on a
test basis throughout the 1964-1965 austral summer and some water was
produced for the use by McMurde Station personnel. Problems with the
distribution system again reguired that the unit be deactivated for the
austral winter.

The water distillation plant started producing potable water during
tests In early 1966 using the oil-fired steam source and in February
1966 potable water was produced using steam from the nuclear pawer plant
as the heat source. Testing was terminated and the plant shut down when

freezing of the seawater intake and fresh water distribution systems recurred.

The plant remained shut down throughout the 1966 austral winter
during which a major modification was made. This modification consisted
of installing a reboiler in the PM-3A Secondary Building to allow continucus
operations of the distillation unit with nuclear power. Nuclear steam
was supplied to the tube side of the reboiler thereby converting distilled
water on the shell side inte steam required for water distillation. The
modification completely separated the nuclear power plant's steam system
from the steam supplied to the distillation units. The PM-3A crew completed
the modification pricr to the start of DEEP FREEZE 67. A major overhaul
of the water distillation plant itself was completed during this winter
period, including cleaning and reconditioning the fresh water and seawater
storage tanks.
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Responsibility for the operation and maintenance of the water distillation
plant (exclusive of the seawater and fresh water distribution systems)
was transferred to PM-3A personnel in December 1966 by agreement with
the Commander, Antarctic Support Activities. On 29 December 1966, the
plant began supplying potable water to McMurdo Station using the oil
fired auxiliary boiler, and on 16 January 1967 regular production was
begun with nuclear generated steam obtained via the reboiler. The plant
produced its millionth gallon of fresh water 9 May 1967, and on 3 July 1967
the millionth gallon from nuclear ensrgy. Table 1II-7 contains a yearly
comparison of water produced by eil-fired and nuclear steam.

c¢. Plant Upgrade. A second flash evaporator unit was installed and
placed in operation in January 1968, raising the production capacity of
the distillation plant to 28,800 gallons of potable water per day.
Decreasing water production rates and excessive maintenance problems with
the two flash evaporator units during calendar years 1969 and 1970
necessitated a study of the seawater distillation plant. This study
basically determined that the five year expected lifetime of the existing
carbon steel units was much less than had been originally anticipated and
that the major facter in decreasing water production was excessive
corrosion of internal components with an accompanying blockage of flow
paths. The study resulted in procurement of a mew (third) copper-nickel
provided reserve production capacity for peak demand during the austral
summer months and served as a backup when one of the other units was out
of service for maintenance.

7. Proﬁyam Funding

A summary of the costs associated with the operation and support of
the PM-3A from construction through its last year of operation is given
in Table TII-8. Prior to 1 July 1972, the Navy was totally responsible
for all budgeting, funding, and programming for operation DEEP FREEZE
including PM-3A. In 1970, however, the President reaffirmed long-term
U.S. objectives in Antarctica and consolidated management and funding of
the entire Antarctic program with the National Science Foundation (NSF}.
Thus, beginning 1 July 1972, NSF became responsible for funding and
managing the majority of the Navy's logistic support effort in Antarctica.

As a result of the transfer in budget management and at the request
of the Office of Management and Budget, NSF spounsored a study of logistic
support in the Antarctic. This included a substudy examining the advisability
of future utilization of the PM-3A with three alternatives considered:
(1) Deactivation in 1974; (2) continued operation until 1981, the end
of design life; and (3) continued operation until 1991, the last out
year caovered by the study. The findings indicated that based solely on
cost effectiveness, the PM~3A should be decommissioned as scon as possible.
However, with the idea that factors other than economical ones might
also play a part in the PM=3A decision, NSF asked the Navy if coatinued
operation of the plant were desired. If so, it was envisioned the Navy
would subsidize the PM—3A operation by am amount equal to the estimated
difference between nuclear and conventiconal power costs at McMurdo.
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TABLE I11-7

PM=-3A WATER DISTILLATION PLANT PRODUCTION

YEAR
1967
1968
1969
197¢
1971

1972

NUCLEAR
1,943,432
2,167,768

2,647,268

1,924,261

2,838,496

1,857,171

DIESEL

516,349
1,343,123
2,590,403
5,535,294
2,399,039

4,110,727

ITI-30.

TOTAL

2,459,781
3,510,891
5,237,671
5,459,555
5,237,535

5,967,898

CUMULATIVE

2,459,781
5,970,672
11,208,343
16,667,858
21,905,433

27,873,331



o & 260°¢ 2168 ovn°Cl MVE0L

L6R ave 9ct 602 [2aE1]
£I6*T TS 60T T 0 Juaudojanaq 2 {|21pasay
cEen £t 69 £ET TF0 120 .

8¢ e 0nz 201°2 060°T 19ng 1eajony
€91 60¢ 8eL 065 8309f0ag jio4

AF AN Yy AL 7571 £1ddng

axnenajurey v "sdp

§1%9 N g%7 ILYAL) U0 pIINAIsuos
A CR | Z1t 1€ RZOT 1E2TUYIBL
%N9 VIAA nee neit wjupy
330ddng m
u
088 ‘1 £Zy 006 1SS ROOSNTIVAAVN e
]
£9 01g ang £2 MARANNAYN

Téuuosiag UBTITAT)

Lia'y an9 ££S 6% S33UTLI], M319
697°T 0y £ES 62¢ Jaoddng yo-Wy
67 ¢ 7LTCT L0t SLh M2 YE-HA

[3UN0SI9{ A2BITIIH

TV AL Z{-h% R9I-G9 99~-19

(sduplog jo spuesnoyg)
MVEA A4 51807 vE-td

8-111 19Vl

rad el el ol el el el ol el el ol ol vl sl ol wad o GESE sl



After careful comsideratiomn, the Navy took the position that it was
in its best interest to continue operation of the plant, at least until
the nuclear fuel on hand was consumed (around 1980). A further decigion
as to whether to operate beyond 1980 was planned. The Navy did agree
that the yearly cost of operating the PM-3A was approximately $200, 000
per year greater than a comparable diesel plant if the cost for diesel
fuel was estiwated at the Navy-wide bulk fuel cost of $.22 pear gallon.
They also recognized that changing AEC safety criteria would require
modifications to the plant as regulations become more stringent. However,
potential future fossil fuel shortages and cost increases combined with
a need to maintain a nuclear capability within the Navy shore establishment
favored continued PM=3A operation. What was otherwise a difficult decisdon
by the Navy was reinforced by the desire of the Conmgressional Joint
Committee on Atomic Energy that the plant should be continued in operation,

Final negotiations on the exact amount of subsidy to be provided by
the Navy were underway when a totally independent problem resulted in
the decision to cease plant operations. The reasons for this decision
are covered Iin Sectiom 9 of this chapter.

8. Operating History.

A chronology of the operating history of the PM-34 while under the
responeibility of the Navy is presented in Appendix F. The chronology
covers the period from 12 March 1964 when the Navy assumed custody of the
plant to 10 October 1973 when the removal plan was initiated. Additionally,
at roughly yearly intervals, a summary of the previous year's operation
is presented, An overall summary of operating data for this period is
presented in Table III-9, and Table III-10 provides a history of burn up
and power produced by each core,

9, }nvestigation of Abnormal Water Draina&p at the Interconnect between
the Reactor {Ql) Tank and the Steam Generator (02) Tank

a, Background, On 18 September 1972, after 2900 hours of continuous
power operations, the PM-3A Nuclear Power Plant was shutdown for routine
maintenance. On 19 September 1972, during a general inspectiom of the
steam generator tank, water was discovered draining through a normally
water-tight interconnect between the steam generator tank and the reactor
tank, Close examination of plant operating data indicated the leak
developed in March - April 1972.

Extensive testing was conducted to determine the source of the water,
Radiochemical analysis revealed 1t to be from the shield water surrounding
the reactor pressure vessel. By pressurizing the 02 Taunk, a minute
crack was discovered at a weld on the ipsulatfon canning in the Ol Tank
on the reactor outlet leg of the primary piping. The initial seepage
. rate was about 2.5 gallons per hour; however, subsequent partial repair
reduced the rate to about 2.5 gallons per day, Following the repair,
further pressurization tegts revealed additional paths at both the reactor
inlet and outlet shrouds,
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By testing, it was established that the remaining paths were at points
which were essentially inaccessible. NAVNUPWRU then contracted an independent
corporation to investigare the stress levels which would be produced in the
vessel and piping legs if the vessel exterior were brought into direct contact
with the shield water due to leakage through the insulation canning. The
results of this analysis indicated rhat a credible mechanism for such flocding
existed and that the allowable Stresses under ASME Code, Section &, Division
2, would be exceeded. It was also determined that a potential chlorige
contamination problem existed due to leaching of chlorides from the insulation
surrounding the primary coolant Piping when the piping became wet.

The contractor was then tasked with performing a detailed farigue
analysis of the vesael and appurtenances in order to determine what potential
tradeoffs between fatigue stress levels would be necessary to permit future
cperations and what technical approach might be taken to inspect the piping.
The initial evaluation indicated that tradeoffs could be made which would give
the vessel adequate cycles for eight to ten years of operation, and work was
begun on the more complete analytical model which was expected to confirm the
initial evaluation. It was also determined that there was no easy way to
perform the inspection, which would require specialized organizations,

Accordingly, it was decidea that the contractor would Supply these services by
qualified subcontractors.

b, Preparation for Iaspection. The initial steps undertaken by
NAVNUPWRU and the contractor, after the possibility of chloride stress
corrosion cracking of the austenitic stainlegg steel primary system piping was
raised, were those necessary to confirm that ail the conditions essential to
chloride stress corrosion cracking were, in fact, present. Since the
conditions of tensile stress, high temperature, moisture and oXygern were known
to be present, the only additional condition needed was the presence of
chlorides. Confirmation of the Presence of chlorides was obtagined by an
analysis of a sample of the water and by analysis of samples of lnsulation
which were the same as that installed in the suspected area.

As soon as the possibility of chloride stress corrosion cracking was
confirmed, arrangements for inspection of the indicated sections of piping
were initiated. These sections of piping were covered with two inches of
insulatien and 3/16-inch thick 304 stainless cladding and were located under

approximately 18 feet of shield water in a 300 to 4U0 Rem per hour radiation
field.

bDue to the high radiation fields, two immediate requirements were
for shielding to reduce the radiation levels and remote tooling to remove
the existing canning. A full scale Wock-up was constructed of the reactor

for installation of the shielding and welding of the replacement insulation

canoning. PM-3A personmel began constructicn of the shielding and the required
rigging and support structures.
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A complete set of inspection‘and repair procedures, Including safety
and quality control aspects, was formulated, The inspection was to
include chloride smear tests, wvisual inspection, and dye-penetrant examipation

of the primary piping, 4ll defects were Teported to CONUS for concurrence
of the repair procedure to be utilized.

€. PM-3A Inspection. Upon arrival at the plant on 8 January 1973,
the inspeccticn team, with major assistance from the PM-34 operating crew,
began an exhaustive exanination of the reactor plping. &4 temporary lead
shield was constructed and installed in the reactor tank by the operating
crewv. Two sections of the insulation canning were cut open allowing a
portion of the Teactor pipe to be examined. It was discovered that the
environment in the exposed sections contained ingredients conducive for
initiating chloride stress corrosion cracking; however, no indiecatien
of the cracking was discovered on the small section of the reactor piping
inspected, The Pipe insulation was wet, and water was found standing in
one section which indicated that the insulation around the redctor pressure
vessel was also wet, This had been suspected in October 1972 from analysis
of plant operating data, After analyzing the conditions found on site
and conducting consultations In CONUS, the contractor recommended that
the reactor not be operated until the reactor Pressure vessel could be
thoroughly irspected to determine if there was any evidence of chleoride
ELress corrosiom cracking,

The high cost of performing a full inspection, which would be required
before any operations could be resumed, and the unknown probability of
success of such an inspection resulted in the decigion to terminate
operationm of the PM-34A and remove the plant from the Antarctie.

d. Alternative Courses of Action, In arriving at the decision to
permanently shutdown the PM-34, the following five alternative courses of
action were considered:

Action DescriEtion Cost Time

(millions) (years)
Return to No direct evidence of damage; Nominal Few months
Power Plant 1s operable; check out

and go to power; operate with
wet insulation.

Detailed Remove insulation canning; $1.5 2-3
Inspection inspect for damage; repair if
and Repair damaged; reinstall canning, new

insulation; return to power,
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Redesign and
Replace
Pressure
Vessel and
Portions of
Primary Piping

Entire New
Plant

Shutdown and

Dismantle
A

e. NAVNUPWRU Recommendation.

Design new pressure vessel and >52.0
insulation system; remove existing
pressure vessel; install new

pressure vessel, return to power.

Degign and build new 5MW plant; §35
incorporate modern criteria,

consider 1ce-strengthened barge

for mobility; remove PM-3A

Remove radicactive components; £51.0
leave desalination plant;
restore site.

already ia existence.

The following chapter covers the decommissioning/removal effort from

1973 chrough 1979. .
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NAVNUPWRU recommended to NAVFACENGCOM
that the PM-3A be permanently shutdown, dismantled, and removed from the
Antarctic. This decisionh was based on the contractor's recommendations

and comparisons of alternatives in relation to costs and time to implement.
Additionally, significant radiation exposures were involved in completing
any modifications or repair, and an alternate diesel power plant was
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CBAPTER IV
DECOMMISSIONING
1. Planning

Once the decision to decommission the PM-3A had been made, planning
of the evolution began in earnest. The first crucial decision to be made
was whether to completely dismantle the plant and remove it from Antarctica
or to "entomb” the plant insitu. The latter, less costly approach was
considered inadequate to comply with the intent and letter of the Antarctic
Treaty; thus removal was deemed necessary. In September 1973, the Removal
Plan for the Pm—-3A Nuclear Power Plant, McMurdo Station, Antarctica was
approved by NAVFACENGCOM and published. For background and a more detailed
description of the decommissioning as planned, this document has been
included as Appendix G.

Covered in the Removal Plan was the approach to be taken in collecting
and segregating crushed rock on the site containing small quantities of
radionnelides. During the operation of the PM-34 liquid effluent discharged
below MPC as specified in 10 CFR 20 had flowed over the surface cof the
ground in its course to the sea. Small quantities of radionuclides from
the effiluents were reconcentrated by the rock. Additionally, there were
three instances during plant operations when cracks in the containment
were discovered and repaired, allowing some shield water to enter the
crushed rock backfill surrounding the containment tanks.

Since the United States regulations contain MPCs for various
radionuclides in air and water but not soils, it was decided to review
international guidelines and the regulations of the nations signatory to
the Antarctic Treaty to establish site decontamination guidelines. Based
on a U.8.5.R. regulation, a de minimus quantity of radicactivity {(levels
below which matter would not be comsidered radicactive) for the principal
contaminant, cesium-137, was established as 10 picocuries per gram of
rock. The rationale for this approach, including cther radicnuclide
contaminants, is discussed further in pages 26 through 28 of Appendix G.
it wag further determined that after all removal eiforts had been
accomplished a private contracter would perform an independent radiological

survey of the site. -

In addition to the basic Removal Plan, detailed Activiﬁy Specifications
and Procedures were developed covering all aspects .of the decommissioning

effort. The final planning documents consisted ol over 2,000 pages of
detailed procedures with 225 engineering drawings. This detailed planning,

begun in March 1973, continued in CONUS each austral winter (March-
September) with the site work occurring during the austral summers (Dctober~

February).

The original plan envisioned the work to be cozpleted over a three-
year period as follows:
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" DE-74 Remove non-esseutlal primary and secondary systems.
" Ship required materials and equipment tc the site, and
prepare vessel for ghipment.

DF-75 Complete the pressure vessel shipping contalner, dismantle
the primary building, and remove the containment tanks.

DE-76 Final site cleanup.

2. Execution

a. DEEP FREEZE 1974. Despite the severe Antarctic climate, the
limited operating season, and the logistics problems assoclated with the
remote locatjon, the first year's effort in DF-74 went smoothly. During
the summer season, a large part of the plant's secondary system was
removed including the turbine generator, heat transier apparatus package,
reboller, air-cooled condenser, snow melter, and the associated plping
and wiring. All the nuclear fuel and approximately 70 metric tons of
radicactive waste were packaged and shipped to CONUS. The reactor pressure
vessel was also prepared for shipment. This included removal of approxi-
mately 30 radioactive components from the reactor pressure vessel and
the placing of a concrete base in the bottom of the containment tank for
support of additional depleted uranium shielding. 4 steel mock shield
was temporarily installed to verify the design and to test the procedures
for the installation of a depleted uranium shield that would be placed
during the coming summer. Finally, a two inch hola was also cut in the
bottom of the pressure vessel to allow placing of lead ghot and grout in
an inaccessible 40 inch diameter by 17 inch high void space beneath the
vesgel to provide shielding at the bottom of the tank. The DF-74 dismantling
effort was completed 31 January 1974, 12 days ahead of schedule.

b. DEEP FREEZE 1%975. During DF-75 austral summer, work was completed
on preparing the pressure vessel for shipment. This included installing
a depleted uranium shield and pouring concrete between the presgure
vessel and its coutainment tank to provide additional shielding. All
contalnment vessels were removed aund shipped with the exception of the
steam generator tank. This effort had also required the removal of 2300
cubic meters of crushed rock backfill from around the containment tanks.

In all, over 365 metric tons of radiocactive waste or radicactively contaminated

components were removed from the PM-3A site: Work was completed 24

January 1975 when the last of the waste was loaded aboard the resupply
ship for disposition at a licensed disposal site in CONUS.

c. DEEP FREEZE 1976, The third year of dismantling operations
(DF-76 austral summer) began in October 1975. Early season projects,
which were completed by the end of December, included removing the floor
and foundation of the condenser building, removing the remaining systems
in the secondary building, and dismantling the chemistry laboratory
building. Removal of the primary system foundation and backfill cooling
system proved more difficult. These elements were frozen ia the surrounding
crughed rock backfill and were extracted only after expending almost 270
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kilograms of dynamite to loosen them.

Work was also begun in collecting and segregating additiomal backfill.
Detajiled field survays of the B.6 acre site were bagun, and additional
erushed rock was colliected. The contaminated crushed rock was segregated
into three categories based on councentrations of cesium-137, the major
contaminant. <{rushed rock in which cesium-137 was present greater than
2000 picocuries per gram, the level above which material is considered
radicactive for transportation purposes according to United States and
International Atomic Energy Agency standards, was boxed for shipment as
Low Specific Activity waste. Rock whieh contained no more than 2000
picocuries per gram but greater than 10 picocurles per gram was staged
for bulk loading on the resupply ship. Rock containing no more than the
de minimus limit of 10 picocuries of cesium~137 per gram was classified
as not radiocactive and could remaln on site. Fleld radiological surveys

A of the site were accomplished with a sodium iodide detector, and these
E measurements were verified by anelyzing samples shipped to the United
States.

Due to the late arrival of the resupply ship and the deteriorated
condition of the ice wharf, it was not possible that year to ship bulk
loaded rock as previocusly planned. However, 370 metric tons of radicactive
i waste, lncluding the steam generator contaimment vessel and the boxed LSA
E crushed rock, were shipped to the United States for disposal.

d. DEEP FREEZE 1977. Radiological surveys were completed im the
buildings remaining on site (Secondary, Water Distillation, and Maintenance
and Supply Builldings) and field surveys of the site continued with further
collection of crushed rock. Five thousand cuble meters of crushed rock
wvere bulk loaded and shipped to the United States aboard the resupply
ship. All available space allocated teo bulk rock shipment was utilized,
leaving an estimated 2700 cubic meters of rock te be shipped the following
year.

3]
3
i3

e. DEEP FREEZE 1978. This fifth season of decommissioning efforts,
begun in October 1977/, was to consist of shipment ¢ the remaining crushed
rock and completion of final site survey by RUS Corporation. Problems
with this plan developed early in the season when it was Ifound that the
majority of the remaining crushed rock, which was staged in the primary
pit, had frozen in sclid during the winter. Extensive explosive operations
were required before the remaining rock could be dislodged from the sides
and bottom of the pit. In addition, after the majority of the rock had
been removed, survey results indicated that some areas contiguous to the
storage site were contaminated above the acticn guildeline.

The action level of 10 pilcocuries of cesium-137 per gram of rock was
very near or below the concentrations of naturally occurring radicactivity
on the site. The close proximity of staged contaminated rock had made it
difficult to accurately determine what adjacent rock was above the de minimus
limit. Additicnally, it was thought that fly rock from explosive operations
may have recontaminated some of the areas. Cleaning efforts were begun
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in these areas with the hope of finishing before the lmminent arrival of
personnel from NUS Corporatfon, who were to perform the independent site
survey. The extensiveness and inaccessibility of the areas to be cleaned,
however, resulted in cleaning efforts and the NUS survey occurring
simultaneously, Moreover, the detailed NUS survey revealed a number of
locations where their field Survey techniques indicated contamination

above the established limit, As Dany as possible of these areas were

cleaned during the limited time remaining, and a total of 3500 cubic

meters (4600 cubic yards) of crushed rock was loaded aboard the resupply ship.

It was decided that planning for the following season's effort would
have to be delayed until NUS had completed its report of the survey
results, These results would include correlation between the field survey
data and the detailed laboratory analysis of 12] samples collected on the site,

f. DEEP FREEZE 1979, After thorough review and analysis of the NUS
results, as well as the Navy's survey and sample data taken incident to
late season removal efforts, it became clear that the goal to remove all
rock containing cesium-137 in excess of 10 picocuries per gram was not
reasonably achievable, Estimstes of achieving the guideline were uncertain,
but it was clear that many more years of surveying, Jackhammering and

removal of unknown but Probably very large quantities of rock would be
raquired.

A change in approach from the arbitrary application of a de minimus
limit was necessary. It was determined that the following season's
efforts would concentrate on removing the rock from those areas with the
highest levels of activity inmdicated in the NUS report, This would be
followed by a hazard analysis based on concentrations of contaminants
rtemaining and evaluation of potential exposure pathways to man. Depending
on the success of the cleaning efforts and the results of the hazard
analysis, the site could be considered decontaminated to levels as low ag
Teasonably achievable (ALARA) and cleared for unrestricted use,

In October 1978, the sixth season of removal efforts began,
As had been the case the previousg season, the najority of the <leaning
effort was tedious and at times dangerous hand work with picks, shovels,
and jackhammers, Many areas to be cleaned were on Bteep slopes where
heavy equipment could not be used, and even in areas accessible to such

equipment the permafrost resisted removal by anything but the slow progress
of a jackhammer,

By the end of the season 540 cubic metere of rock had been shipped,
The highest single point of ceslum-137 concentrations in the rock remaining

on site was 29 picocuries per gram, and the average over the site was §,1
plcocuries per gram,
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3, Conclusion

In February 1979, NAVNUPWRU completed a detailed hazard analyeis of
the remaining man-made radiation a the PM-3A site, including all
significant pathways to man. It was shown that the radistion dose received
by an ipndividual from man-made radioactivity at the site would not exceed
15 millirems per year ap an upper limit or 6 millirems per year as a most
probable value, The site was declared decontaminated to levels as low as
reasonably achievable and cleared for unrestricted use.
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- APPEND1X A -
Excerpt from
CHAPTER 3, PM-3A OPERATING MANUAL, REACTOR ROD CONTROL SYSTEM
Section 1 - System Description

A, FUNCTION. The function of the reactor rod control system is to
provide the operator with the capabllity of positioning the control rods
through manually operated switches and to provide automatic control for
hold, fast insert and scram functions frem safety system input signals.
The system also provides rod position indications for all control rods.

B. GENERAL DESCRIPTION. Six magonetic jack-type actuators (Figure 3=1)
move the rods in respomse to signals received from a signal generator,

To move the rods, the output of the signal generator consists of voltage
pulses of precise duration and sequence, These pulses alternately energize
the hold, grip, and lift (or pulldown) coils on the actuator which results
in a jacking action being imparted to the control rods. During normal
plant operation, the signal generator delivers a constant voltage to the
hold coils, A ROD SELECTOR switch 1g provided on the control conscle to
determine which control rods will Tespond to manual signals, A ROD SPEED
SELECTOR switch on the control comsole is used to select the speed of
movenent of the selected rod or rod(s), Individually, the rods may be
moved at speeds of 2 inches per minute (slow) or 6 inches per minute

(fast) according to the position of the ROD SPEED SELECTOR switch. AIlLl
rods may be inserted simultaneously at 6 inches per minute by use of the
FAST insert switch, This switch overrides the ROD SPEED SELECTOR and

ROD MOTION CONTROL switches. The rods may slso be movad in increments of
approximately 0,06 inch by use of a ROD JOG switch on the control console.
Adjustable limit switches on the position indicators prevent the rods

from being pulled out more than 30.75 + 0,25 inches, unless set at some
lower limit,

There are three automatic rod control glgnals which originate in the
reactor safety system {(Chapter 4): hold, fast insert, and scram. In
general, automatic hold overrides azll manual motion except ingertion,
fast insertion, and scram; automatic fast insert overrides automatic hold
and all manual motion except scram; and scram overrides all other slgnals,

All modes of 2-inch-per-minute insertion and single rod é=inch-per-minute
insertion override automatic hold. '

Upward motion of the bundle-rod assembly compresses the scram spring
located in the upper section of the gcram spring housing. A scram signal
will de-energize the actuator coils, and the spring force combined with
gravity force will drive the rods into the core, A scram signal may be

initiated manually by the operator ar automatically by an instrumentation
system signal.

The rod position 1s sensed by a three-winding transformer. One winding
is the power or primary winding, The other two are connected in series
(out~of-phace) and form the secondary of the transformer. They are
physically located on either side of :he Primary winding. A magnetic
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slugp which forms the core of the transformer end thus determines the
coupling between the primary and secondary, is a part of the bundle rod
assembly. Wwhen the magnetic slug moves In either direction, it causes
the primary te¢ be more closely coupled to one-half of the secondary than
the other, This will generate an error voltage, in the secondary trans-
former, proportional to the slug travel. This unbalance is detected

and used to drive a serve motor which, through & lead screw, moves the
transformer windings in the direction to restore a null condition. A
servo transwmitter, which is attached to the position indicator lead screw,
transmits a position indictor signal to the indicator mounted on the
control console, Under a scram condition the core slug drops away from
the traunsformer windings, Due to a slight difference in the number of
turns on the two secondary windiogs connected in series, a signal is
generated which causes the serve motor to automatically drive the
transformer down to again reposition it with the core slug.

During the process of latching the control rod, the effective length of
the bundle-rod assembly 1s shortened by 3/8 inch. This results in the
control rod being supported by the actuator, rather than by the reactor
core, when in the fully inserted position. Therefore, the impact of rod
lnsertion during scram 1s not transferred to the core nor to the core
support structure., Impact effects on the actuator itself are reduced to
acceptable levels by the buffer piston portion of the bundle-rod assembly.
The buffer piston, and therefore the bundle-rod assembly, are decelerated
in a cylindrical dashpot which is incorporated into the bottom portion of
the scram spring housing.

C. MAJOR COMPONENTS.

1. Magnetic Jack Actuater. The magnetic jack~type actuator conslsts
of three major subassemblies: The rod sctuator assembly, the drive coil
gssembly, and the position indication transmitter assembly,

a. Rod Actuator Assembly., The prineipal parts making up the rod
actuator assembly are the bundle-rod assembly; the hold and grip armatures,
the 1ift, grip, hold, and pulldown magnets; the scram spring; the pressure
housing (consisting of the scram spring housing, the armature housing and
the pressure vessel - armature housing spool piece) and the vent wvalve
and mechanical stop,

The bundle rod, a portion of the bundle-rod assembly, comsists of a
cylinder of high permeability steel vertically divided into four eegments.,
During normal reactor operation, the segments are deflected in the region
of the hold armature, and are attracted to the hold ceill pole faces with
a horirzontal force of about 1000 poupds. This force is sufficlent to

clamp the bundle~rod assembly to the held armature agalnst the vertical
forces of the scram spring and compoment weights.

