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Significance: After World War II, one of the highest priorities 
of the Atomic Energy Commission (AEC) was nuclear reactor 
research. The AEC needed a "high flux" research reactor, an 
instrument subjecting materials to intense radiation: the 
Materials Testing Reactor (MTR). Scientists used the MTR to 
learn how radiation affected materials potentially useful 
for cooling systems, fuels, and structural support for later 
reactors. 

The AEC applied MTR findings to propulsion reactors for 
weapon systems and to commercial power plants, which 
required reliable, continuous, and safe operation in 
locations near populated urban areas. 

One of the first projects built at the new National 
Reactor Testing Station in Idaho, the MTR operated between 
1952 and 1970. The MTR subjected every conceivable substance 
to neutron flux in its test holes and loops, logging 125,000 
hours and 19,000 irradiations. It "mothered" most of the 
military and commercial reactors subsequently built in the 
United States (and many other countries). 

Demand for higher neutron flux and larger test holes, 
particularly by the U.S. Navy, resulted in the Engineering 
Test Reactor (ETR), built next to the MTR, which continued 
and refined the materials testing mission. It operated 
between 1957 and 1981. 
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PART ONE 
INTRODUCTION: ARCHITECTURE FOR NEUTRONS 

The architectural legacy of the Test Reactor Area at the 
Idaho National Laboratory flows from the consequences of 
producing a rich flood of neutrons in a nuclear research reactor. 
Three such "high flux" reactors were built here beginning with 
the Materials Testing Reactor (MTR) in 1952. After that, the 
Engineering Test Reactor (ETR) in 1957 and the Advanced Test 
Reactor (ATR) in 1967 each produced a neutron flux greatly 
exceeding that of its predecessor. The MTR building complex and 
site plan supplied such a good foundation for nuclear research 
missions that few new architectural concepts were added for the 
ETR or ATR. 

Considering the central role of neutrons in the design and 
placement of buildings supporting their production, it is useful 
to recall two of the neutron's salient characteristics. First, a 
neutron is a particle within the nucleus of an atom. Unlike two 
other basic parts of an atom, protons and electrons, the nucleus 
has no electrical charge. Being neither positive nor negative, it 
can enter the realm of an atom's nucleus without encountering the 
resistance of a like charge. However, it needs a well-calibrated 
shove to enter that realm. Neutrons travel as waves. Their 
wavelength depends on the energy they carry as a result of their 
speed. They are more likely to be "seen" and captured by a target 
nucleus if they have a large wavelength, for which their natural 
speed must be slowed, or "moderated. ,.i A high-flux reactor does 
indeed aim to facilitate neutron-capture, so the flow of neutrons 
must be moderated to make this as likely as possible. 

1 Irving Adler, Inside the Nucleus (New York: John Day 
Company, 1963), p. 16. 
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Second, neutrons are radioactive. Upon decay, each ejects an 
electron. What remains is a proton. 2 Upon penetrating the nucleus 
of certain elements (such as ordinary nitrogen), the effect is to 
transform the target material into a (human-made) radioactive 
isotope, making it a hazard to human health. Likewise, when 
neutrons penetrate human cells directly, they initiate processes 
that strip electrons from the molecules in body tissue, also a 
human health hazard. The two imperatives of moderating the speed 
of neutrons and protecting people from radiation contributed to a 
highly specific architecture at the Test Reactor Area. 

Physicists have learned much about the world by hurling 
neutrons (and other particles) into the nuclei of the elements of 
the Periodic Table. They have devised ingenious ways to observe 
and interpret the effects of such ''bullets." One of their more 
spectacular findings was that a neutron could cause certain 
uranium atoms (U-235) to split apart, annihilating their identity 
as uranium and creating lesser-weight materials such as barium 
and krypton. The breakup of U-235 produced many other "fission 
products," including two or three neutrons. Only one neutron was 
needed to sustain a chain reaction, so the others were available 
for experimentation. In particular, the neutrons could be used to 
irradiate and change other materials placed deliberately in their 
path. 3 

Walter Zinn, a physicist who had directed the construction 
of several nuclear reactors during World War II, surveyed the 
reactors functioning in the United States in 1947. They all 
produced neutrons in chain reactions, but none had been designed 
as materials research instruments. Zinn, then the director of 
Argonne National Laboratory, was considering what the country 
needed to advance the practical (and peaceful) use of nuclear 
energy. Zinn reported to the General Advisory Committee of the 
Atomic Energy Commission (AEC), which was trying to prioritize 
its post-war military and research goals. He said that scientists 
urgently needed a reactor that produced a very large flux (flow) 
of neutrons and that also had access ports for inserting various 
materials into the flux for exposure to radiation. No such 

2 Adler, Inside the Nucleus, p. 86-87. 

3 For general background atomic theory and nuclear reactors, 
see Samuel Glasstone, Source Book on Atomic Energy, third edition 
(Princeton: D. Van Nostrand Company, 1967). 
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This concept became known as the high-flux reactor, or 
simply, "the high-flux." Such a machine could expose a material 
to a flood of neutrons in a short period of time. Radiation 
impacts are related to the quantity or density of neutrons to 
which a material is exposed, not clock time. If one is in a hurry 
to learn something, it is better to expose the material to as 
many neutrons as possible in as short a time as possible. And in 
1947, the nation certainly was in a hurry to develop nuclear
powered submarines and a nuclear power industry. 

The AEC went through several ranking exercises, trying to 
apportion its resources among many competing ideas. In these 
exercises, the high-flux typically landed among the top four. 
Most non-bomb priorities, such as power generation, required 
reactors that would operate near or amidst large populations for 
many years. To be safe and reliable, their structural materials 
and fuels had to survive the highly corrosive forces of radiation 
and heat. The materials needed to be tested first. 

Upon settling its priorities, the AEC still had to decide 
which of its laboratories and contractors would undertake each 
project. Resolving this and other administrative matters brought 
about debates on existing labs vs. new labs, and centralized vs. 
distributed authority. The AEC also discussed the high cost of 
enriched U-235 reactor fuel. Some fission products inhibit, or 
poison, a chain reaction, shutting it down long before all the U-
235 atoms have been split. The AEC needed improved methods to 
recover the U-235 from such spent fuel. A high-flux reactor would 
result in a substantial quantity of incompletely fissioned fuel; 
it would have to be mated with an industrial process to recover 
and reuse the U-235. 5 

The scientists at Clinton Laboratories, later named Oak 
Ridge National Laboratory, had been working since 1944 to design 
a high-flux reactor. During the war, the sole object of the 
nation's nuclear effort had been to make a bomb. Fissionable 

4 Richard G. Hewlett and Francis Duncan, Atomic Shield, 
1947/1952, Volume II of a History of the United States Atomic 
Energy Commission (University Park, PA: The Pennsylvania State 
University Press, 1969), p. 30. 

5 For an account of AEC deliberations regarding the location 
of its research reactors, see Hewlett and Duncan, Atomic Shield, 
Chapter 7, "Atomic Power: Quandary and Quagmire." 
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materials are scarce. For every 140 atoms of uranium in nature, 
only one atom, the U-235 isotope, is fissionable. Clinton was in 
the business of extracting these isotopes from natural uranium 
and concentrating them so that all of the uranium mass in the 
weapon was U-235 (ie, one hundred percent "enriched"). Hanford 
Works in Washington State was running reactors and hoping to 
collect one of the by-products of fission, Plutonium-239, another 
material suitable for making bombs. But in 1944, it was uncertain 
if extracting "clean" Pu-239 from Hanford's spent fuel would be 
possible. So Eugene Wigner, Nobel-winning scientist at Clinton, 
(and who had designed the Hanford reactors) conceived a third 
possibility for rounding up fissionable material. He designed a 
high-flux reactor with which to irradiate thorium. 6 One of its 
by-products was U-233, also a fissionable isotope. Thus, the 
original purpose for the high-flux was to convert thorium to 
fissionable uranium. 7 

As it happened, Hanford's plutonium was usable for a bomb. 
The Manhattan Project did not need to build the Clinton converter 
reactor during the war. However, many of its proposed features, 
such as being water-moderated and using aluminum-clad plate
shaped fuel elements, survived during the subsequent post-war 
evolution of the high-flux into the MTR. 8 

Having developed the high-flux concept, the Clinton 
scientists assumed that it ultimately would be built at Oak Ridge 
and be "their" reactor. To their great disappointment, the AEC 
decided late in 1947 to centralize reactor research at Argonne 
National Laboratory and build the reactor there. This plan did 
not materialize, partly because safety considerations became a 
powerful incentive for locating the high-flux and its fuel
reprocessing plant in a remote location away from highly 
populated areas. 9 

6 "From Manhattan Project to Electricity Production," Oak 
Ridge National Laboratory Review, found at www.ornl.gov/info/ 
ornlreview/v36 1 03/article ol.shtml. 

7 J.H. Buck, and C.F. Leyse, eds., Materials Testing Reactor 
Project Handbook, Report ORNL-963 (Oak Ridge: Carbide and Carbon 
Chemicals Company, 1951), p. 1.7. 

8 MTR Handbook, p. 1.7. 

9 See Susan M. Stacy, Proving the Principle, A History of the 
Idaho National Engineering and Environmental Laboratory, 1949-1999 
(Idaho Falls: Idaho Operations Office, U.S. Department of Energy, 
2000), p. 26-27, for a brief account of this decision; and Atomic 
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The AEC evaluated alternative remote locations. In the 
meantime, the Argonne and Clinton laboratories were obliged to 
work with each other to complete the design and engineering of 
the high-flux, then being called the "materials testing reactor," 
or MTR. In November 1948, the MTR Steering Committee was 
organized to complete this work. Stuart McLain of the recently 
named Oak Ridge National Laboratory was the chairman. Its other 
members were John R. Huffman of Argonne and Marvin M. Mann of Oak 
Ridge. Walter Zinn and A.M. Weinberg were ex-officio members. The 
group distributed MTR development tasks between the two labs. 10 

Early in 1949, the AEC decided to locate the National 
Reactor Testing Station (NRTS) in Idaho. The MTR Steering 
Committee toured the site and soon endorsed a suitable location 
for the MTR. The high-flux at last had a home. Construction began 
with the drilling of a test water well in October 1949. Ground
breaking for the MTR basement excavation took place in May 1950. 
The MTR was the second reactor under construction at the NRTS. 11 

The buildings and site plan of the MTR complex, and later 
the ETR complex, were the product of three major functional (and 
interrelated) features deriving from the MTR's prodigious neutron 
flux: its testing holes, moderating/cooling-water management, and 
the protection of human health. 

The MTR operated at 30 megawatts (after September 1955, 40 
megawatts). At this power level, it produced the highest neutron 
flux of any reactor in the world. Fulfilling Zinn's request for 
test holes, the MTR had about a hundred access ports into which 
materials could be inserted. Each port offered a unique space 
near the core of the reactor for exposing a sample to the 
specific neutron requirement defined by the experiment. The plugs 
that covered these ports became radioactive hazards the first 
time the MTR went critical. Still, they had to be withdrawn and 

Shield for the evolution of administrative decisions leading to 
the creation of the NRTS; Atomic Shield, p. 126 for "Black 
Christmas"; and Buck and Leyse, MTR Handbook, p. 1.6 to 1.7, for 
the technical evolution of the MTR concept. 

10 Buck and Leyse, MTR Handbook, p. 1.12-1.13. 

11 "Fresh Water Test Well Contract Set," Arco Advertiser, 
October 7, 1949, p. 1. Cope Drilling from Terreton, Idaho, won the 
contract. The first reactor under construction was Experimental 
Breeder Reactor No. 1. 
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re-inserted for each experiment. During an experiment, they had 
to be stowed somewhere. 

The MTR generated a substantial amount of fission and decay
product heat. Many of the support and auxiliary buildings 
surrounding the MTR were dedicated to managing the cooling water 
and cooling air that passed in and out of the reactor tank. In 
addition, the MTR canal water acted as a shield when spent fuel 
was removed from the reactor. 

Naturally, the MTR's built environment had to protect its 
human talent from the potential hazard of working amidst 
radioactive materials. Biological shields, spatial arrangements, 
and management procedures all responded to many calls for safety. 
The desert setting offered environmental features that the MTR 
designers also exploited for safety: terrain, depth to solid 
rock, subterranean aquifer and water flow, wind directions, and 
ambient temperatures. 

Once it began operating, demands on the MTR grew very 
quickly, as did progress in reactor design for submarines, 
nuclear airplanes, and power plants. By 1955, the AEC was 
planning for a second high-flux reactor, this one to operate at 
175 megawatts and increasing the neutron flux from the MTR's 4 x 
10 14 by a factor of ten. The Engineering Test Reactor went under 
construction in 1956 and went critical for the first time in 
1958. The MTR site plan had taken into account this possibility 
of expansion, and the ETR reactor building was situated in a new 
quadrant south of the MTR. It shared several support facilities 
with the MTR, some of which were enlarged or expanded, but it had 
its own new laboratories, shops, and cooling tower. As with the 
MTR, distances between water-handling facilities were as short as 
possible to reduce the lengths of pipe carrying radioactively 
contaminated water. 

The third high-flux reactor, the Advanced Test Reactor, went 
critical in 1967, again increasing the density of neutron flux to 
unprecedented levels (1 x 10 15 thermal). It was situated to the 
west of the MTR and shared MTR facilities such as the Hot Cell 
laboratory. The MTR was decommissioned in 1970; the ETR at the 
end of 1981. As is the usual case with scientific properties, 
scientists invaded these suddenly available facilities for new 
projects and offices; site managers pounced upon them for storage 
space. As of 2005, the ATR continues to operate. 

