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The Navy’s radioactive materials program is licensed with the Nuclear Regulatory Commission
under Master Materials License (MML) 45-23645-01NA. Under the MML, Naval Radioactive
Materials Permit (NRMP) 45-45650-N1NP was generated for the storage of radioisotope
thermoelectric generators (RTGs) on the ocean bottom pending a viable abandonment option.
Enclosure (1) provides background information for the RTGs and justifications for abandonment in
situ at the ocean bottom. Enclosure (2) is the Naval Ocean Systems Center evaluation and risk
assessment for abandonment of the RTGs in situ. Enclosure (3) provides recommendations from
the National Committee on Radiation Protection for radioactive waste abandonment in the ocean.
Enclosure (4) is the U.S. Environmental Protection Agency evaluation and interpretation that
abandonment of the RTGs in-situ does not constitute dumping and complies with the London
Convention on the Prevention of Marine Pollution by Dumping of Wastes and other Matters, and
the Marine Protection, Research and Sanctuaries Act of 1972, as amended, Ocean Dumping: 33
U.S.C.A. 1402(f).

The shielding of the RTG is expected to last past the 300-year mark; after this time the
radioactive material in the fuel capsules (Strontium 90) would have passed through 10 radioactive
half-lives and the activity remaining would be low. While the consequences of in situ abandonment
of the RTGs are predictably small, recovery for the purpose of terrestrial disposal involves other
non-radiological hazards. Because in situ abandonment offers less risk to the general public, the
Navy plans to terminate NRMP 45-45650-N1NP. Supporting documents for in situ abandonment
are forwarded in enclosures (1) through (4). Unless otherwise directed, the Navy will terminate the
RTGs permit upon concurrence by the NRC of this action.
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BACKGROUND INFORMATION AND JUSTIFICATION FOR ABANDONMENT OF RTGS
IN-SITU AND TERMINATION OF NRMP 45-45650-NINP

References: (a) U.S. Department of Commerce Handbook 58, Radioactive Waste Abandonment

in the Ocean )

(b) Naval Ocean Systems Center Technical Report 1106, March 1986,
Radioisotope Thermoelectric Generators Emplaced in the Deep Ocean

(c) London Convention on the Prevention of Marine Pollution by Dumping of
Wastes and other Matters

(d) Marine Protection, Research and Sanctuaries Act (MPRSA) of 1972, as
amended, Ocean Dumping: 33 U.S.C.A. 1402() '

1. Background.

In 1970 and 1977 the Navy emplaced a total of six radioisotope thermoelectric generators
(RTGs) in the deep oceans. These devices were installed to provide power for acoustical
transponders that served as geodetic benchmarks. The fuel capsules of the RTGs are designed to
retain their integrity for at least 300 years while exposed to seawater at 10,000 pounds per square
inch. Each RTG consists of a strontium-90 titanate heat source, thermoelectric generator,
thermal insulation, biological shielding, and a pressure vessel/housing which has the proven
ability to withstand at least 20,000 feet of ocean depth. The location, emplacement date, depth,
radioactivity level at the time of emplacement, current radioactivity level based on radioactive
decay, and model of each RTG as well as the name of each manufacturer are listed in Table 1
below. The three URIPS-P1 RTGs are located in the Pacific Ocean. The SNAP-21 and the two
RG-1 models are located in the North Atlantic.

~ Table 1
Manufacturer | Model Initial Current Location of | Depth | Notes
Number | Activity at Activity RTG (feet)
Emplacement | Corrected | Approx
(Ci for Decay
(Ci)
SNAP-21
3M (No. 28980 9304 14,400 ¢))
S10P2) - ‘\
General RG-1 .
Atomics (No. 37) 7086 2646 10,860 | (2)
General RG-1 '
Atomics (No. 38) 6781 2532 | 10,344 | (2)
Aerojet URIPS-P1
General Corp | (No. 15) 7949 2544 16,120
Aerojet URIPS-P1
General Corp | (No. 16) 7949 2544 16,119 §
Aerojet URIPS-P1
| General Co (No. 18) | 7949 L 2544 _lfilﬁ: o

Note (1): Includes 270 pounds of depleted uranium (DU) used as shielding in the RTG
Note (2): Includes 360 pounds of depleted uranium (DU) used as shielding in the RTG

Enclosure (1)



2. Justification.

a. Reference (a), Section 1.2.a, recommends abandonment of all “packaged wastes” be in
regions where water depths exceed 1,000 fathoms (6000 feet). All of the RTGs listed in Table 1
above are located on the ocean floor at depths greater than 10,000 feet.

b. Asrecommended in reference (a), Section 1.g, adequate records and information for the
abandonment of the RTGs will be maintained and made available to requesting agencies.

c. As stated in reference (a), Section 2.2, it is of the utmost importance that radioactive
isotopes introduced into the ocean in ways considered desirable for waste abandonment never be
removed or recovered. At sea abandonment should be used only for materials for which there is
no foreseeable future use. For disposal of the RTGs at a terrestrial site, recovery by a manned
deep submergence vehicle capable of operating at depths greater than 16,000 feet would be
highly difficult and risky. Reference (b) details the failed recovery attempt of the three URIPS-
P1 RTGs located near Midway Island in August 1978. These details convey the complexities
and risks associated with recovery and terrestrial disposal. While recovery by unmanned
vehicles conveys less risk to human lives, it is costly and not guaranteed to be successful. It can
be concluded that removal and recovery of the RTGs (which have no foreseeable future use)
would be extremely difficult and costly.