When the rods are beinpg raised or lowered, the segments are alternately
attracted in the regions of the hold and grip armatures. The segments

are attracted to the grip coil pole faces with a force of about 2000 pounds,



The hold and grip armatures are similar to each other. The main difference
la that the hold armature is attached to the armature housing while the
Brip armature is free to move 0.06 inch vertically.

The armatures have a function of Providing well defined paths for the
flow of magnetic flux. The paths are defined by building the armatures
up from alternate rings of magnetic and nonmagnetic steel.

A typical flux path would extend from a coil (external to the pressure
shell) through the prassure shell, through one ring of magnetic material
in the armature, through a region of the rod bundle, baek through an
adjacent ring of armature magnetic material, and through the pressure
shell to the coil.

The two elongated rings of magnetic material at the ad jacent ends of the
two armatures comprise the internal pole faces of the 1ift coil, When
the 11ft coil is energized, the grip armature is lifted 0.06 inch as the
magnetic circuit attempts to eliminate the gap between the pole faces.

The two elongated rings of magnetic material at the adjacent ends of the
Rrip armature and the armature housing comprise the internal pole faces
of the pulldown coil. The upper ring is attached to the grip armature
and the lower ring is attached to the armature housing. When the pulldown
coll is energized, the grip armature is pulled down 0,06 imch as the
magnetic circuit attempts to eliminate the gap between the pole faces.

During scram, all of the sctuator coils are de-energized. The bundle rod
segnents, therefore, are not deflected and do net touch the inner walls
of either the hold or the grip armatures. The scram spring force and

gravity will then drive the bundle-rad assembly downward and iusert the
control rod.

The actuator prassure shell comsists of three regiong: The region about
the drive coils; a region above and magnetically remote from the drive
coils, in which the scram spring is housed; and a regiom below and
magnetically remote from the drive coils, which separates the armature
housing from the pressure vessel head. This lower spool piece region is
flanged to permit assembly and disassembly from the pressure vessel head.

The metal shell in the drive coil region is constructed of a semi-magnetic
stainless steel in order net to impede the passage of the magnetic flux,
Wall thickness 1s 0.1 inch., The upper shell is of noumagnetic material
and the wall thickness is elightly over 0.25 inch,

The lower end of the bundle-rod assembly extends beyond the actuator
pressure shell and is equipped with spring~icaded "fingers” which grasp
the contzol rod. Ball check valves are provided at the top of the scram

spring housing. These valves are provided to bleed entrapped gas from
the armature housing,



b. Drive Coil assembly. The drive coils are housed in the coil
assembly can which is seal-welded to the actuator pressure shell, Four
groups of coils are provided for each actuator. They are: (1) four heold
coils, (2) one lift coil, (2) ten grip coils, and (4) one pulldown coil.

The hold cecils are the uppermost group of coils, They are electrically
connected in series, Each coil contains 190 turns, is activated
approximately 3,5 amperes, and develops an MMF (Magnet—-Motive Force) of
approximately 665 ampere-turns.

The 1ift coil 1s located in the middle of the drive coil housing. It
consists of 730 turns, is activated by approximately 5 amperes, and
produces an MMF of 3650 ampere-turns.

The grip coils are electrically conpected as two parallel groups of five
coils in series, and are physically located below the lift coil but above
the pulldown coil. Each coil consists of 190 turne, 1s activated by
approximately 4.5 amperes, and develops an MMF of about 855 ampere-turns,

The pulldown coil is the bottom coil of the group. 1t consists of 560

turns, is activated by 4.5 amperes, and produces an MMF of about 2520
ampere—turns,

C. Posltion Indication Assembly. The position indicator
transmitter is contained in a separate assembly can which is placed over
the scram spring housing and rests of the drive coil assenbly can., The
device 1s essentially a null seeking differential transformer made up of:
(1) a three=-coil transformer, {(2) a servo motor, (3) a lead screw for
moving the transformer, and (4) a synchro transmitter.

The transformer core is a slug of magnetic material which rides on the
bundle~rod assembly inside of the pressure shell. When the slug moves,
the transformer output is unbalanced and an error signal 1s produced,

The error signal is awplified by & servo amplifier located in the econtrol
console, This amplified signal drives the servo motor and the lead screw
to reduce the error sigmal to zero by repositioning the transformer
windings relative to the core slug. The synchro-transmitter, which {is
mechanically attached to the lead screw, transmits a position signal to
the position indicater at the console,

2, Signal Generator. The signal generator system is made up of
eight sub-systems (see Figure 3-2). They are: (1) reference oscillator,
(2) lift~lower monostable multivibrater, (3) hold monostable nultivibrator
(4) grip bistable multivibrator, {5) lift~lower AND logie circuit, (6)

hold AND logic circuit, (7) two-phase inverters, and (8) jog bistable
multivibrator.

The reference oscillator sets the jacking cycle of the actuators and
synchronizes the multivibrators. It 1s, essentially, a transistorized
pulse generator whose pulse rate is determined by a reeistor-capacitor
network. The pulse rate (time between pulses) can be selected to give



either a 0.333-second pulse rate for a 6-inch-per-minute rod travel or a
1.0-second pulse rate for a Z2-inch-per-minute rod travel,

The monostable multivibrators are actuated by the reference oscillator
pulses {or triggers). A characteristic of a monostable multivibrator is
that for each pulse received by its input, it will deliver a full square
wave output. Therefore, the output frequency of these monostable multi-
vibrators ie the same as the reference oscillator. The width of the
square wave output, however, 1is determined by a resistor-capacitor network
which is a part of the multivibrator circuit., The hold monostable multi-
vibrator is used to determine the time at which the hold magnets are
initially energized. The lift-lower monostable multivibrator determines
the time at which the 1lift or pulldown magnets are initially energized.

The grip bistable multivibrator is alsc actuated by the reference
oscillator., A characteristic of a bistable multivibrator is that for
each pulse received by its imput, its output state will reverse. Thus,
for each two pulses recefved, a complete square wave will be generated,
The grip bistable multivibrator, therefore, generates a square wave whose
output frequency is one half of the reference oscillator frequency.

The AND logic circuits have two Inputs sach, These logic circuits have
the characteristic that theilr cutputs are maximum unless both inputs are
energlzed (negative), The lift-lower logic eircuit receives its inputse
from the lift-lower monostable multivibrator and from the grip bistable
multivibrator. Its ocutput energizes the lift and the pulldown magnets
through power amplifiers, The 1lift and pulldown magnets are energized
only when both multivibrators are "ON". A control switch is used to
select whether the insert or extract cycle will be feollowed. The hold
logic circuilt receives its input from the hold monostable multivibrator
and from the output of the phase inverter circuit. The hold logilec cireuit
output is "QFF"” when both inputs are =28V, The hold magnets are energized
for a greater time than the 1ift (or lower) magnets are de-energized.

The phase inverters serve as reversing circuits. One can be switched
into or out of the lift~lower circuit, It is switched into the circuit
during the lifting sequence to produce a correctly phased pulse for the
1ift sequence. The other fnverter Is in the lower circuit and produces a
correctly phased pulse for the lower sequence.

The jog bistable is triggered by the lift-lower logic circuit when the
ROD JOG switch is clesed and the ROD MOTION CONTROL switch is turned to
the IN or OUT pesition. The jog bistable operates tc disable the 1ift
and the pulldown magrets as soon as one pulse has energized the jacking
magnets. This limits the rod travel to ome jacking action and the rods

to 0.06 inch travel each time the ROD MOTION CONTROL switch is operated.

The synchronizing of the multivibrators by the reference oscillator results
in the magnets being energized and de-energized in a definite sequence.
The grip magnets are energized before the hold magnets are de-energized,
and do not release until after the hold magnets are re-energized. Thus,
the bundle-rods are held continucusly during a jacking operation. The
lift (and pulldown) magnets are energized at the same time that the hold
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magnets are de—energized. Thus, as soon as the hold magnet releases,
movement of the bundle-rod assembly will start. The 1lift (or lower)
magnets are de-energized after the hold magnets are energized. Thuse, the
rods are clamped in the new position before the grip armature is released,

The sequence of a rod 1ift operation is as follows: The hold magnet 1s
energized, The grip, 1lift, and pulldown magnets are de—energized, The
grip magnet energizes and holde the bundle-rod, The lift magnet emnergizes
and the hold magnet de—energizes simultaneously, The 1ift magnet raises
the grip armature (and bundle-rod) 0.06 inch, The hold magnet energizes
and the hold armature clamps the bundle-rod in position, The grip and
1ift magnets are de-energized and the pulldown magnet is energized to
return the armature to the down position. The sequence is repeated until
the ROD MOTION CONTHROL switch 1s released or until the bundle-rod assembly
reaches the limit of its travel,
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APPENDIX B .
MEMORANDUM OF UNDERSTANDING BETWEEN THE U. S, ATOMIC ENERGY COMMISSION AND
THE DEPARTMENT OF DEFENSE CONCERNING THE PM-3A AND PL-3
NUCLEAR POWER PLANTS IN ANTARCTICA

The Atomic Energy Commission and the Navy, acting as agent for the
DOD, having undertaken to cooperate in providing nuclear power plants for
United States facilitles in Antarctica in accordance with the intent of
the Congress, and in full recognition of the impact of envirommental and
logistic difficulties on the paramount criteria of safety and reliability,

agree to the following division of responsibilities consistent with legal
requirements,

l. The Atomic Energy Commission is responsible for:

(a) Determining the appropriate design aspects of the PM-3A and
FL-3 in consultation with the Navy,

(b) Arranging for the fabrication and pre-shipment testing of
the plants; scheduling and installation effort, and effecting
the actual installation and successful test operation of the
plants utilizing military personnel as appropriate.

(c) Determining, in consultation with the Navy and prior to the
transfer to the Navy, when each plant is suitable for the
operational use Intended.

(d) Furnishing to the Navy, when each nuclear plant 1s trang-
ferred to the Navy's custody, detailed engineering data and
operating and malntenance procedures and standards governing
the plant’'s safe and efficient operation and maintenance,

(e) After the transfer to the Navy's custody of each nuclear
power plant:

(1) Fulfilling its respopsibilities in accordance with the
understanding expressed in paragraph 3 below.

(2) Furnishing such other technical advice and assistance
as the Navy may request, and in accordance with such
funding arrangements as are agreed to,

(3) Reprocessing, at Navy expense, the cores turned over to
Navy custody by the Atomic Energy Commission with
each nuclear plant.

2, The Navy is respongible for:

(2} Collaborating in selection of plant concept,



(b) Advising the Atomic Lknergy Commission, during all phases of
the two projects, of the limits of Navy logistic capability
in order to assure that such limits are accommodated in the

design of the plants and in the shipment and installation
schedules.

(c) Shipping the nuclear plants to Antarctica and delivering
them to the plant sites.

{(d) Providing support facilities, materials, personnel, and
equipment for installation and test operation activities.

{e) Furnishing available transportation to and from Antarctica,
and living accommedations there, for Atomic Energy Commissicn
representatives (including Atomic Energy Commission—designated

employees of the contractor) engaged in the supervisien of
installation or test=operation activities,

(f) Accepting custody of the plants when the transfer is made in
accordance with paragraph 1. above.

{g) Thereafter, operating and maintaining the plants, and bearing
all operating and maintenance costs, including among other
things, the cost of fuel fabrication and burm-up of special
nuclear materials, and fulfillirg the Navy's responsibilities,
in accordance with the understanding expressed in paragraph 3.
below.

(h) Upon request, furnishing the Atomic Energy Commission with
technical and econcmic data respecting the Navy's operation
and maintenance of the plants, and such information respecting
the Navy's possession or use of special nuclear material as
the Atomic Energy Commission may request from time to time.

3. Upon acceptance of custody of each plant pursuant to 2., (f) above,
regponsibllicy will rest with the Department of the Navy for identifying
and resolving health and safety problems relating to the operation of
these plants, or to specilal nuclear material for -1se therein. In view of the
Atomic Energy Act of 1954, the AEC will participate in the identification
and resolution of these problems as a matter of responsibility. 1In this
connection the Department of the Navy will prepare, issue and enforce
safety standards, procedures or instructicns applicable to the location
and operation of these plants and to special nuclear material for use
therein, Advice and assistance will be obtained from the AEU om the safety
aspects of the design of these plants and in the preparation or amendment
of safety standards, procedures or instructions relating to location and
operation of these plants and the special nuclear materials for use therein,
and comment or concurrence shall be obtained from the AEC as to thelr
adequacy. Any disagreement as to safety aspects, arising as a result of
comment by the AEC, which cannot be directly resolved by the two agencies
will be referred to the President for decision.

SIGNED FRED KORTH SIGNED GLENN T, SEABUKG

February 19, 1962 March 28, 1962
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APPENDIX C

ANTARCTIC TREATY

"The Governments of Argentina, Australia, Belgium, Chile, the French
Republic, Japan, New Zealand, Norway, the Union of Socuth Atfrica, the Union of
Soviet Soclalist Republics, the United Kingdom of Great Britain and Northern
Ireland, and the United States of America.

Recognizing that i1t is in the interest of all mankind that Antarctica
shall continue forever to be used exclusively for peaceful purposes and shsll
not become the scene or ohject of international discerd;

Acknowledging the substantial contributions to scientific knowledge
resulting from internaticnal cooperation in scientific investigatiom in
Antarctica;

Convinced that the establishment of a firm foundaticn for the continuation
and develepment of such cooperation on the basis of freedom of scientific
investigation in Antarctica as applied during the International Geophysical
Year accords with the interests of science and the progress of all mankind;

Convinced also that a treaty ensutring the use of Antarctica for peaceful
purposes only and the continuance of internaticnal harmony in Antarctica will
further the purposes and principles embodied in the Charter of the United
Nations;

Have agreed as follows:
Article 1

1, Antaretica shall be used for peaceful purposes only. There shall be
prohibited, inter alia, any measures of a military nature, such as the
establishment of military bases and fortifications, the carrying out of
military maneuvers, as well as the testing of any type of weapons.

2. The present Treaty shall not prevent the use of military personnel or
equipment for scilentific research or for any other peaceful purposes.

Article 11

Freedom of scientific investigation in Antarctica and cooperation toward
that end, as applied during the Internatiomal Geophysical Year, shall con-
tinue, subject to the provisions of the present Treaty.

Article III

1. 1In order to promote international cocoperation in scientific investi-
gation in Antarctice, as provided for in Article II of the present Treaty, the
Contracting Parties agree that, to the greatest extent feasible and
practicable:



(a) iInfeormarion regarding plans for scientific programs in Antarctica
shall be exchanged to permit maximum economy and efficiency of operations;

{b) scientific personnel shall be exchanged in Antarctica between expe-
ditions and stations;

(e) =cientific observations and results from Antarctica shall be
exchanged and made freely available,

2. In implementing this Article, every encouragement shall be given to
the establishment of cooperative working relations with those Specialized
Agencies of the United Nations and other international organizations having =
scientific or technical interest in Antarctica. '

Article TV
1. Nothing contained in the present Treaty shall be interpreted as:

(a) a renunciation by any Contracting Party of previously asserted rights
of or claims to territorial sovereignty in Antarctica;

(b) a renunciation or diminution by any Contracting Party of any basis of
claim to territorial sovereignity im Antarctica which it may have whether as a
result of its activities or those of its nationals in Antarctica, or otherwise;

(¢) prejudicing the position of any Contracting Party as regards Its
recognition or non-recognition of any other State's right of or claim or basis
of elaim te territorial sovereignty in Antarctica.

2. No acts or activities taking place while the present Treaty is 1in
force shall constitute a basis for asserting, supporting or denying a claim to
territorial sovereignty in Antarctica or create any rights of sovereignty in
Antarctica. No new claim, or enlargement of an existing claim, to territorial
sovereignty shall be asserted while the present Treaty is in force.

Article V

1, Any nuclear explesions in Antarctica and the disposal there of radio-
sctive waste material shall be prohibited.

2. In the event of the conclusion of internmational agreements concerning
the use of nuclear energy, including nuclear explosions and the disposal of
radiocactive waste material, te which all of the Contracting Parties whose
representatives are entitled to participate 1in the meetings provided for under
Article IX are parties, the rules established under such agreements shall
apply in Antarctica.

Article VI

The provisions of the present Treaty shall apply to the area south of
60° South Latitude, including all ice shelves, but nothing in the present
Treaty shall prejudice or in any way affect the rights or the exercise of the
rights, of any State under international law with regard to the high seas
within that area.



Artiecle VII

1. 1In order to promote the objectives and ensure the observance of the
pProvisions of the present Treaty, each Contracting Party whose representatives
are entitled to participate in the meetings referred to in Article IX of the
Treaty shall have the right to designate observers to carry out any inspection
provided for by the present Article. Observers shall be nationals of the
Contracting Parties which designate them, The names of the observers shall be
communicated to every other Contract Party having the right to designate

observers, and like notice shall be given of the termination ot their
appointment.

2. Each observer designated in accordance with the provisions of para=-
graph I of this Article shall have complete freedom of access at any time to
any or all areas of Antarctica,

3. All areas of Antarctica, including all stations, installations and
equipment within those areas, and all ships and aircraft at points of dis~
charging or embarking cargoes or personnel in Antarctica, shall be open at all

times to inspection by any observers designated in accordance with paragraph 1
of this Article.

4, Aerial observation may be carried out at any time over any or all

areas of Antarctica by any of the Contracting Parties having the right to
designate observers.

3. Each Contracting Party shall, at the time when the present Treaty

enters into force for it, inferm the other Contracting Parties, and thereafter
shall give them notice in advance, of

(a) all expeditions to and within Antarctica, on the part of its ships or

nationals, and all expeditions to Antarctica organized in or proceeding from
its territory;

{(b) all stations in Antarctica accupied by its nationals; and

(c) any military personnel or equipment intended to be introduced by it

into Antarctica subject to the conditions prescribed in paragraph 2 of Article
I of the present Treaty,

Article VIII

1. In order to facilitate the exercise of their functions, under the
present Treaty, and without prejudice to the respective positions of the
Contracting Parties relating to jurisdiction over all other perscns in
Antarctica, observers designated under paragraph I of Article VII and scien—
tific persomnel exchanged under subparagraph 1(b) of Article III of the
Treaty, and members of the staffs accompanying any such persons, shall be
subject only to the jurisdiction of the Contracting Party of which they are
nationals in respect to all acts or omissions occurring while they are in
Antarctica for the purpose of exercising their functions,
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2. Wirhout prejudice to the provislons of paragraph 1 of thisg Artiele,
and pending the adoption of measures in pursuance of subparagraph 1l(e) of
Article IX, the Contracting Parties concerned in any case of dispute with
regard to the exercise of jurisdiction in Antarctica shall immediately consult
together with a view to reaching & mutually acceptable solutiomn.

Article IX

1. Representatives of the Contracting Parties named in the preamble to
the present Treaty shall meet at the City of Canberra within two months after
date of entry into force of the Ireaty, and thereafter at suitable intervals
and places, for the purpose of exchanging information, consulting together on
matters of common interest pertaining to Antarctica, and formulating and con-
sldering, and Tecommending to their Governments, measures in furtherance of
the principles and objectives of the Treaty including measures regarding:

{(a) wuse of Antarctica for peaceful purposes only;

(b) facilitation of scientific research in Antarctica;

(c) facilitation of international scientifie cooperation in Antarctica;

(d} facilitation of the exercise of the rights of inspection provided for
in Article VII of the Treaty;

(e} questions telating to the exercise of jurisdiction In Antarctica:

(f) preservation and conservation of living resources in Antarctica,

2. Each Contracting Party which has become a party to the present Treaty
by accession under Article XIII shall be entitled to appoint representatives
Lo participate in the meetings referred to in paragraph 1 of the present
Article, during such time as that Contracting Party demonstrates ite interest
in Antarctica by conducting substantial scientific research activity there,
such 28 the establishment of a scientifie station or the dispateh of a scien-
tific exXpedition.

3. Reports from the observers referred to in Article VII of the present
Treaty shall be transmitted to the representatives of the Contracting Parties
participating in the meetings referred to in paragraph 1 of the present
Article,

4. The measures referred to in paragraph 1 of this Article shall become
effective when approved by all the Contracting Parties whose representatives
were entitled to participate in the meetings held to consider those measures.

5. Any of all of the rights established in the present Treaty may be
exercised as from the date of entry into force of the Treaty whether or not
any measures facilitating the exercise of such rights have been proposed,
considered or approved as provided in this Article.

Article X

Each of the Contracting Parties undertakes to exert appropriate efforts,
consistent with the Charter of the United Nations, to the end that no one
engages in any activity in Antarctica contrary to the principles or purposes
of the present Treaty.



Article XI

1. If any dispute arises between two or more of the Contracting Parties
concerning the interpretation or application of the present Treaty, thoge
Contracting Parties shall consult among themselves with a view to having the
dispute resolved by negotiation, inquiry, mediation, conclliation, arbitra-
tion, judicial settlement or other peaceful means of their own choice.

2, Any dispute of this character not so resolved shall, with the consent,
in each case, of all parties to the dispute, be referred to the International
Court of Justice for settlement; but failure to reach agreement on reference
to the International Court shall not absclve parties to the dispute from the
responsibility of continuing to seek to resolve it by any of the various
peaceful means referred to in paragraph 1 of this Article.

Article XII

l. (a) The present Treaty may be notified or amended at any time by
unanimous agreement of the Contracting Parties whose representatives are
entitled to participate in the meetings provided for under Article IX. Any
such modification or amendment shall enter into force when the depositary
Government has received notice from all such Contracting Parties that they
have ratified it,

{b}) Such modification or amendment shall thereafter enter into force as
to any other Contracting Party when notlce of ratification by it has been
received ,by the depositary Govermment. Any such Contracting Party from which
no notice of ratification is received within a period of two years from the
date of entry into force of the modification or amendment in sccordance with
the provisions of subparagraph 1(a) of this Article shall be deemed to have
withdrawn from the present Treaty on the date of the expiration of such period.

2., (a) 1If after the expiration of thirty years from the date of entry
into force of the presemnt Treaty, any of the Contracting Parties whose repre~
sentatives are entitled to participate in rhe meetings provided for under
Article IX so requests by a communication addressed to the depositary Govern-
ment, a Conference of all the Contracting Parties shall ba held as soon as
practicable to review the operation of the Treaty.

(b) Any modification or amendment to the present Treaty which is approved
at such a Conference by a majority of the Contracting Parties there repre-
sented, including a majority of those whose representatives are entitled to
participate in the meetings provided for undear Article IX shall be
communicated by the depositary Govermment to all the Contracting Parties
immediately after the termination of the Conference and shall enter inro force
in accord— ance with the provisions of paragraph 1 of the present Article.

(¢) If any such modification or amendment has not entered into force in
accordance with the provisions of subparagraph 1{a) of this Article within a
period of two years after the date of its communication to all the Contracting
Parties, any Contracting Party may at any time after the expiration of that



period give notice to the depositary Government of its withdrawal from its
present Treaty; and such withdrawal shall take effect two years after the
receipt of the notice by the depositary Government.

Article XIII

1. The present Treaty shall be subject to ratification by the signatery
States. It shall be open for accession by any State which is a Member of the
United Nations, or by any other State which may be invited to accede to the
Treaty with the consent of all the Contracting Parties whose representatives
are entitled to participate in the meetings provided for under Article IX of
the Treaty.

2. Ratification of or accession to the present Treaty shall be eftected
by each State in accordance with its comstitutional process.

3, Instruments of ratification and instruments of accession shall be
deposited with the Government of the United States of America, hereby desig-
nated as the depositary Government.

4, The depositary Government shall inform all signatory and acceding
States of the date of each deposit of an instrument of ratification or acces—-
gion, and the date of entry into force of the Treaty and of any modification
cr amendment thereto.

5. Upon the deposit of instruments of ratification by all the signatory
States, the present Treaty shall enter into force for those States and fer
States which have deposited instruments of accession. Thereafter the Treaty
shall enter into force for any acceeding State upon the deposit of its instru-
ment of accession.

6. The present Treaty shall be registered by the depositary Government
pursuant to Article 102 of the Charter of the United Nations.

Artiecle XIV

The present Treaty, done in the English, French, Russian, and Spanish
languages, each version being equally authentic, shall be deposited in the
archives of the Govermnment of the United States of America, which shall trans-
mit duly certified copies thereof to the Governments of the gignatory and
acceding States

In witness whereof, the undersigned Plenipotentiaries, duly authorized,
have signed the present Treaty.

Done at Washington this first day of December, omne thousand nine hundred
ancd fifty-nine.

Yor Argentina: For New Zealand:
adolfo Scilingo G. D, L, White
F. Bello

For Norway:
For Autralia: Paul Koht
Koward Beale



For

For

For

For

Belgium:
Obert de Thieusies

Chile:

Marcial Mora M
E, Gajardo V
Julio Escudero

the French Republic:
Pierre Charpentier

Japan:
Koichire Asakai
T. Shimoda

For the Union of Socuth Africa:
Wentzel C, du Plessis

For the Union of Soviet
Soclalist Pepublics:
V. Kuznetsov (Romanization)

For the United Kingcom of Great

Britain and Northern Ireland:
Harold Caccia

For the United States of America:
Herman Phleger

Paul C. Danilels
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APPENDIX D

PERSONNEL LISTING

Denotes second winter-over tour

Denotes third winter-over tour

Denotes second summer support tour.

Denotes third summer support tour

Denctes fourth summer support tour

fifth summer support tour

Crew 1 Personnel, DEEP FREEZE 52

WINTER-OVER

MITCHELL, T. J.
MATHERS, W. C.
BLACK, A. K.
BROOKS, W. B.
BRUCE, D. R.
DUBAY, R. M.
FERGUSON, D. L.
FLEMING, J. P.
GABBERT, R. B.
GABERLEIN, W. E.
KOZIKOWSKL, S. F.
LOWE, D. H.
MASCHKA, P. R.
McCANN, J. M.
MILLER, H. J.
MILLER H. W.
POLLOCK, H. W.
SPENCER, 5. T.
STIERER, B. A.
WILLIAMS, D. O.

CREW I SUMMER SUPPORT

REDMAN, B, D.

LT, CEC, USN Officer in Charge
LT, CEC, USN Plant Superintendent

CEL
SP5
SKCA
uTl
8PS
CECA
UTCA
CEl
HM2
SFC
AlC
UTl
UTCS
CEL
CE1l
CECS
AlC
3P5

UTCA

B .S



2. CHREW II Personnel, DEEP FREEZE 63

WINTER-OVER

COPE, R. P, LT, CEC, USN Officer in Charge
MATHEWSON, M. LT, CEC, USK Plant Superintendent
ANDREW, R. E. 5PH
CARRIGAN, C. E. SK1
CARSON, G. A, CEl
CROWE, E. J. 5P5
FADDEN, D. E. UTCA
GOFF, T. W. CES2
GOZA, J. N. HM1
HILSABECK, W. G. CMCS
HOGG, R. T. CECA
ISENHOFF, G. P. SFC
JOHNSON, D. L. HM2
KNIGHT, D. W. CECA
LAW, G. L. CEl
LINN, ?. E. UT1l
MILLER, G. J. ECCA
SMITH, H. G. EQL
SOURDIFF, L. J. 85GT
SWINFORD, H. D. UTCA
WAGES, J. C. CECA

SUMMER SUPPORT

FEDDERSON, B. C. CEC
GABERLEIN, W. E. CEl
McCANN, J. M. UT1
McKEE, C. R. SWF2
SINGLETON, W. T. CECA
TOLIN, D. HMCA
E_ D-2



CREW II1 Personnel, DEEP FREEZE 64

WINTER-OVER

FEGLEY, C. E., III

BATES, R. G.
BELL, F. H.
BENDER, N. E.
BERNARDO, G. §.
CLARK, W. P.
COLBY, S. C.
CUSTEAD, E. B.
DEWEES, B. V.
FORT, R. E.
GABERLEIN, W. E.
GARLAND, R. A.

KUMAGAL, T.
LODGE, D. B.
MOORE, E. H.
QUICK, J. C.
RANDALL, J. A.
REDMAN, B. D.
RISING, H. A.
SCHLOREDT, J. L.
SCHULZ, 6. K.
SINGLETON, W. T.
TOLIN, D. S.
WOODS, J. R.

YOUNG, T., Jr.