This report documents the buildings of the MTR and ETR 
complexes, both of which are being considered for demolition at 
this writing in 2006. Future missions are not foreseen for these 
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reactors or the buildings that once supported them. They have 
become projects in an "accelerated clean-up" that has been taking 
place at the Idaho National Laboratory (INL) since 2002. 12 The 
ATR continues to operate in its corner of the Test Reactor Area 
and is not planned for decommissioning or demolition. Its 
associated buildings are not part of this report. 

Historical analyses prepared within the last five years have 
assessed NRTS nuclear research activities (and any unique 
facilities that supported them) between 1949-1970 as 
exceptionally significant in American history even though the 
buildings are not fifty years old. 13 The "significant" umbrella 
includes the MTR and ETR reactor and control buildings, TRA-603 
and TRA-642 respectively, and their chief auxiliary buildings. 
Based on this assessment, the INEEL Cultural Resource Management 
Plan classified the MTR building as a Signature Property 
potentially eligible as a Landmark on the National Register of 
Historic Places. Other buildings, such as the ETR, are eligible 
for listing on the National Register individually or as 
contributing elements in a historic district. Following 
consultation with the Idaho State Historical Preservation Office 
and the Advisory Council on Historic Preservation, DOE agreed to 
mitigate for the demolition of these and other historic NRTS 
properties by recording them in this report, a Historic American 
Engineering Record (HAER) . 14 This HAER is the seventh in a series 
of HAER reports on INL facilities. The bibliography contains a 
list of the other reports. 

INL is the fourth name of the original National Reactor 
Testing Station. In 1974, it was renamed the Idaho National 
Engineering Laboratory (INEL). It became the Idaho National 
Engineering and Environmental Laboratory (INEEL) in 1997. 15 To 

12 U.S. Department of Energy Idaho Operations Office, 
Environmental Management Performance Management Plan for 
Accelerating Cleanup of the Idaho National Engineering and 
Environmental Laboratory, DOE/ID-11006 (Idaho Falls: DOE/ID, July 
2002), p. i, 21-23. 

13 The Arrowrock Group, Inc., The Idaho National Engineering 
and Environmental Laboratoryr A Historical Context and Assessmentr 
Narrative and History, INEEL/EXT-97-01021, Revision 1 (Idaho 
Falls: DOE/ID, November 17, 2003). 

14 INEEL, INEEL Cultural Resource Management Plan, DOE/ID-
10997 (Idaho Falls: DOE, August 2004), p. 164, 170-171. 

15 For a general history of the INL from 1949 to 1999, see 
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assert that the Lab's mission going forward from 2005 would not 
be limited by any combination of adjectives, the words 
"engineering" and "environmental" were dropped. This report will 
use the historic name contemporary to the period and events under 
discussion. 

Also in 2005, to assert a distinction between paths to the 
future and to the (no-longer-recyclable) past, facilities such as 
the MTR and ETR were transferred from the administrative control 
of the INL manager, the Battelle Energy Alliance. They became 
part of the Idaho Completion Project, under the management of 
CH2M Washington Group Idaho (CWI), whose mission is to "complete" 
the removal of decommissioned, obsolete, and contaminated 
facilities at the INL. 

PART TWO 
PREPARATIONS FOR IDAHO 

The MTR was intended to test radiation effects on materials 
to be used in subsequent reactors, but it too required some 
preliminary nuclear experimentation before its engineering and 
layout plans could be made final. 

When a scientist designs a nuclear reactor, the first steps 
require working out a considerable variety of physics, shielding, 
and other calculations. A chain reaction requires some minimum 
massing of fissionable fuel. Before CP-1, the world's first 
reactor, went critical in Chicago in December 1942, Enrico Fermi, 
its designer, felt he knew the "probable'' amount of needed fuel. 
He loaded the reactor with natural uranium, as pure as he could 
get it, and arranged it within a pile of graphite blocks. The 
neutrons, spontaneously emitted, had to hit uranium atoms, not 
flee beyond the fuel zone. If they escaped, they would be useless 
for a chain reaction. Although it would be a mistake to 
underestimate the preparations and brilliance of Enrico Fermi, 
the issue was not final until an empirical trial confirmed his 
predictions. 16 

Controlling the chain reaction was another "probable'' item 
with CP-1. The operators wanted the ability to decrease or 

Stacy, Proving the Principle. 

16 Richard Rhodes, The Making of the Atomic Bomb (New York: 
Simon and Schuster, 1986), p. 430-442. 
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increase the rate of fission at will -- or shut down completely. 
They knew that cadmium captured neutrons and kept them from 
fissioning uranium atoms, so CP-1 had ten moveable rods made of 
flat wood strips to which cadmium sheets had been nailed. The 
operator could moved these (by hand) through the pile, out of and 
back into the neutron flux. 17 

Until the day the CP-1 team gathered together on December 2, 
the idea of a controlled chain reaction with that particular 
fuel, that particular arrangement of graphite, and that specific 
control-rod material had been a theory for which the calculations 
seemed to promise good results. CP-1 performed as a "low-power" 
reactor, in which the power level (number of fissions) was held 
to half a watt, too low to require an elaborate method of cooling 
the fuel or carrying away fission heat. 18 

Any proposed reactor is a theoretical idea. Using low-power 
reactors and mock-ups is one way to pre-test the nuclear 
characteristics of the fuel elements, fuel arrangements, and the 
engineered systems for a given reactor concept. For the MTR, 
engineering methods for handling the cooling/moderating water 
needed substantial pre-testing as well as the fuel. 

After the AEC had removed the high-flux from a future at Oak 
Ridge, morale was low among the high-flux team. Early in 1~48, 
Stuart McLain, a chemical engineer, arrived at the lab and took 
over the management of reactor work. He discerned that (aside 
from the AEC's failure thus far to decide where to locate it) the 
high-flux needed engineering attention. He reinvigorated a plan -
- and, incidentally, staff morale -- to build a full-scale low
power mock-up to test both the reliability of the proposed MTR 
fuel and its cooling and mechanical systems. 19 

The MTR fuel was to be U-235 alloyed with aluminum, rolled 
into sheets .06 inches thick, and clad in aluminum. In Oak Ridge 

17 Rhodes, The Making of the Atomic Bomb, p. 433. A drawing 
depicting CP-1 can be found in Stacy, Proving the Principle, p. 

·22-23. 

18 The power level of a reactor indicates the number of 
fissions taking place at a given time, a consequence of how long 
the multiplication of neutrons in the chain reaction has 
continued. It does not indicate the quantity of uranium inside the 
reactor. The higher the power level, the more heat is generated. 

19 Hewlett and Duncan, Atomic Shield, p. 193-194. 
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parlance, the fuel was the "meat" and the clad the "bread" in 
this fuel "sandwich." Each plate was .117 inch apart from the 
next one in an assembly of eighteen plates affixed to a side 
structure made of aluminum. Water would flow between the spaces. 
To minimize buckling of the plates, they were curved to make them 
stronger. 20 

Before the MTR mock-up went critical to test the fuel 
elements, it was used to troubleshoot the design of the air and 
water cooling systems and their many pumps, valves, and water 
treatments. In this role, the mock-up helped lift the reactor 
over some of its political hurdles toward construction. Although 
the AEC seemed to have decided to build the MTR at the remote 
testing site, it entertained doubts about this decision well into 
1949, hearing arguments from various interests complaining that 
it was going to be too expensive, useless for research, or that 
it should be built at Oak Ridge. During an AEC management meeting 
in April 1949 at Oak Ridge, the MTR Steering Committee 
demonstrated MTR hydraulics, illustrating the size and scale of 
the MTR's parts. The mock-up's performance helped convince the 
officials that the MTR was ready to build. The Steering Committee 
also talked costs. Doubters had said the MTR would cost over $51 
million. But the Steering Committee had evolved a philosophy of 
building the basics in the beginning and adding facilities as 
needed, for an estimated cost of $18 million2 a figure that 
eventually firmed up at about $21.5 million. 1 Once the AEC 
authorized the MTR, the Committee carried out its philosophy and 
met the budget. 

The MTR mock-up went critical for the first time in 1950. 22 

Immersed in its moderating water, the reactor produced the 
diffuse blue light known as Cerenkov radiation, perhaps the first 
time it had been seen in connection with an operating reactor. 23 

20 Hewlett and Duncan, Atomic Shield, p. 187. For an account 
of the development of the fuel and its fabrication, see Buck and 
Leyse, MTR Handbook, Appendix 6. 

21 Hewlett and Duncan, Atomic Shield, p. 214-219. 

22 Hewlett and Duncan, Atomic Shield, p. 419. 

23 Cerenkov radiation is produced when gamma rays hit 
electrons in the water. Gamma ray energy is so great that the 
electrons move through the water faster than light moves through 
the water. Any gamma ray generator immersed in water will produce 
the light. 
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A continuing series of tests and criticality studies helped the 
MTR physicists refine the design and arrangement of MTR fuel. 

Debates about the NRTS continued even after the AEC had 
established an NRTS administrative office in Idaho. Its manager, 
Leonard E. Johnston, arrived in March and proceeded to survey and 
prepare the desert for reactors as if the waffling in Washington 
were not happening. 24 Steering Committee member John Huffman 
visited the proposed MTR site after hearing rumors that "bubbles 
in the lava beds" would interfere with the reactor building's 
foundation. 25 The trip resolved his concerns. In October Johnston 
hired a driller to locate water at the MTR site. 26 Finally, on 
December 2, 1949, the AEC officially announced its plan to build 
the MTR at the NRTS. 27 

The Steering Committee had divided MTR planning tasks along 
a line drawn roughly between the inside and outside of the 
reactor. Oak Ridge was to design the reactor: fuel, controls, 
moderator, reflector, graphite, air and water coolant flows, the 
vessel and its shielding. Argonne took everything else, including 
the layout and site plan for the MTR's suite of support 
buildings. Each lab, coordinated by the Steering Committee, was 
to transform its ideas into specifications for contractors and 
fabricators, approve final drawings, and prepare operating 
manuals. 28 

Argonne contracted the Blaw-Knox Construction Company as 
architect/engineer for the reactor building, site plan, and 
certain of the reactor features that impinged on the support 
facilities. For example, many of the one hundred MTR ports were 
unique in size and length, so each plug (or plug type) required 
its own set of engineering drawings, as did each "coffin," the 

24 Hewlett and Duncan, Atomic Shield, p. 495. 

25 Hewlett and Duncan, Atomic Shield, p. 219. 

26 "Fresh Water Test Well Contract Set," Arco Advertiser, 
October 7, 1949, p. 1. 

27 "AEC Announces Plans of Plant Development," Arco 
Advertiser, December 2, 1949, p. 1. 

28 Buck and Leyse, MTR Handbook, p. 1.13-1.15. See also Jack 
Holl, Argonne National Laboratory, 1949-96 (Urbana: University of 
Chicago Press, 1997), p. 99. 
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apparatus that transported the plug from the reactor floor to a 
plug-storage building. Blaw-Knox also worked out the details for 
the MTR canal, the water basin where spent fuel could cool off 
after removal from the reactor. 29 

The AEC hired the Fluor Company of Los Angeles to build the 
MTR compound. Fluor set up its desert field office in May 1950 
and began burning off the sagebrush at the MTR site. Its 29-
person advance crew surveyed an access road, Monroe Boulevard, 
west from Lincoln Road to the site, a distance of 1.2 miles. They 
drilled two production wells and broke ground for the excavation 
of the MTR basement before the month was over. 3° Construction
progress photographs document the excavation, concrete 
placements, and other activities that took place in the sage
scraped terrain of the desert. See HAER Photo ID-33-G-181 for one 
of the earliest views of the scene just as construction began. 

Meanwhile, at Oak Ridge, a 40-person team transformed the 
theoretical MTR into engineered components. They estimated how 
much radioactivity the MTR would induce in the cooling water, an 
item that had to inform decisions about how to dispose of the 
water once it had been irradiated. They completed tests of the 
control systems. After the MTR mockup had gone critical, they 
continued with hundreds of "critical experiments" to solve design 
problems, including the details for the graphite and thermal 
shield surrounding the reactor core. At last, they had to stop 
the experiments, freeze their desi~ns, and issue contracts to 
instrument makers and fabricators. 1 

Despite their combined efforts, Oak Ridge, Argonne, and 
Blaw-Knox were unable to keep ahead of the builders. 
Periodically, Fluor had to suspend construction to await 
blueprints. But for this, Fluor might have enclosed the MTR 
building before winter. 32 This was particularly unfortunate 
because the winter of 1950-51 was unusually severe, retarding 
progress. The steel structure and some of the walls were up on 
the MTR building, but concrete placements had reached only the 

29 Hewlett and Duncan, Atomic Shield, p. 419. 

30 "Site Progress Noted by AEC," (Idaho Falls) Post-Register, 
May 10, 19 5 0, p. 16. 