d. Reference (a), Section 2.1 states that any recommendations concerning the abandonment
of radioactive wastes in the ocean not only provide adequate safety but also be such that they
will minimize (or if possible, eliminate) the possibilities of undue public alarm. Section 2.3
states in all planning for sea abandonment every possible precaution must be taken to avoid
hazards to individuals through accidental and unknowing contact with potentially dangerous
amounts of the isotopes. The outer hulls of the RTGs are designed to maintain system integrity
for 50-150 years, depending on RTG model. Furthermore, based upon a corrosion rate of 10
inches per year, the fuel capsules can sustain immersion at 10,000 psi for at least 300 years
without deformation. Nonetheless, a number of risk analyses have been performed that assume
the worst situation and do not take advantage of these barriers, but rather consider rupture of the
capsule and exposure of the strontium-90 titanate to the marine waters at the time of
emplacement. This radiological impact is summarized in reference (b) which concludes that the
risk to the environment and the general public is insignificant.

€. Reference (a), Sections 4.2 and S state, in part, that to minimize or eliminate hazards from
packaged wastes, containers must be of such a nature that they sink to the bottom, remain intact
until they reach the bottom, and are not dumped in any region where they might be accidently or
intentionally retrieved during fishing or salvage operations. Direct hazards, by definition, are
those that might arise from exposure to dangerous levels of radiation. Therefore, the waste
material should be isolated to avoid the possibility of close proximity. Effective isolation can
best be achieved by disposing of the material in the deep ocean far from land. Virtually
complete isolation can be achieved by depositing the material on or in the sediments of the deep
ocean floor. As detailed in reference (b), the RTGs are located at extreme depths (>1000
fathoms) and partially embedded in the ocean floor sediment. Commercial fishing operations do



not occur at these depths and salvage operations would require specialized deep diving
equipment.

f. Reference (a), Section 4.3 states, in part, that indirect hazards are those that might arise
from the accumulation of potentially harmful amounts of radioactive isotopes in marine
organisms used for human food. To avoid such hazards, the objective would be to dispose of
waste materials in such locations that the likelihood of their reappearing in the food chain is
minimized. Again, this involves the principals of isolation of the material. The RTGs deposited
on the bottom of the deep sea do not contribute any foreseeable indirect hazard, because there is
no significant biological exchange between the deep sea and the surface layers and because there
is no fishing at depths of 1000 fathoms or more.

g. Reference (c), Articles III(l) (a) (i) and (ii) define dumping as any deliberate abandonment
at sea of wastes or other matter from vessels, aircraft, platforms or other manmade structures at
sea. Reference (c), Article IT1(1) (b) (ii) provides that “dumping” does not include placement of
matter for a purpose other than the mere abandonment thereof, provided that such placement is
not contrary to the aims of reference (c). By defining “dumping” to exclude "placement of
matter for a purpose other than mere abandonment” reference (c) acknowledges that the eventual
result of the placement of a device or matter might be its abandonment. Since the primary
purpose of the placement of the RTGs was scientific, their placement or subsequent
abandonment does not constitute dumping.

h. Reference (d) provides that dumping means a disposition of material. Dumping does not
mean a disposition of any effluent from any outfall structure to the extent that such disposition is
regulated under the provisions of the Federal Water Pollution Control Act, under the provisions
of Section 407 of this title, or under the provisions of the Atomic Energy Act of 1954, nor does it
mean a routine discharge of effluent incidental to the propulsion of, or operation of motor-driven
equipment on, vessels. Furthermore, dumping does not mean the construction of any fixed
structure or artificial island nor the intentional placement of any device in ocean waters or on or
in the submerged land beneath such waters, for a purpose other than abandonment, when such
construction or such placement is otherwise regulated by Federal or State law or occurs pursuant
to an authorized Federal or State program. Since the placement of the RTGs was intentional, for
purposes other than abandonment, pursuant to an authorized federal program, their subsequent
abandonment would not constitute dumping under reference (d). In view of paragraphs 2.g and
h, the contemplated abandonment does not violate either references (c) or (d).
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INTRODUCTION

In 1970 and 1977 the Navy emplaced a total of six radioisotope thermo-
electric generators (RTGs) in the deep ocean, These devices were installed to

provide power for acoustical transponders that served as geodetic benchmarks.

The fuel capsules of the RTGs are designed to retain their integrity for
at least 300 years during exposure to seawater at 10,000 psi. They are fueled
with radiocactive strontium-90, whose half-life (27,7 years) is such that only
a small fraction (5.5 % 10—4) of the initial radicactivity remains at the end

of this 300-~year interwval,

The purpose of this report is to consider the risk to man of in situ
disposal of the RTGs versus recovery for ultimate disposal at a terrestrial
site. A description of the RTGs, their emplacement sites, and their ability
to contain the strontium-90 while exposed to a deep-ocean environment are
provided. For in situ disposal, the strontium-90 concentration in seawater is
calculated and the resulting dose to man estimated. Summaries of earlier
safety analyses which considered in sitg disposal are also included. For
disposal at a terrestrial site, recovery of the RTGs from the deep oceans must
utilize the submersible vehicle TRIESTE. Descriptions of this vehicle, a
typical mission, and an attempted RTG recovery are included. Also, a general
appraisal of the risks involved in the recovery and terrestrial disposal of
the RTGs is provided. Finally a conclusion is drawn regarding the merits of