SUMMER SUPPORT

ELDRED, D. T.
GOLIGHTLY, E. J.
HOLMES, W. A.
KING, J. W.
McCANN, J. M.
McGREGOR, L. G.
McKEE, C. R.

MELTON, J- L., Jr.

MOOREHEAD, J. R.
POLLOCK, H. W.
ROMINGER, G. R.

LT, CEC, USN Officer in Charge
LTJG, CEC, USN P1

MC
5FC
UTCM
CEl
UTP2
HMC
CE1l
CECS
CEC
CEl
SFC
HM1
CEC
SP3
M1
UTCH
HM1
CEl
CEC
CEC
HMC
SK1
5GT

EON2
M1
CMC
CECA
Uri
CEl
SWF2
HMCA
SWi
CEC
CET2

@

t Superintendent
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E 4. CREW IV Personnel, DEEP FREEZE 65
E WINTER-OVER
SHAFER, W. G. LCDR, CEC, USN, Officer in Charge
1 STEPHENSOK, W. S. LTJG, CEC, USY Plant Superintendent
ﬁ BELCHER, E. E. CECM
BINGHAM, R. E. HM2
i CLARK, R. A. CECS
I% DORCHUCK, R. E. CM1
ELDRED, D. T. EON2
EVANS, R. L. CEC
E FELTER, P. D. w1
FERGUSON, C. E. CEC
GARDNER, K. A. UTP2
. . HEIMS, H. J. $SG
E HINOJOSA, R. A. SP5
MELTON, J. L. HMC
; MILLER, F. P. HM2
E MOOREHEAD, J. R. sWl
MUCHOW, M. J. UTC
| NELSON, D. L. SK2
E NOONAN, J. H. M1
' PHILLIPS, R. C. MSGT
ROMINGER, G. R. CEL
; SAUNDERS, R. S. CEL
E SPENCER, R. F. HMC
THOMPSON, F. S-, Jr. CE1
3 VIOLETIE, R. E. SP5
E YONKER, C. P., Jr. CEP2

SUMMER SUPPORT

E BERKOWITZ, R. J. UTB2
BROWN, S. HMC
. FLEMING, J.- P. CEC
E GANNOK, J. W. EO1
HEEDER, C. A. N1
. HOFFMANN, E. H. CEl
E HOLMES, W. A. CMC @
HOOVER, R. A. CE1
McCANN, J. M. UT1 @
E McCARTHY, J. CEC
f McGREGOR, L. G. CEl 5
McKEE, C. R. SWF2 @a
X MONOHAN, M. L. CEW2
E PLICHTA, R. T. 1508
- POLLOCK, H., W. CEC &
REED, C. E. CEC

SCHNABEL, J. G. CEl

=
i
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CREW V Peraonnel, DEEP FREEZE 66

WINTER-QVER

BCENNIGHAUSEN, T. L.
KING, J. W.
ADAMS, M. E.
ANDERSON, R. F.
BELL, M. H.
BROWN, §.
FUNKHOUSER, E. F.
FLEMING, J. P.
GANNON, J. W.
HAIR, R. B., Jr.
HOFFMANN, E. H.
HOOVER, R. A.
MOFFAT, R. J.
C'CONNOR, G. V., Jr.
PERROTTI, D. J.
PERSELL, H. L.
PLICHTA, R. T.
RAMSEY, M. E.
RAY, J. E.

REED, C. E.
ROBERTSON, J. E.
ROBSON, R. J.
WHITEMAN, R. J.

SUMMER SUFPPORT

ASHENDEN, M. C., Jr.
BENEFIEL, A. D.
BLAKE, J. A., Jr.
GABERLEIN, W. E.
GARLAND, R. A.
GROOVER, E. D.
HAMBY, E. C., Jr.
HATFIELD, L. D.
McGREGOR, L. G.
ORR, J. J.

PAGE, L. D.
RICCIO, T. J.
SCHLOREDT, J. L,

STANFIELD, W. D., Jr.

LT, CEC, USN OQfficer in Charge
ENS, CEC, USN Plant Superintendent

SP3
HM2
EQC
HMC
8SP3
CECS
EOC
5K2
CE1l
CEl
CEC
CEC
SP6
HM1
HM1
CcMC
CEC
CEC
CECS
CEW2
UTCS

CEGC
SK1
CEC
CEC
CEl
EOL
SWCS
YN2
CELl
HM1
5FC
CETZ2
CEl
CEC

ae
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CREW VI Personnel, DEEP FREEZE 67

WINTER-QVER

DONOVAN, L. K.
MILLER, H. W.
ALLARA, V. C.
BARTLEY, J. D.
BERKOWITZ, R. J.
BLACK, A. K.
BLESS, J. W.
BONTEMPQ, J. E.
CARSON, G. A.
COBB, R. O.
CROWSON, F. R.
DOOLEY, J. E.
ERICKSON, D. L.
HEINRICHS, R. J.
HOLMES, W. A.

JAKULEWICZ, €. 8.

JOHNSON, J. E.
KRUPA, J. E.
LINN, P. E.
MONOHAN, M. L.
NELSON, D. E.
ORR, J. J.
POLLOCK, H. W.
RICCIO, T. J.
TWITTY, D. L.

SUMMER SUPPORT

ASHENDEN, M. C., Jr.

BENEFIEL, A. D.
BROBERG, J. G.
CAVANAUGH, R. F.

ESLICK, R. W.
EVANS, T. R.
FINE, M. L.
FORT, R. E.

JENNINGS, M. L.
McGREGOR, L. G.
MILLER, G. J.
SCHLOREDT, J. L.
WoOD, R. A.
WYLIE, J. D.

LCDR, CEC, USK
LTJG, CEC, USN
SP6

CECS

UT1

CEC

HM2

SP5

CEC

CEl

SFC

HM1

HM1

EQCM

CMCS

cMl

CEC

SFC

WOl, CEC, USN
CEl

SKC

HMC

CECS

CET2

HMCS

CEC

5KC

HMCS

CHM1

CE1l

UTCS

UTE3

wol, CEC, USN
YR2

CEC

CEC
CEl -

orl

cwo2, CEC, USX

Officer in Charge
Plant Superintendent *

= x
ES *
* *
= *
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CREW VII Personnel, DEEP FREEZE &8

WINTER-OVER

KOHLER, A. D., Jr.
SWINFORD, H. D.
ALEXANDER, R. F.
BROBERG, J. G.

CLARK, W. P.
DAVISON, T. R.
DEWEES, B. V.

ESLICK, R. W.
FORNEL, P. E., Jr.
GABERLEIN, W. E.
GLOSS, D. R.
GROOVER, E. D.
HAUGH, J. R.
MAGEE, H. J.
MARKES, J. A.
McDUFFEE, J. W.
McNEISH, R. I.
METCALF, C. B.
RANDALL, J. A.
SCHILE, Go Dc
SCHNABEL, J. G.
SMITH, H. C.
WOOD, R. 4.
YELLE, L. G.

SUMMER SUPPQRT

ASHENDEN, M. C., Jr.

BROOKS, W. M.
GARDNER, K. A.
HILSABECK, W. G.
HOUSEL, M. D,
MARTIN, D. K.
McCANN, J. M.
MeGREGOR, L. G.
MERCIEZ, W. R.
SINGLETERRY, D. G.
SMITH, D. L.
SWARTZ, R. D.
WRIGLEY, R. K.
ZIMMERMAN, J. L.

LCDR, CEC, USN Cfficer in Charge

LTJG, CEC, USN Plant Superintendent *

CEC
HMCS
CEC
CEl
CEC
CEl
5P6
CEC
SP6
EOCG
HMC
HM1
CEC
HM]
SK1
CEl
CMCS
a3
CEC
EOCS
CEl
8P6

CEC
CEl
UT1
CW02, CEC, USN
oMe
$SGT
UTC
CEC
EO1
CETCN
UT1
SK1
PN3
cM1

2.4
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CREW VIII Personnel, DEEP FREEZE 69

WINTER-QVER

KURTZ, J. P.
MILLER, G. J.
ASHER, B. F.
BARCUS, C. K.
BUCHANAN, R. J.
CAVANAUGH, R. F.
CHEEK, L. V.
DORCHUCK, R. E.
ELDLED, D. T.
GARLAND, R. A.
HALES, H. L.
IRVINE, A. L.
LAW, G. L.
MILLER, F. P.
PACE, H. C.
PUTMAN, D. W.
SCHLOREDT, J. L.
SWARTZ, K.
SIMMONS, J. 4.
SMITH, R. M.
TATE, 4. C.
VIOLETTE, R. E.
WARD, C. A.
WERNER, M. R.
YOUNG, D. L.

SUMMER SUPPORT

BUNCH, D. C.
DUHN, E. D.
FLEMING, J. P.
HARRIS, R. V.
HILSABECK, W. G.
HOUSEL, M. D.
MELEE, T. R.
REUTTER, R. E.
ROETTGER, G. G.

LCDR, CEC, USN Officer in Charge

CWO2, CEC, LSN
CECS
SP6
SPS
cM1
CEl
CMCS
EOC
CECS
SFC
CEC
W0l, CEC, USN
HMC
UT1
CEC
CEC
SK1
Swl
HMC
BMC
SFC
CEC
uTC
HMC

CE3
SFC
CEC
PN3

Plant Superintendent

»>

*

W02, CEC, USN @

UTc
CECS
CECS
HM1



CREW 1X Personnel, DEEP FREEZE 70

WINTER-QVER

REYNOLDS, R. R.
FORT, R. E,
BINGHAM, R. E.
BRANDON, J. L.
BROOKS, W. M.

CAISON, L. H.
COX, R.

GARDNER; K. A.
GUESS, T.

MALCOM, D. E.
MELEE, T. R.
MERCIEZ, W. R.
PRICE, G. L.

REED, C. E.
ROBERTSON, J. E.
ROBSON, R. J.
ROETTGER, G. G.
ROGERS, B. W.
SINGLETERRY, D. G.
SMITH, D. L.

STRICKLIN, H. L.
WHITEMAN, R. J.
WILLIAMS, J. L.
WINKLEY, D, A.
ZIMMERMAN, J. L,

SUMMER SUPPORT

BARRETT, B. F.
DUSEK, L. G.
FINLAW, D. F.

GROOVER, J. A.

HOUSEL, M. D.
KUKI, C. H.
LOEBS, C. A.

MeCORMICK, T. D.
SELMONT, R. M.

LCDR, CEC, USN Officer in Charge
CW02, CEC, USN Plant Superintendent *
HM1 *
HM1

CEC

SFC

CECS

UTC *
SK1

SFC

CECS

EOC

CE2

CECS *
CECS %*
CEC . #*
ML

HMGC

CE2

UTC

5FC

UTCS *
CM1

UTl

Mt

Sw3
N2
CE2
EOL
CMC - @
SP6
Ur2
SFC
SFC

L)
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CREW X Personnel, DEEP FREEZE 71

WINTER-QVER

ARCUNI, a. A.
LINN, P. E.
ANDERSOX, R. F.
ANDREWS, D. L.
ASHENDEN, M. C.
BOST, R. R., Jr.
CLOPTON, R. L.

CLOVER, W. B., Jr.

COBE, R. O.

DOZIER, R. E., Jr.

DULANEY, J. D.
GOODFIELD, M. C.
GROOVER, J. A.
HARVEY, P. A.
HINCJOSA, R. A.
JAKULEWICZ, C. S.
KLETT, T. F.
MILLER, F. P.
NEWMAN, E. W.
OBEY, R. H.
0'CONNOR, A. C.
POLLOCK, H. W.
SCHWEIBINZ, E. R.
SISK, W. 4., Jr.
STRAWBRIDGE, L. R.

SUMMER SUFPORT

BRANDT, B. K.
BURT, C. R.
BUSHALL, W.
CARSON, G. A.
FLETCHER, D. L.
GROOVER, E. D.
KERSHNER, M. J.
LOEBS, C. A.
NEFF, D. B.
REEVES, B. G.
SYKES, T. P.
WOOD, R. A.

LGDR, CEC, USW OZ

ficer in Charge

CW02, CEC, USK Plant Superintendent *¥

ml
HMC
CECS
EO2
SK1
UT2
CEC
SW2
HMC
SFC
EQL
TSGT
SFC
CMC
TSGT
HMC
CEl
CEC
CE2
UTCM
CEl
CELl
EO2

yTC
CMC
CE2
CEC
CE2
EQC
CE3
UT2
PN3
T3

UT1
CEl

*

*k
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CREW XI Personnel, DEEP FREEZE 72

WINTER~OVER

BOHNING, L. R.
DORCHUCK, R. E.
BARRETT, B. F.
BLAKELY, C. R.
BRANDT, B. K.
BUTLER, R. N.
CODY, D. J.
CONWAY, R. H.
ERICKSON, D. L.
FINLAW, D. F.
GROOVER, £. D.
JONES, E. T., Ir.
JONES, G. M.
MACWATTERS, R. H.
MAINES, R. E.
McGRECOR, L. G.
PARCEL, J. E.
REEVES, B. G.
REUTTER, R. E.
SAPHORE, V. C.
SYKES, T. P.
TALBERT, R. N.
WAHLMAN, K. M.
WESTERFIELD W. M.
WOOLDRIDGE, J. D.

SUMMER SUPPORT

EAST, L. G.
FLETCHER, D. L.
GALLAGHER, W. C.
GARLAND, R. A.
HARDING, J. N.
HORNA, D. A.
LOEBS, C. A.
McCARTY, D, A.
MONK, L. B.

NEFF, D. B.
SCHNABEL, John G.
SHADDIX, E. K.
TAYLOR, R.

WENTZ E. D.

YUNA, W. R.

LT, CEC, USN Officer in Charge
EQCM Plant Superintendent
52
CE2
UTC
S5K1
HM1
UT1
HMC
CE2
EOCSs
HMC
HM1
CE2
MSGT
CEC
Ur2
UT2
CECS
SFC
UTrl
SWl
SPé
CcM2
CE!}

SWl
CE2
M2
CECS
EQlL
SPe
Ur2
SFC
SFC
BN2
CECS
CEl
SEFC
5P6
SFC

D-11
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CREW XII Personnel, DEEP FREEZE 73

WINTER-OVER

SCHLOREDT, J.
BAKER, B.
BUSHALL, W.
CAVANAUGH, R.
DELONG, D. L.
EAST, L.
MARQUEZ, J. J.
MERCER, H. M.
MILLER, F. P.
ORR, J. J.

=

]
-

STRAWBRIDGE, L. R.

WELLS, D. H.

CECS Officer inm Crarge (Acting)
CE2
CE2
CM1
EOC
SW1
CEl
M1
MG
HMC
EOL
SP5>

%k

%

PERSONNEL SCHEDULED TO WINTER-OVER WHO RETURNED I0 THE UNITED STATES

AT THE END OF THE AUSTRAL SUMMER DUE TO PLANT CONDITIONS.

CRANE, T. C.
DUBAY, R. M.
ASHER, B. F.
CARR, R. A.
ELDRED, D. T.
FLYNN, D. F.
GALLAGHER, W. C.
GOUGH, D. T.
HARDING, J. F.
J0Z34, J. J.
ROBSON, R. J.
RUMBAUGH, R. M.
TURNIDGE, R. D.

SUMMER SUPPORT

ALEXANDER, R. F.

DUHN, E. D.
GRAFF, T. L.
HALE, R. C.

McCARTER, I. D.
OWINGS, C. M.
RODGERS, D. B.
SMITH, D. L.
SNYDER, T. P.
WORKMAN, M. W.
YEAZLE, C. E.
ZIMMERMAK, J. L.

LCDR, CEC, USN Officer in Charge
CWo3, CEC, USN Plant Superintendent
CECS

SP6

EQCS

CMC

CcM2

SP6

EQL

HM2

CEC

SK1

SP5

CECS
SFC
SP5
CM1
EQ2
SP6
uT3
gTc
5P6
PN3

CEl
cMe

p-12
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Crew XIII Personnel DEEP FREEZE 74

COX, R.
CONLEY, D. B.
DUPALO, R. J.
McCARTER, I. D.
PFARR, G. K.
SMITH, R, M.
YEAZLE, C. E.
ZIMMERMAN, J. L.

UTCH Officer in Charge (Acting) *

CE2
EOL
EQ2
2
HMC
CEl
CMC

Decommissioning Crew I 1973-74

CRANE, T. cC,
RENZETTI, J. L.
ASHER, B. F.
BROWN, C. L.
CHYZ, D. H.
CRAWFORD, H. W.
ELDRED, D. T.
ELLIS, D. F.
GALLAGHER, W. C.
GARDNER, K. A.
GREEN, W. D.
HARDING, J. ¥,
JAKULEWICZ, C. s,
JODWAY, L. W.
JONES, E. N.
JOZsa, J. J.
LASSO, R. E.
MACY, G. J.
PRICE, G. L.
ROBERTS, R.
ROBSON, R. J.
RODGERS, D. B.
ROETTGER, G. G,
RUSSELL, J. W.
8IMs, J. R.
TATE, A. C.
TURNIDGE, R. D.
WYLIE, J. D.

LCDR, CEC, USN Ofricer in Charge
LCDR, CEC, LSy
CECS

CEl

CE2

5K1

EOCS

CE2

M2

UTC

CcM1l

EOC

CMC

CE2

EQ2

HM2

CEL

SW1l

CEl

M1

CEC

UT2

HM1

U7l

HM2

S

SP5

W03, CEC, tsy

Decommissioning Crew II 1974-75

FILSON, John V.
BROWN, C. L.
BUTLER, R. N,
DIETRICH, J. G.
DUPALC, R. J.

LT, CEC, USY 0fficer in Charge
CEl
SKC
HMC
LTl

D-13
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E 15. Decommissioning Crew I1 1974-75 (Continued)
. ELLIS, D. F. CELl @
k GARDNER, K. A. UTCS @
GREEN ®. D. CMC e
y HALE, R. C. CM1
E JODWAY, L. W. CEl @
JOHNSON, J. §. BU2
JONES, E. T., Jr. HMCS
E LYONS, W. T. M1
MACY, G. J. SW1 @
PILAR, M. B. EA2
i ROBERTS, J. R. M2
E ROETTGER, G. G. j313( @g
ROGERS, B. C. HMC
_ ROGERS, D. B. UT2 ea
E RUSSELL, J. W. UTl @
SIMS, J. R. HM1 @
_ WYLIE, J. D. CW03, CEC, USN ag
E 16. Decommissioning Crew III 1975-76
- FILSON, J. V. LT, CEC, USN Officer in Charge @
E CARL, R. G. HM1
DIETRICH, J. G. HMC @
) DOIG, S. W. CM1
E DUPALO, R. J. UT1 @
GARRETT, J. P. CEl
JOHNSON, J. S. 3U1 @
E MeDANIEL, J. R. HMCS
; MORRIS, G. A. E02
MORRIS, W. J. C1v
. PEREZ, J. F. CEl
E PILAR, M. B. EA2 f
POSTON, R. ¥. CMC
ROBERTS, M. G. cM2
ROETTGER, G. G. HMC _ @ea
ROGERS, B. W. HMC @
TREVINO, LA. Q. M2
ﬁ WISE, R. HM1
17. Decommissioning Crew IV 1976~77
E McDANIEL, J. R. HMCS (Acting CIC QOct-Dec 76) @
JOHANNESMEYER, <. A. LCDR, CEC, USN {fficer in Charge (Jan-~Feb 77}
BEECHER, D. L. HM2
E CARL, R. G. HM1 (Oct 76)(Jaz-Teb 77) @
_ FARLEY, G. W. PNSN
JONES, G. . HMC (Jan-Feb 77
] MORRIS, G. A. EO1 €
% ROBERTS, J. R. €Ml €
E D-14



17. Decommissioning Crew IV 1978=77 {(Continued)

ROBERTS, M. G.
STANDIFER, M. S.

CMl (Jan-Feb 77)
CE2 (Jan~Feb 77)

L§. Decommissionigg_prew Vv 1977-78

JOHANNESMEYER, C. 4.
JONES, G. V.
FOSTER, Y. E.

++ BRISTER, D. D.
BEECHER, D. L.
CAVANAUGH, R. F.
DERLEY, D. E.

+ FRICK, §. D.

+ IMHOFF, J. M.
KLUENDER, R. L.

++ SHILTS, J. R.
TALBERT, R. N.

+ TORO, G. W.

++ ZORN, K. R.

~ Volunzeer from MMCB-5
*+ Volunteer from NMCB~40

LCDR, CEC, USN (OIC Oct-Nov 77)
HMC (Acting OIC Nov~Dec in
LT, CEC, USN (0OIC Jan=Feb 78)
EO3 (Jan-Feb 78)

HM?2

CMC (Cct~NOV 77)

CMC (Jan-Feb 78)

EOCN (Oct-Nov 77)

EQ3 (Jan-Feb 78)

CE1l (Jan-Febd 78)

E0J3 (JAN-Feb 78)

SWl (Cer-Nov 78)

E03 (Oct-Nov 78)

EQ3 (Jan-Fed 78)

=i
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Decommissioning Crew VI

1378-79

FOSTER, M. E.
MORRISON, W. A.
BALZ, J. E.
BUTLER, L. A.
CARL, R. G.
DUTILE, G. A.
FRANK, R. J.
GARY, T. L.
JANES, F. B.
JONES, G. M.
LARSON, L. C.
MAGNUSON, B. R.
ROSEN, A. J.
WEIMAN, R. D.

Volunteer from MCB-5

LT, CEC, USN (0IC Oct—Dec 78)
LTJG, CEC, USN {(QIC Feb 79)
SW3 (Oct-Dec 78)

SW3  (Oct~Dec 78)

HMC (Jan~Feb 79)

CM3  (Qct-Dec 78)

HM: (Oct~Dec 78)

SWCN (0OCT-Dec 78)

BUCH (Oct=Dee 78)

HMC (Oct-Nov 78)

ml (Oct-Dec 78)

BU3 (Oct-Dec 78)

EQ2 (Oct-Dec 78B)

E03 (QOct-Dec 78)
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PM=-3A NUCLEAR POWER PLANT TRITIUM CONTROL, MONITORING AND KELEASE

I, INTRODUCTION

The phenomena of tritium generation in some nuclear power plants has been
recognized for many years. Studies performed at heavy water (deuterium) mod-
erated and boiling water reactors established tritium generation rates for
these type plants as early as 1956.¢1)  1q contrast, very little tritiunm
work was done on light water moderated pressurized wiater reacters. Plant
designs for this type of reactor with the exception of the PM plants invari-
ably ipcluded an adequate supply of uncontaminated water for the dilutior of
plant effluents contaminated with radioisotopes.(z) Tritium concentrations
in these effluents are normally discharged in the same manner without exceed-

ing the Maximum Permissible Concentrations in Water (MPCw) specified in con-
trolling regulations,{(3)

The detection and measurement of the tritium concentrations found ip the
effluents of nuclear reactors is difficult. The higher energy beta particles
from the decay of fission and corrosion products mask the extremely low energy
(.018 MEV) beta decay of tritium.(A) With the advent of more sophisticated

equipment in the early 1960's, tritium counting became feasible. 5) Some
unknown problems were discovered,

One of the first problems to be recognized was the presence of tritium
activities, well above the occupational exposure MPC, in the plant systems at
the PM-3A Nuclear Power Plant, McMurdo Station, Antarctica. This report sum-
marizes the history of the tritium problem at the PM~3A, the actiom taken to

regolve that problem and the progress towards a final solutionm to the control,
monitering, and release of tritium at the PM-3A,

ITI., PM TYPE PLANT TRITIUM PROBLEMS

A. In the late 1930's a compact, air transportable nuclear power plant
design for military use was completed under the joint auspices of the United
States Atomic Energy Commission and the United States Army nuclear Power
Program. The prototype plant (PM-1) was installed at the U, S. Air Force,
731st Radar Squadron (ADC), Sundance, Wyoming in 1961-b2, to supply site heat
and electricity., The first field plant of this type (PM=2A) was installed on
the Greenland icecap in snow tunnels to power the Army's Camp Century. 1t has
since been dismantled due to curtailment of the Camp Century mission. The
second field plant (PM-3A) was iustalled at McMurdo Station, Antarctica to
supply the base electrical load.{®) Both EM-1 and PM-3a design deficiencies
delayed reliable power production until 1965.

B. The PM-1 and PN-3A were designed to operate with a minimum requirement
for system make~up—~water as a result of treatment and reuse of decontaminated
plant water.(8) Routine analysis of water samples returned to the United
States from the PM-3A in late 1963 revealed that tritium activities in thea
rrimary c?8§ant and shield water were well above the MFC's for occupational
exposure. Additional samples were obtained from both PM type plants and
analyses of the sawples confirmed the presence of tritium in both plant
systems. (1)



C. The Atomic Energy Commission recognized the existence of g tritium
problem and at the request of the Navy, the New York Operations Office of the
AEC acted to procure modern tritium detection equipment for use at che
Pu-34(12) (13§ {14) and funded an investigation of tritium generation
and release in the PM type nuclear power plants.{1l5) The contract for this
investigation was awarded to the Battelle Memorial Institute, Columbus, Uhio
with the PM-3A designated as the pilot plant for the program.

D. A review of the tritium levels in the primary coolant of other indua-
trial and Army Nuclear Power Program pressurized water reactors disclosed that
tritium generation was occurring in all reactors of this type, and that the
tritium generation rate was a function of uranium fissions.¢16) Release of
tritium was not presenting a problem for these other reactors, since they all
were designed with sufficient supplies of untritiated water for dilution of
other contaminated effluents to below MPC,.

E. The Battelle Memorial Institute completed the investigation ou tritium
generation and release in PM type Nuclear Power Plants in 1966.417)  Their
study revealed that the major source of tritium generation was ternary fissiom
in the fuel and subsequent diffusion through the cladding into the primary
coolant. The tritium then migrated into all plant systems by leakage to the
shield water or by the reuse of decontaminated plant water as makeup. The
evaporation and demineralization processes used to decountaminate water imn the
PM type plants do not remove the tritium because the Eritium atom, is an iso-
. tope of hydrogen in water. Therefore, continual reuse of this wvater con-
centrates the tritium in certain plant systems. Potential radiological health
hazards were calculated for various methods of handling plant wastes and
Battelle Memorial Institute made the following recommendations as the most
practical and economical solutions for each plant.

PM~l - Periodically remove tritiated water from the plant site by AEC
licensed contractor at a cost of approximately $1.40 per gallon.

PM-3A - Discharge the tritiated water to a restricted area where it can
Ireeze and sublime to the atmosphere at a concentraticn safe for release to
unrestricted areas.

III. TRITIUM CONTROL A1 THE PM-3A

A. Uperation of a Nuclear Power Plant in antarctica requires compliance
with the provisions of the Antarctica Treaty which governs the purposes and
principles by which Antarctic research ana development is carried out by che
signatory nations.(18) This Treaty speciiied that the Antarctic will not be
used as a dumping ground for radiocactive waste. The requirements for opera-—
tion of a Nuclear Power Plant in the Antarctic were amplitiea by che National
Science Foundation (1%} o preclude the release of materials chat would
increase the background radicactivity in the lithosphere, hydrosphere or bio-
sphere by wmore than 10 percent. During the first two years of reactor opera-
tions, plant effluent was discharged without monitoring for tritium concen-
trations. At this stage of pressurized water reactor development, tritium
generation had not been recognized as a signficant problem and no such precau—
tions were included in the raciochemical monitoring program. All plant
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effluents were monitored and discharged by the AEC contractor in aceordance
with activity level restrictions incorporated in the AEC approved PM-3A Health
Physice Manual. 20 Upon assuming operaticnal control of the PM~3A for the
Navy in 1964, the Naval Facilities Engineering Command, in the absence of a
definition of "radiocactive wastes' adopted the limitations specitied in Title
10, C?de of Federal Regulations, Part 20 for release to an unrestrictea

area. (21)

B. After crnfirmation of high tritium concentrations in the plant systems
in late 1964, several changes were made in the PN-3A operating procedures and
a thorough investigation of the tritium levels present in each plant system
was iniriated. At the same time, the U. S. Naval Nuclear Power Unit, Fort
Belveoir, Virginia, initiated an independent study of the PM-34 tritium problew
in cooperation with the Engineering Department of the Army Nuclear Power Fieid
Office.(22) Baged upon the findings of this study ‘Z3) and PM-34 plant
experience, an interim progra? c§ tritiated water contrcl was formulated by
the Naval Nuclear Power Unit 24) and approved by the Naval Facilities

Engineering Command., *2%)  The principle operations of this interiwm program
were:

1. The PM—3A secondary system was drained and refillea with untritiated
water.

2. Makeup to the secondary system using treatea effluent from the
Radiocactive Waste Disposal System was discontinued.

3. All pertinent plant systems were routinely monitored for tritium
activity.

4. The glacier area was aeclares a restricted area and approaches to this
area were posted with appropriate signs.

5. The total volume of water and the total microcuries of tritium that
the plant released were monitored on a weekly basis to insure the concen-
tration of tritium in the glacier did not exceed the MPC,, for a restrictea
area,

C. These changes in plant operation were based on the best available
information on plant water usage. During the latter part of 1965 and 1966 the
PM-3A was at power over 704 of the time allowing the tritium levels of various
plant systems and the plant effluent rate to become stablized. It became
apparent that some changes might be required to the control prograw caused by
the volumetric increases in plant }iquid release and longer sustained power
runs at increased power levels.