31 Hewlett and Duncan, Atomic Shield, p. 419; Buck and Leyse, 
MTR Handbook, p. 1.16. 

32 Hewlett and Duncan, Atomic Shield, p. 496. 
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basement levels above which the bottom of the reactor vessel 
would soon sit. 33 

The weather and a similar shortage of blueprints also slowed 
progress on the Idaho Chemical Processing Plant (CPP), under 
construction by the Bechtel Corporation just across Lincoln 
Boulevard from the MTR. The MTR's spent fuel elements would go 
here for reprocessing. The fuel rods would be cut up and thrown 
into tanks containing acids strong enough to dissolve them. The 
solution would pass through a series of chemical separation steps 
ending in the desired recovery of the unfissioned U-235. The CPP 
would then ship, it beyond Idaho for re-manufacture into new MTR 
fuel elements. 4 

It remained for the AEC to decide who would operate the MTR. 
Thirty-four firms bid for the chance. The winning proposal from 
the Phillips Petroleum Company of Bartlesville, Oklahoma, 
proffered Dr. Richard L. Doan as the director. The AEC selected 
Phillips partly because of Doan. He had managed the Metallurgical 
Lab in Chicago during the Manhattan Project and had since gone on 
to become Phillips' director of research. His reputation in both 
research and administration was secure, and Phillips wished to 
enter the nuclear age. 35 In his characteristic direct way, Doan 
selected his team members from Bartlesville and sent them to Oak 
Ridge for an immersion course in reactor physics and engineering. 
During these days of training and anticipation, the MTR mock-up 
was the chief training tool and, once more, a center of action. 36 

Spring 1951 arrived. Construction resumed at a pace 
reflecting both the competence of Leonard Johnston in creating 
the world's first and only "reactor testing station" and the 
AEC's urgent desire, after the onset of the Korean War, to begin 
the MTR's work. At Oak Ridge, local scientists continued using 
the MTR Mock-up, but gave it a new post-MTR name, the Low 
Intensity Test Reactor. 37 

33 Buck and Leyse, MTR Handbook, p. 1.17. 

34 See Stacy, Proving the Principle, Chapter 11, "The Chem 
Plant." 

35 See Proving the Principle, p. 54-58, for more on Doan's 
Manhattan Project duties. He scoured the country for pure uranium 
for the CP-1 experiment. 

36 Stacy, Proving the Principle, p. 56. 

37 "From Manhattan Project to Electricity Production," Oak 
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PART THREE 
THE MTR REACTOR AND ITS CANAL 

The MTR, when operating at its full power of 30,000 
megawatts, was capable of a neutron flux of 4 x 10 14 and more. 38 

The activity was entirely silent, despite the highly kinetic 
activity of neutrons moving at speeds up to 44 million miles per 
hour, splitting nuclei, and colliding with others. For control 
and safety, the reactor core was surrounded, like a baby swaddled 
in several blankets, by successive layers of materials designed 
to keep the neutrons inside, yet allow heat to escape. 

The innermost container was a metal tank about 30 feet high, 
constructed in five sections. Inside the tank, the fuel elements 
were immersed beneath seventeen feet of water, which entered the 
tank near the top, flowed through the fuel elements, and exited 
near the bottom. Aside from its moderating and cooling functions, 
the seventeen feet of water provided a biological shield when 
workers opened the top cover to insert fresh fuel. Considering 
this work and the height of the apparatus atop the tank, the MTR 
architects designed a balcony and a bridge to make it easy to 
approach the reactor top. See HAER Photo ID-33-G-209 for a view 
of the original bridge and HAER Photo ID-33-G-23 for its later 
widening and improvement. 

The fuel elements were supported inside the tank by 
structural grids made of an aluminum alloy. Elements slid through 
an upper grid to their matching position in the lower grid. The 

Ridge National Laboratory Review, found at www.ornl.gov/info/ 
ornlreview/v36 1 03/article ol.shtml. 

38 Glasstone, Sourcebook on Atomic Energy, p. 416. If a 
neutron source provides a neutron density of n neutrons per cubic 
centimeter moving with a velocity v centimeters per second, then 
the product nv, expressed as the number of neutrons per square 
centimeters per second, is called the "neutron flux." Thus, the 
MTR's neutron flux is a product of neutron density and the speed 
at which the neutrons travel toward the sample. All other things 
being equal, fuel composed of less-enriched fuel would have 
produced a lower neutron flux. 
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Figure 1. MTR east-west vertical section. Bridge to balcony is at 
top. Layers of shielding surround reactor vessel: Pebble 
graphite, graphite, thermal shield, concrete. Center sections of 
tank are smaller than upper and lower sections. Dashed lines 
indicate cooling water pipes, with inlet at top and outlet at 
bottom. Source: MTR Handbook, p. 2.49. 
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Figure 2. MTR north-south vertical section. Pebble discharge 
chute provides path for graphite pebbles if they need to be 
removed. Concrete shielding protects workers who will work next 
to parapet wall of canal. Stepped plugs for down beam and 
horizontal beam holes. Source: MTR Handbook, page 2.38. 
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fuel zone was called the "active lattice," where neutrons were in 
heavy play. Other structures guided the control rods, the 
actuating mechanisms for which sat above the tank. These entered 
the tank through a "manhole cover." 

The top and bottom sections of the tank were made of 
stainless steel and embedded permanently in the concrete 
shield. 39 The middle sections were smaller in diameter than the 
top, so if it became necessary (because of an accident, perhaps), 
they could be pulled up through the top section. The three middle 
sections were made of an aluminum alloy one inch thick and an 
inner diameter 54. 5 inches. (Aluminum has a low tendency to 
absorb neutrons, an attractive feature when neutrons had more 
important things to do.) Near the fuel zone, the side of the tank 
had several round "thimble" openings into which test samples 
entered into position near the active lattice. 

Each MTR test hole had a unique number. For example, HB-3 
was a horizontal beam hole, parallel to the floor. DB-3 entered 
the tank from a diagonal slant above the HB holes and was called 
a down beam. The horizontal beam holes were variously six or 
eight inches in diameter. One special beam hole, 4 11/16 inches 
square, entered the tank on one side and exited the other side. 
Called the HT hole for "horizontal through," its path was just to 
the side of the active lattice. 40 Other test holes, such as 
"horizontal rabbit holes," did not penetrate the tank, but parked 
their samples in the MTR's "graphite" zone. All six sides of the 
MTR had test holes. 

Steel plugs filled with lead shot closed the tank on the top 
and bottom. The bottom plug contained eleven inches of shot and 
weighed six tons. 41 The top plug was removed with the aid of an 
overhead crane mounted on rails near the ceiling of the building. 
The crane required room to maneuver; this feature dictated the 
height of the ceiling. 

39 Buck and Leyse, MTR Handbook, p. 1.15 and 2.2. 

40 See Appendix F for a list of beam holes, their size, 
approach, and estimated maximum flux. 

41 John R. Huffman, "The Materials Testing Reactor," 
Nucleonics (Vol. 12, No. 4, April 1954), p. 21; Buck and Leyse, 
MTR Handbook, p. 2.4. 
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Figure 3. MTR horizontal section. Beam holes pierce shielding 
layers and terminate near the reactor. Stepped design of plugs 
helped prevent neutron escape. Source: MTR Handbook, p. 2.50. 

Between the active lattice and the inner side of the tank was a 
layer of beryllium bricks, a metal that tends to scatter 
(reflect) neutrons back into the tank rather than capture them; 
it also helps moderate neutron speed. The beryllium occupied 
about 50 cubic feet and weighed about 5750 pounds. 42 As beryllium 
is hard to machine and brittle in high-temperature environments, 
it was made in pieces and pierced with holes thr6ugh which 
cooling-water flowed. Other holes admitted the experiments. The 
pieces were shaped and fabricated at Oak Ridge, representing a 

42 Buck and Leyse, MTR Handbook, p. 2 . 19. 
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significant cost item estimated at $1.3 million. 43 See HAER Photo 
ID-33-G-207. 

Surrounding the reactor tank was a two-part zone of pure 
graphite, another moderating material and rich enough in neutrons 
for experiments. Upon exposure to heat and radiation, graphite 
expands, a disadvantage in the close quarters of a reactor 
cabinet. Therefore, the graphite next to the reactor tank was 
shaped in the form of pebbles. Numbering about 700,000, these 
one-inch balls surrounded the tank in a square extending about 16 
inches from the tank wall. Beyond the pebbles, graphite blocks 
continued to fill out a zone 12 feet to the north and south, and 
14 feet east and west. The graphite zone was 9' 4" high. The 
pebbles rested on a base plate and were free to expand upward 
without putting pressure on the tank or the solid graphite. If 
necessary to remove any pebbles, an operator remotely opened 
either of two discharge chutes, which were built into the base 
plate, making this an easy procedure. 

Unlike the pebbles, the graphite blocks were considered 
"permanent" and were shared as 4'' x 4" bars. These also were 
fabricated at Oak Ridge. 4 They stacked up in a pile 9' 4" high, 
with the lowest bars located four feet below the active lattice. 
Like all the MTR's swaddling layers, these were pierced to allow 
the passage of the test holes. See HAER Photos ID-33-G-205 and 
ID-33-G-206. Graphite absorbs a great deal of heat, so both the 
pebbles and bars had to be cooled. A large fan drew air from 
holes in the graphite bars and from interstices between the 
pebbles at a rate of 1,700 pounds per minute. This air, along 
with other air-cooled spaces inside the reactor tank, became 
radioactive as it passed through the neutron flux. Thus, an air
handling architecture -- pipes, blowers, exhaust stack, and other 
features -- was required well beyond the MTR building to manage 
the air safely. The fan itself operated in its own separate 
building, connected by ducting to the reactor. 45 

The next layer was a "thermal" shield made of two four-inch
thick sheets of steel plate arranged with an air-gap between 
them. In effect, this was a "heavy iron box" surrounding all six 

43 Buck and Leyse, MTR Handbook, p. 2.19 - 2.23. 

44 Buck and Leyse, MTR Handbook, p. 2.28. 

45 Buck and Leyse, MTR Handbook, p. 2.32. See also John R. 
Huffman, "The Materials Testing Reactor, Nucleonics (Vol. 12, No. 
4, April 1954), p. 22. 
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sides. 46 Its purpose was to cut off enough heat (and gamma and 
neutron flow) to reduce the impact of heat transfer to the outer 
"biological" concrete shield. Concrete can tolerate alternating 
heat and cold, but when the differential is regularly more than 
50 degrees F., it can damage the concrete and compromise the 
integrity of the shield. 47 Air was induced to flow between the 
sheets (ie, through the air-gap) to remove heat. 

Finally came the thick concrete biological shield, intended 
to protect people working beside, above, and below the reactor. 
The concrete recipe called for 93 percent baretes ore, a mineral 
containing barium, BaS04 • This material was denser than the 
common gravels of which concrete is more usually made. This bulky 
shield absorbed or stopped gamma rays and neutrons that might 
have penetrated the previous wraps around the reactor. The beam 
holes piercing this zone were designed in step fashion to help 
prevent neutrons from streaming through cracks or "bouncing 
around corners" and escaping into the reactor room. In actual 
practice, however, the designs proved inadequate to the task. 
Radiation did escape the shield. When MTR operations began, human 
ingenuity, paraffin, and ad hoc stacks of lead brick made up for 
imperfections in the biological shield. 48 · ,owE• Pl.ATE 

INNER SIDE PLATE 

Figure 4. Air flowed through graphite and the two steel plates of 
the thermal shield; the latter separated the graphite zone from 
the concrete biological shield. Source: MTR Handbook, p. 2.34. 

46 Buck and Leyse, MTR Handbook, p. 2.1. 

47 Buck and Leyse, MTR Handbook, p. 2.32. 

48 Stacy, Proving the Principle, p. 67-69. 
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Surrounding the concrete, a steel cabinet created the final 
enclosure for the reactor. A visitor looking at the reactor would 
see a roughly cubical object about 34 feet on each side, albeit 
with work platforms, railings, and ladders projecting here and 
there. See HAER Photos ID-33-G-225 through ID-33-G-230. Iceberg
like, the reactor base and its shielding projected a substantial 
depth into the basement. 

The "swaddling" just described was not entirely uniform on 
all sides. A "thermal column" of graphite on the reactor's east 
side continued through the biological shield. This graphite zone 
was six feet square and offered a readily available field of 
thermal (ie, slowed) neutrons for certain types of experiments. 
It extended from the graphite-bar zone near the reactor, through 
an opening in the thermal shield, and continued through the 
concrete shield to the outer edge of the MTR cabinet. Test holes, 
labeled T for "thermal," penetrated the graphite from the top, 
sides, and east face of the MTR. The column was lined with lead, 
cadmium, and boral (boron carbide and aluminum) sheets, all 
stepped in design to prevent neutrons from streaming into the 
work area. An overhead crane lifted and lowered a lead "door" to 
the column, which slid up or down in a channel. 49 

During MTR operations, the various regions within the cube 
received a different neutron flux. Each test sample had the 
sponsor's specification for the flux intensity to which it was to 
be exposed and for how many seconds, minutes, days, weeks, or 
months. Some beam holes penetrated the graphite zone and no 
farther; others, the beryllium reflector zone and no farther. 
Still others advanced to the very edge of the fuel zone, stopped 
by the blunt end of a "thimble." It was not considered safe at 
the time to place samples into the heart of the fuel lattice. 
Later, this attitude changed. ETR test holes penetrated into the 
fuel zone. 

Test samples in the MTR were likely to become very hot and 
had to be kept from burning up or melting. The test holes were 
large enough to contain small-diameter coolant pipes as part of 
the test apparatus. Water flowed through these "loops," collected 
heat, exchanged it, and returned. These experiments required 
careful engineering (and assembly), contributing thousands of 
engineering drawings to the MTR drawings archive. MTR. 

Managing this water and the much larger quantity of water 

49 Buck and Leyse, MTR Handbook, p. 3.25-3.29. 
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Managing this water and the much larger quantity of water 
used to cool the MTR required two major architectural 
investments: one for obtaining natural water and preparing it for 
the reactor, and one for handling water that had been 
radioactively contaminated by passing through it. 

All MTR water came from the Snake River Plain Aquifer, a 
broad geological formation underlying the NRTS. Before entering 
the reactor, it was demineralized and pumped to a "working 
reservoir," a tank situated on a tower that was 170 feet higher 
than the horizontal centerline of the MTR's active lattice. This 
elevation provided the appropriate pressure head. A flow of 
20,000 gallons per minute entered the reactor during its 
operation. Entering at 100 degrees F., it fassed through the 
reactor core and exited at 111 degrees F. 5 After this, a system 
of evaporators, condensers, pumps, purging diversions, and 
cooling towers required significant architectural and engineering 
attention. 

