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Abstract of Investigative Report

The U.S. Army is disguising the true mission of the nuclear
reactor at Fort Greely, Alaska. Rather than a plant to provide
heating and electricity to the base, the Fort Greely reactor was
covertly designed and operated as a small pilot plant to
produce special nuclear materials suitable for use in battlefield
w eapons. Although it is small, the Greely reactor is capable of
causing great harm.

The Army conceals radioactive contamination at Fort Greely
that affects workers, residents of nearby communities, and
the environment. The cover-up is part of a larger strategy by
the Department of Defense and Department of Energy to fool
the public in an attempt to avoid accountability.

This report offers evidence to support these conclusions, as
w ell as specific courses of action to remedy the damage done
at Fort Greely and to make military and political leaders
accountable to the public they serve.
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|. Background

A. L ocation

Delta Junction is a community that lies & the junction of the Richardson Highway and Alaska
Highw ay ninety miles south east of Fairbanksinthe Interior Basin of Alaska. Big Deltaand Clearwater
are two smaller communities located a few miles north and east, regectively, of Delta Junction.
Presently the population of the region is approximately four thousand. The Fort Greely Military
Reserve covers twelve-hundred square miles with its developed post five miles south of Delta
Junction.
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B. Concerns of Delta Junction Residents

Fortenyears(1962-1972), the Army operated anuclear reactor at Fort Greely. Someresidents of Delta
Junction suspect that there is a relationship between the reactor and high cancer rates in the
community. The areathat liesjust north of Delta Junction has been dubbed " cancer row" by residents
of thearea. A school islocaed onthemilitary reserve, and people are worried aboutthe health of their
children.

The Army conducts an aggressive public-relations program to diffuse public oppostionto those past
and present operations at Fort Greely that are unacceptabl e in peacetime America. In 1962, William
Johnson was only ten years old, but he recalls his feelings about a trip he took to the Fort Greely
nuclear power plant with his Cub Scout Pack.*

At one of our meetings the den mothers loaded usinto cars and took usto Fort Greely for a
tour of thenew power plant. It was an exciting event. There were fancy control rooms full of
dialsand gauges... Even though we could not really see the nuclear fuel because of theheavy
radidion shielding in place, there was asense of potentid. The tour guides explained to us
that what wewere seeing was an example of how human kind had harmnessed the energy of the
atom for peaceful purposes. [The Cub Scout Pack] left the new power plant with a sense of
destiny; we knew that we were part of something big and that we were in at the beginning
[Johnson, p. 1].

The Army attempts to maintain good relaions with the community of Delta Junction and makesit a
point to present a cooperative attitude toward community advocates. But at the same time, the Army
continues to restrict access to information that would address the environmental and human health
issues that currently concern Delta Junction residents.

Over the past decade, members of the communities near Fort Greely have been looking for ways to
get help with their concerns In 1993, Johnson conducted preliminary research of cancer incidences
in the area. He estimated that there had been seventy-seven Delta Junction cancer cases since the
1960s. He learmned that out of forty-four documented cases of cancer, thirty-four (77%) of the people
livedinthe areawhen the reactor wasin operation. DeltaJunction has had five cases of leukemiasince
1962, and all fivelived in the area during theyears from 1962 to 1972. There havebeen five cases of
bone cancer since 1962 (Johnson, pp. 95-96). Johnson concluded that

the preliminary information is persuasive enough to indicate that a governmental agency
should comprehensively examine the demographic and disease profiles for Delta residents
[Johnson, p.100].

In 1998, several familiesfrom the area asked for help from Alaska Community Action on Toxics
(ACAT), while dso expressingthe need for cauti on--as most of thepeople wholivein Delta Junction
are employed directly or indirectly by the military. These requests for assistance reflect

1 Some of the historical i nformation about Delta Junction and Fort Greelyisdrawnfrom Testing Nuclear Power

in Alaska: The Reactor at Fort Greely, a masters thesis by William R. Johnson at University of Alaska
Fairbanks. May 1993. Heis alife-long resident of Delta Junction. A copy of Johnson' s thesis can be obtained

by contacting Rasmuson Library at the U niversity.
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thereasonable concerns of U.S. citizens, as doesJohnson’s conclus on that demogragphic and disease
profilesshould be conducted for those associated with the Fort Greely reactor. ACAT is responding
to the community of Delta Junction with this investigative report.

C. Historical Overview of Events Leading to the Fort Greely Reactor

The original residents of the Fort Greely areawere the Goodpaster Athabaskans. They dispersed to
live in other Athabaskan communities, whenthe Army Air Force set up agarrison at an airstrip built
by the Civil Aeronautics Administrationduring World War I1. At that time, aferry crossed the Tanana
River, and roadhouse lodging was availabl e for travelers on the Richardson Highway. There were
thirty residents within afifty mile radius from the roadhouse.

After World War 11, the Army established the Big Delta area as the site for the first cold
weather military maneuver operation, which eventually became Fort GreelyMilitary Reserve.
Its primary function has been to serve asatraining and tesing center for Arctic conditions
[Johnson, p. 64].

Cold weather military operations were deemed important by Army tacticians after World War |1, as
they were concerned with potential battles with Soviet Union communistsin an Arcticwar over the
top of the globe. The idea was to use American technology to scare off the Russians or to beat them
on anuclear battlefield, whichwoul d require small tactical nuclear weapons (micro-nukes) aswell as
big strategic weapons of mass destruction.

TheKorean War brought on amajor expansion of U.S. nucl ear, biological, and conventional weapons.
Pulitzer Prize-winning historian Richard Rhodesdescri besincreasesin the capacity to produce nuclear
weapons in the early 1950s.?

A first [Atomic Energy Commission] expansion was authorized in October 1950, a second
larger program in January 1952. Oak Ridge and Hanford doubled in size... More production
capacity meant more weapons, which diverdfied from strategic bombs into tactical and
strategicwarheads attached to everything from depth charges to atomic cannonsto anti-ai rcraft
missiles to ballistic missiles of every range from battlefield to intercontinental [Rhodes, p.
561].

Afterthe Korean War, a the same timethe Army wasmakingplansto build the nuclear reactor at Fort
Greely, the Inupiag at Point Hope, Alaska were defending themselves against Project Chariot.?
Proposed by the Atomic Energy Commissionand supported by politically powerful Alaskans, Project
Chariot would have used nuclear explosives to create a deep harbor in the Chukchi Sea.

Richard Rhodes, Dark Sun: The Making of the Hydrogen Bomb. 1995.

Dan O'Neill. The Firecracker Boys. 1994. Written with support from the National Endowment for the
Humanities. Seethis book for a description of attempts by the Atomic Energy Commission to develop uses of
nuclear energy by first testing radiation effects on the people and natural environment of Alaska.
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It was not surprising thatthe Atomic Energy Commiss on chose Alaska asavenuefor Project
Chariot... Alaska was regarded as a barren wasteland, suitable only for extracting mineral
resourcesor asalaboratory for testing potentially hazardoustechnol ogies. At various times,
the AEC considered other Alaskaprojects, such as blasting an instant harbor at Point Barrow
with afive-megaton shot or dredging Bering Strait with nuclear explosions[O’Neill, p. 270,
emphasis added].

The Atomic Energy Commission was eventually stopped from exploding atomic bombs for Project
Chariot by the efforts of Point Hope residents and fledgling conservaion groups throughout the U.S.
Project Chariot ground to a hdt at the same time the Army was installing its nuclear reactor at Fort
Greely. In 1962, amid the public outcry against Project Chariot, the Army opened its Fort Greely
reactor.

The remoteness and small population allowed great flexibility for the Army to operate its
testing program. But, best of all, according to the Army there were “no major population
centers within afifty mile radius.” The four hundred residents of the adjacent community of
Delta Junction were apparently expendable, aswere the additional one hundred who lived
within the fifty mile radius [Johnson, p. 64].

Army leaders chose the Fort Greely location because it was sufficiently remote to test “potentially
hazardous technologies’ such as nerve gas, biological weapons, and nuclear devices. They had
learned, however, from Project Chariot that the remoteness of Alaskawas not enough to protect them
against public opinion. The Army also covered up any questi onabl e activiti es at Fort Greely.

Pulitzer Prize winner Seymour Hersh included Fort Greely in his 1968 book about chemicd and
biological warfae and the U.S. government.4 Scientist John Henshaw also reports that he and over
twenty other people were made sick by a biological warfare program that had gone amiss at Fort
Greely in the 1960s Seventy-five percent of those who were infected (notably trappers and hunters)
died of a disease spread by Army researchers, which was later identified by an investigative reporter
as tularemia. Henshaw was oneof the five or six infected people who survived.® Both Henshaw and
Hersh emphasize (separately) the secrecy and deception employed by the military concerning these
Fort Greely projects.

Armyleadersavoided risk to their plansfor thenuclear reactor at Fort Greely by obfuscating the actual
mission of the reactor. The public was told thatit served asa “ test facility” to provide the Army with
field operating experience in aremote location with “harsh environmental conditions,” and to supply
the military base with electricity and steam hea (Johnson, p. 60-66). Investigators for this study have
discovered that the actud mission of the reactor was to serve as apilot plant for producing special
nucl ear materials for tactical weapons. Even to this day, the Army is disguising the truth aout the
reactor at Fort Greely.