D. Prior to the 1966~1967 austral summer, the glacier formed by the
liquid releases from the PM-3A had been observed to disappear during the aus-
tral summers without observable runoff of the melted ice. It was concluaed
that the glacier was being reduced by & combination of sublimation and surface
evaporation. Calculations for this mode of release demonstrated that the
tritium concentration released by this wmechanism would be less than the MPC
for airborne tritium (MPCa) in an unrestricted area at a glacier tritium



concentration equal to the restricted area MPCw.(27) pm-3a records verified
that the tritiuvm concentration in the water dumped te the glacier had
increased at sustained high power level operations and then leveled out at a
maximum activity less than the restricted area MPCw when averaged on an annual
basis. Based on the above data and observations, plus the results of the
Battele Memorial Imstitute investigation, continued release of plant vater to
the glacier with annual averaging of the tritium content was autlorized by the
Naval Facilities Engineering Command provided a downhill sampling program was
initiated to support the EMI study, {2

IV, TRITIUM RUNQFF

A. Early in the 1%66-67 summer season an intensive tritium monitoring
program of the pglacier and its possible runoff route was initiated, The
primary purpose of this program was to Prove or disprove the total tritium
glacier sublimation theory. The results of this program, (2%) determined
that the PM-3A glacier sublimates at temperatures near and below 320F, but
melts and runs off down the natural drainage through and into the sea when
melting occurs during extended warm periods of the summer when ambient temper-
ature gets above 329F, This runcff is partially channeled underground,
above the permafrost among the loose volcanic rocks on the side of Observation
Hill, it is not visible except during prolonged periods above freezing temper-
atures. Gross beta and gamma spectral analysis of samples taken below the
glacier cercified that fission and corrosion product activities were below
unrestricted area isotopic MPCw's during periods of naximum runoff, This

tritiated water runoff is eventually infinitely diluted in the Ross Sea. ’

B. The following calculations are Presented In support of current opera-
tions,

1. Tke tririum concentration of water released to the glacier 1s less
than or equal to 0.04 uci/cc based on a survey of 1%66 plant statistics,
Numerous samples taken from the glacier have verified this vpper limit, ThLe
specific volume of water in changing from a solid or liquld to a saturated
vapor i1s increased by a factor of 2 x 105. Thus the maximum concentration
of tritium in water vapor just above the glacier surface or above any liquid
runoff is 2 x 107 uci/cec which is the MPCa for tritium in an unrestricted
area, Alr movement across ice and water surfaces greatly dilutes Lhls concen-
tration at the head level of a standing person. Thus no airborne health
hazard due to tritium exists for continuous personnel occupancy of the glacier
reglon or {its runoff path.

2. The MPCw for tritium in unrestricted areas 1is 6.003 veifce. This
limit may be relaxed according te 10 CFR 20,106 when a licensee demonstrates
that: (a) a reasonable effort hLas been made to minimize the radicactivity
contained in effluents to unrestricted areas: and (b) that it is not likely
that radioactive material discharged in the effluent would result in the
exposure of an individual to cencentrations exceeding the MFC of 0,003
uci/ecc. The basis for MPC's in water for unrestricted areas is a continuing
dally water intake of 1100 ml during the 8-hour work aay plus 1i00 ml off the
job over a 50 year period,(30) rThe glacier rumoff path is through an
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unoccupied region on the opposite side of the PM-3A complex from MchMurdo
Station and is rarely, if ever, traversed by Navy or scientific perseoncel,

The maximum occupancy of the region has been by PM-3A health physics personnel
taking water and ice samples and is conservatively estimated to be less than
5C hours in one vear for any one individual., It can be positively stated that
there has been no liquid intake of gully water by PM-3A health physics person-
nel. The possibility that any other personnel at McMurdo Station have or will
drink any water directly from this gully is extremely unlikely due to its
location, the fact that the majority of the flow is among loose rocks, and the
limitations placed on personnel movement outside the confines of the station.
Averaged over one year, an Individual would have to consume 30 liters of water
directly from the point of highest tritium concentration in the gully to
approach the maximum permissible intake. The probability of this occurring
can be considered so low as to be not credible, Upon reaching the base of
Observation Hill, the glacial yunoff enters McMurdo Sound where it 1s infip—
itely diluted by the Ross Sea water,

3. The only physicel problem actually created by the above background
tritium concentrations in the gully would arise if a scientific sample were
taken from the area and the increased tritium activity levels were not antici-
pated by the scientist, This would mean that this small region should not be
used as a sampling area for background determinations.

V. CONCLUSIONS

Operation of the PM—-3A has added te a small, uncccupied gully, water con-
taining tritium concentrations slightly above MPCw for unréstricted areas.
This condition has probably existed for several years. No corrosion or
fission products have been detected in the gully above MPC for unrestricted
areas. There is no radiological health problem now or is one anticipated in
the future. Strict control over water released from the PM-3A is waintained
to ingure tritium concentrations are within the bounds discussed in this
report and future year's should be very similar to 1966 operations. The
runoff path from the glacier is contained between the FM-3A complex and its
point of infinite dilution in the Ross Sea. Nc Iinfluence on the ecology or
environment of the Antarctic continent or scientific endeavors is apparent or
anticipated. No violation of the Antarctic Treaty has occurred in the past or
will ocecur during continued operations when interpreted within the established
regulations of 10 CFR 20.
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Department with enclosures dated 22 May 1964

"Problem 'C', PM-3A Chemistry-Tritium", USAERG Contract
DA-44-009-AMC-547

U. S. Naval Nuclear Power Unit letter, ser 350, to Chief, Bureau of
Yards and Docks, Code 41,300, dated 29 April 1965

Bureau of Yards and Docks -~ Code 41,300 letter, ser 719, to 0OIC Naval
Nuclear Power Unit, dated & April 1966

U. 8. Naval Nuclear Power Unit Detachment McMurdo message G20310Z to
U. S. Naval Nuclear Power Unit of 2 May 1966

U. 5. Naval Nuclear Power Unit letter, ser 414 to Naval Facilities
Engineering Command dated 7 June 1966

Naval Facilities Engineering Command Code 42, letter ser 934, to U, S.
Raval Nuclear Fower Unit dated 16 August 1966

U. S. Naval Nuclear Power Unit Detachment McMurdo letter, ser 5S4, to
U. S. Naval Nuclear Fower Unit, dated 28 Dec 1966

National Bureau of Standards Handbook 69, Maximum Permissible Body
Burdens and Maximum Permiscible Concentrations of Radionuclides im Air
and in Water for QOccupational Exposure.






OPERATING HISTORY




12 Mar 64

27 May 64

Al Jun 64

06 Jun 64

07 Jun 64

10-18 Jun

18 Jun 64

18~27 Jun

28 Jun -
01 Jul 64

01 Jul 64

01=11 Jul

Ll Jul 64

64

64

64

APPENDIX F
OPERATING HISTORY

Plant was placed in custody of the V.S. Navy in a shutdown
waintenance status pending the resolution of safety problems.

Navy operation authorized for test and evaluation.

Precritical tests completed and reactar brought critical for
core physics tests.

Transient noise problems encountered in scram circuitry
causing spurious plant scrams, PM-3A Operating Report #1;
Malfunetions 64-27, 64-28, 64-29 and 64-30.

Completed core physics tests and proceeded to power operations.

Plant initially pilcked up McMurdo Station heater load;
however, plant operations were eventually limited to carrying
plant load. Transients in reactor outlet temparature scram
circuitry prevented assumption of McMurdo Station load. PM~
JA Operating Report Number L; Malfunctions 64-32, 64-33, &4-
34, 64-35, 64-36, 64-37, 64~38 and 64-39.

Transient problems temporarily relisved by installation of
capaciters and switches on output of high reactor outlet
temperature scram bistables.

Plant carried McMurdo Station load for 205 hours of 240 hours
total. Three unscheduled scrams occurred during this time
frame. In order of occurrence they were caused by (a)
Transients due to switching ops and testing ops at control
console (Malfunction Report #63-29), (b) Condenser freezing
due to leaking steam valve (Malfuncticn Report #64-42), (<)
Primary coolant pump low delta pressure when feedwater puap
was turned on with the plant on Cat Diesel

{(Malfunction Report #64-413).

Plant carried McMurdo Station load.
Reactor scrammed during bistable dri‘t tests.

to power nine hours after scram.
Number 2; Malfunction 654-44.

Plant returned
PM-3A Operating Report

Plant carried McMurdo Station load.

Reactor scrammed during scram logic tests.
Lo power nine hours after scram.
Number 2; Malfunction 64-45.

Plant returnead
PH-3A Operating Report
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11-153 Jul

15 Jul 64

15-20 Jul

20-21 Jul

22-29 Jul

29 Jul -
04 Aug 6&

04-08 Aug

08 Aug 64

09-17 Aug

18 Aug 64

19-20 Aug

20-22 Aug

22 Aug 64

64

64

64

64

64

64

64

Plant carried McMurdo Station load.

Reactor scrammed during scram logic tests and was returned to
a reactor critical status in one hour. A second reactor scram
occurred due to transient low primary cooslant pump power while
placing condenser fan in operation. Plant returned to power
within eight hours of initial scram. P-3A Opevating Report
Number 2; Malfunctions 64-46 and 64-37.

Plant carried McMurdo Station load.

Scheduled plant shutdown for malntenance and modification to
the condensate system, nuclear instrumentation circuits,
containment cooler fans, pressurizer heaters and many minor
items.

Plant carried McMurde Station load.

Plant shutdown by manual scram due to pressurizer heater
failure. PM-3A Operating Report Number 2, Malfunction 64-48.

Plant carried McMurdo Station load.

Reactor scrammed due to faulty containment pressure switch.
Plant returned to power 12 hours after scram. PM-3A Operating
Report Number 3; Malfunction 64-~49.

Plant carried McMurdo Staticn load.

A transient induced by switching channsi 3 into test position
caused the reactor to scram while preparing for a planned
shutdown to change resins in the primary demineralizer. PM-
34 Operating Report Number 3; Malfunction 64-31.

Plant shutdown for primary demineralizer resin change since
chemistry data indicated a continued upward tremd 1in the
iodine activity level of the primary coolant. This anomaly
was caused by a small fuel cladding defect resulting in the
release of fission products to the coolant. BUDOCKS granted
permission to temporarily increase the operating limit from
0.1 to 1 uCi/ecc iodine. PM-3A Operatinz Report Number 3;
Malfunction 64-50.

Plant carried McMurdo Station load.

Reactor scrammed when containment pressure switch was disturbed.

A second scram occurred during startup in the intermediate
range when the condenser fan was energized in the reverse

direction and a low electrical power frequency resulted.
Plant returned to power im 13 hours, I minutes after initiel
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23 Aug 64

23 Aug -
C4 Sep 64

04 Sep 64

04-07 Sep b4

08-11 Sep 64

11 Sep 64

11-13 Sep 64

l4 Zep -
0% Oct 64

09 Oct 64

09-26 Oct 64

26-31 Oct 54

scraz. PM-3A Operating Report Number 3: Malfunctions 64-52
al'ld é—_530

Reactor scrammed due to tramsients in instruxentation.
Proba>le cause was broken lead in PC pump 20wWar converter.
Plan: vas at power for 6.5 hours preceeding the scram and
returced to power 8.5 hours after the scra= occurred. PM-3A
Operating Report Number 3; Malfunction 63-5=,

Plan: carried MeMurdo Station load.

Plant shutdown for partial flush of the pri-ary systen,
deminzralizer resin change and circulation to cleanup the
Primary waters due to high Primary system iodine. In
addition, the reagtor scrammed while transferring plant
electrical load te the auxiliary diesel generator during the
planned shutdown. Scram was due to low power to primary
coolant pump caused by frequency and voltage transients during
load transfer to the auxiliary diesel generator. PM-3A
Operating Report Number &; Malfunctions 6+=35 and 64-356.

Plant down for replacement of source range detectors. Moisture
penetration through faulty cable coverings on channel numbers

1 and 2 source range detectors caused thex to fail., The

plant was in shutdown condition when failure was detected.
During this same time frame plant vas wanually scrammed

due to the failure of control rod number 3 hold current

power stage caused by a loose ground connection. PM-3A
Operating Report Number 4; Malfunctions 64-37 and 64-58.

Plant carried MeMurdo Station load.

Reactor manually scrammed due to the loss o7 control rod number
3 while at pawer. Failure was caused by the burnout of a

wrong size resistor in the initial replacanant of the

powar stage module.

Failure of source range detector numbers . and 2 discovered
while plant was in down status. Cause was atrributed to
ageinz on the shelf during storage.

Plant zarried McHurde Station load.

Plant dropped load for less than two hours
training.

by

or Crew IV

Plan: carried McMurdo Station load.
Plant shutdown for source range detector ra22licement, nuclear
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31 Oct 64

01 Nov b4

01-04 Nov

04-07 Nov

08 Nov 54

08-11 Nov

11-13 ¥Now

13 Nov 64

14=19 XNov

20 Nov o4

&4

04

64

64

jnstrumentation testing, primary and shield water deminerali-
izer resin changes and Crew IV training. The changing of

the source range detector was due to a poor voltage plateaun
baing produced by the previous BF3 detector. PM-3A Operating
Report Number 5, Malfunctions 64-59, 64-70 and 64-71.

Reactor brought eritical and plant load carried.

Reactor scrammed during planned shutdown for training due to
a switching transient. A second reactor scram occurred due
to a test transient during a bistable trip test. PM-3A
Operating Report Number 6; Malfunctions 64-73 and 64-75.

Plant shutdown for crew training and engineering support team
work effort. Reactor brought critical and scrammed for
training. Plant load picked up and dropped for training.
Engineesring support team test in progress.

Plant up for crew training and engineering team work effort.
Plant carried McMurdo Station load and maintained full power
with bypass steam for 10-hour xenon tfransient test. Steam
generator chemistry and radlochemistry out of specifications
due to system cycling during training on 5 November.

Source range channel number 2 malfunctioned on 6 November
due to a loose connector on the drawer. High air activity
was encountered in the Primary Building on 7 November due

to the excessive number of iodine samples. PM~3A Operating
Report Number 6; Malfunctions 64-76, 64-77 and 64-78.

Reactor scrammed wanually from 100% load for operator training.
Hot rod drop tests and temperature coefficient runs performed
at this time.

Plant down for testing and scheduled routine maintenance.

Reactor brought critical for enginee-ing support team work
effort. Continued scram response tests and performed cold
rod drop tests.

Reactor shutdown and placed in cold iron status for scheduled
summer maintenance and modification.

Purging containment for maintenance and medification. High
air activity in containment forced delay in purging. PM-3A
Operating Report Number 6, Malfunction &64-80.

Containment purge completed, containment op2ned. Plant
modifications and maintenance program initiated. The major
modifications and maintenance periormed included the removal
of the turbine casing and inspection of the turbine generator,
the etection of the temporary shield wataer storage facility,
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21 Nov B4

23 Nov 64

26 Nov 64

A0 Hov b4

01-05 Dec

06-07 Dec

08-09 Dec

10 Dec &4

11-13 Dec

14-16 Dec

17 Dec 64

18=19% Deag

64

Zuel :ransfer mechanism replacement, rzz:val of the CRDMs in
preparstion far reactor refueling, instzillation of a new
wiring system in the Maintenance and Su2?iy Building and the
installation of a new subfloor lightia: system under the
Primary Building.

Remov:l of shield water to temporary s::rage tanks under
Concenser Building initiated.

CDRM aad position indicator can removel.

Transier of shield water complete; sluce gate, dolly and old
fuel transfer equipment removed.

Instailation of new fuel transfer equipzent completed.

Hairline cracks rewelded in stainless sceel liners of
reactor and spent fuel tanks and refueling interconnect.
Instrunentation logic test drawer switc--cs replaced and new
core installation monitoring system checxed and tested.
PM~3a Operating Report Number 7; Annex ..

Returned shield water to containment tanx from temporary
storage area. Installed temporary shield water filtering
systez. Rebuilt spent fuel cask to prooer dimensions for
gpent czore tank storage.

Placed spent fuel cask in spent fuel tzni. Cleaned up
Primary Building and made final tool crack in preparation
for refueling.

Completed defueling spent core. Placed spent core in spent
fuel cask.

Instzlled spare two-cubic-foot deminersz.:zer in additional
shizld water recirculation system to a:ids cleanup of shield
water activity from storage of speat core. PM=34 Operating
Report Number 7; Malfunction 64-83.

Removed dummy source tube from the new core and installed
a Po-Be start-up source. Replaced spen:z fuel tank
recirculating pump, and calibrated nuclear instrumentation
for new core loading.

Installed new core Type I, Serial 1, i reactor pressure
vessal. Completed installation and tezting of MeMurdo
Station evacuation alert alarm.

Completed final phase of cora icading. Tinished coanstrucrion

of condenser under-floor storage area. ‘“estad all plant
safety valves.



20-26 Dec 6% Repairec CRDM collets to meet diameter specifications and
reassenbled in reactor after refueling., Prepared and shipped
0ld collet assemblies tfo CONUS for evaluation. Performed
CRDY latching and 3/8 ineb pickup procedures.

27 Dec 64 - Packaged solid radicactive wastes for snipment. Welded
02 Jan 65 cracks in steam generator tank sump liner. Complated
control rod actuator dimension checks and marked actuator

wiring. Replaced steam generator and tested and certified
unit.

1964 SUMMARY

During the first year of operaticn under Navy responsibility the
PM-3A underwent major wmodifications to instrumentation circuitry, the
CRDMs, chemical and radiochemical limits in the primary coolant water,
and radiation monitoring within the containment vessel. A number of
additional components were required to alleviate problems with transient
scrams in the scram logic system. In additioen, a modification to the
scram logic circuit enabled technicians to inject one or more combinations
of simulated scram conditions without actually scramming the plant.

Tests involving these modiications continued throughout the entire year,

but transient noilse problems in the system continued through December
1964,

The increase of I131 in the primary coolant was first recorded in
June 1964. After many special tests had been completed, it was confirmed
in August that a small fuel cladding defect did indeed exist, resulting
in the release of fission products into the primary coolant. This problem
wags reaffirmed subsequent to the primary demineralizer resin change in
early September. The 1131 activity dropped sharply from 10~} uCi/ce to

102 uCi/ecc and then resumed a steady increase to about .25 uCifec in
October.

On 11 September 1964, after an extemsive investigation into the
problem, BUDOCKS granted the temporary operating limit of 1.0 uCi/cc
(gross Iodine) to permit further operation to eobtain information to better
define the problem. The temparary limit remained in effect until the
core change in December 1964.

ﬁ During the months of September and October 1964, the source range
detectors, channel numbers 1 and 2, were replaced three times. The first

incident was due to moisture penetration through faulty cable covering.

This was corrected by a modification to the cable covering. A subsequent
fallure occurred one week after the initial malfunction. The reason for
this second failure was attributed to ageing or the shelf during storage.

As a result, resupply procedures were improved to assure freshest possible
detectors were sent to the PXM-3A. The third occurrence took place

approxizately two weaks after the second failure. Defects in the manufac-
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turing of the detector were cited as the cause for this final decector
malfunction. :

The CRDMs began malfunctioning in September 1964. The first two
malfunctions, electrical in nature, merely involved changing a resistor
or transistor, but when the CRDMs were removed in preparation for the
core change in December 1964, it was noticed that damage had occurred to
the CRDM latching collets. Dimengional checks determined that they ware
deformed and did not meet designed dimensional specifications. The
collets were generally flared at the bottom. The operating crew mechanics
hand ground and polished the latch collets to meet specifications and
measured all mechanisms to insure they were within tolerance. Control
rod latch assemblies were then replaced on the CRDM bundles. The Navy
began action to manufacture a new replacement set of zollets, and in
addition a program was initiated to investigate the cause of collet
deformation. The next yearly summary will contain the results of the
CRDM investigation.

03-07 Jan 65 Completed installation of electrical penetrations and painting
of contaioment. Completed cold hydrostatic test of primary
system. FPressurized containment to 30 psig to aid in
locating ceontainment tank leaks.

08-15 Jan 65 Completed annual containment leak rate tast in accordance
with Special Test Number T—-53 with satisfactory results.
Initiated instrumentation calibration and tests. Completed
primary sample system modification.

16-21 Jan 63 Completed instrumentation calibration of the steam generator
and pressurizer level control. Conducted five coutrol rod
drops. Control rod Number 1 cable found to be grounded.

22-25 Jan 65 Control rods failed to drive in "bank" or "three rod" modes
of operation due to high current flow. Containment opened,
CRDMs inspected and found to have sustained water damage as
a result of containment leak tests. Removed CRDM units and
began drying five coil can cables and three coil cans to
remove moisture. PM-3A Operating Report Number 8, Malfunction
65-7.

26-28 Jan 63 Completed drying and venting of two coil cans to satisfactory
condition. Two coil cans (serial Numbers 20?2 and 203) could
not be satisfactorily repaired and were prepared for shipnent
to CONUS for emergency repair.

29-30 Jan 83 Coil cans Serial 202 and 203 backloaded ro CONUS. BUDOCKS
[nspection Teaw arrived for annual PM-34 sarety aund
administration inspection.



31 Jan-
01 Feb 63

02-04 Feb

05-08 Feb

09-20 Feb

21 Feb 65

22 Feb 65

23-25 Feb

26 Feb 65

27 Feb 653

28 Feb 63

63

63

65

65

In process of backloading radiocactive waste and other material
to CONLS.

Completed filling one high level waste cask with resin;
second cask partially filled. PM-3A Qperating Report
Number 9, Annex I.

Completed backloading six CONEX boxes each containing
twenty-three drums of radicactive solid waste and two high
level casks containing resins. In the process of completing
new caterpillar diesel-generating building.

Plant in cold iron status awaiting arrival of repaired
CRDMs and new cables.

Recelved CONUS repaired coil cans 202 and 203 with
agsociated cables. PM-3A Operating Report Number 9,
Anmnex II.

Installed can housings and coil can cables on the reactor
pressure head. Installing position indicator cans and
new cables. Completed caterpillar diesel generator building.

Completed installation of CRDMs, latched and performed
required control rod pick-up tests. Completed cold control
rod drop tests and primary system cold hydro test. Steam
generator drained and flushed. Instrumentation and electrical
precritical checks completed. TInitiated radiochemistry
sampling. In the process of cleaning up CRUD and reducing
primary coolant system activity level with demineralizer.

Plant reached initial criticality on the new core. Plant
shutdown to adjust limit switch. Plant critical. Plant
shutdown due to insufficient 1lift current on comntrel rod
Number 1. Increased lift current and plant once again

critical. PM-3A Operating Report Numia2r 9; Malfunction
65-16.

Plant shutdown attributed to the logss of shield water flow
due to the failure of shield water pump Number 1. Manually
started shield water pump Number 2. A blown fuse was

found tc be the cause of the malfunction to shield water
pump Number 1. Plant critical. Conducting shutdown
margin tests. PM-3A Operating Report Number 39,

Malfunction 65-17.

Reactor scrammed during temperature coefficient testing
when control rod Number 3 dropped. Reactor scrammed twice
on fast peried during temperature coefficient testing.

PM-3A Operating Report Number 10, Malfunctions 65-18, 653-19,
and &£5-20,
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01 Mar 65

02 Mar 63

03 Mar 63

04-05 Mar

06 Mar &3

07 Mar &5

08-17 Mar

18 Mar 63

19 Mar 653

20 Mar 673

Reactor critical for core physics testing.

Reactor scrammed on fast period during tenparature
coerficient testing. PM-34A Operating Report Number 10;
Malfunetion 65-21.

Reactor scrammed on low primary coolant pump power following
completion of temperature coefficient tasts, temperature
coefficient and six rod bank worth tescs. Six rod bank
position versusg temperature data, reactivity insertion

rate and radiochemical sampling performed. FPlant shutdown
due t2 loss of main steam pressure and steam generator

ievel indication. PM-3A Operating Report XNumber 10;
Malfunction 65-23.

Plant shutdown. Cleaned steam generater level reference
column. Replaced feedwater check valve internals.
Nuclear instrumentation channel Number 3 failed due to a
burnt capacitor. FPM-3A Operating Report XNumber 10;
Malfunction 63-24.

Repaired nuclear instrumentation intermediate range
channel Number 3 drawer and cables. Reactor scrammed
during startup on fast period. PM-34 Uperating Report
Number 10, Malfunction 65-25,

Plant placed in cold iron status awaiting CONUS evaluation
of steam generator malfunction.

Plant in cold 1roun status. Completed primary system cold
hydrogtatic test. Completed wiring for scram circuits self
test and display system modification. Disassembled and
inspected steam generator level systen datum column and
calibrated steam generator level gystem.

Calibrated feedwater flow control valve. Plant shutdawn.
Self test display drawer modifications failed to test out
satisfactorily. Drawer wiring returned to original
configuration at CONUS direction. Replaced detectors on
nuclear instrumentation (intermediate range channel
Number 3 and power range channel XNumber 1.

Control rod Number 5 would not drive propsrly during
Pre=startup tests. After repair the reactor wag brought
critical for coatinvation of core physiczs and primary
System testing. PM-3A Operating Report XNumber 10;
Malfunction 65-26.

Reactor scrammed on fast period during zero power operation.
Pi=3A Cparating Report Number 1C, Malfunction 65-27,
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21-22 Mar

23 Mar 65

24 Mar

25 Mar

26 Mar

27 Mar

28 Mar

29 Mar

30 Mar

31 Mar

65

65

65

65

65

65

65

65

Reactcr critical. Following tests caompleted:

bt

Temperature coefficient and six rod bank positien
versus temperature.

Z. Pressurizer level calibration.

3. Steam generator level calibracion.
~. Primary system instrument tests.

3 Pressurizer spray valve response.

Beactor scrammed on instrumentation transient prier to
warming main steam line. Controel rod Number 5 would not
drive during pre-startup tests. AIter repair the reactor
was brought c¢ritical for secoudary system shakedown tests.
Reactor scrammed on loss of power from MeMurdo Statiom
diesel plant with main turbine generator at synchronous
spead and ne load. PM-3A Operating Report Number 10,
Malfunctions 65-28, 65-29, and 65-30.

Reaztor brought critical for secondary system shakedown
tests. Reactor scrammed by instrumentation switching
transient. PM-3A QOperating Report HKumber 10;
Malfunction 65-31.

Reactor brought critical for secondary system shakedown.
Plant load picked up on main turbine generator. Turbine
generator set vibration tests completed.

Reactor critical, turbine generator on the line carrying
plant load. BReactor scrammed on a transient while
preparing to shut down plant. PM-3A Operating Report
Number 10; Malfunction 65-32.

Reactor shutdown. Automatic mode of fesdwater control
system malfunction.

Reactor brought critical fer nuclear instrumentation
power range channel testing. Reactor shutdown to replace
decay heat system check valve. Reactor brought critical
and plant load picked vp om main turbine ganerator.