Despite demineralization, atoms in the cooling water 
eventually became radioactive. Hydrogen atoms in water (H20) 
absorb another neutron and become radioactive tritium (H30), for 
example. Since people worked above the reactor during refueling 
operations, it was desirable to keep the radiation level 
reasonably low. Fresh water replaced the old at a rate to 
maintain a safe standard. The contaminated water went to 
retention tanks and eventually to an evaporation pond. These 
features also required a suitable place in the MTR landscape. 

After seventeen days of reactor operation, about five 
percent of the U-235 fuel had fissioned. The small curved fuel 
plates contained the residue of krypton, barium, and various 
other elements that had been created depending upon how each atom 
had broken apart. These "man-made'' elements remained confined 
within the aluminum cladding, but had accumulated in sufficient 
massing to capture neutrons and interfere with the chain 
reaction. The spent fuel had to be replaced regularly. 

The chief instrument for removing and storing spent fuel was 
the MTR canal, located below the reactor's operating floor and 
divided into three sections, all of which were aligned in an 
east-west direction. The surface of the canal was 14 feet below 
ground level; the bottom, 32 feet, allowing for a water depth of 

so Huffman, The MTR, p. 22; Buck and Leyse, MTR Handbook, p. 
7.11. 
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18 feet. This facility required that the MTR building have a 
basement and a substantial support base below the basement. 

The canal had a white concrete floor (not a concrete floor 
painted white; paint would have flaked off) able to take a load 
of one ton per square foot. The side walls were lined with 4-
inch-thick white glazed ceramic tiles, 8" x 16" each. Grouting 
between the tiles proved to be a design weakness, as it started 
deteriorating as soon as the reactor began to operate in 1952. 
Water began leaking out of the canal. 51 

The total length of the canal was 185 feet. The main section 
was eight feet wide and extended from the east face of the 
reactor about 141 feet. Spent fuel was stored here immediately 
after its removal from the reactor. Isotopes with a short half
life "cooled off" before transport to the CPP. Workers hung the 
fuel on racks affixed to the canal's side walls, far enough apart 
from one another to prevent an accidental massing of uranium to 
go critical. The east-most 80 feet of the canal extended beyond 
the perimeter of the reactor building, covered by a tunnel 
allowing sufficient headroom and work space for workers. The 
tunnel ceiling was slightly below ground level. When it was time 
to load the fuel elements into their heavy transport coffins, a 
ceiling hatch opened. Above, motorized cranes hoisted the coffins 
onto trucks whereupon they were carried off to the CPP. This 
portion of the tunnel ceiling was given extra reinforcement to 
withstand the truck traffic. A visual cue to truck drivers (and 
an additional safety precaution) was in the form of a 50-foot
long curb along the road which kept drivers from encroaching over 
the non-reinforced section of the canal roof. 52 See HAER Photos 
ID-33-G-4 and ID-33-G-341. 

This fuel-storage section of the canal originally was 
designed to be 25 feet shorter, but the AEC feared that the CPP 
would lag the MTR in construction so long that the MTR would be 
accumulating spent fuel for several months before the CPP could 
process it. No one wished to delay the start-up of the MTR for 
this reason, so building more storage space in a longer canal was 

51 Preliminary Scoping Track and Summary Report for Operating 
Unit 2-08, Report No. EGG-ER-11113, Rev. 1 (Idaho Falls: EGG, 
1994), p. 6. Found in Administrative Record, Track 2, OU 2-08, 
Volume 1. For white concrete, see Buck and Leyse, MTR Handbook, p. 
6. 4. 

52 Buck and Leyse, MTR Handbook, p. 6.3. 
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a simple solution. 53 See HAER Photos ID-33-G-194, -195, -198, 
-211, -215, and -216. 

The canal's central portion, 7 feet wide and 26 feet long, 
was directly beneath the reactor, passing through the sub-pile 
room. Openings at the bottom of the MTR reactor tank opened to 
allow the discharge of spent fuel into an unloading mechanism. 
Other radioactive items that did not travel down the canal for 
regular removal were stored here as well. 

The third section was known as the "rabbit canal" and 
supported tests using a "hydraulic rabbit" system. (A "rabbit" is 
a small container.) A similar system for exposing small samples 
had been used at the X-10 reactor in Oak Ridge. The samples 

Figure 5: Rabbit. A capsule of material to be irradiated in the 
MTR is inserted in "leaky" rabbit which then goes into the 
hydraulic rabbit tube. Source: INL Photo 12874. 

53 Buck and Leyse, MTR Handbook, p. 6.3. 
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entered the MTR reactor tank via a vertical test hole at the top 
of the reactor or, perhaps, via a control-rod tube not otherwise 
occupied by a control rod. See HAER Photo ID-33-G-210. Typically, 
the tests were of fairly short duration. This canal section 
extended beneath and to the west of the reactor about 18 feet. It 
was six feet wide and nine feet deep, reaching only 23 feet below 
ground. The canal received the small sealed containers loaded 
with the test sample. After the material had been irradiated the 
specified period of time, a sequence of valve openings, 
pressurized water movements, and valve closings operated to 
result in the rabbit dropping through the reactor, through a 
curved tube ("down the rabbit hole") and into the canal, where a 
bucket-shaped coffin waited to catch it. Canal workers then 
retrieved the rabbit. The system worked so that very little of 
the more highly radioactive water in the reactor tank entered the 
canal. 54 

A movable bulkhead and gates separated the three sections of 
the canal from one another. The bulkhead closed off the 
underwater portion of the canal, while the gates swung above the 
water from the walls to meet and close over the canal. At the 
east end of the canal, water flowed steadily over a weir and into 
the canal sump. This purged water was replaced by freshly 
demineralized water to maintain a low level of radioactivity in 
the canal. Depending on how high or low the activity level~ this 
water could be routed for disposal in any of several ways. 5 

On the canal floor, workers had direct visual contact with 
the spent fuel, sections of beryllium reflector, and other 
materials they handled in the canal. A parapet three feet high 
along both sides of the canal was ten inches thick at the bottom 
and projected away from the canal so that its top width was 
thirteen inches. Workers leaning over the canal thus had some toe 
space and, it was hoped, stable purchase while they scooted heavy 
objects down the canal with their long-handled tools. 56 

54 Buck and Leyse, MTR Handbook, p. 1.5, Al0.1. 

55 Buck and Leyse, MTR Handbook, p. 6.4. 

56 Buck and Leyse, MTR Handbook, p. 6.1. Retirees interviewed 
in the 1990s recalled that people did fall into the canal on 
occasion. This was another reason for purging the canal water to 
keep its radioactivity level low. See Preliminary Scoping 
Track ... Operating Unit 2-08, p. B-53. 
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The procedure for removing spent fuel began with the removal 
of the MTR's top plug. Workers removed a few chunks of beryllium 
so they had space to maneuver. They raised the fuel rod a few 
inches, moved it 
sideways, and 
deposited it into 
the discharge 
chute beneath the 
reactor. A 
hydraulically 
operated mechanism 
tipped it from its 
vertical posture 
to a horizontal 
one and ejected it 
to a receiving 
table at the 
bottom of the 
canal. The entire 
tipping procedure 
was controlled by 
and "visible" to 
operators who 
pushed buttons on 
a control panel 
near the canal, 
typically while 
they were in 
telephone contact 
with the reactor 
control room. 57 

Workers 
selected from a 
rack the long
handled tongs or 
hooks to pluck the 
items off the 
table and shepherd 
them to the far 
east end of the 
canal. Sometimes 
they used a two
ton electric hoist 
hoist dictated the 
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Figure 6. With fuel in discharge tube, an 
operator cranked it to horizontal position. A 
piston released energy to eject contents onto 
table in canal. Source: MTR Handbook, p. 6.7. 

for heavier i terns. (The clearance for the 
ceiling height over the canal.) With the help 

57 Buck and Leyse, MTR Handbook, p. 6.8. 
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of strong underwater flood lights, they affixed ~he elements to 
their matching racks and left them to cool. An underwater saw was 
available near the end of the canal, used to cut the long fuel 
elements into manageable lengths for transport. 

To create an environment for neutron work, the MTR 
architect/engineers followed the classic rule of industrial 
architecture: Form follows function. Beginning with the fuel 
tucked into its watery berth in the reactor tank, all other 

UPP~R SHIM 'ROD BEARINGS 

UPPER GRID SUPPORT CASTING 

GRID SPACER 

UPPER ASSEMBLY GRID 

HG-8 

DB-I 

HG-9 

HB-1 

Figure 7. MTR reactor tank, cross section. Fuel and control rod 
assemblies were inserted through an upper and lower grid assembly 
for proper spacing and stability . . source: MTR Handbook, p. 2.51. 
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features of the MTR complex grew from highly specific 
requirements for safety, shielding, and cooling -- and one 
additional function. The MTR was built while the nation was at 
war with Korea and struggling for technological and weapons 
superiority over the Soviet Union. Demands for secrecy therefore 
added a non-industrial layer of ''security" to the burden of the 
architect/engineer. 

Considering all of these requirements, the aesthetics of MTR 
buildings, and indeed, the entire MTR complex, arose from their 
simplicity and purpose, not from deliberate embellishments, 
applications of the golden mean, or any thoughts of "building for 
the ages." If the MTR's buildings allowed the natural world to 
reveal itself to researchers using neutrons to discover it, the 
"ages" would have legacy enough. 

PART FOUR 
THE MTR SITE PLAN 

The MTR site plan aimed to provide practical working 
relationships among components and to exploit useful 
opportunities offered by the landscape and environment. As 
suggested above, secrecy and security requirements contributed 
other features. MTR neutrons would support weapons research for 
nuclear-powered submarines and bombers, so access to MTR 
experiments was restricted to persons rated with a security 
clearance. The Soviets were to be kept from discovering any 
defensive or offensive potentials of the United States. 

The MTR site is about four miles north of the NRTS's Central 
Facilities Area (CFA), a drive of about fifty miles on State 
Highway 20 west from Idaho Falls. The entire NRTS site lies on 
the East Snake River Plain and (in 2006) occupies about 890 
square miles. The land, called the Arco Desert by the region's 
early settlers, is flat and dry. Relief varies across the site 
and ranges between elevations of 5200 feet above sea level in the 
northeast and 4750 feet towards the southwest. Rain and snow 
bring eight to ten inches of moisture each year. Underlying the 
surface are layers of basalt and cinders, gravels and sand, silt 
and clay. They tell a geological story of alternating lava flows, 
Pleistocene floods, and quieter periods when the wind brought 
fine sediments to settle on the ground. 

Snowmelt and drainage from the Lemhi and Lost River ranges 
to the north and west bring intermittent streams across the site. 
The soils and lava are so porous that the streams typically seep 
into them and disappear, sinking toward a water table 450 to 600 
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feet below the surface. The whole system constitutes the Snake 
River Plain Aquifer, a generous supplier that gave its water 
nearly anyplace someone drilled a well. The gradient tilts toward 
the south and west where the "lost" waters eventually gush from 
lava rock in the steep walls of the Snake River Canyon near 
Thousand Springs, Idaho. The gradient likewise indicated that 
sewage and other waste effluent should not flow toward the MTR 
water supply. 

At the MTR site in particular, the land is frying-pan flat. 
Surface gravels, the legacy of the periodic flooding of Big Lost 
River, form a mantle between 35-50 feet thick over the most 
recent layer of basalt. The Big Lost River enters the INL site 
from the northwest, flows south, hooks to the north, and 
eventually sinks out of sight. It crosses Lincoln Boulevard near 
the MTR access road. A series of bore holes taken on a transect 
east and west of the river would show that the gravel is deepest 
near the river and gradually becomes shallower with distance. As 
early AEC employees have recalled, once the surveyors knew the 
depth of the MTR basement, they selected the building site to 
match the depth to lava, neatly avoiding the expense and delay of 
blastin~ hard rock. The right depth was about 50 feet below 
ground. 8 This depth was found about 1.25 miles from the river. 

The level terrain was an asset for certain types of MTR 
experiments. The scientists intended to create a line-of-sight 
path for a neutron beam that would travel a quarter of a mile 
beyond the reactor building. Gentle swales, outcrops, or hills 
would interfere. They planned the beam to exit the MTR on a 
trajectory south or southeast of the building. The site plan, 
therefore, placed no buildings or structures in this direction. 59 

The environment having provided water, flat terrain, and 
blast-free basement space, it next offered daytime winds that 
blew most often towards the northeast. This feature influenced 
the fine-grained layout of specific buildings in relation to the 
reactor building. Reactor operations would send contaminated air 
up an exhaust stack into the airshed. An accident could do the 
same thing. Therefore, the stack was positioned at the downwind 

58 John Horan, interview with author, July 29, 1997. See also 
Buck and Leyse, MTR Handbook, p. 9.4. The Chemical Processing 
Plant was sited using a similar strategy, although some blasting 
was required for CPP-602, the main process building. See Stacy, 
Proving the Principle, p. 40. 

59 Buck and Leyse, MTR Handbook, p. 9.3. 
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edge of the complex so its effluent would be less likely to 
expose workers. 

Leonard Johnston had determined that the isolation of the 
NRTS in the desert was a natural part of its security. Fencing 
nev~r encircled the entire reservation, only the experimental 
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contractor responsibilities for 
its unique mission "inside the 
fence" and the AEC's service 

[ obligations "outside the 
fence." Johnston identified 
general warehousing, 

~~ cafeterias, dispensaries, motor 
and instrument shops, 
communications, electrical 
power distribution, health 
physics laboratories, garbage 
disposal, meteorology, 
photography, security, fire 
suppression, and others as 
site-wide services for the 
"tenants" of the NRTS. The hub 
for most of these was the 
Central Facilities Area, five 
miles south of the MTR. 60 

Figure 8. An early site plan 
illustrates possible pathways for 
neutron beam experiments. Source: 

The MTR perimeter fence 
enclosed a rectangular plot, 
oriented with its long 1675-
foot axis to the north and 
south; the east-west distance, 

MTR Handbook, p. 9.3. 