4 Seymour Hersh, Chemical and Biological Warfare, America’s Hidden Arsenal. Bobbs-Merrill. 1968.

> John Henshaw, Published Letter to Editor of Biol ogist (volume 44:2). 1997.
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1. Research Methods

Researchers for this study used the Freedom of Information Act to obtain unclassified documents
abouttheFort Greelyreactor from military and other governmental sources. N uclear scientist Norman
Buske of Nuclear-Weapons-Free America worked with other researchers from Alaska Community

Actionon Toxics to:

1) Anayze more than twenty documents and books about the SM -1A reactor;
2) Interview twelve workers, reddents, and former residents of the Fort Greely areg;

3) Conduct aten-day field study (August 1998) of grounds surrounding the reactor,
using radiological survey indrumentsand taking asample of vegetation; and

4) Obtain laboratory radiologicd andyses of onewillow sample collected from sewer
outfall onsite Strontium-90, technetium-99, and high-resol ution ganmaspectrum.

Information obtained from these four sources serves as the basis for this report.
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I11. Conclusions

A. Secrecy Supersedes Safety

Documents obtained from the U.S. Department of Defense show that Army leaders were more
committed to producing special nuclear materials for battlefield nuclear weapons than they were to
assuring the safety of the operation. Army employees operated the reactor for ten years, during which
time they made mistakes tha caused radioactive exposaures to military personnel, workers, and
residents. The Army command chose to cover up events when contamination occurred, rather than
admit their mistakes by informing those people who were exposed. This cover-up continues The
Armyadmitsonly to small and relativelyinsignificant nuclear waste disposal problems at Fort Greely
and hidesthe information that would make it possibletoidentify thoseindividual s (or their survivors)
who have been exposed to deadly radiation.

The Army withholdsinformation that would help those who have been contaminated because of the
long-term goal sof theDepartment of Defense and Department of Energy. The military claimsthat the
Greely reactor was built to test relaively benign functions, such as generating electricity in Arctic
conditions But this investigation indicates that the reactor was built as part of an on-going plan to
produce small nuclear weapons. I nstead of serving simply as amulti-purpose power plant, the reactor
at Fort Greely waspart of asecret plan to produce specialized isotopesfor battl efield nuclear weapons.

Army leaders will not admit to the true purpose for the reactor at Fort Greely even though it was
closed thirty yearsago. T he cover-up a Fort Greely helpsthe Army to:

o Avoid setting a precedent that would make the military financially or morally accountable
to the public; and

o Keep secretthat the Department of Defense and Department of Energy continue to develop
micro-nukes to use on the battlefield.

If the Army rel eases the secret documents that would identify those who were contaminated by the
reactor at Fort Greely, the public outcry might preclude new production elsewhere, such as & the
FFTF reactor at Hanford in Washi ngton State.

The Department of Energy (DOE) is already facing the possibility of public outrage because of the
results of multiple studies that were released in 1999. The DOE was pressured into compiling a
sel ected group of health studies conducted on 600,000 people who worked for federal contractors at
industrial and research sites, many of whom were followed for more than fifty years.6

Beginningin the mid 1970's, the DOE work er studies engendered considerable controversy,
in large part because of concernsover DOE’ s conflict-of-interest as an employer... Asaresult
of Congressional pressure and a growing lack of public trust, the DOE [agreed in 1990] to
manage and conduct DOE w orker health studies...

Robert Alvarez. The Risksof Making Nuclear Weapons: A Review of the Healthand Mortality Experience
of U.S. Department of Energy Workers. 2000.
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... Since that time, these studieswere obscured from public attention... Thisall changed when
the Secretary of Energy announced on July 14, 1999 that the Clinton Administration would
seek to establish a federal compensation program for sick Energy Department contract
empl oyees [Alvarez, p. 3].

Since 1945, these workers hel ped producetens-of-thou sands of nuclear weaponsfor the United States.
A review of the DOE’ s report demonstrates that

workers at fourteen DOE facilities were found to have increased risks of dying from various
cancers and nonmalignant diseases [Al varez, p. 4].

The Army’s nuclear facility at Fort Greely was not included in the fourteen sites that were reported
by the DOE study, precisely because the DOE and the Army have never admitted that the Greely
reactor was producing weapons grade nuclear materials. Thisstudy, however, reveal sthat Fort Greely
had such afunction. The connection between the fourteen facilities for the D OE study and the Greely
reactor for thisstudy is obvious. Like the 600,000 workers from the DOE study, workers at the Fort
Greely nuclear facility dso have “increased risks of dying from various cancers and nhonmdignant
diseases.”

B. Sour ces of Possible C ontamination

The secret mission of the Fort Greely reactor was to produce super fissile material that could be used
in small weapons on the battlefield. Therefore, when nuclear accidents or exposures to humans
occurredin the Fort Greely area, the Army simply concealed the facts. The cover-up servesto defl ect
any investigation that might prevent the production of super special nuclear materids in the future.

In spite of thecover-up, researchers for this study have obtained enough information to conclude that
the nuclear reactor at Fort Greelyis a dgnificant sourceof radioactiveexposuresto humansliving or
workingon or near the military base in the past, present, and future. Thisinvestigation hasidentified
six sources of probable exposures:

Liquid radioactive wages released into the ground water and used for drinking
water from dug wellsin Clearwater;

Radi oacti ve steam used in the laundry and to heat the military base;
Control rod accident and subsequent cleanup process,

Fallout near reactor from accident that caused permanent closing;
Improper methods of disposal of solid radioactive wastes;

Radiati on remaining i n containment structure of decommissioned reactor.
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V. Recommendations

A. Hold Military and Civilian L eader s Accountable

The Cold War is over and the reactor a Fort Greely has been shut down since 197 2. Current activity
hasto do with the schedul ed closure of the military base under the Base Realignment and Closure Act.
Alaska State and local governments are working toward the economic development of Fort Greely.
The town of Delta Junction is considering plans to put a private prison at the base. Thereis also a
possibility that Congress will approve Fort Greely as amissile defense site with 250 workers slaed
to work at the installation. In any case, the Army isin the position of assuring policy makers and the
public that Fort Greely is safe and free of radioactive hazards. This report concludes otherwise, and
the Department of Defense must be held accountable.

One of theresearchersfor this study isacivilian member of three Department of Defense Restoration
and Advisory Boards for three military bases in Alaska. She has observed that local military
commanders are tightly constraned by National Security restrictions tha prevent them from either
knowingabout or acting on civilian concernsabout nuclear contamination. Army commandersfor Fort
Greely are thus limited by National Security restrictions. They may not have been told, until now, that
thereactor was used to produce weapons-grade nuclear material. They may not have known aboutthe
nucl ear accidents that occurred, endangering human and environmental health. They have been
behaving as if the major problem is one of public relations. They make a great show of “partnering
with stakeholders,” while they find ways for the military to avoid taking responsibility for those
workers and resi dents who have been exposed to deadly radiation.

It now behooves military and civilian leaders to teke regponsibility for past and present actions
concerning the reactor at Fort Greely. Membersof theconcerned public, as well as Alaska Stae and
local governments now have sufficient information to put pressure on the Army Corps of Engineers
and the Department of Defense to beaccountabl e for the consequences of the nuclear facility at Fort
Greely. Actions to address the problemsare described below.

B. Address Specified Courses of Action

1. Provide Factual Information about Reactor’s Mission and O perations. Courageous leaders
will be relentlessin separating thetrue facts from those glossy “facts” previously presented to the
public.

o Political and military leaders should give official endorsements to investigate the
consequences of thenuclear reactor at Fort Greely that will lead to designati ng the base as
a Superfund Ste. This designation by the U.S. Environmental Protection Agency is
designed to acknowledge sites with high levels of toxicological hazards, as well as
radioactive contamination, and establish the urgent necessity for clean up.

o Policy makers both in and out of the military should locate and declassify those secret
papers that document the covert mission of the Greely reactor and the accidents that may
have caused harm to human health and the environment.
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10.

o Independent socid scientistsshould interview people who know about the reactor’s true
missionor can providean overview of plant operationsto fill any gaps ininformation left
by lost documents.

Determine Extent of Ground Water Contamination. Thiswarrants an aggressive radiological
and chemical study to determine the historic extent of contaminated groundwaeter afecting dug
wellsin Clearwater. Such a study should seek to determine the location and size of effects rather
than attempt to prove there are no such impacts. Once the likely underground river from the
reactor to residential wellsislocated, one or two indicators of its presence can be identified, and
then the extent of contamination can be mapped.

Perform Pathway Analysis of Sewer System. The sewer system at Fort Greely warrants
radiologicd pathway analysis. Calculations should be made of representative exposures to
personnel who worked with sewage treatment and solid waste disposal.

Use Safe Methodsto Clean up Contaminated Heating Sy stem.

Identify Consequences of Radioactive-Fallout Event. The 1972, radioactive-fallout event
warrants reconstruction and publication. Doses to each individual should be calculated. The
affected persons (or their survivors) should be advised and made eligible for medical treament
and compensation’.

Identify and Remediate Solid Radioactive Wastes on Site. Identification of solid radioactive
waste on site is required before the needs for remediation can be assessed. The Army needs to
locate its sewage sludge (reportedly deposited in the 1970s landfill) to determine the level of
danger to public health the sludge presents, and to determine if the amount of recovered sludge
matches calculations based on all records. While tracking the sewage dudge pathway,
investigators should be able to identify and report other solid waste di sposal pathways.