Reactor critical with plant load being carried on the
main turbine generator. Assumed McMurdo Station
electrical leoad. Continued secondary system shakedown
tests.

Plant on the line carrying McMurdo Station load. Reactor
scraoned on high power. PM-34 Operating Report Number 10
Maifunetion 65-33.

Assuzed plant and McMurdo Station lcoad for continuous
powsr operations. Steam generator blowdown cooler
partially blocked.
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01-03 Apr 65

04-27 Apr 65

28 Apr 65

29~30 Apr 65

01 May 65

02-05 May 65

06 May 65

07-21 May 65

22 May 65

Plant carried McMurdo Station load, Checked calibration
of stear and feedwater flow systems. Automatic mode of
feedwater control system still malfunctioning. Main
Condenser Fan 2B out of service,

Plant carried McMurdo Station load. ODuring this period,
the steam generator blowdown chemistry analysis was outside
specified limits three times, Automatic mode of feedwater
control system inoperative, PM-3A Operating Report Number
11; Malfunctions 65-34, 65-35 and 65-36.

Unplanned reactor scram due to insufficient grip current
on control rod Number § causing it to slip when the
ceperator drove rods "{ip" resulting in the inability to
maintain primary pressure. Corrected by replacing a
burnt resistor on the 8rip current board, Fire broke
out on top of the diesel engine when electrical load

was being removed from the unit due to high temperature
engine. Damage was mainly superficial with some wiring
damage. PM-34 Operating Manual Number 11; Malfunctions
65-37 and 65-38,

Attempted to start up but had to shutdown due to inability
Lo maintain primary system operating pressure, Replaced
Pressurizer heater element Number 13, Added high voltage
monitors to nuclear instrumentation power Tange channels,
Installed rod drop test modification to signal genetator
and log drawer in CRDM cabinet. PM-3a Cperating Report
Number 11; Malfunetion 65=-39,

Reactor was brought critical and assumed plant load.
Plant load was alternately dropped and picked up twice
for operator training,

Plant carried McMurdo Station load,

Secondary system secured for maintenance on feedwater
flow conttol valve bypass line (leak), Plant scrammed
ont fast period. A sacond reactor scrapm occurred during
synchronization with McMurde Station Diesel Plant., 4
blown fuse in the synchronizing cireuit produced false

synchronizing information, PM-34 Operating Repert Number
12; Malfunctions 65-40 and 85-41,

Plant carried McMurde Station load,

Plant up for power operations. Steam genmerator blowdown
chemistry out of Specified limits, PM~34 Crerating
Report Nucber 12; Malfunction 65-42,
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23 May 65

24 May-
9 June 65

1¢ Jun 63

11-16 Jun

17 Jun 65

18-22 Jun

23=-28 Jun

29 Jun 65

30 Jun-
09 Jul 65

10 Jul 65

11 Jul 65

12 Jul 63

65

65

Plan o7 Ior pover operaticns. Main condense“ Number 1
PM-34 i,-ratlng Report Number 12; Malfunction 65-43.

Plant .:*ried McMurdo Station load.

Steac z:znerator blowdown chemistry cut of specified limits.

PO, &zt bO3 concentrations were above limits. Corrected

by inzrsasing steam generator blewdown thereby reducing
concenirztion.

I

Plant c:zrried McMurde Station load.

Plant s-orammed due to low primary pressure. Primary
systez ~wvdrogeu concentration out of specified limits.
PM-34 Joerating Report Number 13; Malfunctions 65-45
and 6>--6.

Plant shutdown for scheduled and unscheduled maintenance.
Contairs—ent opened. Made cold hydrostatic test of primary
systez, steam generator and expansion tank. Inspected all
containment instrumentation. Checked pressurizer heaters.
Inspected steam generator level system. Completed
contaizment electrical equipment megger tests. The
unschaduled maintenance included the replacement of the
pressurizar relief valve due to excessive leakage in the
primar~ system.

Plant carried McMurde Station load.

Plant up for power operations. Main condenser Number 1
frozen while attempting to place it into service. PM-3A
Operating Report Number 13; Malfunction 65-47.

Plant carried McMurdo Station load.

Plant vy for power coperations. Nuclear instrumentation
channa Number 6 failed. PM-3A Operating Report Number
14; Malfiunction 65-48.

Plant up for power operations. Nuclear instrumentation
channel Number 6 failed. PM-3A Operating Report Number
14, MziZunction 65-49.

for power cperations. Containment cooler fan
ipped. ©Power to wotor contral center No- 2 was
lost wnile attenpting to restart containment cooler
fan Nc. 1. PM-3A Operating Report Xumber 14;
Malfunction 65-50.

=
-

Plant u
No. 1 =
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13-24 Jul

25 Jul 63

26-27 Jul

28 Jul b3

09-11 Aug

12 Aug &5

13 Aug 65

14-16 Aug

17 aug 63

18 Aug 65

19-20 Aug

21 Aug 65

22 Aug 63

b5

65

b5

65

65

Plant carried McMurdo Station load.

Flant up for power operations. Feedwater systen oxygen
concentration out of specified limirs. PM~3A Operating
Repart Number l4; Malfunction 65-51.

Plant carried McMurdo Station load.

Plant up for power cperations. Two fuses blew in control
rod actuator 12 volt power supply and the 1ift and pull
down power supply. PM-3A Operating Report Number 15;
Malfunction 65-52.

Plant shutdown for scheduled and unscheduled maintenance to
the primary system, nuclear inscrumentation and auxilliary
diesel generators.

Reactor control rod No. 1 was sluggish while attempting
to achieve criticality. Reactor critical for primary
system hot leak rate and shutdown margin tests. PM-3A
Operating Report Number 15; Malfunction 65-54.

Reactor shutdown to reset control red limit switeh and
further evaluate reactor comntrol rod No. 1 withdrawal
regsponse while in a hot shutdown condition. Reactor
brought critical.

Plant carried MeMurdo Sration load.

Plant up for power operations. Nuclear instrumentation
power channel No. 6 failed. PM~3A Operating Report
Number 15; Malfunction 65-55.

Plant up for power operations. McMurdo Station load was
dropped for approximately four hours to allow Public
Works personnel to perform maintenance on the power
distribution system.

Plant carried McMurdo Station load.

Plant scrammed due to switching transient in turbine
generator speed governor switch. Reactor brought critical.
Shutdown secondary system due to Inability to obtain over
ten inches of vacuum in the condensate system. PM-3A
Operating Report Number 15; Malfunctions 65-56 and 65-57.

Plant up for power opeatioms. CRDM malfunctioned. Plant
manually scrammed due to loss of maln condenser vacuum.
Reactor brought critical. PM=34A Jperating Report Number
15; Malfunction 65-38 and 65~39.
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23~26 Aug 65

27 Aug 65

28 Aug-
02 Sep 65

03 Sep 65

04-05 Sep

06 Sep 65

07 Sep 65

DB Sep 65

09 Sep 65

10-11 Sep

12 Sep 65

13-21 Sep

22 Bep 65

65

Plant carried McMurde Station load.

Plant scrammed due to a momentary shor: circuit of the
24=-volt DC power supply in the control :onsole. Reactor
brought critical. PM-3A Operating RepoTt Number 15;
Malfunction B5-60.

Plant carried McMurdo Statioen load.

Plant up for power operations. Steac generater blowdown
activity was out of specified limits. This was caused by

a temporary change in the dissolution Tate of steam generator
CRUD. PM-3A Operating Report Number 135; Malfunction 65-61.

Plant carried McMurdeo Station load.

Plant scrammed due to an apparent electirical transient.
Reactor brought critical and plant assumed McMurdo

Station load. PM-3A Operating Report XNumber 16, Malfunction
65-62.

Plant scrammed on 120% power. Reactor brought critical.

reparing to place secondary system in operatiom, when
plant scrammed due to fast reactor period. PM-3A Operating
Report Number 16; Malfunctions 65-63 and 65-64.

Plant scrammed while withdrawing conttol rods to achieve
criticality. Control rod No. 3 dropped from 15 inches

to 9.5 inches while driving up. Insufiicient cell current
was cited as the cause. Increased coil current brought
reactor critical and assumed McMurde Station load. PM-3A
Operating Report Number 16; Malfunction 65-65.

Plant up for power operations. Lost time accident occurted
when the equipment operator stepped c¢-I the turbine generator

bed plate and sprained his left ankle. ©PM-3A Operating
Report Number 16; Malfunction 65-66.

Plant carried McMurdo Station load.

Plant scrammed due to apparent electrical transient.
Brought reactor critical. PM-3A Operzting Report Number
16; Malfunction 65-67.

Plant carried McMurdo Station load.

Plant scrammed due to a short circuiz :im the primary
svstenm leak detector. Steam gneratol “Iowdown chemisty

analysis out of normal specified lizZizs. PO, fluctuated
above and below limits and pH followeZ accordingly.
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23-24 Sep 65

23 Sep 65

26 Sep 65

27 Sep 65

28-29 Sep 65

30 Sep 65

Q1-07 Oct &5

08-09 Qct 65

10-15 Oct 65

16 Oct 65

17 Oct 65

18 Qct 653

19-22 Oct 65

Reason: The addition of M and § Building heating load

to the plant system lmmediztely after plant startup before
the secondary system dttained chemistry equilibrium.

PM-3A Operating Report Number 16, Malfunction 65-68

and 65-69,

Plant shutdown. Containment opened. Performed numercus
maintenance items and completed required 2500 hours tests.

Closed containment, reactor brought critical, and assumed
McMurdo Station load.

Plant up for power operations. Nuclear instrumentation
power range Channel 6 failed. PM-3A Operating Report
Number 16; Malfunction 65-70.

Reactor scrammed due to accidental main steam stap valve
closure. Reactor brought critical and plant assumed
McMurdo Station load. PM-3A Cperating Report Number 15;
Malfunction 65-71.

Plant carried McMurdo Station load.

Plant up for power operations. Nuclear instrumentation

- power range Channel 6 failed. PM-3A OUperating Report

Number 16; Malfunction 65-72.
Plant carried McMurdo Statlon load.

Plant scrammed due to an unknown cause followed by three
Scrams attributed to switching traasients and one training

scram. PM-3A Operating Report Number 17; Malfunction
65-73.

Reactor brought ecritical and plant assumed McMurdo Station
load.

Plant scrammed manually when control rod No. 2 dropped.
Reactor brought critical and assumed’ plant load. Began

cycling of plant for Crew V training. PM=34 Operating
Report Number 17; Malfunction 65=74,

Plant scrammed for training. Reactor brought critical
and assumed plant load. Continued plant cycling for
training. :

Plant ¢ycling for training with one scheduled scram.

Reactor brought critical and assumed McMurdo Station
load.

Plant carried McMurdo Station load.
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23 Oct 63

24-30 Oct

31 Qet 65

01 Nov 65

02=-15 Nov

16 Nov 653

17 Nov 65

18 Nov 65

19 Nov 65

21-30 Nov

0l Dec 65

02 Dee 65

23 Dec 63

65

65

65

Commenced cycling plant for training, scheduled scram
and shutdown for maintenance. Commenced contalnment purge.

Plant down for scheduled routine maintenance.

Reactor critical for core physics testing. Reactor
scrammed on an indicated 30 second peried. Reactor
brought critical and scrammed on a short period. Reactor
brought eritical. PM~3A Operating Report Number 18;
Malfunctions 65-76, €5-77 and 65-78. '

Reactor critical for core physics testing. Reactor scrammed
due to electrical transient. Reactor brought critical and
then scrammed for scheduled maintenance. FM-3A Operating
Report Number 18; Malfunction 65-79.

PM-3A down for scheduled maintenance.

Reactor critical in preparation for power operatioms.
Reactor scrammed due to electrical transient. Reactor
brought critical and again scrammed due to short period
on nuclear instrumentation chamnnels Nos. 3 and 4. PM-3A
Operating Report Number 18; Malfunctiens 65-81 and 65-82.

Reactor brought critical. Scrammed by an electrical
transient in 4160V distribution system from McMurdc Station
diesel plant. Reactor brought critical assumed McMurdo
Station load. PM~3A Operating REport Number 18, Malfunction
65-83.

Plant carried McMurde Station load.

Dropped McMurdo Station and PM-3A load. Repaired leak

in feedwater system line. Assumed PM-3A and McMurdo
Station heater bank load.

Plant carried McMurde Station load.

Plant up for power operations. Secondary system chemistry
out of normal specifications. The cause was due to operator
inexperience with coordinated phosphate control system

used at the PM-3A. PM~3A Operating Report Number 19;
Malfunction 65-835.

Plant carried McMurdo Station lcad.

Plant up for power operations. Released approximately

180 galloms of 1.32x1077 uCi/ml 1iquid waste. The prescribed
limit is 1x10~7 uCi/ml. This was due to misalignment of
valves on the piping servicing holdup tanks 3 and &.

PM-34 Operating Report Number 19; Malfunction 65-86.
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04-05 Dec 653 Plant carried M¢cMurdo Station load.

06-10 Dec 65 During the period 6-10 December 1965, -he PM-34 was shutdown
for routine and unscheduled maintenan:s. Many modificacions
were performed Iin the primary and secrndary system and in
the water distillatlion plant. Tests wera completed to
obtain information on the excessive L&z rate in the primary
system. In addition, while working ¢- i CRDM modififcation
three men exceeded their 300 mRem/wk .- =it. However,
this exposure was approved by the Of<:-ar in Charge in
order to complete the job.

11 Dec 65 Reactor brought critical.

12-26 Dec 55 Plant carried McMurdeo Station load.

27 Dec 65 Plant up for power operations. Received and stored PM-34A
Core II1 and 55 curie Po-Be startup scurce.,

28 Dec 65 - Plant carried McMurdo Station load.
07 Jan 66 -

1965 SUMMARY

During the second year of operation, extensive changes to the PM-3A
Health Physics and Water Chemistry Manual were implzoented. Incorporated
in these changes was the once temporary operating lizit of 1.0 uCi/cc
(gross Iodine) for primary coolant standards.

Modifications to the CRDMs continued throughou: the entire year. The
latehing collet problem was solved early in the year by fabricating replace-
ments made from 17-4 PH SS. (This type of stainless steal had a ylield
strength about 3 times greater than the stainless st2e2l, Type 304, that
was initially used.) This action was decided after tests performed by
the manufacturer had been completed. They proved z-at collets made from
30455 would deform due to high scram decelerations sad lower yileld strength,
while collets mwade from 17-4 PH SS could sustain hizzer scram deceleration
without deforming significantly.

Another problem involving the CRDMs was encou=:cered in late January
during final checks just prior to the initial appcrzeh to c¢riticality on
the new core. 1t was found that neither the six r:: bank nor either of
the three rod banks would drive due to excessive current flow. The cause
was eventually found te be water and abrasian damazs to the inrericrs of
three actuator coil can assemblies and their associited cables. Two of
these cans and all of the cables were sent back to IINUS for modification
and repair. The third was "baked dry” and put iz :s:isfactory conditien
on site. Upon the return of the two coil cans anc ~ew cables in late
February and their rteinstallation, eriticality was ::hieved for the firse
time utilizing the new Type I Serial I core.
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Electrical transients continued to create problems at the PM-3A during
1965, but the majority of these sitvations were corrected by merely changing
the configuration of the electrical components invclved or changing a
resistor or capacitor in a particular piece of equipment.

08 Jan b6

09-~10 Jan
11-23 Jan
24 Jan 66

25-29 Jan

o Jan-
03 Feb 66

66

66

66

Primary coolant chemistry was out o limits. Possible
cauges for this malfunction were:

a. Excessive addition of ammonium hydroxide.

b. Possible holdup of previous additions of ammonium
hydroxide.

¢. Leaks of hot primary coolant through check valve,
raising temperature of warer cto primary demineralizer
resins.

Supplemental information:

a. Primary purification micrometallic filter was changed
approximately six hours prior to malfunction.
Temperature scan point 58 (purification demineralizer
inlet) showed increase in tamperature to 200°F,
apparently caused by leakage of decay heat check
valve.

b. New procedures were approvec for changing the
micrometallic filter with isolation valve closed
or with isolation valve open. PM-3A Operating
Report Number 20; Malfunction 66-1.

Plant carried McMurdo Station load.
PM-34 shutdown to remove spent core and place in storage.
Reactor critical. Plant carried McMurdo Station load.

Due to leak of hot primary coolant tirough check valve, water
temperature to the primary demineralizer resins rose causing
a PH of 10.3, an ammonia concentraticn of 36 ppm and a conduc—
tivity of 31.6 umho/em. Corrective action included the
standard bleed, feed and vent procedure and isclating the
primary demineralizer with increasec sampling frequency.
These procedures had little or no effact in balancing

primary coolant chemistry.

The EM-3A was shutdown in order to change primary
demineralizer resins on 26 January 1366. This project was
completed on 30 January 1966. ©PM-3A Operating Report

Number 20, Malfunction 66-3.

During purging priocr ro opening of ccatainment and while the
RWDS was in operation, it was discev:sred that the RWDS sump
level was decreasing rapidly. It wz: determined that the
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06 Febk 66

07 Feb 86

08-11 Feb 66

12-13 Feb 66

14 Feb 66

15-18 Feb 66

19-20 Feb 66

21 Feb -
L0 Apr 66

il Apr 66

12-23 Apr 66

zal function was caused by a dirty W3S evaporator level
control system. The system was clzz-ed and an operating
manual change notice on procedures a~¢ criteria for blewing
down the evaporator was prepared. IM-3A Operating Report
Number 21; Malfunction 66-5.

While restarting, rod six would not irive up. It was
determined that the cause was the Zziiure of the 28 volt
power supply. PM-3A Operating Repor: Number 2l; Malfunction
66-8.

While the reactor was eritical and Sriving coutrol rods

for heatup, control rod six stopped driving. All other rods
would not drive much further than eleven inches. The cause
was determined to be CRUD deposits on the control rod bundles,
and a plece of metal filing lodged iz the movable armature
gap of CRDM 207. PM-3A Report No. 2.; Malfunction 66~9.

PM-3A shutdown for CRDM repairs. A 1 of the control rod
bundles were removed, cleaned and vreinstalled. CRDM #207
was replaced with CRDM #206 in port six.

Plant carried McMurdo Station load.

While carrying McMurde Station loac aznd during adjustment

of power range, the placing of Chamnel #5 test switch iato
test gave several scram annunciate zlarms. Returning to
oparate gave scram as well, High power scram not annunciated.
The malfunction was apparently causad by a2 noise transient
when the test/operate switch on Channal #5 was returned to
operate position. Investigation as to the cause was
initiated. PM-3A Operating Report lumber 21; Malfunction
66~6.

Flant carried McMurde Station load.

The PM-3A supplied 20,000 1bs. of nuclear power produced
Steam to the McMurdo Station water Zistillarion plant for
the initial distillation of fresh weter [rom seawater.

Approximately 4000 gallons of fresk water were produced.

Plant carried MeMurde Station loac,

Plant up for power operations. Bi 5le Number 12 (High
power scram set point, aormallv se T 122%) tripped at
approximately 987 power. PM-34 Cperating Report Number 23
Malfunction 66-11,

Plant carried McMurdo Statien loacd.
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A

21 Apr 66

22=28 Apr 66

29 Apr 66

30 Apr-
08 May 66

09 HMay 66

10-15 May 66

16 May 66

7 May 66

Plant up for power operations. Reactor coolant pump lower
bearing temperature indicator became erratic. PM-3A
Operating Report Number 23; Malfunction 66-12.

Plant carried McMurde Station load.

Plant up for power operations. Loss of vacuum and control

of main condenser number three necessitated paralleling the
PM~3A with McMurdo Station Diesel Plant for a short peried of
time. PM=~3A Operating Report Number 23, Malfunction 66-13.

Plant carried McMurdo Station load.

PM-3A scrammed due to a channel discrepancy alarm. The
period discrepancy light for chamnels one and two went on,
off and then on again, at which time the plant scrammed.
The cause was determined as being:

a. A shorted coaxial connector on signal cable at
preamp caused noise transient to be injected into NI system.
b. Cable inside containment had apparent water leak

and detector had a low resistance.

c. Noise transient caused bistables 17 and 19 (high
reactor coolant outlet temperature) to trip. These faults
were corrected in conjunction with scheduled and unscheduled
maintenance.

PM-3A remained shutdown for scheduled and unscheduled
maintenance to the mailn condensers, feedwater heater,
nuclear instrumentation, CRDM's, reactor coolant pump and
the pressurizer heaters. The primary resins were alsoc changed.

With reactor critical and driving control red No. 2 to attain
a periocd for start of temperature coefficlent test, NI
channel No. & indicated a 40 to 30 s-cond reactor peried.

NI channel No. 3 came on scale rapidly and reactor period

on channel No. 3 indicated approximately 20D seconds.

Reactor scrammed on short period.. The cause was determined
to be overcompensation (high voltage) of channel No. 3

during prestartup test. The voltage to channel No. 3 was
adjusted and the problem was corrected. PM-3A Operating
Report Number 24; Malfunction 66-15.

Criticality achieved. The plant scrammed while performing
temperature coefficient runs. The control room received
seream alarms from short period channel No. 1, No. 2, Wo. 3
and No. 4. Rod driving was not in progress as the opeator
was waiting for temperature equalization. It was determined
that the cause of the malfunction was dus to maintenance
personnel working in the rear of the control console. They
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had vibrated some terminal strips which resulted in a
transieat short period scram.

Recucing sensitivity to transients ang increasing
reliability by decreasing or eliminating period scrams and
using reduced high POWET scram set point for zero power
accident protection was recommended. These recommendations
were evaluated, along with other possible improvements, in
developing new instrumentation under the PM Development
Progras. PM-3A Operating Report Number 24; Malfunction 66-16.

18 May 64 Reactor critical. PM-3A assumed McMurdo Station load.
19 May 66 Plant carried McMurdo Station load.
20 May 66 During power operaticns and while maintenance personnel wera

calibrating console electrical meters for the main generator,
the main generator breaker tripped causing the reactor to
scram. Overcurrent relay 50V-S51V appeared to have causead
the trip of the main geénerator breaker. The malfunction
was caused by maintemance personnel when they shorted CTs
In the relay meter cireuit in order to calibrate the KVAR
meter. When the KVAR standard was connected, the current
and voltage were not polarized to standard, causing the
main generator breaker to trip. Relays were thought to be
out of circult with CT's shorted, but current was fed back
to the relay through a misconnection in the test circuic.
In order to alleviate the problem it was decided that all
trip circult contacts were te be pulled at relays prier to
any future testing and ealibration while at power.

Subsequent to the previous malfunction on the 20th in
the morning, another scram occured later that: afternoon.
Criticality had been achieved and the reactor was at
operating temperature and pressure. The operator wag
exercising the locad limiter and Feceived the scram annun-
clation of low primary coolant flow. A noise transient
was determined to be the cause of the scram. PM-3A Report
Number 24, Malfunctiong 66-17 and 66-18.

21 May 66 Plant carried McMurdo Statien load.

22 May 66 Plaat up for power operations., Failure of main condenser
fan 13. PM-34 Operating Report Number 24 Malfunction 66-19,

23 May - Planr carried MeMurdo Station load.
16 Aug 66
17 Aug 66 lant up for power cperations. PM-3A switched from

coordinated phasphate control to morpheline control for
maintzining steam generator pH., Du-3a Jperating Report
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18 Aug -
07 Oct 66

08 Dect 66

09.0ct 66

10-14 Qet

15 Oct 66

16-21 Oct

22 Oct 66

23 Oct 66

24 Qct -
06 Nov 66

07 Nov 66

66

66

)

Number 27; Sectien VI, Item «.

Plant carried McMurdo Station load.

Plant up for power operations. At 010l the PM-3A surpassed
the record for the longest continucus power run for nuclear
power plants operated by military personnel with a power
run of 3390:25 hours.

Plant up for power operations. Reactor manually scrammed at
1155 because of a sharply increasing steam generator level
and indication of a high feedwater flow, The cause was
determined te be a blown fuse in the steam generator level
controller. PM-3A Operating Report Number 29; Malfunction
66-20,

Plant carried McMurdo Station load.

Plant up for power operations. Reactor scrammed due to a
rapid increase in both steam and feedwater flow and an
increase in power level. The cause was found to be improper
alignment of valving which resulted in the loss of air to
plant systems. The bypass steam valve was partially opened
on loss of air resulting in increased steam flow and high
power scram. Reactor manually scrammed several times for
training of new crew. PM-3A Operating Report Number 29;
Malfunction 66-21.

Plant carried McMurdeo Staticen load.

PM-3A dropped McMurdo Staticn load. Cycling of plant fox
crew training.

Plant being cycled for crew training. Reactor scrammed.
The apparent cause of the scram was a noise rransient from
relay contact chatter in the Pyr-A-larm system when Its
drawer was opened by maintenance personnel. The relays io
the system were out of adjustment. PM-3A Cperating Report
Number 29, Malfunction 66-22.

PM-3A shutdown for annual maintenance.

Reactor brought critical and then scremmed. Instrument
personnel were taking Channel Number 1 out of service and

the reactor scrammed on short period indications from Channels

3 and 4. Noise transients seen by those two channels were
determined to be the cause of the malfunection. PM-34
Operating Report Number 30; Malfunciion 66=-25.
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08 Nov 66

09-10 Nev 64

11 Nov 66

12 Nov 66

13 Nov 66

L4 Nov 66

15-27 Nov

28 Nov 66

29 Nov 66

)

Reactor scrammed. Control rod number 6 woul: ot drive up
and it would drive down at slow speed only. asparent
wisalignment of the CRDM caused binding of t-e¢ rod bundle
assembly. PM-3A Operating Report Number 30; Malfunction
66-24.

PM-3A shutdown to correct misalignment of CRIM.
Reactor brought critical for core physics res:zzing.

PM-3A continued core physics testing. A firs was discoverad
and extinguished under the condenser storage area im the
core handling tool storage room. The oil fired space

heater in that room leaked oill out of the fire box into a
drip pan. The leaking oil was set afire by the hot fire
box. No damage resulted. PM-34 Operating Report Number

30; Malfunction 66-25.

Reactor scrammed on noisge transient. Reactor brought
critical and scrammed on noise transient. PM-3A Operating
Report Number 30; Malfunctions 66-26 and 66-27.

Performing test procedure RC-3, control rod drop time. Power
lost to Channel Number 5. Rod Number 1 appeared unlatched. .

PM~3A Operating Report Number 30; Malfunctions 66-28 and
66_291

Plant shutdown, containment opened in preparation for
replacement of Control Rod Number 1. PM-34 Special Uperating

Report for broken control rod replacement prapared
28 February 1967,

Reactor brought critical. Reactor scrammed due to low

primary pump power. Apparent increase in span of power
converter after wodification caused gross changes in indieated
KW for slight change in frequency. PM-3A Operating Report
Number 31; Malfunction 66-30.

Reactor brought critical; reactor scrammed. MeMurdo Station
fequested PM-3A to go on lecal generator to avoid placing
another engine on the line. When this was dttempted, the
auxiliary generator tried to pick up excess lcad and opened
the site tieline breaker. Auxiliary generator Irequency

and voltage varied causing the reactor to scram on low
primary pump power. Reactor brought critical, assumed

plant load, then cropped plant load. The 2quipment operator
noticed water gushing from air ejector vent. An ejector
trap appeared to be blocking condensate flow 2 hotwell.

The cause for thnis naalfunction was unknown. It was theorized
that the trap float had stuck in the closed position and

was ireed by maintenance personnel when they Zismantlaed it
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for cleaning. PM~3A Operating Report Number 31; Malfunctions
66-31 and 66-32. 30

Nov 66 PM—-3A assumed, dropped, and reassumed McMurdo Station loaa,.

01 Dec 66 Reactor scrammed, FPrimary pump power indication was erratic
and drifting down scale, Low pump power scram, Diesel
generator started but failed to relay in, FPrimary and
secondary transformer breakers failed to trip because of a
blown PT fuse, thus rausing the emergency diesel-generator

breaker not to close. PM-3A Operating Report Number 31;
Malfunction 66-33.