1050 feet. An inside patrol 
road paralleled the fence within about 25 feet, illuminated by 
night-time security lights mounted on poles. Above eight feet of 
chain link, three strands of barbed wire angled outward. 61 The 
main MTR entry gate was in the west perimeter fence and 
controlled general access. 

Each NRTS complex was given a theme for the naming of its 
interior roads. At the MTR complex, the theme was fish. East/west 

60 Buck and Leyse, MTR Handbook, p. 1. 3. 

61 Buck and Leyse, MTR Handbook, p. 9. 5. 
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streets were avenues; north/south, streets. People entering the 
complex at the main gate found themselves on Perch Avenue, the 
east/west street that divided the north and south halves of the 
complex. The various legs of the perimeter road bore names such 
as Tarpon, Pickerel, Baracuda, Sunfish, Whitefish, and Grayling. 
It seems likely that the street namers had not yet developed 
Idaho sporting sensibilities, as the names neglected Idaho fish 
such as cutthroat, steelhead, and even salmon. 

The MTR plot was subdivided in two halves: the north part 
was the ''clean, cold" half, into which radioactivity did not 
enter. Workers without security clearances worked here at 
offices, warehouses, oil and gasoline storage, water supply, 
canteen, heating plant, electrical substation, demineralizer 
plant, and the cooling tower. The south half contained the 
reactor building, to which entry was allowed only to workers and 
guests with security clearances, and the rest of the "hot" 
operations that served the MTR. This half was called the 
"exclusion area." The two sections were divided by a security 
fence and another guard house for the exclusion area. 

In the "hot" south half, processes handling radioactive 
materials were situated near to and east of the reactor building. 
The general fire-protection rule was that buildings be located no 
closer than fifty feet to one another. Within this stricture, 
sources (such as contaminated air) and destination (fan house and 
stack) were as close to one another as feasible to avoid the cost 
and hazard represented by lengthy underground piping and 
conduit. 62 

The hot services also included a plug storage building, 
which was south of the reactor building (although it was later 
moved). The process water building circulated water at the 
correct temperature to the reactor and otherwise treated, cooled, 
pumped, and distributed it to appropriate tanks, flash 
evaporators, and other destinations. A craft shop was centrally 
located amidst the three main hot work areas: the reactor 
building, air exhaust, and water treatment. 

Security and safety imperatives contributed architectural 
details at the MTR. Everyone wore identification and dosimeter 
badges, which required checking and detection scans. Maintaining 
a line between cold and hot areas required radiation detectors 
and monitors, alarm systems, clothing changes and locker rooms, 
showers and decontamination stations. These all added a special 

62 Buck and Leyse, MTR Handbook, p. 9. 5. 
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dimension to interior space planning. 

Outside the main gate was a parking area for personal cars 
and buses. Sanitary sewage went to a treatment plant beyond the 
east perimeter fence. The settling pond for radioactive waste 
water was farther south near the southeast corner of the site. 

The designers anticipated expansion and additions to the 
site plan. Conveniences, such as storage space for transport 
coffins, gradually came along. In part, this reflected earlier 
political struggles to defeat objections to the MTR based on high 
cost. But it was also reasonable to expect that success would 
prompt expanded lab space in new building wings near the reactor 
floor. As it happened, the MTR was a huge success, exceeding all 
early expectations, and this, too, spawned additional buildings. 
American industries developed numerous demands to irradiate 
various products and materials with gamma rays. Most of their 
scientists were not security-cleared, so they could not enter the 
MTR building. To accommodate them, the AEC in 1954 built the 
Gamma Facility, TRA-641, in the shadow of the main gate. Here, 
such scientists could expose their samples to gamma radiation 
from cooling MTR fuel elements. The Gamma Facility was the only 
"middle ground" in the hot/cold delineations at the complex. 

The MTR did exactly what it had been intended to do, which 
was to advance the cause of nuclear power and nuclear propulsion. 
In days or weeks, it exposed proposed uranium fuel samples to the 
neutron flux that otherwise would have taken years in an ordinary 
reactor. Perhaps the ultimate tribute to the MTR's success was 
that commercial and military interests rapidly grew beyond the 
MTR's capabilities and called for a second high-flux reactor: the 
Engineering Test Reactor (ETR). New demands required larger test 
holes than the MTR's. Industry and the military branches were 
less interested in the MTR's highly variable flux regions and 
wanted to expose larger fuel and component samples to a more 
uniform flux than the MTR. Still in a hurry, they also wanted a 
higher flux than that of the MTR. 

The MTR site plan continued to work for the ETR, which was 
situated in a new section adjacent to and south of the MTR. The 
orientation of the MTR site plan had depended upon depth to lava 
rock, wind direction, and surface and subterranean water flow. 
These had been chosen to protect workers at the Test Reactor Area 
and elsewhere at the NRTS. The plan was easily extended to the 
ETR and preserved the complex's practical hot/cold division. 
Several MTR facilities were expanded to handle the demands added 
by the ETR. The ETR's new facilities simply clustered around the 
ETR reactor building, much as MTR facilities had. 
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PART FIVE 
THE MTR BUILDING, TRA-603, AND ITS SERVICE WINGS 

A scientist arriving at the main gate was most likely headed 
for an MTR laboratory. In the beginning, most of these were 
located in "the MTR Wing,'' a building attached to and projecting 
from the west side of the MTR building. As this was reasonably 
close to the main gate, the MTR Wing was designated as the chief 
entry to the MTR building and an efficient place to control 
access. Expansion for additional offices was anticipated, and 
enough open space was maintained to preserve a clear distance of 
150 feet to the perimeter fence, an AEC security regulation. 63 

The reactor building is numbered TRA-603; the Wing, TRA-604. 
The two buildings appear to share a common wall, but the 
structures shared no mutual dependency, a deliberate means of 
preventing vibrations passing from one building to the other. 
TRA-603 includes the main reactor floor, the second and third 
floor balconies, the basement/canal floor, and a sub-basement 
section below the reactor. 

The MTR Building, TRA-603 
TRA-603 is 133' wide and 133' 7" long (east/west axis, 

including balcony floor). The reactor floor in the high-bay 
section is about 75 feet high. To re-fuel the MTR, a 30-ton crane 
hoisted the reactor's top plug over the railing surrounding the 
reactor top and lowered it into a special storage pocket in the 
floor. The crane also lifted the 22-ton plug coffins and other 
experiment gear. The ceiling height had to accommodate this crane 
and an auxiliary 5-ton crane. The second- and third-floor 
balconies were west of the high-bay section and projected a 
distance of 27 feet. Its roof was 34.5' high. See HAER Photo ID-
33-G-201. 

The MTR building framework was structural steel. The spaces 
between the vertical members were filled in with horizontal pre
cast insulated concrete wall slabs. The standard panel was 5' 11 
5/8" high and 24 feet wide, although slabs of other dimensions 
were used to fit door and window openings and other non-standard 
areas. The MTR building's flat roof also was made of concrete 
slabs. A series of construction photographs illustrate how Fluor 
made the precast concrete roof panels at the construction site. 
See HAER Photos ID-33-G-186, -187, and -188. 

63 Buck and Leyse, MTR Handbook, p. 9.5. 



IDAHO NATIONAL ENGINEERING LABORATORY, 
TEST REACTOR AREA, MATERIALS TESTING & 

ENGINEERING TEST REACTORS 
HAER No. ID-33-G 

(Page 37) 

The wall panels were larger and more complex to make; they 
may have been fabricated elsewhere. Both faces of the panels were 
fortified with wire mesh, and the interior of the slab was 
insulated with cellular glass for a total thickness of six 
inches. See HAER Photo ID-33-G-361. When applying them to the 
building, rubber filler was placed between the panels as they 
were placed one atop the other. A crane lifted the panels into 
position, where workers bolted them into place. See HAER Photo 
ID-33-G-186. 

As noted earlier, the lava rock beneath the MTR building was 
about fifty feet below grade. Excavating to this level was soon 
followed by successive placements of steel beams and reinforced 
concrete to replace the overburden with footings, columns, 
shielding, floors, walls, and ceilings. To help support the heavy 
loads on the basement and reactor floors, Fluor built caissons, a 
type of pillar made by pouring concrete into holes before 
removing the lowest levels of overburden. The job required an 
appreciation of negative space: leaving cut-outs and voids shaped 
as pipe tunnels, conduit paths, doorways, hallways, work rooms, 
stairwells, sump pits, and the MTR canal. 

Just as the MTR's neutron flux had imposed its requirements 
onto the major elements of the site plan, it did likewise to the 
reactor building itself. The five levels of the building, 
beginning with the sub-basement, accommodated the MTR's detailed 
requirements for cooling, re-fueling, and research. These 
activities in turn required a variety of shielding techniques and 
materials. 

MTR Sub-Basement 
The sub-basement was the level into which air ducts and 

water pipes entered from outside the MTR building. The tunnels 
for these "inlet" facilities entered at a point below grade and 
then sloped downward toward the sub-pile region of the reactor. 
See HAER Photo ID-33-G-345. The pipes and air ducts then turned 
upward to their appointed routes through the reactor, collected 
heat, and returned in an "outlet" pipe using the same tunnel. 
Earth and concrete supplied the chief shielding. 

Certain electrical conduits and related services that were 
not expected to require maintenance or repair occupied space in 
the sub-basement, thereby preserving work space on the upper 
floors. The foundation supports for the freight and personnel 
elevators were at this level, located near the west wall. 

Basement 
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The dimensions of the basement were about the same as that 
of the first floor. (Accounting for differences in wall 
thicknesses, the basement had 18,913 square feet inside the 
exterior walls; the first floor, 17,248. 64 ) Stairways to the 
first floor occupied each of the four corners. At its center and 
directly below the reactor ("pile") was the heavily shielded sub
pile room, a large block about 35 feet square. People entered 
this room to access two of the experimental holes that originated 
at the top of the reactor and ended here. Two hydraulic rabbit 
holes originated here and extended upwards to a region next to 
the active lattice. Some of the reactor's control-rod tubes also 
could be used for experiments. At times, the reactor's bottom 
fixtures or the fuel-unloading machine needed maintenance or 
repair, another activity in the sub-pile room. Researchers were 
interested in the various service connections for compressed air, 
demineralized water, electricity, telephone, and other items 
required to conduct their experiments. The canal section that 
flowed beneath the reactor could be accessed here as well. The 
room had two entrances, one each on the north and south sides (of 
the canal) and equipped with heavy lead shielding doors. When the 
reactor was in its "off" cycle and its spent fuel being unloaded, 
the room was emptied of people and the doors shut to protect 
people working in the rest of the basement. 65 See HAER Photo ID-
33-G-348 for plan of the Sub-Pile Room. 

Just north of the sub-pile room and sharing part of its 
north wall was the "monitor room," created with a double-thick 
wall of solid concrete blocks. Inside and next to the sub-pile 
wall, it contained a smaller chamber shielded with baretes 
concrete walls. This room contained the instruments that kept 
track of the coolant water temperature and flow rates. If a fuel 
element ruptured and released fission products into the coolant, 
it would be detected here. See HAER Photo ID-33-G-217. 

Along the basement's south perimeter wall were three 
enclosed rooms, each walled with concrete. The Decontamination 
Room was enclosed by walls made of pumice block. It projected 
from the south perimeter wall 15' 8" and was 21' 2" wide. It 
provided space for stainless steel work benches and a sink. An 
overhead safety shower used a Sheldon Shower Head and had dual 
controls, one of which was a chain pull. Floors were of stainless 

64 See 1967 drawing "MTR-603 Basement Space Occupancy Floor 
Plan," INL Index No. 531-0603-03-400-011449 (not in HAER Photo 
Index). 

65 Buck and Leyse, MTR Handbook, p. 9.14-9.15. 
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steel, coved at the join between floor and wall to facilitate 
thorough cleaning and decontamination. Floor drains made of 
stainless steel carried waste water to a "warm" floor drain. Air 
was exhausted to the building stack. See HAER Photos ID-33-G-355 
and ID-33-G-214. 

Next to the Decontamination Room and on its east side was 
the Source Storage Vault. "Sources" were radioactive isotopes 
used to calibrate various instruments and measuring devices. The 
room projected 15' 8" from the perimeter wall and was 15 feet 
wide. The walls were of solid concrete masonry. Entry to the room 
was maze-like. A person entering would open first a hollow metal 
door and then a mesh "day door." The sources resided in floor 
vaults beneath a pair of concrete plugs covered with lead 
sheeting and fitted with a handle for lifting. See HAER Photos 
ID-33-G-356 and ID-33-G-214. 

The third room along the south wall was another vault, next 
to the stairwell in the southwest corner. The walls and ceiling 
were made of reinforced concrete one foot thick. Its entrance 
door was a ''Class D Merchandise Vault Door." Fissionable material 
such as U-235 was stored here, secured per AEC regulations. 66 

Along the west wall were the freight and personel elevators. 
The freight elevator carried cargo to and from the first floor 
and also stopped at the basement level of the MTR Wing, while the 
personnel elevator rose to the balcony levels. The capacity of 
the 10x14 foot freight platform was a 7000-pound load and its 
electrically operated forklift truck. Smaller enclosures for 
offices, machine room, and storage lined this wall. Most of the 
north wall was open, although one office was built near the 
northeast stairwell. The east wall was divided by the passage of 
the canal beyond the perimeter wall to the east and was generally 
used for experimental equipment. See HAER Photo ID-33-G-349. 