DevelopProtocol for Long-Term Monitoring of Radioactivityin Containment Structure. The
Army should reasonably characterize the radioactivity remaining at Fort Greely rather than
presenting easy public assurancesthat areuntrue.

Sponsor Health Assessment Conducted by Ind ependent Researchers. Any workers or others
affected by radioactive exposure, or their survivors, should be advised and made eligible for
medi cal treatment and compensation (See footnote on this page).

Locate WorkersWho Were Exposed During Recovery from Contr ol Rod A ccident of June
1967. (See footnote on this page).

Address Impacts of Other Contaminants Identified by Above Courses of Action.

Alaska labor unionshaverecently established aprocess with support from AlaskaCommunity Actionon Toxics
toidentify and assist the nuclear-test-sitewor kerswhower e contaminated at Amchitkalsland, Alaska. A similar
model should be employed by the D epartment of D efense and D epartment of Energy to locate the nudear
workers from Fort Greely to make them eligible for medical treatment and compensation.
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V. Supporting Information
A. Description of the SM -1A Nuclear R eactor

1. Historical Background

Theworld’ sfirst nuclear explosion (code-name “ Trinity”) conducted in New Mexico in July of 1945
was a proof test--atest to provethat anuclear bomb was feasible. Immediaely after the proof test the
U.S. used nuclear bombsagainst Japan, which brought World War |1 toan end in August 1945. A few
years after thewar, asearly as 1949, military leaders were requesting smaller nuclear weapons as well
as more large bombs.

The USArmy, it seemed, wasjoining what [was called] “this Buck Rogersuniverse”; for the
first time the Joint Chiefshad proposed a requirement for tactical as well as strategic aomic
weapons [Rhodes, p. 362].

As aresult of this proposal by military leaders, the U.S. became deeply involved in proof tests to
establish thefeasibility of small nuclear weapons. AccordingtoNorrisand Cochran,? aseries of proof
testswere conducted for projects operated by the Atomic Energy Commission with a single purpose:
“to conduct exploratory and devd opment tests directed toward warheadsof smaller size and weight”
(p. 27). Government records, described by Norris and Cochran (pages 26-28), reveal the following
proof tests:

o Yumated explodon on atower on Eniwetok Atoll (South Pecific), May 27, 1956. The device
was 5-inchesin diameter and 24.5 inches long with ayield of 190 tons (TNT equivalent).

o Pascal-B expl osion in ashaft at Nevada Test Site on August 27, 1957 (300-ton yield).

o Wheeler explosion from aballoon at Nevada Test Siteon September6, 1957 with ayield of 197-
tons. The device weighed only 158 pounds.

o LaPlaceexplosion from aballoon at Nevada Teg Siteon September 8, 1957 was a“proof test
of gun-type weapon” with a device weight of 503 pounds (1000-ton yiel d).

o Project 58A at Nevada Test Site on February 22, 1958. Two explosions in tunnds (Venus on
February 22,1958; and Uranuson March 14th). Both reported yid ds of less than one ton.

Thethree 1957 explosions (Pascal-B, Wheel er, and L aPlace) were part of Operation Plumbob, which
was approved by President Eisenhower on December 28, 1956. The U.S. government wasdevel oping
smaller and lighter nuclear weapons to be used on the battlefield.

To draw public attention away from the battlefield goals of the military, the government extolled
peaceful uses for nuclear power. O’ Neill quotesfrom President Eisenhower’s famous “ Atoms for
Peace” speech before the United Nationsin 1953. Eisenhower:

8 R.s.Narisand T. B. Cochran. United States Nuclear Tests, July 1945 to 31 December 1992. 1994.
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declared that “this greaest of destructiveforces can be developed into agrea boon for the
benefit of all mankind...” [that] woul d makethe* desertsflourish...” Amassive public relaions
blitz launched by the White House spread the good news. Two hundred thousand copies of
the speech were printed in ten languages The American pressresponded as requested with
headlines like, FORESTRY EXPERT PREDICTS ATOMIC RAYS WILL CUT LUMBER INSTEAD OF
Saws and AToMICLOCOMOTIVE DESIGNED. [O’ Neill, pp. 20-21].

The Atomic Energy Commission (AEC) perpetuaed “a@oms for peace” as a ploy to deflect public
criticism away from the development of nuclear wegoons. Scientists a the newly-commissioned
national laboratoriesat Livermore, Californiaasked for fundsfrom the AEC to launch aproject to use
nucl ear explosionsto employ atomic blastsfor ahost of non-military purposes, such ascreaingcanals
and harbors.

The AEC gave a provisiond nod to the idea, but it cautioned that work on peaceful
applicationswas not to interfere with weapons development. In November 1956 the AEC
agreed to fund a clasdfied conference at Livermore cdled the First Symposium on the
Industrial Use of Nuclear Explosives[O’Neill, p. 23].

Participants in this 1957 secret symposium came from AEC laboratories at Livermore and Los
Alamos, the Rand Corporation, Aerojet-General Nucleonics, Princeton University, and Sandia
Laboratory. Not surprisngly, the conference reported enthusiastically on the prospectsfor peaceful
uses of nuclear explosions. Attendees suggested tha the campaign to find peaceful uses for nuclear
power could distract from the public’ sgrowing concern about nuclea tesing. One of the conference
leaders noted in the unclassified verson of the conference proceedings tha “there issome kind of
public relations problem here.”

Apparently mystified by worl dwide gpprehension over atmospheric testing, [the conference
leader] groused, “In the past 12 years al kinds of phobic public reactions have been built
about nuclear bombs” Peaceful use of the explosions “could provide a fine opportunity for
people to gain a morerational viewpoint,” and he suggested that those in the AEC with
public relations responsibil ities take note. [0’ Neill, pp. 24-25, emphasis added].

So in the late 19505, one of the leading scientists of the Atomic Energy Commission admi tted that
public concern &out the dangers of radioactivity had begun as early as 1945 with the first atomic
blast. But instead of listening and responding to the scruples of the people, these “ Firecracker Boys”
assumed that their own “raional viewpoint” wassuperior. They arrogantly dismissed the concerns of
citizens as “phobic reactions.” During the ensuing forty-three years military, corporate and
governmental | eaders continued along the path blazed by the nuclear policy makers of the 1957 secret
symposum. Their deadly agendahas been carried out by regional commanders and public-relaions
officers, whose skills at deflecting public attention away from the factsdoes not dlow them to know
the truth themselves, nor save them from the ruthless dictat es of National Security.

2. The SM-1 Family of Reactors

AsWorld War Il came to an end, Army tacticians werefostering cold weaher military operationsto
train for potential battles in the Arctic. The government was planning to develop small nuclear
weapons suitabl e for the battlefield to ward off any threats that might come from the Soviet Union
(Norris & Cochran, p. 27). By the 1950s, plans were completed that made it possible for the U.S.
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government to launch two programs, one to conduct proof tests for battlefield nuclear weapons and
another to develop methodsto produce special nuclear material s suitable for mini- and micro-nukes.
A third program had already been initiated that served asasmok e screen for U.S. military goals-- the
promotion of peaceful uses of atoms. Reactors designed to produce special nuclear materials for
weapons could be disguised as pow er plants to produce electricity and heat.

In 1952, theArmy Corpsof Engineersrequested that the Atomic Energy Commission design anuclear
reactor that could betransported by air, quickly installed, and operated under extreme environmental
conditions. Enough fuel to operate the reactor for two yearswas to betransported by asingle aircratt.
In 1954, the AEC contracted with ALCO Products Inc. to produce a prototype nuclear power reactor
at the Army's laboratory at Fort Belvoir, Virginia. By July 1957, ALCO completed the first reactor
designated as SM -1. The Army chose Fort Greely, Alasa for construction of the reactor, because of
the remote northern location. The SM-1 reactor at Fort Greely was desi gnated as“A,” because it was
thefirst field installation of thisSM-1 type. Construction on theSM-1A reactor began in 1958 andwas
completed early in 1962. First “criticality” (nuclear chain reaction) occurred in the Greelyreactor on
March 13, 1962.

Table 1. Designations for SM-1A

S = Stationary
Medium power (1-10 megawatt electric)

Based on the (SM-)1 prototype
First field installation of thisSM-1 type

> = Z
I

The basic SM-1 reactor was designed to be ar-lifted to a remote location and then installed using
whatever materials were avalable. This approach to construction was fashionable in thelate 1950s
and early 1960s, with one component serving several functions. For example, water from a local
supply was used in the Greely reactor to slow neutrons, to provide advective cooling of uranium in
the reactor control rods, and to provide afirst layer of radiati on shielding for personnel .

3. The Cooling System for the SM -1A Reactor

The reactor at Fort Greely was small. An ordinary commercial reactor is five hundred times the size
of the Greely reactor. The SM-1A fuel-element was light weight but dlowed exceptional power
density, because of an unusual design in the cooling system for the reactor.