02 Dec 66 - Plant carried McMurdo Station load.
01 Feb 67

1966 SUMMARY

During 1966 the PM-3A set 2 new record for the continuous power

operation of a nuclear power plant by military personnel: 3390:25 hours
of uninterrupted power cperations.

Despite the fact that in total numbers most of the scrams were caused
by malfunctions of a miscellaneous nature, almost 95% of the dowm time
during the year was attributed to problems connected with the control rod
drive system. The longest single period of down time occurred in November
when the plant was shutdown for 354 hours after it appeared that ome of
the control rods had become unlatched. Upon inspection it was found
that a break existed in the control rod just below the pickup ball, The
cause was investlgated and a special report was issued during 1967, The
findings of this report will be covered in the next yearly summary.

02 Feb 67 Reactor scrammed. Single phase of feeder line #2 broke at
the knife switch on the first pole and grounded on switching
gtation #1, Short circult opened site tieline and turbine
generator breakers., The cause was due to constant flexing
of the cable in the wind and the age of the distribution
lines, PM-3A Operating Report Numder 33; Malfunction 67-2,

03-08 Feb 67 PM-3A shutdown for unscheduled maintenance to the pressure
vessel head, nuclear instrumentation, and many portions of
the secondary system. The Primary Bullding addition was
completed, and the new RWDS was moved into it,

0% Feb &7 Reactor scrammed while being brought critical, Instrument
personnel were running rod actuator power reguirements test,
The cable connected to lift and pull down power supply
rubbed on the current adjustment for CRDM No. & introducing
a transient in the system which caused a scram. Reactor
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i0 Feb

i1 Feb

12 Feb

+3 Febd
J8 Apr

09 Apt

67

67

67

67

brought critical. PM-3A Operating Report Number 33;
Malfunction &7-4.

Reactor scrammed. Nuclear instrumentation channel number

3 read 30% power, Channels 6 and 7 read zero. The apparent
cduse was open detector leads. It was later found that

the cables and commectors on Channels & and 7 were damaged
during or after installation in coantaioment. PM~-3A
Operating Report Number 33; Malfunctionm 67-5.

Reactor brought critical.

PM-3A assumed McMurdo Station load. Reactor scrammed.
Nuclear instrumentation Channel 6 was reading near zero
while Channels 5 and 7 were operating properly. The cause
was a raulty number 6 detector and cable asseubly. Reactor
brought critical and assumed electrical load. PM-34
Operating Report Number 33; Malfunction 67-7.

Plant carried McMurdo Station load.

Reactor scrammed for no apparent cause with no scram alarms
except low flow. Investigation revealed Phase A of the lower
feeder had parted at the same location as Malfunction 67-2
(knife switch at the first pole by Switching Station Number
1), shorted against the Switching Station, and caused the
tieline and main generator breakers to trip. [Following
normal scram recovery procedures, plant operaters had no
S8uccess in starting either emergency diesel generator.

The generators would not start due to low temperature in

the PM-3A Emergency Diesal Generator Building caused by
heat loss through new louvers installed the previous summer.
Operators started emergency cooldown of the Primary Systen
using the Steam Generator and dumping steam overboard.

After three hours one diesel generacor was started by
heating with Herman-Nelson heaters from the MeMurde Public
Works Department and with a torch. The gasoline air
compressor had to be thawed for starting air. Some water
was added to the Steam Generator befare the diesel generator
tripped off the line, due to a ruptured fuel line, after

six minutes of operation. The second generator was started
but its breaker tripped each time ir was clesed although

no fault was apparent. The fuel lina of the first generator
was repaired, and it was started and assumed the plant

load. After power was restored, the Steam Cenerator was
slowly filled and water was added ts the Pressurizer.

Both the Pressurizer and Steam Genera:tor level were off
scale. Approximately sixty gallons o2 water were added to
the primary system to bring the pressurizer lavel to above
normal. The Shield Water System and Reactor Coolant Pump

F=25

B DG M B N DR B DN D .



. P e

10-14 Apr 67

15 Apr 67

16 Apr -
14 Sept 67
15 Sep 67

16-20 Sep 67

21 Sep 67

22 Sep 67

23-25 Sep 67

were placed in operation and the temperature of the primary
loop was reduced by dumping steam until the Decay Heat

Pump could be placed in operation. The Reactor operated

to the right of the operatimg curve from a pressure of 425
PSIG and temperature of 340 degrees F at 11:55 am until
power was restored at 1:18 pm. At no time did the primary
temperature exceed saturation temperature for that primary
pressure. PM-3A Operating Report Numbzr 35; Malfunction
67-9. This was a serious situation. With no power and no
coolant flow, there was considerable concern about potential
core damage. Analysis of primary system parameters following
return to power revealed no evidence of core damage.

PM~3A shutdown for scheduled and unscheduled maintenance to
the M & § Building and water distillation plant heating
system, the hot and cold water systems in the chemistry
labs, and items damaged by freezing and electrical single
phasing when the PM-3A scrammed om 09 April 1967.

Reactor brought critical. Reactor scrammed on a fast
positive period. Channel Number 3 signal cable was found
to have a bad comnection at the pemetration ingide of
containment. It had apparently been stepped on or bumped
during reactor tank maintenance. Reactor scrammed during
planned shutdown. Bistable trip number 5 was tripped, but
Channel Number 3 was in the test position for Malfunction
67-10 evaluation. When nuclear instrumentation Channel
Number 4 turned on the source range high voltage, the
reactor scrammed on a8 short period from Channels 1 and 2
due to the voltage surge. PM-3A Operating Report Number
35; Malfunctions 67-11, and 67-12.

Plant on the line for a 3643:15 hour power rTun, surpassing
the old record of 3390:25 hours established in October 1966.

Reactor scrammed. NI channel number 1 failed. PM-3A
Operating Number 40; Malfunctioms 67~.8 and 67-19.

PM-34 shutdown for routine testing and maintenance. In
addition 2z new decay heat pump was installed and the pump

and purification system was pressure tested with satisfactory
results.,

Reactor brought eritiecal.

Two reactor scrams cccurred due to faulty main steam stop
valve actuator. PM-3A Operating Report Number 40;
Malfunctions 67-20 and 67-21.

Plant carried McMurde Station load.

F-26



26

27

20
08

Q9

12

13

14

16

18

20

21

22

23

Sep

Sep

Sep
Oct

Oct

Oct

Oct
Oct

Oct

Oct
Oct
Oct
Oct

Oct

24 Qeot

23 Oct

67

67

67
67
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67
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67
67
67
67

67

67

67

Reactor scrammed on high primary pressure system due to
pressurizer heater bank number 3 being left in the manual
mode too lomg following the charging of water to the primary

Syetem. Reactor brought critical shortly thereafter, PM~34
Operating Report Number 40; Malfunction 67-22,

Reactor scrammed while Preparing to parallel the PM-3A with
the McMurdo Diesel Plant. An apparent drop in frequency due
to an unknown cause by the McMurdo Diesel Plant caused the
reactor coolant pump to slow down and scrammed the reactor
on low primary coolant flow, Reactor brought eritical.
PM-3A assumed McMurdo Station load. PM-34 Operating Report
Number 40; Malfunction 67-23,

Plant carried McMurdo Station load,

Began cycling plant for relief crew tralning,

Plant shutdown for core change, PM-3A Operating Report
Number 41; Annex 1II,

Containment opened. CRDM removal started.
Completed CRDM removal,

Pressure vessel head removal completed. The 0ld core was
placed in the spent core tank,

New ¢ore installed in pressuxre vessel.
Completed replacement of Pressure vegsel head,
Completed installation of CRDM.

All control rod latching completed.

Initial criticality achieved with new Type II Core, and
initia] startup testing began, Reactor scrammed on short
period, Control Rod Number 5 dropped from ecritical position,
Reactor brought critical, FM-3A Operating Report Number 41;
Malfunctions 67~24 and 67~-25,

Reactor secrammed on short periocd. Reactor brought critical,
PM-3A Operating Report Number 21; Malfunction 67~26,

Reactor scrammed when the McMurdo Diesel Plant opened the
PM-3A tieline breaker, Reactor brought critical, Reactor
scrammed when the McMurdo Diesel Plant’'s Number 2 Generator

tripped off the line, PpM-3a Operating Report Number 41;
Malfunetions 67-27 and 67-28,
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26 QOct 67

27 Oct 67

28 Oct &7

29 Oct -
01 Nov &7

02 Nov 67

03 Nov 67

04=29 Nov b7

30 Nov 67

30 Kov 67

30 Nov -

01 Dec 67

02 Dec &7

(03-27 Dec 67

28 Dec 67

29 Dec 67 -
01 Jan 68

Reactor brought critical. Reactor scrammed when the auxiliary
diesel generator tripped off the line. PM-34 Operating
Report Number 41; Malfunction 67-25,

Reactor critical for testing.

Fressurizer level system out of calibratiom. Reactor scramned
on high primary system pressure. Sluggishness in control rod
drive system. PM-3A Operating Report Number 41; Malfunctious
67-30, €7-31 and 67-32.

Plant shutdown for maintemnance.

Eeactor brought critical, shutdown and brought critical
again while undergoing rod drop tests.

Reactor twice shutdown and brought critical. The reactor
scrammed due to a vital AC-DC system transient caused by

an instrument technician momentarily shorting the €5V DC
lines while connecting leads to the RWDS sump level indicator.
PM-3A Operating Report Number 42; Malfunction 67-33,

Plant carried McMurdo Station load.

PM-3A assumed McMurdo Station load, PM-=34A Operating Keport
Number 40; Malfunction 67-23,

PM-3A operated isolated while Public Works Department inspected
the switching station breakers.

Plant carried McMurdo Station load,

Reactor scrammed twice. The first scram was due Lo operator
error when the reactor coolant pump was Inadvertantly secured
instead of the coolant charging pump. During scram recovery
a second scram occurred when the niclear instrumentation
Channel Number 2 would not indicate properly in test position
C due to low pulse amplifier gain. PM-3A Operating Report
Number 43; Malfunctions 67-34 and 67-35.

Plant carried McMurde Station load.

Reactor scrammed when an instrument technician accidently
shorted out the Vital AC system with a screwdriver while he
was replacing the cord on the control room operating net
handset. Reactor critical and picked up McMurdo Station load.
PM-3A Operating Report Number 43; Halfunction 67-36,

Plant carried McMurdo Station load.
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1967 Summary

In January of this year the Primary Bullding additilon was completed,
and the new RWDS was installed within it.

A new record was established for countinuous power operation of the PM-
34 with a run of 3643:15 hours between 16 April and 15 September.

The Water Distillation Plant operated throughout the austral winter

for the first time since its installation and produced a yearly total of
2,459,781 gallons of fresh water.

*The PM-3A underwent its second core thange in mid-October when the
Type I Serial 1! Core was removed after 14,746 EFPH and replaced with the
Type II Serial | Core with an expected life of 21,000 EFPH. In conjunction
with the refueling, the ammonia based primary resins were replaced with
neutral based resins. This reduced the primary system pH which resulted
in less CRUD deposited throughout the system and less crevice corrosion.

During 1967 the majority of malfunetions and the longest down time
periods could not be attributed to any one system. Many diverse incidents,
such as a broken distribution line and a loose connection in an overgpeed
trip assembly, caused most of this year's problems.

02-17 Jan 68 PM-3A shutdown for scheduled turbine inspection and scheduled
malntenance.

18 Jan 68 Reactor brought critical and shutdown due to the inability
to maintain Primary System pressure above 950 psig. Defective
pressurizer relief valves were found to be the cause. PM-3A
Operating Report Number 44; Malfunection 68-1.

19-29 Jan 68 Plant carried McMurdo Station load.

30 Jan 68 Reactor scrammed due to operator error. An electrical
technician was repairing the indicating light for the
purification demineralizer isolatior valve and accidently

grounded the Vital AC/DC System. FM-34 Operating Report
Number 45, Malfunction 68-2.

31 Jan - Plant carried McMurdo Station load.
10 Feb 58

11~14 Feb 68 PM-34 shutdown to perform schedulsd maintenance to the
condensers and CRDMs.

15 Feb - Plant carried McMurdo Station lopad.
25 Mar 68

26-30 Mar 58 PM-3A shutdown to perform unscheduled maintenance on the
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primary and secondary systeams.
31 Mar 68 Plant carried McMurdo Station load.

0l Apr 68 Secondary system shutdown to perform unscheduled maintenance
due tc a steam leak. The cause of the malfunction was
attributed to the fallure of an isolation valve's packing
due to age and infrequent operation of the valve. Reactor
brought critical. PM-3A assumed McMurdo Station load. PM-3A
Operating Report Number 47; Malfunction 68-8.

02 Apr - Plant carried McMurdo Station load.
20 Jun &8
21l Jun 68 Reactor scrammed for no apparent reason. BSuspected an

electrical noilse transient. PM-3A Operating Report Number
49; Mzlfunction 68-10.

22 Jun - Plant carried McMurdc Station load.
19 Jul &8
15 Jul 68 Reactor in the process of shutdown. Plant scrammed because

of the failure of the Gem Switches on the Steam Generator
tank sump pumps and level alarm. Also an electrical test
transient was introduced during the performance of test RS5-6.
PM~3A Operating Report Number 30; Malfunctions 68-12 and
68-13,

20-23 Jul 68 Plant shutdown.
24-26 Jul 68 Plant carried McMurde Station load.

26 Jul 68 Reactor scrammed due Lo mementary distribution line arcing
caused by high winds (gusting to 50 knots) which resulted
in an electrical transient being felt by the PM-3A safety
system. A second scram occurred duriag start-up due to an
indicated short period on nuclear ins:trumentation channel
number 3 as channel 3 came on scale. Improper adjustment
of compensating voltage was found to be the cause. PM-3A
Operating Report Number 50, Malfunctions 68-14 and 68-15.

26 Jul - Plant carried McMurdo Station load.
12 Sep 68
13 Sep 68 Reactor scrammed. The cause was found te be a failure of

the insulation in the electrical coctainment penetration
suppiying power to the reactor cooclant pump. The failure
caused an electrical short and ground faults in the pene-
tration. As a result of the short, the reactor coolant
pump breaker tripped and the scram occurred due to loss of
punp power and low pump differential pressure. No spare
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14~22 Sep
23~25 Sep

26 Sep 68

27 Sep -
15 Det &8

15 Cct 68

15-18 Oct

18-19 Cct

19-21 Oct

21-23 Oct

23-24 Qct

24 Oct -
20 Nov 68

20 Nov 68

21 Nov 68

68

68

68

68

68

68

68

penetration assemblies were available on site, and the
problem was resolved by reconditioning the origimnal assembly,
The plant was returned to power on 23 September, PM-34
Operating Report Number 50; Malfunction 68-19,

Flant shutdown,
Plant carried McMurdo Starion load.

Reactor shutdown., Feedwater Pump number 1 tripped off the
line because of a blown fuse. PM=3A Operating Report
Number 50; Malfunction 68~22,

Plant carried McMurdo Station load,

The site tieline breaker was manuvally opened to reduce
KVAR lcad when the McMurdo Statien Diesel Plant paralleled
with veltage too low to assune any reactive electrical load.

Plant carried MeMurdo Station load.

The secondary system was cycled eight times for replacement

Crew training by transferring the electrical load between
the FM-3A and the McMurdo Station Diesel Plant.

PM-3A shutdown for maintenance work in the secondary system
and the water distillation plant.

The primary system was cycled six times for replacement Crew
training.

Keactor critical, Performing core physics tests.

Plant carried McMurdo Staticon load.

Reactor scrammed due to a transient period signal induced

in nuclear instrumentation Channel Mumber 3. The instrument

technician placed the drawer tesr ewitch in the test

position while performing test RS~6, The test procedure RS—-6
did not reflect the existence of the scram logic test toggle

switch which would have prevented switching transients during

the test. PM~34A Uperating Report Number 531; Malfunctions
686-27 and 68~28.

Reactor critical, Nuclear instrumentation channel 4 became
erratic, and an indicated transient period scram resulted.
During startup nuclear instrumentation channel 6 failed to
come on scale when steam was bypassed to raise power level ip

power range. FM-3A Operating Report Number 31; Malfunctions
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66—29 and 68-30.

_i? 21-24 Kov 68 Primary system cycled for replacement crew trajining. Core
: - physics tests being performed.

246 hov - Plant carried MeMurdo Statiomn load.
06t Dec 68

06 Dec 6& Keactor scrammed. The reactor was critical and & planned
secondary system shutdown was nearing completion, The
McMurdo Station Diesel Flant was supplying McMurdo Station
and PM-3A electrical loads. A low reactor coolant pump
power scram occurred due to low frequency. One McMurde
Station diesel generator had tripped off the line. PM-3A
Operating Report Number 51; Malfunction 68-32.

06=10 Dec 68 Plant carried McMurdo Station load.

turbine steam lines. Ph-3A assumed McMurdo Station load.

10 Dec 68 - Plant carried McMurdo Station loaa,
01 Jan 69

15968 Summary

E 10 Dec 68 Secondary system shutdewn to repair steam leaks on two

Ei Electrical problems of many types such as blown fuses, electrical
transients, shorts and line voltage swings were responsible for the

Ei ma jority of this year's malfunctions and down time periods. Each
malfunction of an electrical nature was corrected to a satisfactory
condition and every effort employed was directed towards non—recurrence

E of each situation.

A second flash evaporator unit was placed in service in the water
distillation plant this year which enabled the yearly total to exceed
1967's by slightly over one million gallons. The yearly total of fresh
water produced was 3,510,891 gallons.

Many changes to the PM~3A Technical Manuals were initiated during
1968, New welding procedures, developed by NAVNUPWRU, were approved by
NAVFACENGCOM and incorporated into the FM-34 Maintenance Manual. Also,
a new Health Physics Manual was drafted to replace the older edition.

relay In the signal generator and lcgic drawer resulted in
loss of power to control rod number one grip coils, causing
the rod to drop, Reactor brought critical. PM-3A assumed
McMurdo Station load. FPM-3A Operating Report Number 51;
Malfunctions 69-1 and 69-Z.

E 01~-02 Jan 69 keactor scrammed. Failure of the pin connnection of the k-11
E F=-32



02=15 Jan

15 Jan -~
21 Feb 69

22 Feb 69

23 Feb 69

23 Feb -
07 Mar 69

07-08 Mar

(8 Mar 69
09~-13 Mar

13 Mar 69

13-23 Mar

23 Mar 69

23 Mar -
02 Jun 69

02-04 Jun

05 Jun 69

06-14 Jun

69

69

€9

69

69

Plant carried McMurdo Station load.

PM-3A shutdown for annual maintenance. The containment air
leak rate test was performed during this shutdown. (An
unexplained displacement of shield warer occurred during
this procedure. Investigation of the 088 is detailed in
the 1969 summary.)

Plant carried McMurdo Station load.

PM~3A on the linge supplying PM-3A (plant), Maintenance and
Supply building, and the water distillacrion plant with
electrical power while maintenance was being performed on
the McMurdo Station electrical distribution system.

Plant carried McMurde Station load.

PM-3A shutdown because of a leak that developed in the
feedwater line at the flow nozzle caused by erosion. PM-3A
Operating Report Number 52, Malfunction 69-9,

Reactor brought critical.

Plant carried McMurdo Station load.

PM-3A Secondary Systems shutdown. 4 union in the gland seal
Piping for the low pressure end of the turbine began leaking
due to normal wear and steam erosion of the union. PM-34A

assumed McMurdo Station load. PM-3A Uperating Report Number
52, Malfunetion 69-12.

Flant carried McMurdo Station load.

Reactor scrammed dve to a tramsient noise signal tripping

two of the three high reactor outlet tenperature bistables.
PM-33 Operating Report Number 52, Malfunction 69-15.

lant carried McMurdo Station load.

PM-3A shutdown due tg an excessive primary system leak rate.
The problem was traced to the lower “lange on the pressurizer
level datum column. The cause was attributed to improper
torquing and misalignment of the flangs gasket. TPM-3A

Operating Report Number 53; Malfunction 6%-16.

Reactor brought critical.,

Plant carried McMurdo Station ioad.
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l4=15 Ju=

16 Jun -
21 Jul =?

21 Jul =3

21 Jul -
02 Aug %3

02-05 Augz

06 Aug 29
07-09 acg

09-10 aAug

11 Aug 23

12 Aug -
22 Qct 39

22 Oct 29

69

69

69

69

69

69

69

PM~3A shutdown because the reactor coclant pump differential
pressure indicator drifted downscale due to a faulty D/P

cell and loose linkege in the transducer unit of the pressure
transmitter. PM-3A Operating Report XNumber 53, Malfunction
69-20.

Plant carried MeMurde Station load.

Reactor scrammed due to a transient that was induced when

an instrument technician moved a loose wire while performing
PM-3A Test Procedure RS—6. Reactor brought critical. FPM-3A
assumed McHMurdo Station load. PM-3A Cperating Report Number
54; Malfunction 69-23.

Plant carried McMurdo Station load.

PM-3A shutdown. The feedwater line developed a leak at

the southeast corner of the primary building and was blowing
steam and water. PM-3A Operating Repert Number 54; Malfunctionm
69-25-

Reactor critical.

Plant carried McMurdo Station load.

PM-3A shutdown due to excesslve primary system leakage
across the gasket seat surface of the CRDM in Port Ome.
PM-34 Operating Report Number 54; Malfunction 69-30.

Reactor Critical.

Plant carried McMurdo Station load.

While preparing for a planned overlap training shutdown, the
reactor scramned due to coincident occurrences of transient

pulses and test pulses during the performance of PM-3A Test
Procedure RS—6. PM-3A Operating Report Number 355;
Malfunction 69-33.

P¥M-34 shutdown,

The primary system was cycled for replracement crew training.

The secondary system was c¢ycled for replacement crew
training.

Reactor manually scrammed due to the Zropping of control
rod number one. It is believed thar nigh temperature in
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29 Oct -
G5 HNov 69

05=06 Nov 69

06-26 Nov 69

26 Mov 69

27 Nov -
05 Dec 69

03 Dec 869

06 Dec 69

G7-08 Dec 69

08-17 Dec 69

17 Dec 69 -
27 Jan 70

the CRDM drawer for control rod number one caused the loss
of power to this rod. Reactor brought critical. PM-3a
Cperating Report Number 55; Malfunction 65-37,

Plant carried McMurdo Station load.

Secondary system shutdown due to a leak in the feedwater
lire in the Primary Building, The leak was attributed to a
faulty weld joint which was made as a result of malfunction
69-25. PM-3A assumed McMurdo Station load. PM-3A Operating
Report Number 55; Malfunction 65$-39,

Plant carried McMurdo Station load,

The site tieline breaker was opened for (BU 201 to facilitate

relocation of Switching Station Number One (Work Project
M~530),

Plant carried McMurdo Station load.

Reactor shutdown for NAVFACENGCOM inspection, Reactor
brought critical,

Plant carried McMurdo Station load,

The site tieline breaker was opened in order that CBU 201
could continue Work Project M-50.,

Flant carried McMurdo Station load,

Reactor scrammed on a low reactor coolant flow due to a low
voltage condition. The Control Room Operator had inadvertently
over adjusted the main generator voltage regulator, While
attempting to assume plant load subsequent to the scram,

the plant had to be shutdown due to loss of govermor speed
contrel on the main turbipe generator. The leoss of control
was caused by ercsion of the steam chest casing around the
valve seats which permitted steam flow in excess of the amount
required to malntain the turbine at low speed stop., This
resulted in an overspeed trip of the turbine, It was decided
to begin the annual maintenance shutdown., PM-34 Lperating
Report Number 535; Malfunctions 69~44 and b9—46,

1969 Sunnary

During 1969, mechanically eriented problems far surpassed any other
type of malfunction in contributing to down time at the PM-34. Repeated
problems were encountered with feedwater lirne brecaks ana steam crosicon in
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the turbioe. Work Project 69-5, however, provided for the procurement of
naterials and replacement of eroded components in the feedwater system
piping, and Work Project 69-7 called for the procurement of materials for
a complete overhaul of the turbine—generator unit.

During the January 1969 containment air leak test, a displacement ot
approximately 51C gallons of shield water occurred. This corresponded to
a loss at the rate of 0.15 gpm during the 60 hour test. Shield water
leakage of 275 gallons was also observed during the leak tesr of November
1965, An exhaustive investigation of all water leakage paths failed to
account for the 510 galloms.

A review of the test data showed that the leak rate was essentially
constant indicating the water leakage path was belew shield water level.
PM-34 Monthly Operating Report Number 7 describes cracks and holes which
were discovered and repaired in December 1964 in the stainless steel
liner of the interconnect between the reactor and spent fuel tanks. The
possibility existed that additional imperfections had occurred since 14964
or were present at the time and were not detected. After an analysis of
possible leak paths from containment, it was concluded that the most
likely location was the interconnect region and that the displaced shield
water had leaked from contaimment directly inmto the backfill,

It was determined that under the PM-3A postulated maximum credible
accident conditione, the opening that was respousible for a loss of 510
gallons during contaioment air leak testing would pass approximately 850
gallons in the 72 hour containment cocldown period. To conservatively
avoid exposing the leak opening to containment gas auring a postulated
maximum credible sccident, the shield water low level alarm was set at a
value which was 850 gallons above the lower level experienced during
contaipment air leak testing. The top of the interconnect was about &0
inches below the shield water level, amounting to a reserveir of some
4000 gallons above the places comnsidered to be the most likely location
of the leak.

A more detailed containment inspection completed in January 1570
revealed the source of the problem, as suspected, to be cracks and pits
in the welds and on the surfaces of the interconnect. Welding repairs
were implemented during DEEP FREEZE 70 austral swmer with satisfactory
results, and it was decided to perform periscope inspections of the
interconnect area on a continuing basis. '

On the first of March 1969, hydrogen addition to the primary system
was termipated. As of December 1969, the oxygen concentration had been
maintained between zero and 15 PPB, The hydrogen concentration gradually
decreased to approximately 5-15 cc/kg, where it leveled off. Changes to
the hydrogen and oxygen concentration operating limits were made in
January 1970,

4 total of 5,237,671 galloms of fresh water was produced by the wWater
Distillation Plant during 1569. This represented an increase of 1.7



million gallons aver the previcus year's output,

27 Jan 70
28 Jan 70
29=-31 Jsn 70

31 Jan 7C

31 Jan -
CY9 Feb 7

10 Febp -
04 Apr 70

04 Apr 70

05-08 Apr 70

09 Apr 70

10 Apr -
07 May 70

07 May 70

07 May -~
20 Jun 70

21 Jun -
08 Jul 7¢

08=15 Jul 70

15-18 Jul 70

Reactor critical for startup testing,
PM-34 assumed plant load,
Plant carried McMurdo Station load.

Reactor scrammed on Iow pPrimary pressure due to an improper
Set polnt on the low pressure scram bistable. PM-34
Operating Report Number 26; Malfunction 70-11,

PM~3A shutdown to facilitate the lastallation of 22=tyrn
potentiometers on all type "A" and “M" bistables. This
action was a direct result of Malfunction 70-11, Also during

this period, the shield water was found to be clouded with
suspended solids.

Plant carried McMurdo Station load,

Reactor scrammed. The turbine governor fajled causing a scram
from full power operations, Freliminary investigation
revealed failure of the governcr upper pilot valve. PM-34A
Operating Report Number 363 Malfunction 70-23,

PM-3A shutdown so that further investigation and work
could be accomplished on the turbine governor,

Reactor brought eritical,

Pilant carried McMurdo Station load,

Main turbine generator shutdown. A steam leak had developed
dcross the turbine throttle valve drain line flange. The
flexatallic gasket in the flange, which had failed, was
replaced. PM~3A assuged McMurdo Stationm load, FM~3a
Operating Report Number 27; Malfunction 70-27,

Plant carried McMurdo Statien load.