The basement floor was punctured in several places for floor 
drains, each leading to one of three different sumps by gravity 
flow. The sumps provided for canal-water overflow, process water 
potentially (but not likely to be) contaminated, and for water 
more certainly radioactively contaminated. This latter liquid 
went to a retention tank for holding in case it required further 
analysis before removal. 67 

66 Buck and Leyse, MTR Reactor, p. 9.15. 

67 Buck and Leyse, MTR Handbook, p. 9. 15. 
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9. MTR basement. worKers build a shielded cubicle around 
at rs for experiments associated th rcraft Nuclear 

Propulsion Project in October 1952. Source: INL photo 6851. 

One of the early sets of experiments concerned the Aircraft 
Nuclear Propulsion Program, a joint effort between the AEC and 
the U.S. Air Force and its contractor, General Electric (GE), to 
develop and build a nuclear powered jet bomber. This project 
needed the MTR. GE dominated certain reactor test holes, using 
the larger ones for experiments needing air to circulate in and 
cool the test assembly. This prompted the need for a heat 
exchanger, so shielding for this facility was constructed in the 
basement. The tests also required an air compressor facility, 
which was installed outside of the MTR building (but not sharing 
a common wall) on the east side in building TRA-626. It had 
pumice block walls and a flat composition roof. For a series of 
historic photographs illustrating the ANP impact on the MTR 
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basement and at its exterior east wall, see HAER Photos ID-33-G-
219 through -222. After the MTR was decommissioned in 1970, the 
equipment in TRA-626 was removed and the space used to store 
small utility vehicles, hoses, and other items. The building 
offers 1472 square feet for such storage. 

As the years of MTR operations proceeded, the basement 
filled up with cubicles, desks, work areas, instrument and read
out consoles dedicated to experiment sponsors. Periodically, the 
Idaho Operations Office created drawings to illustrate the layout 
of these proprietary items. The scene in 1967 is shown in HAER 
Photo ID-33-G-357. The wall space between the Decontamination 
Room and the Vault was occupied by two experiment cubicles. The 
floor was crowded with enclosed cubicles, some of them with maze 
entries and shielded to protect the sensitive monitoring 
instruments within. The warren of desks, storage cabinets, 
chemical make-up tanks and mixers, instrument panels, water 
tanks, pumps, electrical transformers provide a convincing 
explanation as to why one of the guiding philosophies for the 
next testing reactor was to provide plenty of space for 
experiments. 

After the MTR was decommissioned, the basement landscape 
took an entirely different character. The cubicles disappeared in 
favor of a Test Train Assembly Area along the north wall. 
Adjuncts to this activity included a laser room, an etch room, 
and storage rooms. Part of the canal was covered with lead 
shielding bricks, and the southeast corner of the basement was 
enclosed as a machine shop. The wall space between the 
Decontamination Room and Storage Vault became an office with 
proper lighting and a door. 68 

First Floor 
The MTR dominated this floor. The designers had researched 

and evaluated reactors pre-dating the MTR and decided that the 
experimental gear might project as much as forty feet from the 
face of the reactor. Leaving eight feet of aisle beyond that 
distance provided the basic interior dimensions of the floor at 
about 130 feet square. 

The floor itself was designed with biological protection in 
mind. In a radius of about 25 feet around the MTR, the reinforced 
concrete floor was three feet thick. This area was considered the 

68 See drawing, "MTR-603 Basement Renovation Floor Plan," 
January 1978, INL Index No. 531-0603-00-220-157668 (not in HAER 
Photo Index) . 
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most likely place for "hot" activities in the basement and/or on 
the first floor. Aside from that, the floor was expected to 
support up to 4000 pounds per square foot. 

The open spaces around the MTR were filled with a host of 
movable items such as blocks of lead and paraffin shielding, plug 
and experiment coffins, and other work equipment. The floor 
contained vault lids, drain holes, and other holes called 
"facility holes." The latter were expected to help avoid clutter 
by allowing service leads to pass between the basement and first 
floor. The top cover to the Deep Well (for storing long items 
vertically) was just west of the reactor. Another cover, 8x8 
feet, opened to a segment of the canal on the east side, 
facilitating the withdrawal or depositing of coffins. A set of 
coffin-turning rollers was in the southeast quadrant of the 
floor, aiding movement in and out of the building. The storage 
pocket for the MTR's top plug was just east of it, six feet in 
diameter. A small motorized tractor aided in the removal of plugs 
from the reactor and insertion of experiments and could be seen 
anywhere on the floor. The west wall contained the elevator doors 
and a doorway into the MTR Wing. Near the southwest stairwell was 
an enclosed Storage and Issue Room (shipping and receiving), its 
door opening a few feet away from the south wall's rollup door. 

High above the floor, the crane rails, catwalks, and crane 
motors dominated the ceiling space. The bridge, a metal structure 
connecting the second floor and the reactor top, occupied air 
space between the reactor's west side and the control room. A few 
years after the MTR had been in service, the bridge was expanded 
from a plank-like walkway to a wider, more spacious platform. See 
HAER Photo ID-33-G-209 (original bridge) and ID-33-G-10 (widened 
bridge). 

Next to the stairwell in the southeast corner, a neutron 
beam could pass through an opening in the wall to the Twenty 
Meter Chopper House just outside. The Chopper House contained 
instruments helping scientists determine the nuclear properties 
of various materials and understand the behavior of neutrons 
bombarding them. 69 One of the exits from the MTR Building was at 
the top of the stairway, so the Chopper House was built with one 
clipped corner. See HAER Photo ID-33-G-351. 

The main personnel entrance to the floor was from the MTR 
Wing. But personnel exits also were located at the top of each 
stairway. Two metal rollup doors, each 12' by 14', opened into 

69 NRTS, Thumbnail Sketch (Idaho Falls: IDO, 1961), p. 25. 
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the north and south walls, their sills level with the finished 
road. These were of a size to allow entry of the tractor-trailers 
on the highways at that time. 

Second and Third Floors 
These two floors had the same footprint, supplying 3677 

square feet of space. The second floor was at the level of the 
MTR Wing roof. From north to south, its 25 feet of width was 
arranged for the northwest stairwell, offices, the passenger 
elevator, an instrument room with its own office, and another 
office next to the southwest stairwell. Its floor was supported 
by steel I-beams. 

The instrument room was directly below the Third Floor 
control room. Amplifiers and relays were below, and the indicator 
and recording instruments were above. Conduits and raceways ran 
between the two rooms, a function considered undesirable if 
coming from overhead in the control room. The east wall of the 
instrument room was a steel partition, selected for ease in 
moving as needed. See HAER Photo ID-33-G-352. 

The Third Floor was level with the MTR top. The walkway 
between them was a path traveled frequently to set up experiments 
and prepare for a new operating cycle after each seventeen days 
of running. The Control Room was the main reason for this floor, 
but the space to its north and south were used for rest rooms, 
offices, and a conference room. See HAER Photo ID-33-G-353. HAER 
Photo ID-33-G-23 shows how the south-most office looked in 2005. 

The Control Room contained a U-shaped console. Operators had 
good access to instrument panels and controls. Well-lit, sound
proofed, air-conditioned, and vented for positive air pressure, 
the steel partitions forming the walls of this room (and the 
Instrument Room below) could be moved easily to make the rooms 
larger or smaller. A special stairway, solely for use by 
authorized personnel, allowed passage between the Instrument and 
Control rooms. The comfort and lack of distractions for reactor 
operators were regarded as reasonable investments in safety. See 
HAER Photos ID-33-G-354, ID-33-G-212, and ID-33-G-213. 

Just outside the Control and Instrument rooms was a corridor 
that served as an observation balcony overlooking the MTR and the 
other activity surrounding it. 

Roof Penthouse 
A steel metal shelter for air venting equipment sat above 

the third floor roof on a concrete slab. It was 28' 8" long 
(north/south axis) and 10' 8" wide. When the general crowding in 
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and around the MTR had gotten severe, the equipment in the 
penthouse was removed and replaced with desks, chairs, people, 
and other office regalia. See HAER Photo ID-33-G-202. 

The MTR Wing, TRA-604 
The MTR Wing had a ground-level first floor and basement. 

Rectangular and flat-roofed, it was designed as one architectural 
unit with the MTR Building. The Wing projected 141 feet to the 
west and was 128 feet wide, not quite as wide as the MTR 
Building. It was connected to and had the same exterior concrete 
wall panel system as the MTR building. The general philosophy for 
arranging its interior space was to fix permanent partitions 
around those areas likely to continue indefinitely serving the 
MTR. Moveable partitions would define spaces more likely to · 
change their size or functions over time. 

The first floor was organized with windowed rooms lining the 
exterior walls and opening to an interior corridor. This left a 
large central interior space. Another corridor along the east 
wall separated the Wing from the MTR Building. For the most part, 
the "permanent" fixtures occupied this large central space. The 
Machine Shop, where MTR components and coffins were maintained 
and repaired, was given the position closest to the MTR building. 
The floor was reinforced to handle the coffins, loading the floor 
at 250 pounds per square foot. A special shop was reserved for 
experimenters who wanted to do their own machine work. 

Convenient to the Machine Shop, the Shipping and Receiving 
functions were across from it along the north wall. A metal 
overhead door provided for truck deliveries. Also along the north 
wall was a Glass Shop for experimenters and a laboratory in the 
southwest corner. 

In the northwest corner was a Counting Room (24x28 feet), 
where irradiated samples were brought for a reading of their 
radioactivity. This room was shielded on all six sides by 
concrete walls two feet thick and a maze entry, a precaution 
against cosmic rays from the heavens and "stray irradiations" 
that might originate from the reactor next door. The floor was 
built on a foundation separate from the rest of the first floor 
to reduce potential interference from machine-shop vibration. The 
room was air-conditioned and humidity controlled. It took its own 
fresh air. The shielding was to protect the instruments and 
samples within, not necessarily as biological protection. 70 

70 See Blaw-Knox drawing "Structural Foundation Plan," INL 
Index No. 531-0604-62-098-100639, Rev. 4 (not in HAER Photo 
Index). 
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The west wall was lined with labs, an office, and the entry 
lobby and vestibule. The entry door was surrounded by glass 
blocks and had a transom, perhaps the only doorway in the entire 
MTR suite of buildings with such a civilian embellishment. More 
labs, designed as modular units 12 feet wide and 28 feet deep, 
lined the south wall, equipped variously with cabinets, desks, 
tables, hood fume vents, locking cabinets, and first-aid 
cabinets. Their walls consisted of moveable partitions. See HAER 
Photos ID-33-G-231 and ID-33-G-363. The east-most lab was 
designated as the Health Physics lab, the special province of 
those who monitored work areas and personnel for contamination 
and radiation exposure. 71 

Convenient to the row of modular labs, an Instrument Shop 
occupied a section of the central area. Its doors opened toward 
the Staff Shop and to the south corridor across from the labs. 

"Escape doors" were positioned at each end of the west 
corridor and next to the Counting Room on the north side. The 
stairway to the Basement level was located near the south wall 
next to the modular labs. See HAER Photo ID-33-G-363. 

The MTR Wing basement contained the building's heating and 
ventilating equipment, electrostatic filters, electrical switch 
gear, scrubbers for air coming from lab vents, and a battery room 
supplying emergency power for reactor operating instruments. The 
space beneath the Counting Room on the first floor took advantage 
of the heavy shielding and became the Fireproof Record Room, for 
storing valuable documents. 72 

Over the next few years, the use of space adapted to new 
needs. The west fourth of the basement had been built free of 
walls and was available for partitioning and occupancy as needed. 
In 1962, the wall of the Health Physics Office was expanded by 
punching a door through the south wall and adding a shift office. 
The projection was 27 feet long (north/south axis) and 24' 8" 
wide. It had a window on the west side, a doorwar to the outside, 
and a doorway into the MTR Building on the east. 3 

71 See Buck and Leyse, MTR Handbook, p. 9.20-9.21, for 
additional vent and other details of the MTR Wing labs. 

72 Buck and Leyse, MTR Handbook, p. 9.21. 

73 See 1962 drawing, "Health Physics Shift Office Addition," 
INL Index No. 531-0604-00-851-151052, Rev. 3 (not included in HAER 
Photo Index) . 
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Reactor Services Building, TRA-635 
The Reactor Services Building was an attachment on the south 

side of the MTR Building. Not part of the original Blaw-Knox 
suite of MTR buildings, it was designed by the Idaho Operations 
Office (IDO) in June 1953 and completed early in 1954. It 
provided work space for mocking up proposed experiments and 
assessing whether they were built and engineered well enough to 
survive their expected exposure time inside the MTR. Other spaces 
were allocated as a machine shop, an issue room, specialized 
storage, and anti-contamination services. 

The building was of metal frame construction with pumice 
block siding and a concrete slab roof. It was 96 feet wide 
(east/west axis) and projected from the MTR building 161' 2." 
Part of the west wall butted up against the existing Plug Storage 
Building. See Part Nine for a description of the Plug Storage 
Building. Coffins now had a weather-protected shelter as they 
were transported to the charging face. A mezzanine floor along 
part of the west wall was about 33' 8" wide and 111' 8" long. See 
HAER Photos ID-33-G-372 and ID-33-G-237. 

The three outer walls contained industrial windows; the 
south side having windows on both the first and mezzanine floors. 
A rollup door was at about the center of the south wall. 
Personnel doors were on the west, east, and south sides. 