Water is used to cool nudear reactors. Ordinerily this “primary cooling water” is kept free from
nucl ear contamination by cladding (pi ping) the uranium fud that powers thereactor in stainless steel .
In most nuclear reactors, theprimary cooling water passes over the outsideof the cladding. However,
the SM-1 reactors were designed to pass the primary cooling water inside the cladding directly over
the uranium fuel. (See Figure1). Thisdirect cooling method allowed exceptional power densities,
but one compromise of this design was extravagant radi oactivecontamination of theprimary cooling
water. It produced an amazingly radioactive liquid waste stream, consi dering the small size (two
megawatts electric) of the SM -1A reactor.
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In the Greely reactor, the primary cooling water was pressurized to 1,200 pounds-per-square-inch
absolute (psia) to prevent the water from boiling when it contacted the hot fuel. Then it was pumped
into the reactor, and passed over the fuel plates of the thirty-eight stationary fuel elements of the
reactor core. This unusual design exposed the primary cooling water directly to: uranium fuel;
neutron-activation productsin the fuel; neutrons, x-photons, and ganma-photons from the uranium
fissions; cladding neutron-activation products; and other radi oactive debris of the process.

Figure 1. Stationary Fuel Element for SM-1A Reactor: Primary Cooling Water Path

PRIMARY COOLING WATER OUT

N
FUEL PLATES
PHIMARY CODLIMG WATER (4

Note: “Cladding” is synonymous with “piping.”

4. Cover Stories and Functions

The SM-1A wastouted asamulti-purpose demonstration plant that provided the Army at Fort Greely
with field operating experience in a “harsh” northern setting. The Army claimed that the Greely
reactor provided opportunity for technological research and development. Unclassified information
provided by the government states that the reactor offered the opportunity to examine the financial
feasibility of operating anuclear power plant in Arctic remoteness, aswell asto provide el ectricity and
heating for expansion of the Fort Greely post.

Until now, it has been difficult for civilians to differentiate the Army’s cover-up stories from the true
purpose of the Fort Greely reactor. The reactor performed the functionsthat the Army claimed for it.
Although a preexisting diesel-fud ed staiion produced electricity and heat for the base, thereactor also
generated el ectricity and heat. In 1962, the 20.2 megawatt Greely reactor w asthelargest Army nuclear
power plant in existence.
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The reactor was dedgned as a pressurized water plant. The warmth from the fission process
heated pressurized liquid in a closed system. The pressurized sysgem then acted to raisethe
temperature of another body of waer high enough to generate seam. The vapor in turn
operated a turbine which produced electricity. The plant also supplied heat for the post
buildings. The steam itself was utilized directly, through a supply system, to serve as radiant
heat [Johnson, pp. 66-67} .

Reports availableto the public identify the amounts of electricity and heat produced by the reactor at
Fort Greely. Reportsidentifyingthe amounts of gpecial nuclearmaterial sproduced bythe samereactor
were not identified or released to the researchers for this study, when requested under the Freedom
of Information Act. The SM-1A reactor outputs are shown in Table 2.

Table2. SM-1A Reactor Outputs

Electricity 2 megawatts, rated
Post heating 36,000 pounds/hour steam at 65 psig*, rated
Special nuclear materials = amounts produced are unpublished

* pounds-per-square-inch gauge

B. TheCovert Mission of the SM-1A Reactor

The particulars of design and operation of the Greely reactor show that its true mission was the
production of special nuclear materials. Such a mission in the 1960s would have been highly
clasdfied, for public relations reasons and to keep secretsfrom the Communists duringthe Cold War.
So it is not surprising that government documents omit reference to the true mission of the reactor.
Nevertheless, a review of those documents tha describe the SM-1A desgn and operation
demonstrates that the Greely reactor was used to produce weapons-grade nuclear isotopes.

1. Highly-Enriched Ur anium Fuel Suggests Covert Mission

Nuclear reactors are powered by fissionable (fissile) radioactive isotopes such as thorium, uranium,
or plutonium. The Fort Greely reactor was fueled by highly enriched uranium.® Nuclear plants that
simply produce el ectricity and heat do not need the expensive, highlyenriched uranium that was used
by the SM -1A reactor.

Highly-Enriched Uranium: An Expensive Fuel. Natural uranium is mined and separaed from
pitchblende and coffinite ores Uranium hexaluoridehasahigh vapor pressurethat all owsseparation
of the uranium isotopes by their slightly different atomic weights through the process of gaseous
diffusion. This process is performed at the Atomic Energy Commission's Oak Ridge, Tennessee
operation. Naturd uranium (U) consistsof three isotopes: U-234 at 0.006% is a decay product of U-
238 at 99.3%. The remainder isU-235 at 0.7% of natural uranium. In highly enriched uranium, the
U-235 isotope has been enriched from the natural abundance of 0.7% to arangeof 17-70%, and the
U-234 may also be increased.

® W. A. Jacobs. The Alaska District United States Ar my Corps of Engineers. 1946-1974. 1976.
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To produce highly enriched uranium, the U-235 isseparated from U-238. Uranium-235 isonly one
percent lighter than U-238, so separation of the lighter U-235 atoms from U-238 is a difficult and
costly process. To avoid the expense of such high-cost fuel, nuclear plants use uranium fuel withthe
least U-235 enrichment that will meet their requirements. The reactors at Hanford in Washington
State, for instance, used natural uranium or slightly enriched uranium with U-235 at alow 0.9%. The
proportion of U-235isincreased only to the degree that special objectives areimportant,asinnuclear
propulsion reactors. M ost commercial reactors use low-enrichment uranium fuel.

SM-1A Reactor Used Highly-Enriched Fuel. A government publication about the SM -1A nuclear
power plant (1965)1(J discusses the fuel used by the reactor in a section entitled “Nuclear vs
Conventional Fuel.” T heproblemsof supply and costsareaddressed. Given theimportance of keeping
fuel costs as low as possibl e, the specification of asuper-premium fuel for the SM-1A isinconsident
with the stated benign mission of the reactor.

Highly-Enriched Uranium F uels Neutron Activation. In The Firecracker Boys, Dan O’ Neil | offers
his somewhat poetic description of a chan reaction of U-235 fission.

Thenucleus of U-235, an unwieldy glob of 92 protons and 143 neutrons, can barely hold itsel f
together. If it absorbs one more neutron it will shudder wildly for amillionth of a millionth
of a second, then burst apart into two nuclei with an appreciable rel ease of energy: nuclear
fission. Along with the energy release, the nucleus will also let go some of its 143 neutrons.
These shoot off, colliding with and being absorbed by other uranium nuclei, which also
shudder, split, and release energy and more neutrons Because fissionisinitiated by neutrons
andisresponsiblefor therelease of neutrons, the processmay sustainitself,likeafire, so long
asfuel is supplied. Each fission rel eases the binding energy that had held the atom together,
and the explosive chain reaction will not stop until agreat deal of energy has been released

[p. 17].

At “criticality,” neutrons released from the U-235 fission produces exactly one additional U-235
fission, on average. If most of the neutrons are lost from the fuel so that each fission causes less than
one more U-235 fission, then the reactionis termed “ sub-critical.” If the neutron released from one
U-235 fission produce, on average, more than one additional U-235 fission, the reaction is called
“super-critical.” If afission goes super-critical very long, an explosion results. Nuclear reactors are
designed to incorporate natural physical and engineered features so they remain at criticality. A
controlled variable during sustained criticality is the output of thermal energy that comes from the
fissioning.

Of thefour or five neutrons|eft over from the fission of aU-235 atom, one neutron is used to maintain
criticality by splitting another U-235 atom. One or two neutronsmight belost from the fuel coreor
caughtinthe control rod material that provides operational control and safety. The remaining one or

19 Two versions of a seventeen-page booklet entitled SM-1A Nuclear Power Plant, Fort Greely, Alaka

describethe SM-1A reactor at Fort Greely. Thefirst verdon isdated March 1965 and the second version,
while undatedwas produced between 1967-1969. Thesebookl etsare referenced throughout this report as
the SM-1A Booklet Version | and I1, respectively.

NucLEAR-WEAPONS-FREE AMERICA 15 ALASKA COMMUNITY ACTIONON TOXICS



two neutronsfrom each U-235 fission attach to and “ ectivate” U-235 or anyother aomspresentinthe
nucl ear fuel. In thisway, U-235 is neutron activated to U-236.

Uranium-236 has 92 protons, the same number as U-235 (92 = the atomic number of uranium). But
U-236 has 144 neutrons, whereas U-235 has only 143. The activated U-236 produced in the fuel has
ahalflife of 23,420,000 years, so the activated U-236 becomes a new constituent of the reactor fuel.

The nucleusof U-236 is dso neutron activated by theextra neutrons from the critically fissioning U-
235. Consequently, the U-236 is neutron activated to U-237 which has92 protonsand 145 neutrons.
This iswhere the reactor moves from merely a heat-production scenario to the production of nucl ear
materials. Uranium-237 has only a seven-day halflife, during which time it decays (by betaemission)
to neptunium-237. Neptunium-237 has 93 protons and 144 neutrons. One beta particle (nuclear
electron) plus some loose photons in the x- and gamma-rangesof energy are released in the decay of
U-237 to Np-237.

The Np-237 hasahalflife of 2,140,000 years, so neptunium accumulatesin the fuel asthereactor runs,
and it is avalable for neutron ectivaion to Np-238. And so the process of neutron activaion of
radioisotopes, some of which have quick beta decays, provides the opportunity to produce special
nucl ear materi als suitable for use in battl efield weapons.