the disposal alternatives.
RTG DESCRIPTIONS

Each RTG consists of a strontium-90 titanate heat source, thermoelectric
generator, thermal insulation, biological shielding, and a pressure vessel/
housing. Thermal energy generated within the heat source as a result of the
radioactive decay process is converted into low-voltage dc electrical power
within the thermoelectric generator. Thermal insulation is included to chan-
nel the heat flow through the thermoelectiric generator and minimize parasitic

heat losses. Although the beta particle emissions from strontium-90 and its



daughter, yttrium-90, are absorbed within the fuel and fuel capsule, brems-~
strahlung radiation is produced in the process, and this circumstance requires
shielding. These components are enclosed in a pressure vessel/housing which

has the proven ability to withstand at least 20,000 ft of ocean depth.

Three different models of RTGs, designated as SNAP-21, URIPS5-P1, and
RG~1, produced by the 3M Company, Aerojet-General Corporation, and General
Atomic Company, respectively, were deployed. A diagram of each appears in Pig
1, 2, and 3. Each conforms in principle to the description given above and

varies only in detail {(Ref 1, 2, 3).

The fuel consists of hot-pressed strontium-90 titanate. The hot-pressed
pellet is sealed in a stainless steel liner. Final encapsulation is within a
nickel alloy, Hastelloy C or Hastelloy C-276, both highly resistant to the
corrosive action of seawater. All of the capsules conform to the requirements
listed in the International Atomic Energy ARgyency Safety Series Ko. 33, "Guide
to the sSafe Design, Construction, and Use of Radioisotope Power Generators for
Certain Land and Sea Applications." Fuel, fuel liner, and fuel capsule

characteristics are shown in Table 1.

IN SITU DISPOSAL

SITE DESCRIPTIONS

The location, emplacement date, depth, radicactivity level at the time of
emplacement, and model of each RTG as well as the name of each manufacturer
are listed in Table 2. The three URIPS~P1 RTGs reside at depths of 16,119~
16,1692 ft in the Pacific Ocean. The others are situated in the North
&tlantic, a SNAP-21 at a depth of 14,400 ft, and two of the RE-1 mcdels at

depths of 10,344 and 10,860 ft.

"
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Table 1. URIPS-P1,

RG-1, and SNAP-21 RTG fuel,

and fuel capsule characteristics (nominal values).

fuel liner,

URIPS-P1 RG~1 SNAP-~-21
Specific Activity 34 33 33
90
(ci Sr/gm SrTiO3)
Density SrTiO3 5.1 5.03 3.7
-3
(gm cm )
Fuel Dimensions {(in.)
Length 1.810 1.52 2,73
Diameter 1.560 1470 2.71
Fuel Liner
Composition Type 304 L SS Type 304 L S§ Type 304 L SS
Thickness (in.)
Wall 0.040 0.038 0.020
Top 0,140 0.140 0.075%
Bottom 0.040 0.040 0.075
Diameter* (in.) 1.670 . 1.776 2.767
Length* (in.) 2.14 (overall) 1,780 2.909

Fuel

Capsule
Composition
Thickness {(in.)
Wall
Top
Bottom
Diameter* (in.)
Length* {in.)
Weld Penetration (in.)

*OQutside

Hastelloy C

0.200
0.260
0.280
2.090
2.700
0,130-0.150

Hastelloy C

0,250

0.350

0.350

2.290

2.530

0.080 (min)
0.100 (typical}

Hastelloy C-27¢

0.200
0.200
0.200
3.197
3.339
0205



LOCATION

Atlantic
Ocean

Pacific
Ocean

*

y

Table 2.

generators emplaced in thé oceans.

DATE OF
EMPLACEMENT

21 Nav 1970

27 Feb 1977

1 Mar 1977

4 Oct 1970

5 Oct 1970

2 Oct 1970

APPROX.
DEPTH (ft)

14,400

10,860

10,344

16,120

16,112

16,169

ACTIVITY
(Ci) WHEN
EMPLACED

28980

7086

6781

7949

7949

7949

Inventory of Navy radiocisotope thermoslectric

MANUFACTURER

& RTG MODEL

3M SHNAP-21

Gen. Atonic
RG~1

Gen, Atomic
RG~1

Aerojet Gen.

Nucl., URIPS-P1

Aerojet Gen.

Nucl. URIPS-P1

Aerojet Gen.

Nucl. URIPS-P1

US Navy
RTG NO.

510p2

37

38

15

16

18



IMPACT OF STRUCTURAL COMPONENTS

The major companents of the RTGs consist of metals such as lead, tung-
sten, a molybdenum/uranium alloy, and copper. The toﬁal of the aggregates
for the heaviest of the RTGs (S5NAP-21) is only 800 lb. The oceans contain
from 1011 to 1013 lb of these elements. Thus the small absolute gquantities of
the elements involved coupled with their recognized inherent insclubility in
seawater strongly indicates that no adverse environmental effect can be anti-

cipated from their disposal in the oceans.
RADIOLOGICAL IMPACT

The ocuter hulls of the RTGs are designed to maintain system integrity for
50-150 years, depending on RTG model, Furthermore, based upon a corrosion
rate of 10_4 in./year, which was determined after a 10-year ocean test (Ref
4), the fuel capsules can sustain immersion at 10,000 psi for at least 3QQ
years without deformation. Nonetheless, a number of risk analyses have been
performed that assume the worst situation and do not take advantage of these
barriers, but rather consider rupture of the capsule and exposure of the