The first floor was organized to account for the concrete 
slab projecting from the MTR's south side that had been built for 
the journey of reactor plugs to the plug storage bunker. This 
slab remained, and the floor plan kept it free and open. On the 
north side, nearest to the MTR reactor floor was an enclosed 
nuclear physics control room. It had its own door onto the MTR 
floor and also a shielded window. Next to it was small enclosed 
office. Most of the rest of the space along the east wall was 
used as a mockup area with specialized instruments for pressure 
testing of the test sample apparatus. A wire fence enclosed the 
mockup area. At the southeast corner, a radiography laboratory 
consisted of an enclosed and shielded room with a maze entrance, 
the walls of which were made of high-density blocks. A pair of 
associated laboratory rooms was along the south wall. At about 
the middle of the south wall was a steel metal rollup door with 
an opening 12 feet wide. See HAER Photo ID-33-G-371. 

Along the west side of the center corridor were a stairway 
to the second floor and a men's bathroom and locker room. Most of 
the remaining space was the MTR issue room, which contained 
locked and enclosed storage areas as well as a wire-fence 
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enclosure secured from floor to ceiling. See HAER Photo ID-33-G-
237. The southwest corner room was a health physics laundry and 
its related storage space. It was the duty of health physicists 
to identify and control the spread of radioactive contamination. 
When they found it, they required facilities to remove it. Drains 
from this facility joined other "hot" or "warm" drains in the MTR 
complex. The west wall of this facility projected westward 
another 12' 8" from the rest of the west wall. 

The women's bathroom (and "rest" room) was on the second 
floor just above the men's room below. One enclosed office was 
next to it, but the remaining space was initially left open. 

Office and Lab Wing Expansions, TRA-668, -652, -649, and -661 
Demand for more office and lab space took very little time 

to materialize. Four more "wings" were attached to the original 
MTR Wing, and each was given its own building number. These were 
known as the "North Wing" (TRA-668), attached to the north wall 
of TRA-604; the "South Wing" (TRA-661), attached to the south 
wall; and the two west wings, known as Wing B (TRA-652), and Wing 
C (TRA-649). 

Built in 1963, the North Wing created two new laboratories. 
The addition extended the interior "west" corridor in TRA-604 
another 25' 4'' and arranged one laboratory on each side of it. 
The addition was 15 feet high, flat-roofed, built of pumice block 
with aluminum coping on the top edge. The width of both 
laboratories and the corridor between them was 70' 6," allowing 
for two equal sized laboratories, each 31' 7" wide, identified as 
"Laboratory 1" and "Laboratory 2." Utilities served the labs from 
a tunnel beneath the floor. 

The door at the south end of the corridor opened into TRA-
604, and the north door was the new north exit. In the east and 
west walls were one double-banked fixed sash window with nine 
panes each. The north wall had none. See HAER Photo ID-33-G-374. 

A Phase II expansion of the building added another pair of 
lab rooms to the north in 1965, identical in dimension to the 
first set, and continuing the center corridor to the north wall, 
where the new exit door was now 50' 8" from the TRA-604 wall. The 
east and west walls now had two windows, and the new north wall 
continued to have only a door, no windows. Doorways gave access 
to the corridor, and a communicating door in the dividing wall 
also allowed passage between labs in the original and new 
sections. 
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The next increase in office and lab space was known as Wing 
B, TRA-652. (The original MTR Wing came to be known as "Wing A.") 
Wing B was built in 1966. It spread the big MTR complex of 
attached buildings to the west. A slender neck connected it to 
TRA-604, and the long axis of the building was north/south. 

Wing B was two stories and had a flat roof. Weather
protected stairways on the north and south ends provide exits 
from the second floor. The floor plan for both floors are 
identical, based on a central corridor with windowed offices on 
each side. On both floors, the rest rooms were on the east side 
near the north end. The stairway was located in the center of the 
building near the connecting necks. 

Wing C also was built in 1966, the farthest west of the MTR 
office wings. It was a one-story version of its Wing B mate. A 
corridor neck connected the two buildings, continuing thru access 
all the way into Wing A and the MTR building. Its long axis was 
north/south, matching the length and orientation of Wing B. The 
floor plan was based on a central corridor reaching from north to 
south and offices with windows on each side. Most rooms were used 
as offices (not laboratories), while rooms were at times 
dedicated to training, library/file storage, and copier
equipment. 

The South Wing Extension, TRA-661, was built in 1962. It 
projected on the south side of the original Wing A, parallel to 
the Reactor Service Building, TRA-635, and creating a courtyard 
between the two buildings. See HAER Photos ID-33-G-50 through ID-
33-G-56, ID-33-G-29, and ID-33-G-32. 

PART SIX 
THE MTR PROCESS WATER BUILDINGS 

Aside from the reactor itself, the next most complex and 
technically demanding system at the TRA was the management of the 
reactor's cooling/moderating water. Water entered the top of the 
reactor vessel at 100 degrees F. and quickly exited at 110 
degrees F. It circulated through the "process water" system to 
lose its acquired heat and returned once more to the reactor at 
100 degrees F. How it got there, how it was demineralized, how it 
gave up its heat, how it was purged of its excess radioactivity, 
and what became of the system's various wastes is an account of 
pumps, tanks, and pipes; of an elevated water tank and a standard 
redwood cooling tower; and of redundant systems for emergencies. 



IDAHO NATIONAL ENGINEERING LABORATORY, 
TEST REACTOR AREA, MATERIALS TESTING & 

ENGINEERING TEST REACTORS 
HAER No. ID-33-G 

(Page 49) 

Although located in several buildings and structures 
exterior to the MTR building, the process water system 
nevertheless functioned much like a great mammalian heart for the 
organism that was the MTR. Pumps for every purpose moved the 
water along through an arterial/venous system of inbound and 
outbound pipes. 

The chief elements of the system were housed in the Process 
Water Building, the Cooling Tower, and the Working Reservoir. 
Other components included two wells that supplied raw water from 
beneath the desert and a retention basin and settling pond to 
which the water returned eventually back to nature. Additionally, 
the plumbing within the reactor itself and a good part of the 
basement below it were devoted to the reliable and continuous 
circulation of water between the reactor's many small curved 
uranium sandwiches. See HAER Photo ID-33-G-375, which is a flow 
diagram of the process water system. 

The MTR's coolant water began its 20,000 gpm flow cycle in a 
large Sump Tank located in the basement of the Process Water 
Building. At this point, it was 100 degrees F. A set of two pumps 
lifted it to a Working Reservoir perched on a tower about 170 
feet above ground. With this head, it flowed into the MTR 
building through the slanted sub-basement tunnel and was routed 
into an opening near the top of the MTR vessel. Exiting at the 
bottom, it had collected fission heat and was ten degrees warmer. 
The water left the MTR building in an outlet pipe occupying the 
same tunnel as the inlet pipe. Its next destination was the Seal 
Tank in the Process Water building. To cool the water, it was 
drawn into one of three flash evaporators by means of a vacuum in 
each evaporator. At the suddenly lower pressure, some of the 
water flashed to steam. The liberated heat accumulated on 
condenser tubes. A secondary loop of water collected the heat and 
carried it off to a cooling tower located east of the Process 
Water building. Now cooled to 100 degrees F, the process water 
went once more into the Sump Tank, ready to return to the MTR 
vessel -- and somewhat radioactive. The architecture of Process 
Water required shielding. 74 

74 Induced radioactivity in the water was caused by oxygen 
isotopes having a half-life of about a minute; dissolved 
impurities from corrosion of aluminum and magnesium with half
lives of 5-10 minutes; and radioactive sodium, with a half-life of 
14.8 hours. See Buck and Leyse, MTR Handbook, p. 7.21 and Chapter 
7 . 
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Process Water Building, TRA-605 
Located due west of the MTR Building, the Process Water 

Building was built entirely of reinforced concrete. Each wall, 
floor slab, and roof slab met a specified thickness in order to 
keep radiation exposure to a minimum tolerance. The building had 
two sections, each with its own roof line sufficient to the work 
within. The east side housed the Sump Tank and its pumps, the 
flash evaporators, and the Seal Tank. The west side, separated 
from the east-side tanks by a 20-inch-thick wall, contained the 
control area, valve wheels, storage, and electrical equipment. 
See HAER Photo ID-33-G-376 and ID-33-G-377. 

The basement for each of the two sides had the same floor 
elevation, but their first floors, in split-level fashion, did 
not. The basement was 76' wide and 120' long (east/west axis), 
and about six feet below ground level. Its exterior walls allowed 
pipe penetrations in all directions. The high roof over the 
tank/evaporator section was about 45 feet above ground level; the 
low roof, about 14' 9" above ground level. Ceiling heights 
accommodated lifting and maneuvering space for monorail cranes. 
See HAER Photo ID-33-G-376. 

The basement contained the Sump Tank and the three pumps 
that lifted the water to the Working Reservoir. (The third pump 
was in reserve in case one of the others failed.) Each of the 
pumps was isolated within a shielded cell. See HAER Photos ID-33-
G-239, -247, and -249. The Sump Tank, a vessel 40 feet in 
diameter with a capacity of 100,000 gallons, was in the southeast 
quadrant of the basement. The pumps lined up in separate shielded 
cubicles to its west (allowing for repairs while the reactor was 
operating) . 75 The 30-inch-diameter stainless steel pipes that 
carried water to and from the Working Reservoir and the MTR 
building lay along the north side of the basement, along with a 
strainer and sampling lines. All of the water flowing into the 
building passed through the Valve Pit, located in the northwest 
quadrant. The southwest quadrant, on the west side of an interior 
concrete wall, was used as a repair shop and storage area. (A 
resin bed was later installed.) Other basement facilities 
included a battery rack, an electric motor, a gasoline engine, an 
emergency shower for personnel, and various sumps, drains, and 
pumps. See HAER Photo ID-33-G-379. 

Each half of the Process Water building had a floor level 
above the basement, but, as noted, not at the same elevation. The 
first floor covered the same footprint as the basement but 

75 Buck and Leyse, MTR Handbook, p. 7.8. 
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excluded the Sump Tank chamber. The control panels and operator's 
station were in the west half, along with electrical equipment 
and the toilet room/locker. See HAER Photo ID-33-G-65. Hatches in 
the floor provided access to the strainer, the pump cubicles, and 
other equipment below. A crane circulated above the hatches along 
the snaking course of a monorail. See HAER Photo ID-33-G-62. The 
crane removed hatches and lowered repair or replacement equipment 
as needed. Six valve handwheels were arranged above the big pipes 
in the basement. See HAER Photos ID-33-G-63 and ID-33-G-250. Just 
north of the electrical equipment were two rectangular openings 
in the floor giving visual access to the pump area of the 
basement. See HAER Photos ID-33-G-62, -63, and -67. A personnel 
stairway to the basement descended through the easterly of these 
two openings. See stairway in HAER Photo ID-33-G-69. 

The Seal Tank, a vessel about ten feet in diameter, was 
seated in the northeast quadrant of the first floor, conveniently 
located for short lengths of pipe connecting it to the Flash 
Evaporators and the Sump Tank. See HAER Photo ID-33-G-63. Because 
the water entering the Seal Tank had come most immediately from 
the MTR vessel, a radiation recorder was positioned to detect any 
substances in the water indicating a fuel element rupture 
("fission break.") 76 

The footprint of the first floors was identical to that of 
the basement, 76' wide and 120' long. The exterior walls were of 
various thicknesses. The west wall, closest to the MTR, was ten 
inches thick. The east wall and the portions of the north and 
south walls that enclosed the Sump and Seal tanks, were 20 inches 
thick. Inside, an interior wall, also 20 inches thick, completed 
the enclosure of the Sump and Seal tanks. Access through this 
wall was available through a door near the north wall, beyond 
which was a stairway down to the pipe tunnel area. Floor slabs 
were of various thicknesses to suit the desired degree of 
shielding, all made of reinforced concrete. See HAER Photo ID-33-
G-377 for the shielding performance required for walls, floors, 
roofs, pump-cell walls, and the walls around the Seal and Sump 
tank room. Shielding protected both human workers as well as 
sensitive monitoring and other instruments. 

The high-roof portion of the building covered the Seal and 
Sump tank east half of the building. Its second floor was 
occupied by the three Flash Evaporators, arranged in a row from 
north to south and at a distance between one another of 20 feet 
(measured at the centerline of each). See HAER Photo ID-33-G-383 

76 Buck and Leyse, MTR Handbook, p. 7.6. 
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for the floor plan and an illustration (Section A) showing the 
path of pipes that carried water from the Seal Tank upward to the 
evaporators and then back down to the Sump Tank. Each evaporator 
was 25 feet long and 8 feet in diameter, containing about 5000 
3/4-inch collecting tubes. 77 Its floor area was 50 feet wide 
(east/west axis) and 76 feet long. Its rectangular concrete roof 
slabs were arranged to drain water toward the east at a slope of 
1/4 inch to one foot of length. From floor to ceiling, the 
evaporator floor was about twenty feet high. 

Access to evaporator valve handwheels was via a platform 
located just west of it. Operators ascended a stairway to the 
platform. The best view of this platform, the roof of which is at 
a height midway between the high-roof and low-roof sections of 
the building, is in HAER Photo ID-33-G-61. See also the drawing, 
HAER Photo ID-33-G-373. 

Another feature in the Process Water Building was a resin 
bed, used to de-gas the process water. Radiation causes the 
breakdown of water molecules and the subsequent production of 
oxygen and hydrogen gas. Mixed-bed resin de-ionization removed 
these gases from the system, as gas bubbles in the coolant would 
reduce its effectiveness. 78 

The possibility of future expansion was accounted for along 
the east wall of the evaporator room where three wall sections 
were designed to be removable at some future date. See HAER 
Photos ID-33-G-60 and ID-33-G-376. 