All elements having more than the 92 protons of uranium are cdled “transuranics” or TRU.
Neptunium with 93 protons is the first transuranic; plutonium with 94 protons is the second,;
americium with 95 protonsis the third, curium with 96 is the fourth, and so on. The isotopes of each
transuranic element differ from one another by the number of neutrons they contain in their nuclei.
Figure 2 isasimple neutron activaion diagram depictedlike amarble ramp toy. Imaginethat neutrons
are marbles that drop down through the fuel and occasonally kick an atom to theright (to higher
atomic number) that quickly decay by beta emissions (“ramped by quick betadecay”). Thisdiagram
goes down to curium-245, but the specid isotopes continue at least to curium-250.

2. Design Details Suggest Covert M ission

To produce special transuranic nuclear materialsrelaively free of decay byproducts, areactor would
usually be designed for exceptionally high power rates. There are two reasons for quick fuel burnsand
high neutron densitieswith high thermal power densities: 1) minimizing unwanted impuritiesthat are
formed in the fuel, which are costly to remove by chemical separation; and 2) bridging over those
isotopes that decay quickly to obtain isotopes having exceptional fissile values.

Figure 2 shows only a few of the neutron activation products In addition, there aredozens of U-235
fission products, their own radioactive decay products, and then the products of continuing neutron
activation of these decay isotopesas thereactor continuesto run. Many of the unwanted byproducts
can be minimized by pushing the reactor to do its activation job before there istime for decays that
allow unwanted materialsto form. The SM-1 family of reactors were designed with the capacity for
quick, hot runs that precluded the formation of most unw anted byproducts.
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Figure 2. Smplified Neutron-Activation Diagram, and SM-1A Sewer Analysis
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The design of fuel elementsfor the SM-1 family of reactors provided an excepti onal cooling system
to support quick, hot burns. Rather than cladding the fuel in rods to be cooled by water flowing over
them, the cooling water was piped through the fuel tubes, passing directly over the uranium fuel (See
Figure 1). Because water flowsingde the daddingrather than outside, there is no barrier between the
hot uranium fuel with its ingrowing radioactive materids and the water used for cooling. Such a
design yields high contamination of primary cool ant liquids and consequent problemsthat woul d not
be acceptable, unlessan important National Security mission was a stake. The covert mission for the
SM-1A reactor demanded exceptional cooling of a core tha was operating beyond normal neutron
densities. The purposeof suchadesi gnwas to creae areactorthat produced puretransuranic materials
that could be used in battl efield weapons.

3. Fast Burning Cores Suggest Covert Mission

Plutonium-production reactorsoften have core livesclose to one year, while reactor cores dedicated
to the production of electricity and heat usually live two or more years. Operating records show that
the first two cores for the Greely reactor burned exceptionally fast.

There are two versions of the booklet produced by the Army describing the SM-1A reactor, one from
1965 and anotherlater (undaed) version circal968. According to thefirst pageof the SM-1A Bookl et
(Verdgonl),oneof therequisitesfor the SM -1family of nuclear pow er plantswas that “asingleaircr aft
would transport enough fuel to operate for two years.” Thus one reactor core under normal load
conditionsforthe SM-1A should last at least twenty-four months, which woul d serve as the expected
base line for the life of each core at Fort Greely.

The first two cores for the Greely reactor burned in half the time published in the booklet, as
demonstrated in Tables 3and 4. In Table 3, operating conditions from the SM-1A Booklet Verson
| are listed in the column below under “Version |.” Operating conditions from the later edition are
listed in the column under “Version I1.” The last row of Table 3 indicates that early in the Greely
reactor’ s operation, the cores lasted for twelve months, although the SM-1A booklet declared that a
two-year core life was expected.

Although the SM-1A bookletindicated atwo-year core lifeex pectancy, such stated expectationsw ere
for the s&ke of covering up thetrue mission of the reactor. A two-year corelife was usual for peaceful
uses of areactor, such aswas touted for the SM-1A, 0 manuals had to adhere to tha story. But the
SM-1 family of reactors were designed for quick, hot burns so transuranic maerids could be
produced. If the SM-1A booklet had given a more accurate picture (that twelve-month burns were
expected), it would have signaled the true mission of the Greely reactor to the Communists and to
American critics. Thecorelife was less than two years, because the SM-1A reactor was designed to
operate beyond the ordinary, and then it was run at full capacity. Thisanomalously intense operation
of the first two coresis most striking evidence of a covert production mission of the reactor.

Typically the firg operating reactor of a new series would include many tests followed by some
modifications before final evaluation of its cgpabilities. The Fort Greely reactor was atypical in that
three months after it obtained first criticality, the plant was handed over to the U.S. Army Alaska
Command, and “the pedal was put to the metal.” The first two SM-1A cores had powered lives of
about 10.5 months each. Table 4 calls attention to the short livesand exceptiondly hot burnsof the
first two cores, both of which denote the production of transurani ¢ materi als.
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Table 3. SM-1A Reactor Operating Conditions

Reactor Conditions Version | Version |1
Ful | Load Thernal Power (MN* 20 20
Rat ed El ectrical Power (MA)* 2.5 2.5
Cool ant Pressure (psia) 1200 1200
Cool ant Fl ow Rate (gall ons/ninute) 7400 7400
Cool ant Inlet Tenperature (°F) 430 430
Cool ant Tenperature Rise (°F) 20 20
M ni mum Core Life: Full Load (Months) 9 18
Core Life: Normal Post Load (Months) 12 30

* MW=megawatts, MW e=megawatts el ectric

Table 4. Powered Lives of SM-1A Cores

Core Approx. Power Dates Life Operating Powered

No. (Mo/Yr) (Mo) Capacity* Life(Mo)
I 6/ 62 - 8/63 15 70% 10.5
Il 4/ 64 - 10/ 65 18 58% 10. 4
111 1/ 66 - 6/67 16 ~80% (~12. 8)

Two-year closure for repairs, after which Core Il operation continued
11 5/69 - 6/70 13 ~85% ~24.
|V 8/ 70 - 3/72 ternminated with shut-down
* Averages of annual data for the years of core operation 1

11

1992. (p. 1-2).

R. J. Fasnacht et. al. U.S. Army Cor ps of Engineers SM-1A Nuclear Power Plant Historical Summary.
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4. Major Accidentsand Early Decommissioning Suggest Covert M ission

The Greely reactor was the “first copy” of the SM-1 family of reactors. Pushi ng afirst-copy nuclear
reactor to exceptional thermd power and neutron densities would be expected to have severely
adverse consequences reflected in major accidents and early decommissioning. These adverse
consequences are evident for the Fort Greely reactor. There was a magjor accident after five years of
operation, resulting in atwo-year outage, and a sscond major accident after only three more years of
operation. This second major accident involved a loss of radioactive, live steam producing local
fallout. As a result, the reactor was closed ten years after first criticality and was quickly
decommissioned. (These two accidents are examined later in thisreport.) Neither the magnitude nor
the character of the accidents were admitted, and the facts continue to be covered up to the present
day.

5. Unused Heat Production Suggests Covert Mission

The SM-1A reactor produced so much more heat than was necessary to generate electricity and heat
for Fort Greely, tha almog three-fourths of theheat from Cores | and Il was simply pumped downa
discharge well, neither generating electricity nor heati ng the post.

According to Section VIII entitled “ Secondary System” in SM -1A Booklet Version | (p. 14), the
maximum electrical output of the SM-1A nuclear power plant depended on the amount of steam
extractedfor heating the Army post. With steam being extracted for post heating, up to 2.5 megawatts
of electricity (MWe) could have been generated from the turbines. Without this steam extraction for
post heating, maximum electri ¢ pow er generation was limited to 1.4 MW e.

With steam entering the turbine & 377°F and a condenser temperature of 60°F, the ideal efficiency
for electric power generation would be 38%. The overall thermal efficiency may have been close to
30%, slightly lessthan acommercial nuclear power plant. Duringthe summer, when little pog heating
was required, themaximum useful heat output of the SM -1A reactor would have been slightly more
than 1.4MWe/30% = 4.7 MWt. The summer useful load would then only have been 23% of the rated
thermd output of 20 MWt of thereactor. Because Cores | and Il ran for two summers but only one
winter, the requirements for steam heating the post were |l ess than average during their burns.

The bottom line of Table 3 (SM-1A Booklet Version I1) credits one reactor core with providing
electricity and steam heat forthirty monthswith anormal post |oad. Table4 indicatesthatthe powered
life of Core | was 10.5 months and of Core Il was 10.4 months. Given that most of these core lives
were during therelatively low-load summer months, it is clear from these numbersthat lessthan 10.5
months/30 months = 35% of fission hea from the firsttwo SM-1A cores generated el ectricity for the
post and steam heat. That is, more than 65% of the reactor hea must have been simply dumped during
the burns of the first two cores.

The Army claimed that the purpose of thereactor at Greely was to generate electricity and steam heat
for the base. Dumping the heat produced by the reactor, rather than using it for the stated purpose,
suggeststhat the SM-1A had adifferent, highly-valued mission that justified waging the heat. Other
nuclear plants that waste heat produced by fission (such as the first eight reactors at Hanford,
Washington) are operated in orderto producetransuranics. The Army failed to inform the public that
the Greely reactor produced transuranics and continues to cover up information about radioactive
contaminati on that affects the li ves of workers and residents of the area.
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C. Neutron Activation Products Washed I nto Sewer

The mission of the SM -1A at Fort Greely was the clandestineproduction of transuranic material sfor
tactical weapons. This conclusion is based on thefacts tha thereactor 1) used highly enriched fuel;
2) passed cooling water directly over the uranium fuel, 3) bumned nuclear cores quickly; 4) had mgor
accidents; 5) caused a government cover-up; and 6) produced unused heat that was wasted and
discharged into the groundwater.