strontium-90 titanate to the marine waters at the time of emplacement,

In 1964 a safety analysis (Ref 5) conducted by the Irradiated Fuels
Branch, Division of Materials Licensing, U.S. Atomic Energy Commission, of a
SNAP 7E RTG with a heat source containing 3.1 % 104 Ci of strontium-90 tita-
nate concluded that "using available strontium titanate solubility data and
diffusion data for radiocactive material in great depths of seawater, we have
made calculations which show that a man could live and feed indefinitely in
the environment which would exist at a distance of 1 meter from the SNAP 7E
without attaining his maximum permissible body burden of 2 microcuries--we
conclude that even if the SNAP 7E were not recovered and did release its
strontium-90 titantate for dissolution it would not endanger the health and

safety of the public."

Another analysis (Ref 6) considered a rupture of the SNAP-21 fuel cap-

sule. 1In this case the initial strontium-90 titanate inventory was exposed to

10



seawater. PFor the purpose of this analysis, the solubility of strontium
titanate was taken as 1 mg cm-2 day-I, although previous experimental work had
shown that this compound dissclves initially at a rate of 0.5 and 0.7 mg cm'z
day'T in the absence or presence of sediment and that the rate diminishes to
0.09 and 0.16 mg cm 2 day™ ' at the end of 180 days (Ref 7). With this rate,
diffusion into the ocean environment was calculated by Mikhail (Ref 8) using
the Carter-Okubo model and assuming a continuously releasing source., Ex-
pressed in terms of iso-contours, a maximum permissible concentration (MPC)
was contained within a volume of 3.57 x 102 m3. To convey the biological
significance of the contaminated patch, a comparison was drawn between the
volume of contaminated seawater and the volume of seawater required to support
production of an annual supply of seafood for an individual receiving his
entire protein supply from seafood. Por this analysis it was assumed that the
release occurred in California coastal waters (average depth of 30 m), where a
kilogram of seafood is produced in 104 m3. The protein requirement for an
individual is satisfied upon ingesting 75 kg year_1, which is the amount
contained in 150 kg of raw seafood. This quantity of seafood demands a volume
of 1.5 x 106 m3 for its support. Therefore the water contaminated at an MPC
level or greater constitutes only 3 x 10”4 of the volume required to produce
the annual protein supply for a single individual. This example indicates the
trivial nature of the problem even if rupture of the fuel capsule is con-

sidered to occur at the time of emplacement.

In the present evaluation another approach was undertaken to analyze the
risk to man, Two cases were considered. In the first, it was assumed that
fuel was exposed to seawater at the time of RTG emplacement. In the .second
case, it was assumed that the RTG would contain the fuel for at least 300
years. The analysis is based upon methodology proposed by the U,S. Nuclear
Regulatory Commission {NRC) for the estimation of doses to man from discharges

of radiocactive material to the hydrosphere (Ref 9).

In this method the concentration of a radionuclide in aquatic foods is
assumed to be directly related to the concentration of the nuclide in sea-
water. To estimate this concentration, the results of Shepherd's studies on

the dispersion of radioactive materials in a closed and finite ocean were

11



applied. Shepherd developed a model to estimate eguilibrium concentrations of
radionuclides in seawater arising from a disposal site located on the bottom
of the deep ocean (Ref 10). This model was later used as the basis for the
London Duﬁping Convention. Shepherd suggests that safety assessments of deep
sea disposals should be based on the long-term average concentration reached
in a well-mixed ocean. This approach presumes that the initial release rate
is maintained indefinitely, makes no allowances for mixing time, and assumes
that the only removal process is radioactive decay. Thus, the methodoclogy is
deemed extremely conservative. Shepherd shows that the "well-~mixed” average
concentration is greater than the equilibrium concentration in biologically

productive coastal waters.

To calculate the well-mixed average concentration in seawater, a measure
of the guantity of strontium-90 that dissolves from each heat source per unit
of time is required. This guantity was computed from the information avail-
able on the dimensions of each fuel pellet (Table 2) and a solubility rate,

2 day“. These values together with the specific surface

taken as 1 mg cm
concentration in the ocean (Ci m"3 per unit release in Ci 5-1) provided by
Shepherd for a nuclide with the half-life of strontium-90 afforded computation
of the strontium-3%0 well-mixed average concentration. In addition, a safety
factor of ten was imposed upon the well-mixed average concentration to allow
for the improbable event of a continuing rapid upwelling of the deep waters

(Ref 10).

The well-mixed average concentration in each of the oceans was computed.
The concentrations derived for the situation where fuel is exposed to seawater

2 and 5.0 x 1073 pCi kg-1 for

at the time of RTG emélacement were 1.64 x 10
the North Atlantic and North Pacific Oceans, respectively. An example of the
calculations is given in Appendix A. It should be noted that the RTGs were

functional at the time of emplacement; thus fuel éxposure at this time is
contrary to fact. The concentrations are reduced by a factor of 5.5 )w:.10"4
were fuel, more realistically, to be exposed to seawater at least 300 years

later.