PM~3A shutdown for refueling with Type 1V Lore, PM=34
Operating Report Number 58; Appendix D,

Pre-startup testing and core physics testing of Type IV (ora,

Plapt carried McMurde Station load,
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18 Jul 7C

Jul -
Sep 70

— =
~1 0

7
G2 Oct 70

2 Oct 70
3 Qct 70

04 Oct 70

C4-05 Qct

G506 Oct

06-19 Cct

18 Oct 70

70

70

70

Secondary system shutdown for core physics testing,.
Plant carried McMurdo Station load.
Reactor scrammed, An instrument technician inadvertently

caused a transient in the vital AC/DC system while making an
adjustment to the rezctor temperature resistence/current

converter. Reactor brought critical., PM-3A assumed hcMurdo
Station load. PM=-3A Operating Report wumber 58; Nalfunction
70-42,

Plant carried McMurde Statiom load.

PM-3A shutdown for scheduled maintenance. There was a
high primary system leak rate through the pressurizer vent
and drain valves. PM-3A Operating Report Number 58;
Malfunction 70-47,

Reacter brought criticail.

PM-34A assumed McMurdo Station load., Reactor scrammed on low
primary coolant flow. A plugged sensor element leg at the
D/P cell caused oscillations Lo the steam generator level
when the control system was in the automatic mode, The
operator failed to take corrective acticn when the sensing
element indicated system failure, Keactor critical. Ph-3A
Operating Report Number 59; Malfunction 70-48,

Plant carried McMurdo Station load.

Plant secondary system shutdown due to a leak around three
studs at the high pressure end oI the turbine directly under
the steam chest., The leak was temporarily repaired and
PM-3A assumed McMurdo Station load. PM-3A Operating Report
Number 59; Malfunction 70-49,

Plant carried McMurdo Station load.

Reactor scrammed on low flow due to decreased frequency.
Adjustment of the turbine governor servo motor oll pressure was
inadvertently increased rather than decreased. Reactor
eritical. PM-3A assumed McMurde Station load. Fi=3A Uperating
Report Number 59; Malfunction 70-50.

Flant carried MeMurdo Station load.

Primary system being cycled for replacement crew training.

An unscheduled delay in startup was caused by a steax



28~29 D¢t

29 Qct 70

29~30 Oct

30 Qet -
01 Nov 70

01~03 Nov

03 Nov 70
03-10 Nov

10 Kov 70

11-25 Nov

253 Nov 70

25=28 Novw

28-29 Nov

29 Nov 7C

U

70

70

70

70

70

Benerator blowdown activity level higher than the acceptable
upper limit. Reactor critical. PM-3A Operating Report Number
59; Malfunction 70-51,

PM-3A on the line for power cperation and load transfer
training,

Reactor scrammed due to a blown fuse in the control rod

actuator cabinet, Reactor critical. PM-3aA Operating
Report Number 59; Malfunction 70~ 2.

Secondary system cycled for training.

Flant carried McMurdo Station lcad.

Reactor shutdown, During test PS-5 (Pressurizer level
calibration), level elements "A" apd "B" showed a 4 inch
difference., Due to the inability to ascertain acrtual level,

a planned shutdown was initiated and the level system repaired.
Reactor critical, PM-3A Uperating Keport MNumber 5Y%;
Malfunction 70-33.

Secondary system cycled for training.
Plant carried McMurdo Station load.

Reactor scrammed. While making voltage checks, the instrument
technician shorted out the 24 volt power supplies. The short
caused a transient in the vital AC/DC system which resulted

in the gcram. PM-3A Operating Report Number 39; Malfunctien
70-56.

Plant carried MeMurdo Station load.

Reactor scrammed. While removing a D/P cell for cleaning,

an instrument technician shorted out the 65 volc power supplies
The short caused a low voltage transient in the vital AC/DC
system which resulted in the scram. Reactor critical. FPH-3A
assumed McMurde Station load. PM-3A Operating Report Number
29; Malfunction 70-58,

Plant carried McMurdo Station load.

Site tie breaker opened., The gite tie breaker tripped after
replacement of a phasge ever—current relay. Incorrect

wiring was found to be the cause., EM-34 Operating keporc
Number 59; Malfunction 70=-60,

Plant caerried MeMurdo Station load., Reactor scrammed .,
While replacing the RWDS sump tank level D/P cell, an
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instrument technician shorted out the 63 volt power supplied.
The short caused a transient in the Vital AC/DC system

which resulted in the scram. FPh-3A Operating Report ANumber
59; Malfunction 70-61,

29 Nov - Reactor critical. A delay 1in startup was caused by an

04 Dec 70 increase in the steam generator blowdown activity level
above the operating limit. PH-3A Cperating Report number
59; Malfunction 70-62,

04=05 Dec 70 Reactor shutdown. An instrument technician was performing tine
scram logic circuitry test and a logic gate associated with
the test failed. The failure allowed the test pulses to
pass through the low pressure scram logic gate into the
safety system. PM-3A Operating Report Number 53; Malfunction

70-63.
05 Dec 70— Reactor shutdown. A leak in the ERWDS evaporator tubes was
02 Jan 71 discovered on 27 Nov while the system was shutdown for

cleaning. A backlog of radioactive waste water, caused by

the above cccurrence, filled waste water storage facilities
leaving no storage space. 1t was decided to remain shutdown
for annual maintenance, repair, and overhaul, PM-3A Operating
Report Number 59; Malfunctions 7U-59 and 70-65.

1970 Summary

During 1970, the PM—-3A experienced several mechanical malfunctions. The
turbine generator, which was scheduled for complete overhaul in February
1971, caused many problems throughout the year. The biggest mechanical
problem during the year dealt with the RWDS evaporator tube leak. It
caused early initfaticn of the annual maintenance shutdown and created
severe problems with elevated steam genmerator blowdown activity, delaying
several startups during the year.

A revision of the PM~3A Operating Limits Manual was approved by
NAVFACENGCOM during December 1970, The purpose of the revislon was to
provide a much clearer meaning as to what the operating limits were and
what action was to be taken when a limit was violated.

This period also marked the fourth calendar year of water distillation
plant operation under PM-3A management. A total of 5,459,555 gallons of
fresh water was produced during 1970, an increase of 221,884 galloms over
the previous yvear's production,

03-1Y Jan 71 PM-3A shutdown for anmual maintenance.

19-21 Jan 71 Reactor critical for startup testing.
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21-22 Jan 71

22=-23 Jan 71

23 Jan 71

23-24 Jan 71

24 Jan -
15 Feb 71

15 Feb 71

15-19 Feb 71

19-2]1 Feb 71

21 Feb =~
02 Mar 71

Reactor shutdown., Ueposits from the steam genetrator acid
cleaning plugged the steam generator level sensing line
causing the level indication to increase while the actual
level decreased., The D/P cells were cleaned and the sensor
lines replaced, PM~3A Operating Report Number 60;
Malfunction 71-2,

Reactor critical for startup testing,

Reactor scrammed., Imcorrect settings of the protective
relay caused the transformer secondary breoaker to trip and
scram the reactor. The relays were recalibrated. PM-3A
Uperating Report Number 60; Malfunctien 71-3.

Reactor critical for startup testing.

Reactor manually scrammed, Control Rod iumber 3 could not

be withdrawn abave 14,40 inches. Subsequent to this malfunction

and during attempts to restart, problems with pressuyrizer
level elements, broken wires and a plugged steam generator
level sensing system caused a substantial delay, PN-34
Operating Report Number 60; Malfunction 71-4, 71-5, 71-¢,
71-7, and 71-8,

Reactor critical for startup testing,

Reactor manually shutdown. The pressurizer level elements,
"A" and "B" indicated a discrepancy in leveil. lnability

to determine calibration points dictated a manual shutdown
of the plant. During recovery from this malfunction, a

leak caused by erosion was discovered in the feedwater line,
The damaged pipe was replaced and the system hydrostatically
tested and returned to service. PM-3A Operating Report
Number 60; Malfunctions 71-9 and 71-10,

Reactor critical, Condenser Number 2 would not maintain the
proper temperature and difrerential pressure. Investigations
indicated that a previously plugged tube had blown out. The
plug was replaced and the condenser returned to service,

While work was being completed on the blown plug, it was
discovered that the turblne speed could not be increased tg the
overspeed trip point, with either the local contrel at the
turbine or with the remote control on the control room console.
The governor was replaced. PM-34 Operating Report Number

60; Malfunctions 71~11 and 71-12,

Flant carried McMurdo Station load. On 21 February the
single speed fan for Number 2 (ondenser tripped causing a
vacuum lcss in the turbine exhaust trunk. The motor leads
were reterminated and the condenser was returned to service.
Six davs later the exact same malfunction shutdown Condenser

F-41



02-03 Mar

03-07 Mar

07-08 Mar

08-18 Mar

18-21 Mar

21-23 Mar

23-25 Mar

25 Mar -
24 Sept 71

24 Sep -
0l Oct 71

01-14 Oct
14-23 Oct

23-28 vct

71

71

71

71

71

71

71

71

71

humber 3. PH-3A Operating Report Number 6U; Malfunctions
71-13 and 71=14,

Reactor manually scrammed. The scram logic test indicated a
failure of the rod interlock amplifier. A failed diode in
the test clrcuit was replaced. Less than an hour after the
scram and while electrical power for the PM~3A complex was
being provided by the auxiliary 250 KW diesel, the automatic
transfer coil in Switching Station Number 1 overheated and

caught on fire. Ph-3A Operating Report Number 60; Malfunctions
71-15 and 71-16,

Piant carried McMurdo Station load.

Secondary system shutdown. A steam leak developed at the
upstream blockvalve for the turbine bypass valve. The valve
bonnet was removed and a blank flange was installed in its
place. PM-3A Operating Report Number 60; Malfunction 71-18,

Plant carried McMurde Station load.

PM-3A shutdown because of excessive deviation between
pressurizer elements "A” and "B", During startup om the 21st,
rod pesitiorn indicateor for control rod number six failed to
follow the movement of the control red. The servec amplifier
was changed and the position indicator returned to normal.

In additien a reacter coolant leak occurred at the solencid
operated pressurizer drain/vent valve. A new crush-ring was
installed with satlisfactory results, PM—-34 Operating Report
Number 60; Malfunctiocons 71-21, 71-22 and 71-23,

Plant carried MecMurdo Station load.

Reactor shutdown. Rod position indicator for Control Kod
Number 6 failed to follow the movement of the contrel rod.
Attempts to correct the problem from outside containment

were unsuccessful, and the reactor had to be shutdown.
Reactor critical. PM—-3A assumed Mciurdo Station load. Ph-3A
Operating Repoert Number 60; Malfumctinn 71-24,

PM~34 on the line for power operations producing a record
run of 4400 hours 20 minutes,

PM-34 shutdown for scheduled and umscheduled maintenance to
both the primary and secondary systems.

Plant carried McMurdo Stationm load.
PM~-34 shutdeown for crew training.

Plant carried McMurdo Station load.



28-31 Oct 71 Reactor scrammed, While removing the face plate on the
pressurizer level indicator an instrument technician
inadvertently shorted out the 65 volt power supply on the
indicater. This caused a transient voltage drop on the 65
volt system and a reactor scram. Reactor critical. PM-3A
assumed McMurdo Station load. PM-34 Operating Keport Number
63; Malfunction 71-48.,

31 Qect - Plant carried McMurdo Station load,
02 Nov 71

02-06 Nov 71 Reactor manually scrammed. A fire wasg discovered in the
exciter end of the main generator. After the fire was
extinguished by the fixed pipe CO 2 system it was found that
a 4160 velt lead had burned in two at a connector at the
top of the main generator and had destroyed approximately
ten feet of cable, A lcose connection wag determined ta
be the cause of the fire. PM-3A Operating Report Number 63;
Malfuncticn 71-50,

06 Nov 71 Reactor critical., Reactor manually scrammed. While
conducting a test of the pressurizer level D/P cells, the
control room operator noticed smoke coming from the servo
amplifier 20 volt power supply, Further investigation disclosed

] that two electrolytic capacitors in the serveo amplifier for

: Control Rod Number 1 had been installed with reversed polarity

j and consequently caused the failyre of the other components.,

The component failures caused excessive current to be drawn

by the amplifier power supply, thus resulting in overheating

and smoking. PM-3A Operating Report Number 63; Malfunction

71-51,

07-10 Nov 71 Reactor critical,

10 Nov - Plant carried McMurdo Station load.

12 Dec 71

12 Dec 71 Reactor shutdown for NAVFACENGCOM inspection.

13 Deg 71 Reactor brought critical. PM-34 assumed McMurdo Station load.
14 Dec 71 Reactor manually scrammed., While performing the rod drop

time test (RC~-1) on Control Rod Number 1 the source range
ccunt rate unexpectedly dropped downscale, and the positicn
lndicator stopped moving. Investigation of the GRDM drawer
for Control Reod Number 1 revealed several failed electronic
tomponents Iin the servo amplifier power supply., PM-3A
Operating Report humber &3; Maliunction 71-~34,

14 Dec 71 - PH~34 shutdown for annual maintenance,
24 Jan 72
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1571 Summary

In the tirst quarter of 1971, several problems were encountered with
the pressurizer and steam generator level elements, The problems associated
with the pressurizer level elements were attributed to misinterpretation
of an alignment procedure. This was corrected and the procedures performed

&5 written.

The majority of the down time at the PM~3A during 1971 was attributed

to problems associated with CRDM electromice.

The tank RWDS evaporator coil replacement work project was scheduled
for the DEEP FREEZE 74 austral summer season due to the long lead time
for coill procurement. New temperary operating limits for steam generator
blowdown activity were approved by NAVFACENGCOM, and a conceptual design
for a PM-34A Emergency Core Cooling System was formulated as the basis for
final design, Installation, and operation specifications. A work project
was established during the last quarter of 1971 to provide materiale for

the system.

A new powver run recerd for a military operated shore based

nuclear
power plant wag established by the PM-3A between 25 March 1971 and 24
September 1971. The record run was 4400,.3 hours of continuous operation.
In additiom, 5,096,417 gallons of fresh water were produced by the Water
Distillation Plant during the year.
24 Jan 72 Reactor critical. Reactor shutdown. While performing test

procedure PS=35 (Fressurizer Level Calibration) it was noted
that no increase in uvpper calibratien heater temperature was
seen as the indicated upper quench point was uncovered. The
pressurizer level indication meter was found to be defective
and was replaced., Reactor eritical, PM-3A Operating Report

Number 64; Malfunction 72-1,

25-28 Jan 72 Reactor shutdown. The operating watch was performing test
procedure PS-5, Charging Pump Number 2 was started to regain
pressurizer level, but no level increase was noted. Charging

Pump Number 1 was started with the same results.

It was

discovered that improper gaskets hace been installed in two
valves of the charging system. PM~3A Operating Report Number

64; Malfunction 72~2,

2% Jan 72 Reactor Critical.
30 Jan 72 PM~3A assumed plant load.,
31 Jan 72 PM=3A assumed McMurdo Station load., Reactor scrammed.

While removing a thermocouple extension wire from behind
the control console an instrument technician inadvertently
shorted out the 65 volt power supply, thus causing a transient



01 Feb -
03 Mar 72

03 Mar 72

04 Mar 72
05-19 Mar 72

19 Mar 72

19-24 Mar 72

24~31 Mar 72

31 Mar -
0L Apr 72

02-05 Apr 72

voltage drop and a2 reactor seram. Reactor critical, PM-34
Operating Report Number 64; Malfunction 72-4,

Plant carried MeMurdo Station load.

Reactor scrammed. During a severe storm several electrical
faults occurred in the McMurdo Statfon electrical system,
These faults caused erroneous transient elgnals in the reactor
safety system which in turn scrammed the reactor, PM-34
Operating Report Number 64; Malfunction 72-7,

Reactor critical,
Plant carried McMurdo Station load.

Reactor shutdown, An increase was noted in the frequency of
operation of the contsinment sump pumps along with an fncrease
in secondary water usage, Further investigation inside
containment revealed a leak at a weld on the feedwater line,
The weld was repaired and the system returned to service,
PM-3A Operating Report Number 64; Malfunction 72-8,

PM-3A shutdown., [Containment was closed aand a bubble had
been formed in the pressurizer. The McMurdo Public Works
electrical shop was ia the process of relocating some of the
4160 volt power lines, thus requiring the PM-3A Auxiliary
diesel generator to provide power to the M & 3 building,
water distillation plant, fresh water line heat tapes, salt
water pump house heaters, and the PM~3A, Total load on the
auxiliary generator was 375 ampares. The load on the
generator had been trimmed as much as possible, and in order
Lo proceed with a startup it would have required securing
power to the M & 5§ and Water Distillation Buildings. Also,
the heat tapes on all water lines to McMurdo would have to
have been secured and the lines drained, Since the power line
relocation was due to be completed within 12 hours, the
reactor startup was delayed.] Upon completion of the
relocation project the PM~3A proceeded with a normal startup.
PM-3A Operating Report Number 64; Malfunction 72-9,

Plant carried McMurdo Station load,

PM-3A shutdown, The posftion indicator for Control Rod
Number 1 became erratic, and a new position indicator can

was Installed. PM~3A Operating Report Number 64; Malfunction
72-12,

PM-3A shutdown., A4 leak developed in the pressurizer veat
drain system due ta badly galled threads on a component aof
the reactar drain valve. PM-34 Operating Report Number
65; Malfunction 72-14, '
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05-09 Apr

0% Apr 72

09-19 Apr

19-25 Apr

25-28 Apr

28-30 Apr

30 Apr -
03 May 72

04~10 May

10-19 May

19-20 May

20 May 72

20 May -
18 Sep 72

72

72

72

72

72

72

72

72

Plant c¢arried McMurdo Station load,

Reactor scrammed. Following the operation of the emergency
diesel generater for training, the control room operator
erroneously opened the transformer secondary breaker resulting

in a reactor scram. PM-3A Operating Report Number 65;
Malfunctiomn 72-15,

Plant carried McMurde Station load.

Reactor scrammed. Deterioration of the power cable to the
coil can for Control Kod Number 1 caused the control rod
to drop and required & reactor scram, PM-3A Operating
Report Number 65; Malfunction 72-16,

Reactor critical. Reactor shutdown. Moisture in the coil
can cable connectors for Control Rod Number 4 caused the
control rod to respond improperly. FM—-3A Operating Report
Number 65; Malfunction 72-17,

Flant carried McMurdo Station load.

Reactor scrammed. An instrument technician inadvertently
shorted out the 24 volt power supply while performing
maintenance. During reactor startup following the scram it
was noticed that Control Rod Number 6 responded improperly.
Moisture and corrosion in the coil can cable connectors was
found to be the cause. PM-3A Operating Report Number 65;
Malfunctions 72-18 and 72-19.

Flant carried McMurdo Station load.

PM-3A shutdown. A failure in the control rod drive grip
circuitry of control rods one and three dictated a controlled
shutdown for necessary repairs, A delay in startup occurred
when burned insulatiom on several wires inside coil can
serial 207 was discovered. PM~3A Operating Report Number

65; Malfunctions 72-20 and 72-21.

Plant carried bMHchurdeo Station load.

Reactor manually scrammed, Extreme secondary system cycling,
apparently caused by excessive steam flow to the deaerator
tank, resulted in a low steam generator level and a manual
reactor scram, FM~-34 Operating Report Number 65; Malfunction
72-22,

Flant carried McMurde Station load,



18 Sep - PM-3A shutdown for scheduled maintendnce in the primary and
16 Qct 72 secondary systems. During a routine inspection of the steam
generator tank, water seepage was dlscovered at the lower
interconnect between the reactor and steam generator tanks.
Upon investigation, the seepage was located at the collar
of the reactor outlet nozzle insulation sheil assembly.
PM-3A Operating Report Number 66; Malfunction 72-26.

16 Oct 72 Reactor critical for crew overlap training.

17-22 Oct 72 PM-3A shutdown for further investigation of interconnect
water seepage.

22-26 Cet 72 Reactor critical for crew overlap training.
26 Oct 72 -~  Reactor shutdown pending results of independent laboratory

30 Jun 73 analysis of the probability of chloride stress corrosion

cracking to the stainless steel primary system piping. PM-3A
Operating Report Number 67, Appendix I,

1972 Summary

During the first quarter of the year, many problems were encountered
with the CRDMs. These problems were primarily attributed to deterioration
of the cables and their associated connectors.

Due tc the existence of a confirmed leak in the tank mounted RWLS
avaporator steam coil that could not be repaired until DEEP FREEZE 73
summer season, the total primary system decontamination plannmed for the
summer of DEEP FREEZE 72 was postponed until such time as the evaporator
would be fully operable., 1In the interim, a supplementary decontamination
procedure was carried out which made possible an on-site evaluation of
the major decontamination procedure and materials while providing a
subtantially smaller amount of contaminated water for processing. This
supplementary procedure was to result in decontamination of the eccnomizer
shell, the purificatioen cooler tubes and the delay tank. Overall, the
limfted decontamination project had only marginal results and involved
total perscnnel exposure of 10,209 REM., Accordingly, decontamination of
the entire primary lecop was not considered feasible or justifiable and
Planned additional work was cancelled.

A controlled shutdown for scheduled maintenance was initiated om 18
September during which perioed a failure within the reactor outlet irnsulation
canning was discovered. It was determined that the possibilirty of chleride
etress corrosion cracking existed, and a civilian firm was contracted to
perform extensive on site investigations prior to PM-34 returning to power,

A total of 5,967,898 gallons of fresh water was produced by the Water
Distillatien Plant.
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01 Jul 73
05 Jul 73

06 Jul ~
09 Qctr 73

10 Oct 73

Defueling procedure initiated.
Defueling procedure successfully completed.

PM-3A in Cold Iron Status,

Initiated FM—3A Kemoval FPlar.
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PRETACE

The removal of the PM-3A Nuclear Power Plant
from McMurdo Station, Antarctica will be an extremely
complex task extending over a period of several years,
The severe Antarctic climate, limited operating season
and logistics problems all add to the inherent problems of
dismantling and shipping radioactive reactor components.

The purpose of the Removal Plan is to provide an
outline of the scope of this project with a general deserip-~
tion of the work to be performed and the proposed methods
to be employed in dismantling and removing the PM-3A
Nuciear Power Plant from Antarctica, Only major tagks
and items of significance are discussed,
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I, BACKGROUND

A, Plant Description

The PM-3A Nuclear Power Plant is located at Mebdurdo Station,
Antarctica (Figure 1). As shown in Figure 2, the site is on a plateau 300
feet above sea level overlooking the Ross Sea and McMurde Station.

The plant is divided into two major areas, primary and secondary, to
provide maximum control of radicactive contamination. Physical
plant arrangement is shown in Figure 3.

_ The majority of the primary system components are located in four steel

containment vessels as shown in Figure 4. These vessels are interconnected
and sealed to form a vapor retaining area having a void volume of
approximately 3,300 cubic feet.

Secondary system components and four air cooled condensers are
located in two buildings adjacent to the primary building. The two
buildings contain the majority of the nen-nuclear supperting equipment
required for power plant operations,

The plant's pressurized water reactor has a thermal ocutput of 11, 27 Mw.
The plant is rated for an electrical output of 1800 KW at a 0, 8 power factor.
In addition to producing electrical power, steam from the plant is used
in the operation of the water distiliation plant.

The PM-3A was designed as a portable nuclear power plant capable
of being air transported in C-130 aircraft. Plant systems were designed
under the concept that disassembly, packing and transportation would be
accomplished with minimum difficulty. The plant was transported to
McMurdo by ship in 20 basic modular packages of 15 tons maximum and
geveral crates containing approximately 45 tons of miscellaneous
equipment.

B. Operating History

The PM=~-3A was designed and ¢onstructed by the Martin Nuclear
Company. The plant was transported to McMurdo Station by ship and
arrived on site 12 December 1961, First criticality was achieved on
3 March 1962, §1 days after arrival. On 10 July 1962, the first
elegtrie power was provided by the PM~3A. The plant was operated
by Navy crews under the direction of the Martin Company and AEC until

t.l*.‘n
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27 May 1964, at which time the Navy assumed custody und full
responsixility for its operation.

The plant operated until September 1972, Since com mencement of
operations in 1962, the PM-3A has produced approximately 7s million
kilowatt hours of electric energy with an availability of 7277,

In 1966, steam generated by the PM-3A was used to produce fresh
water from seawater by evaporative distillation. Since that time, the
water distillation plant has produced over 13 million galions of fresh
water using steam generated by nuclear energy,

C. Cause of Shutdown

In September 1972, shield water leakage into the steam generator
tank was discovered during a routine inspdetion. It appeared that the
cause of the leak was the failure of a weld on the primary coolant
piping insulation canning,

It was postulated that failure of the insulation canning weld had
allowed shield water to wet the ingulation around the primary coolant piping,
It wag further postulated that the water could be in contact with the reactor
pressure vessel. Since it was known that the insulation contained
leachable chlorides, the possibility of chloride stress corrosion cracking
of the reactor pressure vessel and coolant piping existed,

In January 1973, it was verified by inspection that the stainless steel
reactor pressure vessel and primary coolant piping had become wetted
due to the failure of the insulation canning. It was further verified that
the thermal insulation around the piping contained chlorides; the water in
which the reactor pressure vessel was immersed contained chlorides and
OXygen; and the piping and nozzles had been contaminated with chlorides.
All of the conditions necessary for chloride stress corrosion cracking
failure in austenitic stainless steel were present, i.e,, temperature,
stress, chlorides and oxygen.

During the January inspection, approximately 60 in2 of the reactor
preasure vessel nozzle and primary coolant piping were accessible for
visual examination. A dye penetrant inspection of the exposed areas of
nozzle and piping revealed no indication of chloride stress corrosion
cracking. However, the possibility of chloride stress corrosion cracking
of the inaccessible surfaces of the pressure vessel stil] exigted.



The high cost of performing a full inspection which would be required
before any operations could be resumed, the unknown probability of success
of such an inspection, and the lack of any other feasible course of action
resulted in the decision to terminate permanently operation of the PM-3A
and remove the plant from the Antarctic.

I[}. Alternative Courses of Action

In arriving at the decision to permanently shutdown the PM~3A, the
following five alternative courses of action were considered:

Action

" Return to
Power

Detailed
Inspection
and Repair

Redesign
and Replace
Preasure
Vessel &
Portions of
Primary
Piping

Entire new
Plant

Shutdown
and
Dismantle

Description Cost Time
(Millions) (Years)

No direct evidence of Nominal
damage

Plant is operable

Check out and go to power

Operate with wet insulation

Few months

Remove insulation canning $1.5 2-3
Inspect for damage

Repair if damaged

Reinstall canning, new insulation

Return to power

Design new pressure vessel
and insulation system
Hemove existing pressure
vessel

Install new pressure vessel
Return to power

> $2.0 3

Design and building new 835 8
5MW plant

Incorporate modern criteria

Consider ice-strengthened

barge for mobility

Remove PM-3A

Remove radioactive components < $1.0 3
Leave desalination plant
Restore site
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E. Comments on Alternatives

Return to Power. Since evidence of possible cracking of the primary
system is circumstantial only, there is no leakage of primary water and
the plant is operable, the Navy could take the position that the PM-3A
should return to power promptly to provide power and fresh water to
MeMurdo Station from a nuclear source in order to reduce logistics
problems associated with diesel-fueled energy sources. However, this
option is not prudent from a nuclear safety point of view. While gpecific
AEC approval is not required before returning to power, it is anticipated
that the AEC regulatory staff would actively oppose such action. During
the current austral winter season (March - October 1978), the disesl
generators at McMurdo have operated satsifactorily and the two new
units will increase reliability for the future, As a result, there exists
no urgent operational consideration which might tend to modify a normal
conservative nuclear safety course of action,

Detailed Inspection and Repair. This option involves the following
execution elements:

Completion of detailed planning (a preliminary plan has already
been prepared). :

Development and procurement of remote cutting, inspection
and welding equipment and a personnel shielding system.

Construction of mock-ups in CONUS to test feasibility of procedures
and to permit training of personnel prior to deployment to MeMurdo.

Deployment to site.

Cutting and removal of existing canning from around pressure
vessel and piping legs,

Visual inspection of the entire surface of the pressure vessel
and wetted piping using remote techniques (radiation level will be too

high for direct methods, even with core removed).

Repair (grinding and welding) of cracks discovered during the
inspection, if any, and if possible,

Installation of new insulation and reinstallation of old canning.
(Installation and welding of a new canning system is mueh preferable
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but is ¢ on-1ereld to be upnacceptably complex Lo cosvy using thy reiote
methods made necessary by the ambient radiation field).