In addition to showing asimplified diagram of how neutron activation producestransuranic materials,
Figure 2 also shows theresults of a sewer andysis for the SM-1A reactor at Fort Greely. (See boxes
entitled: “Fission Products” and “Key.”) A willow tree and saplings were growing in a protected area
between the sewer outfall for the military base and the sideof Jarvis Creek that flowsthrough the base
amile east of the reactor. Because awillow would absorb radionuclidesfrom sediments, a researcher
for this study took samples of stems and leaves. Analysis of this willow sample taken in 1998,
confirms that neutron activation products washed into the sewer.

Table5. Analyses of Willow Sample
Artificial Activity +2 Sigma Count Halflife
Radionuclide (pCi/K g)* Uncertainty (years)
strontium-90 20.x* + 30. 29.1
technetium-99 0.x* * 9000. 213,000.
uranium-235 4.8 * 3.2 704,000,000.
neptunium-236 18.1 + 4.8 120,000.
americium-243*** 50.1 + 10.8 278.
curium-245 20.7 + 12.8 8,500.
Notice that the strontium and technetium activities are only indicative, as they are below the minimum
detection limit for the analysis. If these activitiesare multiplied by their halfli ves, the product isther elative
abundance of atoms of each radionuclide.
*air-dried weights **Thisis below the detection limit. ***counted as the Np-239 decay product

Table 5 shows the results of the andysis of the sample, exduding any naturally occurring
radionuclides. The willow sample was ar dried to 725 grams. It was andyzed for strontium-90,
technitium-99, and then counted in aliquid Marinelli geometry on alow-energy germanium detector
for gamma emissions. A 2000-minute gamma count was replicated, and a standard and empty blank
were counted. The gammaresultswere submitted to adata evaluation routine toidentify all peaksand
then reject false-positive and false-negative identifications.
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Radiological analysis of the willow sample reveal s uranium-235 which was used to fuel thereactor.
Of the usual long-lived products of uranium fission (stronti um-90, technetium-99, and cesium-137),
only strontium 90 was detectable-- and that was barely detectable, if at all. Whiletransuranicsthat are
seldom reported in vegetation samples (neptunium 236, americium-243, and curium-245) were
detected by gamma spectrometry.

The most straight-forward implication of these resultsis tha the SM-1A reactor had operated in a
mode that greatly enhanced production of transuranic, neutron-activated radioisotopes. Nuclear
reactors designed to be asteady source of heat, say for generating electricity and heating of buildings,
produce long-lived products of uranium fission. In the case of the Greely reactor, analysis of the
willow sample suggeststhat the reactor mostly produced transuranicsinstead of heat. Transuranics
that arerel atively uncontaminated byfission products and low ato mic number activation productsare
valuable materials for nuclear weaponry, so the willow sample implies that the Greely reactor
produced nuclear materials for weapons on a pil ot-plant scale.

D. Contamination From the SM-1A Reactor
Review of government documents, personal interviews, observations, and sample analysesreveal that
the U.S. Army at Fort Greely was responsible for radioactive contamination through:

Control rod accident;

Radioactive steam heat to the post;
Liquid radioactive waste;
Radioactive fallout;

Solid radioactive waste disposal;
Long-lived radioactivity in reactor.

S

The Army is covering up the facts of contamination and tries to divert attention away from the facts
that the reactor near Delta Junction, Alaska is responsible for environmental and human health
problems. The Army is still painting arosy picture of success for the SM -1A reactor.

1. Control Rod Accident

The probable cause of the abrupt shut down of the Fort Greely reactor in June 1967 is aboiling
coolant, near-melt accident involving the control rods. This accident emerged from a fundamental
error in reactor design, requiring redesign of the control rods, manufacture, and refitting of the new
control rods during the two-year outage from 1967 to 1969. The basic problem involved includon of
fuel plates into the lower portion of the reactor control rods without provision of any substantial
cooling for these fuel plates. This problem is described below in more detail.

Inadequate Cooling System . There were seven control rodswhichwere driven vertically byrackand
pinion gearing. Thecontrol rods are sketched in adisassembled view in Figure 3, takenfrom the SM-
1A Booklet Version |. To slow the rate of nudear fission and heat production in the SM-1A, the
control rods could be lowered into the reactor. In theevent of an emergency, the drive was clutched
and the control rods simply dropped all the way down, with the neutron absorber section (europium)
of the control rods thus inserted into the core.
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A peculiarity of this control rod dedgnisthat the absorber material could be racked up out of the core,
andwhat isheretermed“ apower-boost fuel element” brought up into the core. The control rods could
thus deliver added fuel, speedingthe reactor and producing more hea both within the fuel rodsand
within the power-boost fuel in the control rods.

But the speeded-up, heated-up reactor needed to be cooled. As seen in Figure 1, the gationary fuel
elementswere cool ed by primary cooling water which waspumped through them, and Figure 4 shows
that the heat was then exchanged through the steam generator and carried out of containment by the
secondary coolant steam. On those occas ons when the control rods were racked nearly to their top
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position, the power boost fuel elementswithin the contral rodswere cooled only by advection asthe

water in the pressure vessel washeated by thefissioningfuel in the control rods (See Figure 3). The
water in the pressure vessel was cooled mostly by reverse thermal advection to the stainless steel
cladding on the fuel elements. In other words, there was really no substantial cooling system for the
power-boost feature of the control rods.

The SM-1A reactor specificationwas that the mean temperature of primary cooling water passing over
thefuel in the fuel rodswas 440° F. The water was pressurized to keep it from boiling. At the 1,200
psia pressure maintaned in the primary coolant loop, the water in the pressure vessel would boil at
567°F. Aslong as the water within the hottest cooling rod did not exceed 567°F, there would be no
steam produced within the reactor. The difference between the 567°F boiling temperature in the
primary loop and the 440°F average temperature of primary coolant in the fuel rodsisonly 127°F.

Thistemperature difference was split between 1) advective cooling of thefuel in thecontrol rods and
then cooling of thiswaer in the pressure vessel by thermal advection on the outside of the fuel rods;
followed by 2) convective cooling through the stainless steel cladding of the fuel elementsfollowed
by the same efficient forced-flow cooling that cooled thefuel inside thefuel rods. Unfortunately, this
passive method of cooling proved inadequate for the reactor at Fort Greely in June 1967.

Poor Geometric Arrangements for Control Rods. Overheaing of the control rods was also fostered
by the particular geometry of the SM -1A core. There was no simple way to place seven control rods
symmetrically in a square core, which is necessary for equal distribution of the heat in a reactor.
Because of this geometricd limitation, one or two of the seven control rods had to run hotter than the
other control rods.

The problem with geometry is demonstrated by comparing the SM -1A at Fort Greely with the SM-1
prototype at Fort Belvoir, Virginia. The SM-1A Booklet Version | (p. 2) shows that the Fort Greely
reactor had twice the rated heat output of the SM -1 prototype at Fort Belvoir. Taking geometry into
account, the prototype probably had five control rods, onein the center and four in a square. (The
sequence of thenumber of control rods that can be arranged in asquareis: 1, 4, 5,8, 9,12, 13,16, 17,
etc.) To scale the SM-1 up by afactor of two from afive-by-five square of fuel rods to a seven-by-
seven square of fuel rods, the symmetry of control rod placement had to be lost. The SM-1A reactor
not only produced twice the hea of its prototype & Fort Belvoir, the Fort Greely reactor also had one
or two control rods that ran relatively hotter than the others.

Preventing Control Rod Melt Down. The inadequae passive cooling system and asymmetry of the
control rods in the Fort Greely reactor introduced the prospect of afull-power accident late in a core
burn, by which the pressurized water in one or two of the control rods would have begun to boil at
567°F, producing steam and displaci ng water in the pressure vessel .

The list of eventsfor which there were emergency proceduresisoutlined in Fasnacht et. a (p. 4-10)
and in the SM-1A Booklet Version I, and summarized here in Table 6. Nothing in the Army
documents suggests any procedure in the event of water boiling in control rods.
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Table 6. Typesof EventsL eading to Emergency Response Procedures

Line break: primary, steam, or feedwater

Loss of flow: primary or feedwater

Loss of dte power: AC or DC

Release of radioactivity

Reactivity excursion (--escalating neutron flux)
Reactor over-power (120% full-power)

Fire

Personnel injury

Reactor scram failure

Earthquake

Release of total thermal inventory into contanment

Usual design practice woul d assure that thereactor could equalize pressure between the fuel rodsand
the pressure vessel, and betw een the pressure vessel and the shield tank (Figure 4), unless there was
an emergency situation that forced thewater level in the pressure vessel below the advectivecooling
water outletsof the control rods. In which case, their advective cooling would fal and the fuel in the
rodswould melt a about 2070°F. To prevent meltdown, the reactor would have to be shut down. The
design of the SM-1A incorporaes neutron monitoringinstruments in the primary shielding, nearthe
top of the reactor, soitislikely that the plant operatorswould have had at |east one indication of such
aboiling-water malfunction, and thusshut thereactor down beforethecontrol rodscould melt (SM -
1A Booklet Version I, figure 3, p. 7).