With these concentrations, the annual dose to man was calculated as pre-
scribed by NRC Requlatory Guide 1.109 (Ref 9). Bioaccumulation data, consump~
tion rates of fish and other edible marine life for the maximum exposed in-
dividual, and ingestion dose factors for adults, teenagers, and c¢hildren were
taken from Tables A-1, E-5, E-i11, E-12, and E-13, respectively, of NRC Regu-
latory Guide 1.109. An example of the calculations appears in Appendix B,

Annual doses to man for each of the situations considered are shown in
Table 3. An example of the calculations is given in Appendix B. Even where
the doses were calculated for an unrealistically premature exposure to sea-—
water, the values are orders of magnitude below acceptable limits for the

whole body. See Table 4.

TERRESTRIAL DISPOSAL

For ultimate disposal of the RTGs at a terrestrial site, recocvery by the
mannned submersible TRIESTE would be required. Only this vehicle is certified
for operation at these depths. A description of the TRIESTE, a general mis-
sion profile, and a recovery attempt are presented in detail to convey the

complexities and risks associated with recovery and terrestrial disposal.

VEHICLE DESCRIPTIQON

The TRIESTE is a self-propelled bathyscaph and consists of two main
assemblies, a buoyancy chamber {float) and a cabin (sphere). The overall
length and height of the vehicle is about 78 by 27 ft, and it displaces 2od
tons at the surface. The craft is designed to ascend and descend by weight
control, This control is accomplished by discharging shot ballast or by
valving off aviation gasoline (AVGAS} to make the vehicle lighter or heavier

than the surrounding water.

The float hull is essentially a hydrodynamically shaped container whien
houses ballast (BB-size iron shot) and AVGAS (66,000 gal) and serves as sup-
port for batteries, propulsion motors, sensors and other devices and equip-
ment. End compartments in the float are floodable, and when filled with

seawater the craft has a slight negative bhuoyancy.
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Table 3. Dose (rem/yr) to the maximally exposed individual of an age group,
for hypothetical capsule rupture and fuel release at the time of RTG deploy-
ment (A) and 300 years later (B).

A. Release at time of deployment

BONE TOTAL BODY LOWER LARGE INTESTINE
ATLANTIC PACIFIC ATLANTIC PACIFIC ATLANTIC PACIFIC
Adult 1.77 x 107> | 5.38 x 107° 4.33 x 107° 1.32 x 1078 5.10 x 1077 1.56 x 1077
-5 - -6 -6 -7 ~7
Teenager | 1.47 x 10 4.49 x 10 & 3.63 x 10 1.11 % 10 4.13 x 10 1.26 x 10
Chila 1.33 % 107° | 4.07 x 107% | 3,39 x 107® | 1.03x 107 | 1.80x 1077 | 5.47 x 1078
B. Release 300 years after deployment
- - -9 - -10 -1
Adult 2.74 x 107° 2.96 x 1070 2.38 x 10 7.26 x 10°'°| 2.81 107! 8.58 x 107"
Teenager |8.09 x 1077 | 2.47 x 1077 | 2.00 x 107 | 6.11 x 107'%| 2.27 x 107'° | 6.93 x 107"
child  [7.32x 1077 | 2,24 x107° | 1.5 x 1072 | 5.67 x 107'%] o.ea x 107" | 3.0t x 107"
Table 4. Dose-Limiting regulations and recommendations.
GROUP DOSE LIMIT
Individual Members of the Public or 0.5 rem in any one year (Ref 11,12)
Occasionally Exposed Individuals
Population (as a whole) . 0.17 rem average per person per year
(Ref 12)
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The sphere is occupied by the operators, This chamber is the major
pressure~resistant part of the vehicle and is designed for operation at depths
exceéding 20,000 ft. Its pressure is maintained at 1 atm. {perating con-
trols, monitoring dewvices,. and an independent life support system are con-
tained within this chamber. An observation window is oriented forward and

slightly downward for providing a view of the ocean floor.

Silver-zinc storage batteries power the propulsion motors, lights, and

the scientific and operational equipment.
GENERAL MISSION PROFILE

A mission profile (Ref 13) is presented to describe the consideratioms,
risks, and seguence of steps that enter into the successful recover} of an
object by TRIESTE. The preferred and more simplified method of operation
includes support by a surface vessel dedicated exclusively to TRIESTE activi-
ties. This description will assume its availability, although the USS PT

LOMA, which has served this function, currently is under other assignment,

Pre-mission planning focuses upon the mission site, methods of locating
the object, water depth, bottom topography, sediment characteristics and the
projected approach to be followed in the recovery. According to the plan
developed, a suite of inboard and outboard equipment is selected for instal-

lation on the TRIESTE.

A provisioning phase involves the logistics of supplying expendable items
such as AVGAS, various oils, ballast, nitrogen gas, and a number of other con-
sumables. The transit phase aboard the POINT LOMA is used to prepare the
TRIESTE for its assigned task. During this period project planning and com-
mand instructions are also reviewed. The TRIESTE crew receives final brief-

ings on the task, and POINT LOMA personnel are instructed in detail to ensure

a safe operation.

Upon arrival at the diving area all systems and eguipment are examined

with comprehensive and detailed check~off lists. Various lines, supply hoses,

15



cabling and rigging for AVGAS, shot ballast, and communications are readied.
Boats are launched to provide assistance in moving the TR1ESTE out of the
POINT LOMA. The well of the POINT LOMA is flooded, and the hawser boats pull
the TRIESTE to a point about 500 ft asterh.

Service lines between the POINT LOMA and TRIESTE are connected by divers,
AVGAS tanks are filled, and shot ballast onloaded. During this period divers
from the POINT LOMA check underside arrangements and open gates on the shot
valves. Simultaneously, within the sphere, electronic and battery tests, shot

valve readings, and other details are checked.