Test of integrity of canning system and repair if necessary and
possible.

Cdmpletion of documentation for justification for return fc power.

The major drawback to this option is the lack of assurance of success in
returning to power, It is impoassible to predict what the ingpection will
uncover, thus it is not possible to assess in advance the probability that a
technical case can be made for return to power. In addition, there is no
way to develop assurance that the reinstalled old canning system will not

- leak again in the future. The inspection and repair would involve a
significant (but controlled within allowable 1imits) exposure of 30-40
military and civilian consultant personnel to ionizing radiation. This
lends importance to the need to have reasonable assurance of success

before proceeding and the need to weigh this radiation exposure against
expected results.

Redesizn and Replace Pressure Vessel, This course of action
entails the complete redesign of the pressure vessel and its insulation
system and portions of the primary system piping with three major
objectives in mind: (1) measures to make highly unlikely the exposure of
components of the primary system to serious potential corrosion problems
like chloride stress corrosion eracking; (2) measures to permit detection
of incipient conditions which might lead to corrosion problems and
(3) measures to permit inspection and repair of affected surface if suspected
exposure to corrosion conditions should occur. The estimate of $2
million is considered to be a2 minimum. The major concern with this
option, which complicates the comparison of cost versus benefit, is the
possibility that with such a major modification planned the Navy may
conclude, or the AEC may insist, that the plant should be brought into
substantiaily full compliance with the current General Design Criteria
for Nuclear Power Plants, as contained in Appendix A, 10CFR50,
NAVFAC has had plans underway for some time to install an Emergency
Core Cooling System (ECCS) in the PM-3A, All of the options which
contemplate return to power include the installation of such a system,
However, no plans are being made to carry out wholesale backfitting to
comply fully with the other proviaions of Appendix A, 10CFR50, since
it was concluded that no substantial additional protection of public health
and safety would result from the large costs of such backfitting, Plans
to perform a major modification to the PM=-3A because of the current
chloride atress corrosion oracking problem, however, could well lead

G=17



to a decision to backfif completely to 10CFR standards despite the marginal
increase in safety which will oceur. This could result in the cost of this
option being greatly above $2.0 million, making very dubious the
conclusion that the expected benefit outweighs the cost, In considering

this option, it has been noted that major plant components are over 10
years old, built with a technology which approaches 15 years of age,

Entire New Plant, For the sake of completeness this option has been
included and a price and construction schedule estimated. However, the
lack of 2 compelling operational requirement, the strong competition
offered by other Navy programs for R & D, MILCON and other dollar
resources, and the lack of any expected fund source outside of the Navy
lead to the conclusion that this is not a logical alternative at this time.

" In truth, this option is not exclusive of the others. Its execution would

involve carrying out the option below. Also, it is really an
independent alternative which can be exercised at a later date if
conditions should change to make it attractive.

Shatdown and Dismantle, Article V of the Antarctic Treaty states
that there shall be no dumping; of- ral:hoactwe wastes (See page 15.
NAVFAC has taken the position that tiis means all radioactive components
of the plant will have to be removed from the continent when 2 decision
has been reached to permanently terminate plant operations., The lack
of any other reasonable and appropriate course of action leads to a
conclusion that the PM-3A should be shutdown permanently, and, in order
to comply with the intent and letter of the Antarctic Treaty, that it
should be dismantled and removed from the Antarctic. It is planned
that the only portion of the PM-3A to remain will be the Water
Distillation Plant Building and the Maintenance and Supply Building,
needed for support of the desalination mission.
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II. CURRENT PLANT STATUS

A, General Plant Conditions

The PM-3A has been shutdown since September 1972, In February
1973, the plant was placed in an extended shutdown status and the heat
transfer apparatus package, shield water air blast coolers, condensers
and reboiler were drained and dried, The core was removed from the
reactor in July 1973, The shield water was then lowered to the level
of the reactor pressure vessel head.

The auxiliary steam, electrical distribution, instrumentation and
radioactive waste disposal systems as well as the water distillation
plant are fully operational.

B, Operating Crew

The "'cold iron' operating crew (DEEPFREEZE 73 Winter,
March - October 1973) consista of 12 men: an Officer in Charge (Acting),
a Health Physics Supervisor, 3 maintenance technicians, 6 operators
and 1 Environmental Monitor/Storekeeper,

The crew is responsible for the operation and maintenance of the
water distillation plant and the operational systems previously discussed,

C. Fissile Material

The PM-3A was defueled in July 1973. The irradiated Type IV
serial IT core is stored in its shipping cask located in the primary yard.

An unirradiated Type IV Serial I core is stored in the new core
storage vault within the primary building,

An unirradiated Core Type IV spare bundle assembly is stored in the
vault within the primary building.

Four unirradiated core Type TV removable fuel elements are stored
in the vault within the primary building,
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All fissile maiesial will be transported ™ aporo.c . -ontaine: 5 by
ship t¢ CONUS in early 1974 for eventual reprocessing.

D. Radioactive Sources

A variety of low level radioactive sources are maintained at the
PM-3A primarily for calibration and operational checks of health physics
instrumentation. A complete list of these sources is shown in Table 1.

These sources will be retained at the site to maintain the health
physics instrumentation in proper working order. When no longer required,
the sources will be transported in radioactive waste shipping containers to
CONUS for disposal or transferred to authorized agencies for further use.

E, Major Radioactive Inventory

Al radioactive waste resulting from removal will be in solid form.
The major source of radioactivity is the reactor pressure vesséel which
has been irradiated for approximately 10 years. Based on an activation
analysis, the radioactivity present in February 1975, which is the earliest
date that preparations could be completed for shipping, has been estimated
to be on the order of 40,000 curies. © This includes the thermal shields,
lead shield canning, and upper skirt as well as the reactor pressure vessel.

Primary system components and piping and the radicactive waste
disposal system have become contaminated primarily with radioactive
corrosion products. Total radioactivity of these components has been
estimated to be approximately 7 curies.,

The total project radioactive waste inventory is shown in Table 2.
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TABLE 2

SOLID WASTE INVENTORY

Estimated
Activity
Item Weight (Ib) {Curies)
Reactor Tank 40, 000 40,000
Steam Generator Tank 40,000 1.0
Spent Core Tank 28,395 Negligible
Void Tank 22,467 Negligible
Radloactive Waste 24,000 1.5
Disposal Tank
Primary Pipe and 31,000 2.0
Components*
Primary Building 350,000 Negligible
Primary Building 97, 800 Negligible
Addition
Contaminated Backfill 40,000 Negligible
Contaminated Sofl Unknown Unknown
2 RWDS Units 7, 000 .

*To be shipped in Void and Spent Core Tank
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III, REMOVAL OPERATION

A. General
Article V of the Antarctic Treaty states:

1. Any nuclear explosions in Antarctica and the disposal
there of radioactive waste material shall be prohibited.

2. In the event of the conclusion of international agreements
concerning the use of nuclear energy, including nuclear explosions
and the disposal of radioactive waste material, to which all of the
Contracting Parties whose representatives are entitled to participate
in the meetings provided for under Article IX are parties, the rules
established under such agreements shall apply in Antarctica.

Thus the PM-3A must be dismantled and shipped to the Continental
United States for disposal,

Due to the severe Antarctic climate during the winter months, the
removal effort will be principally carried out during the austral
summer, i.e., from October through February, It is anticipated that
at least three summer seasons will be required to remove the PM-3A.

The project will he divided into two phases annually: planning
and execution. The planning phase will extend from March through
September of each year until the project is completed. This work will
be performed at the Naval Nuclear Power Unit, Fort Belvoir, Virginia.
During this time, Activity Specifications, Detailed Working Procedures *
and drawings will be developed. Materials, tools and equipment required
during the forthcoming austral summer will be procured and shipped to
Antarctica. Training and plant familiarization courses will also be
conducted during this time.

The execution phase will extend from October through February of each
year until the project is completed, The work will be performed hy
personnel of the Naval Nuclkear Power Unit at the PM~3A, McMurdo Station
Antarctica, under the command of an Officer in Charge. The PM-3A

Officer in Charge reports to the Office in Charge, Naval Nuclear Power
Unit, Fort Belvoir, Virginia,

During the austral winter after the first removal season (March-
October 1974) the PM-3A will be manned by a nine man crew. The crew

*Defined on pp. 17 and 18
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will consist of a Chief Petty Officer in Churge, Healh I hysicist and
seven operating and maintenance personnel. The primzary duties of this
crew will be to operate and maintain the water distillation plant and
continue the environmental monitoring program. Additionally, the crew
will operate and maintain egsential plant systems such as heat, electrical
power and radiation monitoring. These sysiems will be required for the
second execution season.

In addition to operating and maintaining essential systems, the crew
will also provide plant security. No fissile material will be on site;
however, large quantities of radioactive waste will remain. Since the
site will be mamned continuously, access control will be maintained to
prevent inadvertent exposure to ionizing radiation by unauthorized

' personnel.

During subsequent winter seasons, it is anticipated that the water
distillation plant will be operated by Naval Support Force Antarctica
personnel, the reactor pressure vessel will have been encased in concrete
and the radiosctive waste will have been removed from the site. Thus,
futurd winter crews should not be required. The site will be placed off
limits to 21l persomnel during winter-over by Commander, Naval
Support Force, Antarctica. '

Non-contaminated plant equipment which is compatible with existing
MceMurdo Station utility systems will be transferred to Commander, Naval
Support Force, Antarctica for further utilization. The remaining non-
contaminated equipment will be shipped to a Defense Property Disposal
Agency in the Continental United States for salvage or disposal, as
required. Contaminated equipment will be shipped to CONUS for
disposal as radioactive waste,

No special tools or equipment will be required for the removal
project. A mobile crane of 50 ton capacity or greater will be required
for lifting the reactor tank and a backhoe will be required for backfill
removal. These items will be shipped to the site in December 1973.
Cther conatruction and weight handling equipment presently on site, i.e,
pulldozers, front-end loaders, ete., will be used as required.
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B. Program Contirol

The Naval Facilities Engineering Command (NAVFAC) has final
authority for actions concerning the decommissioning and removal of the
PM-3A from Antarctica. The Command relationships and policies for
operation of the plant as contained in the publication NAVFAC P-311
""Nuclear Shore Power Plants' will contlnue to remain in force with minor
modifications appropriate to reflect the change from an operational status
to a shutdown and removal status. Such modifications to P~311 will be
documented and approved by NAVFAC,

In addition to the publication NAVFAC P-311, the other key documents
governing the dismantling and removal project are:

(1) PM~3A Removal Plan (this document)
(2) Activity Specifications
(3) Detailed Working Procedures

(4) Health Physics and Industrial Safety Manual
(8) Removal Schedule

The Naval Facilities Engineering Command will exercise. review and
approval authority over the PM-3A Removal Plan, the Removal Schedule, -
the Health Physics and Industrial Safety Manual, and over selected Activity
Specifications and Detailed Working Procedures, All Activity Specifications
and Detailed Working Procedures will be submitted to NAVFAC for review,
Project execution will be the responsibility of the Officer in Charge,

Naval Nuclear Power Unit and his subordinate, the Officer in Charge, PM-3A

1. Activity Specifications

An activity specification defines the scope, proposed methods and

sequence of accomplishing a major task. The activity specifications
for the removal are:

a. Decontamination of the Primary Building and Primary Building
Addition,

b. Primary Building and Primary Building Addition Systems Removal,

c. Secondary System Dismantling.

d. Preparation of Containment and Radioactive Waste Disposal Tanks
for Shipment.

e. Primary Building, Primary Addition Building and Baokfill Removal.

f. Containment and Radioactive Waste Disposal Tank Removal and
Disposal.

R. Removal of Contaminated Soil.
k. Final Site Condition,
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2. Deiail=ad Working Proredures

Detailed working procedures will be written for each activity
specification. The procedures will be a comprehensive, detailed outline
of the work required to dismanile 2 specifie system or to perform a specific
task. Thsey will be written in step-by-step, checklist form such that a
mechanic could readily accomplish a specific task even though he were not

familiar with the PM-3A. Detailed drawings will accompany each working
procedure as required.

3. _Health Physics and Industrial Safetv Manual

The work to be performed in the removal of the PM~3A will be
simlilar to that encountered in a normal construction or dernolition
project. However, the remote location of the site, the extremely cold

climate and the presence of radioactive material are unique to the removal
project.

Since the beginning of Operation DEEPFREEZE in 1955, considerable
experience has been gained in working in the Antarectic environment.
Similarly, considerable experience has been gained in the handling of
radioactive material in the Antarctic since the beginning of PM-34A
operations in 1964. The results of this experience have been incorporated
into the intensive training program in radiological and industrial safety
that each man receives prior to deploying to the PM-3A. In addition,

over 50 percent of the PM-3A removal crew have previous Antarctic
experience,

Radiological and industrial safety will receive the highest priority
during the removal project. Safety standards are contained in the PM-3A
Health Physics and Industrial Safety Manua] which has been amended
to include those items pertaining to the removal projec,. A chapter on
Industrial safety has been added and a new industrial safety instruction
has been issued. The safety standards in the Manual are in conformance
with Department of Labor Oceupational Safety and Health Stendards. Health
Physics and Industrial Safety will be discussed further in Section IV.

4, Removal Schedule

Work scheduling and performance monitoring will be accomplished
through the use of Program Evaluation Review Technique (PERT)
programming, supervisor's daily progress reports and management
meetings as required.
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Scheduling of work for the execution phase of the project will be
accomplished using a PERT program. Each task will be identified on the
program by name, start and completion date. The schedule will be
updated weekly and revisions made as required.

The Officer in Charge and the Plant Superintendent will be in close
contact with supervisory and working personnel throughout the execution
phagse. Consequently, management and work review meetings will he
conducted on an as required rather than a scheduled basis, Weekly Situation
Reports will be made to the Naval Nuclear Power Unit with an informa tion
copy to NAVFACENGCOM as specified in NAVFAC P-311,

C. Description of Major Activities

1. Decontamination of the Primary Building and Primary Building Addition

Follow ing the removal of the irradiated core from the primary building,
cleanup of the primary and primary addition buildings will take place.
Lagging will be removed from pipes. Wall surfaces will be cleaned. All
radioactive material resulting from the cleanup, with the exception of
liquid waste, will be placed in approved shipping containers for shipment
to CONUS. Once cleanup has heen accomplished, all contaminated surfaces
in the buildings will be sealed with paint or another acceptable contaminatio
fixing agent. Surface contamination fixing by the above method will prevent
spread of radioactivity during dismantling procedures. Fixing to prevent
the spread of contamination is an acceptahle and established procedure for
shipment of contaminated materials.

2, Primary Buiiding and Primary Building Addition Systems Removal

All components and systems within the primary building and primary
huilding addition will be removed. This operation includes all associated

piping, instrumentation and wiring outside of the cantainment tanks, Major
compoerents include:

a. Shield water air blast coolers and shield water piping.
b. Main steam line.

¢. Feedwater system.

d. Primary purification system.

€. Coolant charging and addition system.

f. High and low temperature radioactive waste disposal system.

Large components such as the -hield water air blast coolers, pumps,
ete. will be packaged in wooden industrial boxes for shipment.
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Piping and small comnonents will be placed ir ¢! 2 void and spent core
tanks.

Each system is virtually independent., Thus, a system may be
dismantled completely with the removal sequence depending on
accessibility. Maximum effort will be made to disconneet piping
mechanically at bolted flanges and unions. Cutting, either pneumatic or
gas, will b= used if required.

Prior to commencing the dismantling operation, minor meodifications
to the primary building will be required to provide ready access to the void
tank. The intake and exhaust ductwork assembly will be removed from the
shield water air blast cooler, A plywood cover will be bolted and sealed
to the remaining ductwork support frame to maintain primary building

. integrity. Two primary building wall panels located directly in front

of the air blast cooler will be removed. The void tank will then be
accessible.

During the first season of plant removal, it is anticipated that all
syestems outside containment with the exception of heating and ventilation,
lighting, radiation monitoring, and radioactive waste processing will be
removed. The radioactive waste processing system will be removed when
it is no longer required while the remaining systems will be removed prior
to primary building dismantling,

3. Secondary System Dismantling

During the first season of plant removal, it is anticipated that the
following eystems will be removed:

a, Condensers and condenser building.

b. Turbine generator package.

¢. Heat transfer apparatus package A and B.
d. Reboiler.

e, Snow melter.

f. J & M fan house.

All piping, wiring and instrumentation associated with the above
systems will alse be removed.
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The remaining systems will be removed diuring subsequent execution
seasons:

a. Switchgear package,

b. Maintenance package.

¢. Decontamination package,

d. Laboratory package.

e. Control package.

f. Potable water tank and hold up tanks 1 and 2,
g. Clayton boiler and heating system.

h. Offal house.

i. Package 12 (Tool storage)

j. Package 13 (Calibration facility)

All piping, wiring, and instrumentation associated with the above
systems will also be removed. The Secondary Building will be removed
and returned to CONUS for appropriate disposal when there is no need for
control of access to a high radiation area or to monitor personnel and
material. A temporary Health Physics laboratory will e set up in the
Maintenance and Supply building as will offices for management personnel.

.The turbine generator, heat transfer apparatus, switchgear, maintenancs,
decontamination, laboratory and control packages are self-contained,
skid-mounted units. These packages will be disconnected, jacked up onto
multi-ton rollers and moved to the secondary building retractable door
using a fork lift and appropriate rigging. The package will be lifted onto
a traller using a mobile crane and transported to a staging area.

The condensers will be disconnected, lifted onto a trailer using o
mohile crane and transported to & staging area. It is anticipated that the
condenser building will be dismantled prior to removing the condensers,

Prior to removal, all components will be checked for spreadable
radioactive contamination and decontaminated as required,

Piping will be cut to suitable lengths and packaged in wooden industrial
boxes for shipment, Wiring will be packaged in the condensatc storage
tank and snow melter. The self-contained packages, condensers and other
large components will be shipped in their existing condition. Miscellaneous
equipment will be shipped in packages 12 and 13. The condenser andg
secondary building wall and roof panels will be stacked, banded and

palletized for shipment. Steel structural members will be banded and
palletized.
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The packages and combonents will be hackloaded and shipped to the
Continenta’ United States for disposal,

7. Preparzticn of Containment

Shiprent

and Radiouctive Waste Disposal Tanhs for”

&. Void and Spent Core Tanks

Az previously noted, piping and small components removed from
within the primary building will be placed in the void and spe

ut core tanks
for shipment,

Prior to lpading material inte the spent core tank, the fuel transfer
dolly will be removed, the intercenpect omega seals will be ground ou; and
metal plates will be installed over the interconnact opening on the inside
of the tank, Prier to loading material irto the void tank, the upper and
lower interconnect omega seals will be ground out and metal plates will
be installed over the interconnect on the inside of the tank.

After the tanks have been loaded with material, the piping and
components will be shored or encased in urethane foam to prevent movement

during shipment, Al} openings will be sealed and the tanks will meet all
requirements for LSA shipping containers.

b, Steam Generator Tank

There is an estimated 1. 0 curie of activity associated with steam
generator tank components. The installed camponents will be shipped to
CONUS within the steam generator tank, All components will be placed
in their original shipping position and shoring or polyurethane rigid foam
will be provided as additional insurance against components breaking
loose and causing damage to the tank during shipment, Analyzing each
component in the tank separately and assuming a uniform distribution
of the activity throughout eack component, the specific activity qualifies
each component to be shipped as low specific activity transport group Il.
The tank will therefore be shipped as low specific activity (LSA ) since
the radioactivity of each component does not exceed .3 millicurie per
gram,

The omega seals will be ground out of the upper and lower
interconnects and metal plites will he installed over the intercomnects
on the inside of the tank. All openings will be sealed and the tank will
meet all requirements for LSA shipping containers.



c. Reactor Tank

It is planned to encase the reacior pressure vessel in concrete
within its containment tank as shown in Figure 3 and ship the entire package
to CONUS for disposal.

Initially, all extraneous components will be removed from the
tank, €.g., shield water pumps, demineralizer, detector housings, etc.
A concrete base will be placed on the hottom of the tank up to the 7 inch I
beams which support the pressure vessel. Duc to the high radiation field,
the concrete will be placed underwater using a tremie pipe. A hole will
be burned in the bottom of the pressure vessel to allow for the installation
of lead shot and concrete in the installed 40 inch pipe directly under the
pressure vessel, Depleted uranium or lead papels will be iastalled
around the perimeter of the pressure vessel as required by the safety
analysis to provide the required shielding. The panels will be placed
on the concrete base and will be restrained by banding.

After the shielding has been installed, concrete will be placed in
the remaining void area up to the pressure vessel head. The interior
of the pressure vessel will also be filled with concrete.

Since welght limitations are governing, the top 6 foot extension
to the containment tank will be removed and shipped separately.

All openings will be sealed and the tank will meet all requirements
of Title 10, Code of Federal Regulations, Part 71 for a shipping container
for large quantities of radiocactive material.

d. Radicactive Waste Disposal Tank

When all radioactive waste water has been processed, the
interior of the tank will be cleaned, dried and decontaminated as
practicable. The tank will be surveyed and lead shielding added if required
to reduce the dose rate to within shipping limits. All openings will be
sealed and the tank will meet all requirements for an LSA shipping
container.

5. Primary Building, Primary Addition Building and Backfill Removal

Prior to dismantling, all building surfaces will be cleaned and
decontaminated as praviously discussed. Wwall, floor and roof panels will

be disassembled, stacked, banded and palletized. Steel structural members

will be banded and palletized.

G-31



P BT PR T gr TR PR PR PR PT e

f

{M'lm

' CANNIN?

| ‘ £5" 1D,
] ‘ SCNTAINMENT _
b _~___._—--—
i | TANK
— . ,
3 . /.é' & ‘: ’ s . " - — ﬁ
L ] < L 4 ' ; . " , , L
» r . o . - PRIMARY me "
| o ShiE * . CANNINSG .
. | v SHIELD — - ) NNA ’7 L
» - - r - ’ - I. . - ‘ . - . . .
>, SRS Fr
. . ’ . . » '
v - Do Iq ( -
THE . ‘

] . . .

F »

- -

-

pt N . Y -

- +
N [
»
-

-

-

©_—EXISTING 5"
’:'-'FLEAD SHIELD

¢ -
e .

XS

‘h

CONCRETE

4k
/-
-
<]/ .
<l

- SHIELD

FIGURE &

Placement Ot Biological Shislds Ard Concraze Shia'd

G-32




[ I- SECONDARY CCNDENZER

BUILDING !UH-DNCI |

|
f' I frati— ‘
/: {_ -ﬂl‘\ - I PRF%:‘:TI g:iwma

4 // el
Ly D (
! Y

/‘ \&GBORD WITH (0CFR20

/ p . \
’fz_.. R \\"J-. \‘
NEW LIQUID EFFLUENT P
4K DISCHARGE AREA /.. )
~a TN e

~. e DECOMMI2SIONING

S~ BOUNDARY

S~ T~ T

A O 5 & § £ A

FIGURE &

EFFLUENT DISCHARGE AREAS

G-35

M P B R B B O G D D R D Y s B B S S e



Using the rationale that & gram of seil is - zivalent o a milliliter
of water, the MPC values for release to unres:~icted areas as given in
10 CFR 20 Table II, Appendix B are equal to, or lower than, the USSR
limits as calculated above, except for the isotopes Be-7, Fe-55, Ni-63,
Cs-137, Nd-144, Sm~147, Po-210, Th-232, and Pu-239.

All the countries which are signatory to the Antarctic Treaty are
members of the I.A.E, A, The USSR standard contains the only definition
of radioactivity which relates to soil. The 10C FR20 MPC vilues are
more conservative than the USSR standard's values. Therefore, soils
which show radionuclide concentrations above background and which exceed
the 10CFR20 MPC values (with 1 gram of soil equal to 1 milliliter of water),
except for the isotopes in the paragraph above for which the USSR

- standard's values will apply, will be taken up and removed to the

Continental United States for disposal.

8. Final Site Condition

An independent firm will be placed under contract to perform a
radiological survey of the removal site to insure conditions specified
under section 7 (Removal of Contaminated Soil} are met.

One objective of plant removal is that the site be environmentally
and physically similar to its original condition. After contaminated soil
and backfill have been removed, the site will be cleared of all debris and
graded to conform to the surrounding topography as practicable,
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IV, HEALTH PHYSICS AND INDUSTRIAL SAFETY

A, Genaral

The health physics and industrial safety aspects of the removal project
will be governed in detail by the PM-3A Health Physics and Industrial Safety
Manual and the current Naval Nuclear Power Unit Detachment McMurdo
Safety Instruction WAVNUPWRUDETINST 5100.1D).

The Officer in Charge shall be responsible for the implementation of
the health physics and industrial safety program. The Health Physics
Supervisor shall directly supervise the program and report to the Officer

- in Charge or his designated representative on all aspects of safety.

B. Radiological Safety

Personnel working within the primary building will be subject to low
level radiation from the accumtlation of activated corrosion products in
the piping. In order to reduce the radiation level in the work area, local
"Thot spots' such as the primary purifféation demineralizer, micro-metallic
filter and shield water demineralizer will be removed as soon as possible
after the diamantling work begins. The anticipated dose rate within the
primary building work area will be on the order of 5 to 10 mRem/hr,
Personnel exposure will be carefully controlled in accordance with the
requirements of the Health Physics Manual,

Specific precautions will be taken to keep airborne activity to a
minimum. It is anticipated that the primary building cleaning and
peinting operations, previously discussed in Section III C. 1 will
eliminate the major source of airborne contamination. However,
additional air cireulation and filtration equipment will be installed in
the work area to remove airborne particulate matter and supplemental
air monitoring in the primary building will be employed as appropriate.
A fresh air breathing system, consisting of a Nash Model OC-5 Breathing
Air Compressor, a 4 station quick disconnect air breathing manifold
and appropriate air hoses and hoods will also be installed and utilized
if the aforementioned precautions prove inadequate,

By far the largest source of radiation in the plant is the reactor
pressure vessel. The shield water level in the reactor containment tank
will be approximately at the pressure vessel head flange. The dose rate
within the tank will range from 10 to 100 mRem/hr with the average on
the order of 50 mRem/hr. Approximately 150 manhours of work will be
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required in the reactar tan: {or S§ysten: component removal, shicld instal-
lation and concrete placement. Personnel exposure will be carefully
controlled in accordance with the requirements of the Health Physics and
Industrial Safety Manual. After the conerete has been placed, the dose
rate has been estimated to be less than 100 mRem /hr at 3 feet from the
surface of the tank. Therefore, it is expected that the limits specified

by 49CFR173 for sole use shipments can be easily met,

As previously discussed, large quantities of solid, radicactive waste
will be handled and transported during the project. All radioactive waste
will be packaged and shipped to the Continental United States for disposal
in accordance with Department of Transportation, Atomic Energy
Commission and IAEA Regulations.

C. Industrial Safety

Industrial Safety will receive special emphasis during the removal
operation. Normal familiar conditions will be disrupted as components
are removed. Culting torches will be in general use, Heavy objects will
be unbolted or cut loose and lifted by crane and hoist, Several heavy
lifts, e.g., the reactor containment tank, steam generator tank and
turbine-generator package will be required. These unusual circumstances
demand special attention to insure adequate personnel safety. Such
special attention will include but not be limited to (1) new chapter
addition to the Health Physics Manual treating the subject of industrinl
safety; (2) specific appropriate training for the Safety Chief; (3) special
training and assistance for the conduct of heavy lifts; (4) specific safety
orientation and training of all personnel; (5} adequate supplies of safety
equipment; (6) revised detachment safety instruction,

Standard industrial safety precautions augmented by Chapter 9 of the
Health Physics and Industrial Safety Manunal will be eraployed throughout
the project. These include the wearing of proper face and eye protection
during cutting, grinding or welding, use of ear protection in high noise areas,
and the wearing of protective clothing, safety shoes, and hard hats, The
provisions of the Occupational Safety and Health Act Standards, 29 CFR 1910,
will be followed. Safety discussions and safety inspections will be conducted
by the Safety Chief on & regular basis.
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