Such amanaged event suggests a steam-generation incident within the pressure vessel. It would have
been managed by shuttingthe reactor down, venting the steam to atmosphere, and determining what
corrective measures wererequired. It islikelythat this scenarioforthe SM-1A occurred in June 1967
requiring an abrupt shut down and extensive repairs lasting two years.

According to the evidence provided by the SM-1A Booklet Version |1, when the reactor wasrestarted
in 1969 the corrective measures included the following:

o The power bood featurewas mitigated by control rod redesign;

o Permissible SM-1A thermal power was reduced by 50%, which doubled core life but likely
eliminated production of super fissil e transurani cs;

o The pressure vessel may have been vented to allow better advective cooling of control rods;
o The steam generdor in the reactor compatment was replaced.

The repaired reactor operated at a slower and cooler pace, more in line with the cover missions of
creating electri c power and steam heat.
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Endangering Wor kersto Expedite Cleanup. Core |1l was cooled and removed from the reactor to
allow repairs. Inasmuch as the Army was attempting to conceal the control rod accident, the need to
get the reactor fixed must have been urgent. But before repair could begi n near the reactor, si xty days
would have been required for Core Il to cool enough to remove the fuel elementsto the spent fuel
pit.12 The primary concern hereiswith the exposure of workersto radioactivityin the expedited repair
work onthe Greelyreactor. In 1971 at Amchitkal sland, Alaska, the government had nocompunction
about sending unknowing workers to re-drill after the Cannikin blast allowing them to be irradiated
by theventing pthway.13 Theresearchersfor thisstudy are concerned that asimilar scenario may have
occurred in the summer of 1967 at Fort Greely, Alaska

2. Radioactive Steam Heat

Steam heat for the Army post was obtained from some of the water used to cool the reactor. Primary
cooling water pumped through the SM-1A reactor (see Figure 1) was heated to 450°F in the reactor
and pressurized to 1200 psiato keep it from boiling. This primary cooling water passed through the
tubesin the geam generator shown in Figure 4. Treated feedwater was pumped into thejacket of the
steam generator at 250°F, and this water boiled upon contact with the tubes which produced steam
at 381°F and 200 pounds per square inch gauge (psig). The generation of the secondary-loop steam
thuscooled the primary water to 230°F, which was then ready to be sent back for another passthrough
thereactor. T he secondary-loop steam was used to drive the turbine-generaor, producingup to two
megawatts of electricity, and to provide steam heat for the Army post and steam to the post laundry.

L eaky Steam Generator Tubes. Fasnacht et. al staethat in 1969 the steam generatorwas replaced due
to leaky tubes (p. 1-3). The SM -1A Booklet V ersion Il indicates that the steam generator was the last
repair undertaken during that two-year outage. Cl early, failure of thesteam generaor didnot causethe
1967 shut down, but the leaky tubes in the steam generator demanded attention. Table 6 shows that
primary loss of coolant due to |leakagefrom the tubesin the seam generaor is not and would not be
listed as atype of occurrence requiring any emergency response. On the other hand, leaking tubes
could |ead eventually to atube rupture, which would bea major reactor accidentrequiring emergency
response. The steam generaor was probably replaced findly in 1969 as a safety measure to avoid a
major reactor emergency due to loss of coolant.

The presaure andradiation containment system for the SM-1A issketched in Figure 4 with fluid-flow
pathsthrough containment shown. All of the spacesinside the vapor container in Figure 4 werefilled
with water, which provided pat of the radiation shidding. The shield tank consisted of forty-two
inches of reinforced concrete inside a half-inch thick steel shell. The pressure vessel functioned to
contain pressure asshown in Figure 4 and described in SM-1A Booklet Verson | before thetwo-year
closure, but when the nuclear reactor was restarted in 1969, the later version of the SM-1A Report
lacked any indication that the pressure vessel actually contained pressure.

12 prelimi nary Assessment, Fort Greely, Alaska. 1992. (p. 3-93)

13 Buske, Norm and Pamela K. Miller. Nuclear Flashback: The Return to Amchitka. Greenpeace USA.
1996. And Nuclear Flashback Part Two: TheThreat of the U.S. Nuclear Complex. Alaska Community

Actionon Toxics. February 1998.
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The changesfrom thefirstto the second versions of the SM-1A Report reflect achangein thefunction
of theshield tank beginningin June 1969. The pressure vessel might have been intentionally breached
allowing the shield tank to serve asthe only pressure containment.

Figure4. Simplified Flow Diagram and SM -1A Containment
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The highly radioactive water coming from the reactor was inside the tubes at 1,200 psia, inside the
steam generator. Outside these tubes was supposedly uncontaminated, secondary-loop water which
was boiled to produce steam at 215 psia Thusthere was 985 pounds per square inch more pressure
inside the leaky tubes than outside them. So the primary coolant water at about 430°F blew out
through the le&ks, vaporizing into steam in the secondary-loop jacket of the steam generator. Thisis
how the secondary ¢eam was contaminated with radioactivity. The secondary steam used for post
heating, inthe post laundry, and in the turbine tha generated electricity became radioactive. Onlythe
turbinewasin aradiologically controlled area.
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Before the stean generaor was replaced, the reactor was operaed with leaky tubes and the Army
continued to use the steam in the laundry and for heating, as shown by post-closure surveys that
revealed hot spots. The secondary steam used in the laundry and for heating buildings was not
considered by workers and residents to be contaminated, but was viewed merely as” steam.” The fact
that the reactor was operaed with leaky tubes only until they threatened the reactor itself is another
indicaion that the mission of the Greely reactor was 0 important that contamination of steam in
unrestricted areas was accepted as operational, both by design and by actual practice.

Radioactive Steam Heat Used for Extended Period of Time. A 1973 Army report of aradiological
survey reveals that radiaion was detected from three ceiling or wall heaters on the post.14 As the
control rod accident occurred in June 1967 when there was little need for post heaing, this soread of
radioactivity suggests that | eakage i n the steam generator wasmorelikely an on-going conditi on than
an effect of the event that caused the two-year outage of the SM-1A. The implication is that
radioactive steam was used for post heating over an extended period of time.

Health Risks from Contaminated Steam Heat. The primary health risk of radioactive steam is to
breathe air containing rd eased steam, or from ingestion of steam condensate. There were health risks
for those a Fort Greely who lived or worked in areas kept warm by contaminated steam heating, as
well as the post laundry, which used contaminaed steam directly. Furthermore, there would be yet
unknown health risks for workers who handled materialsin whatever process the Army used (and
failed to document) for disposing of the secondary-loop steam contaminated by primary coolant.

Asheating steam passed around bendsin pipesand inthecorners of heders, contaminated particul aes
were centrifuged to the outside of the bends and cornersand collected there. Some of these | ocations
were reported in radiologicd surveys, and the offending plumbingwas presumably removed. But it
islikely that much of the steam heating system still remains out of sight and may be inaccessible to
radiological survey. As Fort Greely turns over many of itsstructuresto civilian operati ons, the steam
heating system islikely to be repaired or replaced. Army or dvilian construction teams involved in
workingon the heding system would be a risk of contaminaion.

Sample Analysis I ndicates that Steam Heat Was Radioactive. The documented pahway for
radioactive contamination of theheating steam at Fort Greely wasfrom primary coolant through the
steam generator which wasreplaced in 1969 “because it developed numerous leaks” (Preliminary
Assesament, p. 3-93). Theradiological inventory of thesteam heating system wouldthus be expected
to correspond to theinventory of primary coolingwater, withthe shorter-lived radionuclides decayed
out.

No analysesof either primary coolant or theradi oactive contaminantsin the steam heating system have
been foundin Fort Greely reports. But awillow collected from the sewer outfall, obtained in 1998 for
rg2.620000 the present study (See Table5), providesanalytical evidence that water Agadssatle®eeT D 0.5400 Tc-1.ne7200 0.000!

14 R.R. Bowersand N. Holland, Final Radiological Survey of the SM-1A Nuclear Power Plant Facility

and Site. 1973. (pp. 72-75).
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3. Liquid Radioactive Waste

Table 7 lists four operating periods for the SM -1A reactor. The first period involved most of the
production of radioactivity a Fort Greely. The second period was for major, unschedul ed repair and
refitting. Thethird period was after the reparsfor deraed operaion until the end-of-lifeof thereactor.
Thefourth period involved the decommissioning of the SM-1A. While each of these four periods saw
its own unique, liquid radioactive waste streams from the SM-1A plant, the first period probably
produced the bulk of liquid radioactive waste at Fort Greely.

Table 7. Four Operating Periods of SM -1A Reactor
Dates Years Character Total of Four Cores(l - 1V)
6/62 - 6/67 5.0 Operation I-Burn, Refud; 11-Burn, Refud; 111-Interr upted
6/67 - 5/69 19 Repair/Redesign No power; Unfuel and Refuel-I11
5/69 - 3/72 2.8 Operation End of Il1; IV-Interrupted

372 - 6/73 13 Decommissioning  Unfuel IV

After the accident of June 1967, the Engineer Reactors Group installed a decontamination skid, a
systemfor evaporation and deionization of theliquid waste. Whenit wasinstdled in March 1968, the
skid heralded new radioactive waste treatment and disposal procedures for the SM-1A plant.
According to McMasters et al. (p. 3-1)* and a 1974 report™® on the final decommissioning of the
reactor (p. 15), there were only 0.001 curies (not counting tritium) of beta-gammaliquid radioactivity
disposed at Fort Greely during theremainder of therepair period, the end-of-life operation period, and
the decommisd oning period. Thiswaslessthan atenth of one percent of what has been calculated to
have been discharged during thefirst operation period and the beginning of therepair period. Because
of these facts, only the first period of SM-1A operation and the beginning of the repair period are
considered herein regard to liquid radioactive waste streams to the Fort Greely environment.