When TRIESTE is readied for the dive, its ballast tanks take on water and
it begins descent. The rate of descent (about 2.5 ft/s) is controlled by
venting AVGAS or discharging bursts of shot, If the vehicle descends at an
angle, correction is managed by release of shot from the fore or aft tank as
required. When the vehicle is approximately 1200 ft from the bottom, the
release of shot ballast is accelerated to reduce the descent rate to about 1}
ft/s. It the vehicle is properly trimmed, the descent is almost stopped when
a 250-lb trail ball suspended 15-30 ft below the vehicle touches bottom. The

TRIESTE then rides the trail ball line to the bottom.

The hull of the TRIESTE is relatively thin. Thus it is essential that
the vessel not collide with any feature of .the ocean bottom. Navigation on
the bottom is primarily conducted through use of a navigation computer and the
outboard sensor suite coupled to the comput2r. A manual mode is also avail-
able. TV cameras, searchlights, and visual observations are also used as aids

to navigation.

Upon completion of the recovery, preparation for ascent is initiated.
Check-off procedures are performed, which include monitoring breathing gas,
carbon dioxide levels, and humidity. The vehicle is trimmed, and the ascent
is started by dropping shot. The rate of ascent is carefully monitored and
controlled by further shot release at 5- to 8-s intervals, During ascent all

of the nonessential systems are shutdown to conserve power,
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When the vehicle breaks surface, divers board to establish phone communi-
cations, Water is blown from the two end tanks to create slight positive
buoyancy, causing the vehicle to rise sufficiently to provide an exit for the
crew. AVGAS is pumped back to the POINT LOMA, and the tanks are purged with
nitrogen gas to discharge the residual flammable vapors. Up to 5000 gal of
AVGAS remain in the TRIESTE, and strict precautions must be observed to pre-

vent static electricity and sparking.

Finally the PDINT LOMA is flooded, docking procedures are carried out
basically by the same steps as described for undocking, except in reverse

order, and the return transit completes the mission.

Clearly, a TRIESTE mission is a major undertdking that poses certain
recognized risks. The launching of the vehicle and support boats, diver
activities with numerous lines in the water, the transfer of flammable AVGAS,
operation at great depths in environments of unknown topography, dependency on
an independent life support system, and recovery of the crew upon surfacing

are but a few of the non-trivial tasks involved.
RECOVERY ATTEMPT BY TRIESTE

In August 1978 the TRIESTE and POINT LOMA were trequested to recover the
three URIPS-P1 RTGs located near Midway Island. In the recovery plan devel-
oped for this event, an RTG was to be secured to the TRIESTE and carried to
the surface. (Sketches of the RTG system and pre-dive recovery hardware
appear in Fig 4 and 5.) The bow winch cable was to be lowered and a .hook at
its terminus grasped by the manipulator arm, -The hook was to pass around one
or two of the standframe legs of the RTG and then snapped onto the bow winch
cable. An alternate point of attachment was the RTG's power adapter assembly.

Once hookup was accomplished, the bow winch was to 1lift the RTG from the
bottom. If problems were encountered with the bow winch, the centerline lift
rig was to be used. Plans also considered the possibility of securing a
second RTG on the same dive-—time, battery power, and the availability of the

centerline lift rig permitting.
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The POINT LOMA sailed from Pearl Harbor on 17 August and arrived on
station the evening of 21 August. Evaluation of the accuracy of various means
of navigation was immediately undertaken, and by 22 Bugust the location of the

POINT LOMA had been accurately defined.

The TRIESTE was prepared for launch on 23 Augqust; however, the prevailing
sea state prevented launch until 28 August, Pre-dive checkouts were con-
ducted, and the descent started at 1000 on 29 August. The bottom was reached
1 1/2 hours later. After making contact with a sonobuoy, information was
received from the surface tracking party to establish the position of the
TRIESTE. Within 1/2 hour one of the RTGs was observed. The distance to the
RTG was closed carefully, since movement of the vehicle produced dense clouds
of silt that required about an hour to clear. About two-thirds of the RTG
system was observed to be embedded in the sediment (Fig 6), and the only
accessible lift points were the wire rope bridle and part of the power adapter
assemhbly. When the manipulator arm was used to attempt to loosen and 1lift the
RTG from the silt, a bridle cable fitting snapped. Upon attempting to free
the RTG by grasping its power adapter assembly, hydraulic fluid was noted to
be oozing from the manipulator arm, and it was secured. The RTG was subse-
quently lost from sight in another cloud of disturbed sediment., Repeated
attempts to grapple the power adapter assembly with the bow winch hook were
unsuccesstul, The TRIESTE started its ascent at 1845 and surfaced 2 hours
later. Since the recovery operation was severely hampered by lass of the

manipulator arm, the mission was terminated.

TMPACT OF RECOVERY ON MAN

If tne RTGs could be recovered from the ocean floor at this time, expo-
sure to strontium~90 contamination is not anticipated. It is emphasized that
the properties of the fuel capsule are such that exposure of strontium-90 to
the environment appears improbable over the next several centuries. Nonethe-
less, an evaluation should be instituted by collection and analysis of waters
and sediment in proximity to the RTGs before an attempted recovery. In the

unlikely event that radioactivity is detected in these samples, it would be
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imprudent to recover the source unless a suitable scheme of contamination con-
tainment were devised and implemented from the onset of recovery until final
disposal.
F

On the other hand, the exposure rate at the surface of the RTGs ranges
from 100-120 mR/hr, and at 1 m, the rate is 5-6 mR/hr. Thus, personnel in~
volved in transferring the recovered RTGs to the deck of the support ship,
packaging them in shipping containers, and securing the containers for ship-
ment would unavoidably receive a finite radiation dose. Additionally a radia-
tion dose would be received by those individuals involved in offloading the
shipping containers from the support ship, loading them onto a vehicle for
transportation to a terrestrial disposal site, unpackaging the RTGs at the
disposal site, and placing them into the disposal structure. Although the
number is difficult to estimate, it is conceivable that many people could be
exposed. The potential for transportation accidents also exists, Though
TRIESTE has an excellent safety record, several scenarios may be developed
from the mission profile that present a significant degree of non-radiological

risk to the TRIESTE crew and support personnel,
SUMMARY AND CONCLUSIONS

From 1970 to 1977, six RTGs with kilocurie quantities of strontium-90
titanate were deployed at depths that range from approximately 10,000 to
16,000 fr. These devices were designed to withstand the corrosive action of
seawater without exposing the strontium-90 fuel to the environment for at
least 300 years. At that future time, only a small fraction of radiocactivity
(5.5 x 10—4) would persist. The fraction remaining is further reduced by a
factor of 1.6 x 10-4 to 13 x ‘IO_5 if the 50 to 150 years of protection af-
forded by the outer hull is considered. Risk evaluation using the methodology
proposed by the NRC was performed for an in situ disposal. The seawater
concentration required for this evaluation was calculated by a method that
provides a considerable margin of safety. Also exposure of the fuel to the
environment was considered to occur at the time of deployment, thus deriving

no benefit from radioactive decay, although it was recoynized that the RTGs
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were functioning and therefore intact at that time. Even under these conser-
vative circumstances, the results of the analysis indicate that the risk to

man is insignificant,

Recovery of an RTG with the manned submersible TRIESTE was attempted in
1978. Navigation to the source was precise; however sediment character was
such that much of the RTG structure was buried. A cable bridle and a portion
of an assembly mounted on top of the RTG were visible above the sediment
surtface and available for attachment; however the bridle lacked sufficient
strength to enable recovery, and due to equipment failures, the assemnbly could

not be grasped.

The safety record of TRIESTE notwithstanding, the activities involved in
a recovery mission are not without risk to its crew and support personnel; nor
is recovery of the RTGs assured. Further, were the RTGs to be recovered
successfully, the necessary actions involved in terrestrialydisposal entail
exposure of personnel to a measureable radiogical dose and potential trans—

poration accidents.

In summary, in situ disposal of the RTGs is of predictable benign conse-
quence, while recovery for the purpose of terrestrial disposal involves sig-
nificant non-radiological hazards; furthermore measurable levels of dose to
personnel participating in recovery and terrestrial disposal are inevitable.
Accordingly, since the in situ plan offers less risk to man than the alterna-—

tive, it is recommended ds the method of disposal.
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APPENDIX A
A CALCULATION OF THE STRONTIUM-90 CONCENTRATION IN THE OCEAN
The 905r well-mixed average concentration in the North Atlantic Ocean,
postulating fuel release at the time of deployment of the SNAP-21, was cal-

culated by the following formulation:

_ {sa)(DR)(A)(SF)

¢ (V) (D)

where

. . S0 .
C is the well-mixed average concentration of Sr in seawater of the

North Atlantic Ocean (pCi/kg).

2 . ) .
SA is the surface area of the fuel (224.14 cm ) derived from the dimen~

sions of the fuel given in Table 1.

DR is the dissolution rate of the strontium-90 titanate in g/cmZ/s and is

0.001 g/cmz/day
86,400 s/day

egual to

A is the activity of the fuel (28,980 Ci) as given in Table 1.

Vv is the volume of the fuel (257.63 cm3) derived from the dimensions

given in Table 1.

D is the density of the strontium-90 titanate (3.7 g/cmB) as shown in
Table 1,
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SF is Shepherd's Factor in pCi/kg as deduced from Fig 7 of Ref 10 and

(including a safety factor of 10) is equal to:

1.28 x 1077 ci/p /cizs x 182 peisci

103 kg/m3

Upon substitution

€ = 1.01 x 1072 pCi/kg.
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APPENDIX B
A CALCULATION OF RADIATION DOSE

The following is a calculation of the radiation dose to the bone of an
adult from the ingestion of marine foods derived from Rorth Atlantic Qcean
waters contaminated with 905r from RTGs that hypothetically ruptured at the

time of their deployment.
The equation used from NRC Regulatory Guide 1.109 was
R . = {CM{U_¥B)(D_,)
aj a aj
where

R . is the annual dose to organ j of an individual of age group a in
aj - =

nrem/yr .

C is the well-mixed average concentration of 9OSr in the seawater
(pCi/kg). The concentration calculated for the North Atlantic Ocean is
1.64 x 1072 pCi kg, of which 1.01 x 102 pCi/kg is derived from the SNAP-21
{see Appendix A) and 6.26 x 10-3 pCi/kg from the RG-1 sources.

B is the bioaccumulation factor, which is 2* for fish and 20* for inver-

tebrates.