Source of Cooling Water. To operate the hot quick-burn reactor at Fort Greely, the Army needed
sufficient water to cool the SM-1A reactor core at maximum burn rate. Availability of large anounts
of water was an important consideration for situaing the reactor. According to McMagerset al., the
Fort Greely cantonment islocated over atwelve-milelong, south-north tongue of flood plain alluvium
with apotential groundwater supply mapped in the 1,000 to 3,000 gallons-per-minute (gpm) range.
The Army was thusassured of areliable 1,000 gpm cooling water supply for the SM-1A reactor cores.

15 B.N.McMasters, et. al., Install ation Assessment of theHeadquarters, 172D Infantry Brigade (Alaka),

Fort Greely, Alaska. 1983.

16 John W. Van Norman. SM-1A Nuclear Power Plant Final Decommissioning Report. 1974.
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Figure 5. Sketch of Location of Reactor within Fort Greely Base
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The 20 MW1 heat produced by the reactor a full power was exchanged from the uranium fuel plates,
in which it was generated in the reactor core, i nto pressurized water passing directly over the fuel
platesin the primary coolantloop. Secondary coolingwas provided by steam which was heaed from
the presaurized primary coolant tubes in the steam generator within the shiel d tank of the reactor.
Some of the secondary loop heat was used as steam in the post laundry and for steam heating in
buildings on the pog, and some wasused for electricity generation.

Theremainder of the heat that originatedin the reactor was exchanged from the steam inthe secondary
loop to tertiary water passing through the condenser at the turbine. This tertiary water was pumped
from either of two boreholewellsrated at 1,000 gpm. Considering potential losses in the system and
possible derating of pump feed, it gopearsthetertiary cooling system wasdesigned to deliver unused
heat from the SM-1A core back to the unconfined aquifer under Fort Gredy somew hat below the
groundwater boiling temperature of about 210°F.

This condenser-cooling water |oop was availablethroughout the lifeof the SM-1A reactor. Discharge
of primary blowdown cooling water into this loop required minimal in-plant piping, so it was not
shown in the SM-1A booklet. However, the exigence of such piping from the blowdown cooler or
wastetank to awell lineisconfirmed by McM asterset. al (Appendix E). The plant plumbing allowed
disposal of radioactive, primary coolant to the discharge well.

Discharge Well: Primary M eans of Disposal. In his descripti on of how nuclear waste was handled
for the Fort Greely reactor, Johnson drawvs on a United States Geologicd Survey publication17 to
demonstrate risks from contamination by liquid radioactive waste discharged from the reactor.
Johnson states that the flow of the aquifer beneath Fort Greely is to the northeast,

until it contacts the Tanana River at which point it either flows west and northwest or it
“probably discharges...inthe Clearwater Lake Area.” Either way, thewater of Deltaisdirectly
downstream. The USGS also concluded that there isan “overall high tranamissivity for the
alluviawater.” In other words water movesthrough the aquifer quickly and the radioactive
material would quickly be spread throughout the system [Johnson, pp. 71-72].

Johnson refers to McMasters et al. (Appendix E) to describe the 250 foot discharge well which was
on the base, about 800 feet northeast of the reactor Ste @ N7 in Figure 5 (63° 58' 32"N, 145° 42'
54"W). McMasterset d. report on adischarge of 446,400 gallonsof contaminated primary blowdown
coolingwater to the discharge well in Augug 1963, confirming that plumbing was used to disposeof
liquid radioactive wasteto thedischarge well from the earliest daysof the Greely reactor operation.
One of the DeltaJunctionresidents interviewed for this study also indicates that this discharge well
was the primary disposal site for liquid radioactive waste "from day one" of SM-1A operation.

Reviews for this study of the pathways of liquid radioactive waste disposal from the SM-1A reactor
support the conclusion that the discharge well was the primary means of disposal, until a
decontamination skid was installed in M arch 1968. T he general connection for this pathway was
pumpable piping from the primary blowdown loop to the (tertiary loop) that lifted about 1,000 gpm
fromwellsnear the reactor and disposed this water again into the groundwater at the discharge well.

o Dorothy E. Wilcox, Geohydrology of the D elta-Clearwater Area, Alaska. 1980. (pp. 8-11).
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The August 1963 disposal dong this pathway was reported to be 0.01 curies (Ci) of radioactivity (See
Table 8).

Core Il was removed from the SM-1A reactor at the end of 1965. The Army did not document how
they disposed of the large volume of liquid radioactive wastes attending this refueling of the reactor.
Based on the pumpable nature of these liquid wastes, it islikely that one disposal pahway was the
discharge well. The information collected for this study suggests the bulk of liquid radioactive waste
fromthe SM-1A reactor was piped down the discharge well without any radiol ogicd accounting. The
main radioactive contamination of this discharge water would have been short-lived reactor products
plus tri tium, uranium and transuranics, as well aslong-lived fission and activati on products.

Two other releases to the discharge well are important: heat and potassium chromate used to inhibit
corrosonfromthewaterheld inthe reactor vapor containermoat (Figure4) and intheprimary coolant
(Bowers & Holland, p. 15; and Preliminary Assessment, p. 3-31). The heat is important because
contaminated hot water that was discharged while the SM-1A reactor was operating would have
floated on the water table of the groundwater. The chromate is important because hexavalent
chromium in such corrosion inhibitors isextremely toxic.

Geohydrological predictions of groundwater travel times, such as pathwaysat U.S. nuclear military
facilities, have proven so unreliable as to offer no assurance of route or emergence times of
contamination. (For examples see Buske & Miller, 1996 and 1998). Other means are needed to
evaluatethe pathwaysof contaminated water from the discharge well & Fort Greely. According to the
Army's historical summary, tracer dyes were put down the discharge well.

Priorto discharge of any liquid radioactive waste to the[discharge well], testswere conducted
usingtracer dyes to prove that there was no connection between the [discharge well] aquifer
and aquifersat other levelsused for wells. Theenvironmental sampling program of other wells
at Fort Greely and inthelocal community confirmed that there was no contamination of the
water supply [Fasnacht et. al, p. 4-1; emphasis added].

In asserting that the dye test confirmed tha there was no contaminaion of the water supply, the Army
researchers made a serious error in logic. One cannot scientifically prove a negative. The only
scientific claim the Army can make from this exercise isthat if dye appears, then there isevidence for
potential contamination of that particular water supply that becamedyed. All that the Army researchers
proved by this exercise was that they did not locae the pathway at the relevant travel time.

Another way to understand the error the Army made with conclusionsabout thisdyetest isto imagine
people a the beach on a bright sunny day. If they cover their eyes and cannot see thelight, can they
then claim that they will not get a sunburn? The absence of dye in the Army’s eye-closing exercise
could not indicate that the drinki ng water was safe, and the Army report is simply another example
of the Army practice of attempting to placae public concern.

Informants for this study from Delta Junction reported that borehole wells were used in the town
throughout the reactor operational era, because the groundwater is too deep to access by dug wells.
They mentioned underground rivers through the effluvium, and described pronounced variationsin
well water quality from one well to thenext. The boreholewellsin theDelta Junction and Fort Greely
area were typically about 200 feet deep, which enabled them to draw water from below the surface
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of theunconfined aquifer. Thisisgood newsfor the residents of DeltaJunction, asthey probably did
not drink water contaminated with radioactivity from the Greely reactor.

On the other hand, the residents of the Clearwater area may not have escgped drinking radioactive
water. The water table approaches ground level at Big Delta (eight miles to the north) and at
Clearwater to the east. The authors of thePreliminary Assessment suggest tha the groundwater from
the vicinity of the discharge well might emerge as springs into Clearwater Lake (p. 2-18). One
informant reported asecond-hand anecdote of "effervescent water" from ashallow wel | in Clearw ater.
An aggresdve radiological and chemical sudy is needed to determine the extent of contaminated
groundwater aff ecting dug well sin Clearwater. Oncethe likely underground river from the reactor to
residential wellsis located, oneor two indicatorsof its presence can beidentified, and then theextent
of contaminati on can be map ped.

Radioactive-Waste Pipelineto Jarvis Creek. The early record of liquid radioactivity releases to the
Fort Greely environment issummarized in Table 8. Johnson (p. 70) indicates that under the approval

of the Atomic Energy Commission,the Army initially disposed of its sscondary liquid wage from the
reactor by dumping it into JarvisCreek,aglecier fed stream tha flows northward through the baseone
mile east of the reactor.

Later disposal to Jarvis Creek was along aone-inch pipe buried about two-feet underground, running
north, then east and southeast, then northwest, atotal of 1.25 miles. T he discharge into Jarvis Creek
is shown at P12 (63° 58 43"N, 145° 41' 19"W) on Figure 5. Considering that the mean January
temperature is minus 2°F at Fort Greely, this radioactive-waste pipeline would have been expected
to freeze and break-up. The one-inch radioactive waste line was clearly never designed or used as a
relia