Daj is the ingestion dose factor specific to age group and organ. For

bone of an adult this factor is 7.5B x 10—3 mrem/pCi**,

*Tahle A-1, ** Table E-11
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Ua is the intake rate for an age group (kg/yr). For an adult the intake

rate of rate of fish is 21*** and of invertebrates 5%**,

Thus:

1.64 x 1077 [21(2)45(20)] 7.58 x 107 °

1.77 x 10_2 rem/yr of 1.77 = 10_5 rem/yr.

)

R_.
a)

***«Table E~5 0of NRC Regulatory Guide 1.109.
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
* WASHINGTON, D.C. 20450

MAR | 4 1995

OFFICE OF
WATER
Commander Robert Thompson
Radiological Controls Program Office
Naval Sea System Command ({(SEA O7R)
2531 Jefferson Davis Highway
Arlington, Virginia 22242-5160

Dear Commander Thompson:

Last spring you and other naval officials met with myself
and others from the Environmental Protection Agency (EPA) to
discuss the possible application of the Marine Protectien,
Regearch, and Sanctuaries Act (MPRSA) and the Londen Convention
(LC) to six Radioactive Thermoelectric Generators (RTGs) that are
currently resident on the ocean floor. I am writing to formalize
the preliminary oral advice we have given you on this issue since
that meeting.

You have provided us with the following information. The
RTGs were emplaced in the ccean between 1970 and 1977 as part of
an acoustical transponder/beacon system. They contain fuel
capsules that are surrounded by various layers of shielding ,
including depleted uranium shielding in some cases. All the fuel
capsules are designed to withstand the marine environment for 300
years before showing degradation. After 300 years, the
radioactive material in the fuel capsules (Stromtium 90) would
have passed through 10 radiocactive half-lives and the activity
remaining would be extremely low. The navigation system that
utilized the RTGs has been inoperative for several years, and the
Navy has considered various options for disposition of the
agsociated RTGs. However, the Navy continues te maintain control
over the RTGs. The RTGs were initially subject to Nuclear
Regulatory Commission ({NRC) License No. 04-07316-04 issued to the
Navy. That license subsequently was converted to Navy
Radiocactive Materials Permit (NRMP) No. 45-45650-NINP, which is
currently effective. NRMP No. 45-45650-N1NP was issued under the
authority of the Navy Master Materials License (MML) issued by
the NRC.

Your specific question was whether, if the Navy leaves the
RTGs on the ocean floor and maintains the current NRMP in effect,
this would violate the MPRSA or the LC. Based on the foregoing
facts, we do not believe this would be the case. The Navy
emplaced the RTGs in the ocean, pursuant -.to an authorized Federal
program, for a purpose other than dispesal. Also, the devices
are regulated by the NRC. Therefore, their emplacement in the
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ocean was authorized under the MPRSA without the need for a
permit. MPRSA § 3(f), 33 U. 8. C. A. §1402(f). The emplacement
of the RTGs was not subject to the London Convention. LC Article
ITI(1) (b) (II). The continued presence of the RTGs in the ocean,
in the factual circumstances you have described to us, also is
consistent with the MPRSA and the LC.

Dlease let me know if we can be of .further assistance. I
can be reached at (202) 260-9180. Alternatively, you may contact
David Gravallese of the Cffice of @eneral Counsel at
(202) 260-7704.

Sincerely,.

T b

John Lishman, chief,
Marine Pollution Control Branch
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¢ M; ACKNOWLEDGEMENT - RECEIPT OF CORRESPONDENCE
"",, Py ®
Name and Address of Applicant and/or Licensee Date
r September 13, 2018
CAPT Jerry N. Sanders, Jr. License Number(s)
Executive Secretary
Office of the Chief of Naval Operations r 45-23645-01NA 1
Department of the Navy Mail Control Number(s)
Radiological Controls & Health (N455) Energy and L 609885 1
Environmental Readiness Division

2000 Navy Pentagon (2D253) Licensing and/or Technical Reviewer or Branch

Washington, D.C. 20350-2000
Shawn Seeley

This is to acknowledge receipt of your: Letter and/or I:] Application Dated: August 29, 2018

The initial processing, which included an administrative review, has been performed.
Amendment [ ] Termination [ ] New License [ ] Renewal

There were no administrative omissions identified during our initial review.

This is to acknowledge receipt of your application for renewal of the material(s) license identified
above. Your application is deemed timely filed, and accordingly, the license will not expire until final
action has been taken by this office.

D Your application for a new NRC license did not include your taxpayer identification number. Please
complete and submit NRC Form §31, Request for Taxpayer Identification Number, located at the
following link:  http://www.nrc.govireading-rm/doc-collections/forms/nrc631. pdf

Follow the instructions on the form for submission.

D The following administrative omissions have been identified:

Your application has been assigned the above listed MAIL CONTROL NUMBER. When calling to inquire about this
action, please refer to this control number. Your application has been forwarded to a technical reviewer. Please
note that the technical review, which is normally completed within 180 days for a renewal application (90 days for all
other requests), may identify additional omissions or require additional information. If you have any questions
concerning the processing of your application, our contact information is listed below:

Region 1 '
U. 8. Nuclear Regulatory Commission .
Division of Nuclear Materials Safety , ‘
2100 Renaissance Boulevard, Suite 100

King of Prussia, PA 19406-2713

(610) 337-5260, (610) 337-5313,

(610) 337-5398, (610) 337-5239

NRC FORM 532 (05-2016)