The condition presenting the most danger to the MTR was a 
loss of water flow through the reactor. Therefore, various 
contingencies for emergencies were built into pump and piping 
layouts and valve controls. For example, one (of several) 
alternate sources of water was raw water from an overhead tank 
(located in the north half of the MTR site near the raw-water 
storage tanks) that could be diverted through the reactor. Should 
commercial electricity fail, standby generators were read/ within 
seconds to serve the most strategic pumps and equipment. 7 

As water recirculated through the MTR during each of its 17-
day operating periods, it became gradually more radioactive. In 

77 Buck and Leyse, MTR Handbook, p. 7.12. 

78 Buck and Leyse, MTR Handbook, p. 7.13. 

79 Buck and Leyse, MTR Handbook, p. 7 . 4 . 
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the event a fuel element ruptured, it could become suddenly more 
radioactive as fission products entered the water. Both 
situations required continuous monitoring and purging of the 
system and replenishing it with clean water. The Sump Tank had a 
pipeline for diverting old water out of the building and into a 
retention tank (TRA-712) located east and south of the MTR 
building. After it had lost some of its radioactivity 
(radioactive decay), it was pumped to a settling pond. See HAER 
Photo ID-33-G-456 and an aerial HAER Photo ID-33-G-321. Fresh 
demineralized water could be introduced to the system into the 
Seal Tank (and at other points in the line). The purge rate was 
about 50 gpm. 

Because of the intense radioactivity in the MTR active 
lattice, shielding for process water was at least five feet thick 
within the MTR building. The pipe tunnel beneath basement floor 
had sufficient concrete cover to meet this standard. Within the 
tunnel, the pipes were suspended from spring-loaded hangers. 
Between the MTR and Process Water buildings, at least five feet 
of earth covered the pipes, incidentally putting them below the 
local frost line. The water pipes between the Working Reservoir 
and the MTR were made of stainless steel, as were the fittings, 
valves, strainer, flow meters, etc. Pipes carrying non-irradiated 
water were of cast iron, a cheaper alternative than stainless. 

The Working Reservoir, TRA-706 
The Working Reservoir was located immediately east of the 

Process Water Building. The 150,000 gallon tank sat atop a wooden 
tower. To protect people from radiation exposure, its base was 
surrounded by a fence. See HAER Photo ID-33-G-249 for a view of 
this structure. 

Cooling Tower Pump House, TRA-606 
As noted in the description of the Process Water Building, a 

heat exchange took place between the closed-system primary 
coolant circulating through the active lattice of the MTR and a 
secondary loop. The secondary loop was pumped to a Cooling Tower 
located north of the Process Water Building in the ''cold" or 
north half of the MTR site. As the water was not radioactive, 
employees and instruments needed no shielding, and this function, 
along with its pump house, could operate safely in the non
exclusion area. 

Three pumps in the Pump House lifted water arriving from the 
Process Water building to the top of the cooling tower. A fourth 
pump stood by as a spare. The building was rectangular, one 
story, and made of concrete block. It was situated adjacent to 
the south side of the tower, near the southwest corner, but 
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leaving space for air circulation between the building and the 
cooling tower. A plank-covered walkway joined the two structures, 
covering the inlet and outlet pipes and drain lines. The flat 
roof was about 13.5 feet above ground, allowing operating space 
for a monorail and crane within. The building was 48 feet long 
(north/south axis) and 51 feet wide. An aluminum coping strip 
lined the top edge of the walls. See HAER Photos ID-33-G-385 and 
ID-33-G-252. 

Each facade had a unique combination of windows and doors: 
The south side, which faced the roadway dividing the ''hot" and 
"cold'' sections of the complex, had two windows, each double 
banked. The north side was the main operating side, containing 
two sets of equipment doors. Personnel doors in the east and west 
sides were protected with vestibule entries. (Drawings show 
canopies mounted on metal poles, but this plan must have been 
modi£ ied) . 

The inlet pipe from the Process Water building entered the 
basement at a level approximately five feet below ground and was 
then pumped to the top of the Cooling Tower. The pump room, 
containing several pumps and valves, was in the north half of the 
building. Electrical equipment was in the south half. 

The Cooling Tower itself, built according to Blaw-Knox 
plans, was a "double-flow" model, in which water drains downward 
onto splash plates. Cooling air entered the tower through open 
slanted wood covers and flowed across the water at the same time, 
cooling it by evaporation. 80 The tower was constructed of 
California redwood in six identical units built close together in 
two rows of three and operated independently. Each unit was 30 
feet by 36 feet, and about 35 feet high. The pump lifted water to 
the "upper jets" at the top ("hot deck") of the tower, where a 
"spider" distributed it across a shallow collection pan with 
holes in its floor. 81 The water fell through the holes and 
splashed against horizontal wooden "fill" in the cooling tower, 
breaking up into smaller and smaller droplets, offering more 
surface to evaporation. A "cold water" collecting pool, capacity 
47,000 gallons, beneath each bay gathered the water to a pipe and 

80 The plan for the wood-cover construction can be seen in 
1950 Blaw Knox drawing, INL Index No. 531-0707-60-098-100672 (not 
included in HAER Photo Index). 

81 Administrative Record, TRA Track Two Investigation, OU 2-
05, Volume I, Attachment 6 in EGG-ER-10652, Rev. 1, "Operating 
Manuals for ETR/MTR Reactors," p. A-221. 
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returned it to the heat exchanger in the Process Water building. 
See HAER Photos ID-33-G-388 and ID-33-G-387. The depth of the 
basin took account of dust-laden wind and the eventual settlement 
of silt in the pool. 

Assisting the process, dustproof motors drove nine-foot long 
adjustable-pitch propeller blades atop each of the six units. 
These fans could run in either direction, depending on ambient 
air temperatures, to draw air in from the sides of each bay or 
push it out. A stairway to the fan deck was located on the east 
side of the cooling tower. 

Accessories to the secondary coolant flow were various 
stores of chemicals to adjust its pH to a range that would 
neither damage the redwood nor corrode the metal surfaces in the 
pipes and pumps. Chlorine controlled the buildup of algae. 82 

When the MTR was decommissioned in 1970, the cooling tower 
was demolished and the pump house adapted for use as a carpenter 
shop. With metal siding and other modifications, the building no 
longer resembles the old pump house. 

Demineralizer Building, TRA-608 
Raw water was treated three different ways, depending on its 

use at the TRA. The cooling tower treatment has just been 
described. For general human use -- canteen/cafeteria, drinking 
and sanitary, cleaning and flushing, "cold" laboratories -- it 
was softened. Demineralized water was prepared for the MTR 
coolant system and also for the (steam-heating plant) boiler, rod 
and pump seals, rabbits, some laboratories, and for various 
experiments. Of the three treatments, demineralizing was the most 
costly. 

Designing the demineralizing process began with an analysis 
of the maximum allowable mineral constituents that would satisfy 
its use as the MTR coolant. For example, all ions of copper, 
lead, cobalt, nickel, or boron had to be completely removed. Ions 
or gases of calcium, sodium, carbon dioxide, iron, silicon oxide, 
and others had to be reduced to a presence of less than 1 or 2 
parts per million. 83 

82 Administrative Record, TRA Track Two Investigation, p. A-
224. For Btu/minute rates, heat loads, and other design data, see 
Buck and Leyse, MTR Handbook, p. 10.20 - 10.24. 

83 Buck and Leyse, MTR Handbook, p. 10.10 - 10.12 identify gpm 
requirements for each type of treated water and maximum allowable 
constituents in demineralized water. 



IDAHO NATIONAL ENGINEERING LABORATORY, 
TEST REACTOR AREA, MATERIALS TESTING & 

ENGINEERING TEST REACTORS 
HAER No. ID-33-G 

(Page 56) 

Raw water entered the Demineralizer Building through an 
underground pipe that entered on the north side. Some of it was 
diverted and treated for potable water. Demineralization for the 
rest was accomplished by various standard industrial process 
using cation and anion exchangers, acid and caustic solutions, 
and de-gassers. The furniture included storage and mixing tanks, 
hot water heaters and other temperature control devices, and 
pipes and pumps (and spares) for every purpose. At the end of the 
treatment sequence, the finished product was stored in a 100,000-
gallon storage tank located immediately south (in front of) of 
the building. The lining in this tank and in all of the piping 
carrying demineralized water was made of stainless steel, a 
highly inert metal unlikely to contribute a new cadre of minerals 
to the water. 84 

The Demineralizer Building was located in the north half of 
the MTR complex southeast of the storage tanks holding the raw 
water. The process involved no radioactive hazards. The building 
was 97 feet long (east/west axis) and 42 feet wide. As usual for 
buildings needing no shielding, it was rectangular and made of 
concrete blocks. It had one story, its floor near ground level 
and equipped with grates, drains, sump, and sump pump. Its flat 
asphalt roof, edged with aluminum coping, was high enough to 
accommodate tall tanks and the maneuvering space required by 
lifting devices. The reinforced concrete floor was built to 
support heavy tanks, some of which had concrete pedestals or 
stands. The roof was 16' 8" high. To provide for the additional 
height of a de-gassifier tank, a penthouse section projected 
another several feet above the rest of the roof. This section was 
about ten feet square along the north wall. See HAER Photo ID-33-
G-253. (See also photos of this building in Appendix G.) Beneath 
the floor, a chamber seven feet deep and fifteen feet wide 
contained a de-gassified-water storage tank. A roof vent served 
the penthouse, and two additional vents served the rest of the 
building. See HAER Photo ID-33-G-390. 

The building had windows on the north and south sides. 
Single-wide hollow metal doors gave personnel access into the 
south east and west sides. Double-wide doors were on the east and 
west sides. Inside, the southwest quadrant of the building 
contained a toilet/shower/locker room, an office, and a water
sampling laboratory equipped with sink and work table. (The 
architect specified "light green tile" for the shower stall.) 
These rooms were enclosed with gypsum board walls. The northwest 

84 Buck and Leyse, MTR Hand.book, p. 10.13. 
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corner contained an enclosed chamber for the storage of chlorine. 
The rest of the space contained tanks and other operating 
equipment: instrument panel boards, cation and anion exchange 
units and tanks, nitric acid pump, electrical panel, fans, 
transfer pumps, acid and caustic tanks, and heaters. 85 For 
safety, propane and acetylene gas tanks were stored outside the 
building on a concrete pad in a small enclosure along the south 
wall, just outside the laboratory east of the window. See HAER 
Photo ID-33-G-389. 

The processing complete, pumps along the south wall sent the 
water through ten-inch diameter pipes to the Demineralized Water 
Tank. From there it went through buried pipes to its various 
destinations in the MTR Building, MTR laboratories, and the 
Process Water Building. 

Brine Storage Pit, TRA-631 
On the north side of the Demineralizer Building was a small 

building sheltering brine storage pits and pumps for caustic and 
acid. Brine mixtures were pumped to the Demineralizer Building in 
below-ground pipes. This building was similar to most of the 
other utilitarian shelters in the water treatment area: 
rectangular, flat-roofed, made of concrete blocks. These basic 
features made it quite simple to adjust floor-space dimensions 
and building heights, allow for pipe trenches, and otherwise 
customize the building. In this case, the purpose was to store 
and mix acids and caustic chemicals, a function that indeed 
required customizing. 

The building was in two parts. The south section was roofed 
and enclosed to protect the pumps from weather. The north section 
was a concrete vault, the top of which was about four feet above 
ground and the bottom of which was about seven feet below ground. 
The vault contained four cells for the storage of brine. 

The south section appeared similar to other concrete-block 
utility buildings around the MTR complex. The roof line was 11' 
4" above grade. The building was 26 feet long (east/west axis) 
and about twelve feet wide. Its south side had a personnel entry 
door and three windows. The other sides had no doors or windows. 
Inside, the pump pits were about five feet below ground. See HAER 
Photos ID-33-G-391 and ID-33-G-253. 

85 The layout of these items is detailed in 1950 Blaw Knox 
drawing 3150-8-1, INL Index No. 531-0608-00-098-100015 (not part 
of HAER Photo Index. 
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The vault section sloped away from the north side of the 
building a distance of about 11 feet. It was 29 feet long, 
matching the length of the Pump Building and extending to the 
east another three feet for the pipe trench situated along the 
east side of the building. Access to the pits beneath was through 
removable wooden hatch covers. The pipe trench was buried about 
six feet below grade and headed off toward the Demineralizer 
Building, TRA-608. The poured concrete floor of the vault, the 
exterior walls, and the dividers between the four cells were two 
feet thick. The entire structure was waterproofed. See HAER Photo 
ID-33-G-392. 86 

Pump Houses for Wells No. 1 and 2, TRA-601 and TRA-602 
Raw water came from two wells. Before they were built, a 

test well had been drilled as part of the process to select a 
suitable site for the MTR. Leonard Johnston, the NRTS manager, 
contracted Cope Drilling, an outfit from the nearby agricultural 
village of Terreton, to drill the test well on October 7, 1949. 87 

By December, the presence of a good water supply had been 
demonstrated, and the AEC made it official that the MTR would be 
built in Idaho. 

The Fluor Company began excavating the MTR basement in May 
1950. At the same time, it began drilling two production wells. 88 

Well No. 1 became the anchor for the northeast corner of the MTR 
site, the perimeter fence placing the well inside the complex. 
Sewage treatment ponds and waste-water settling ponds were 
thereafter placed so as not to contaminate the well water. 

The earliest drawings for the well houses were products of 
Johnston's office (IDO) and dated in 1951. They were built in 
1952; and the "as built" stamps were added to the drawings in 
1954, probably on the occasion of upgrading the electrical 
switches. At other complexes around the NRTS site, well houses 
followed this design, one of the few building types among 
hundreds of NRTS buildings that had gable roofs. 

86 Additional structural details can be found in 1950 Blaw
Knox drawing, INL Index No. 531-0608-00-098-100676, Rev. 1 (not 
part of HAER Photo Index). 

87 "Fresh Water Test Well Contract Set," Arco Advertiser, 
October 7, 1949, p. 1. 

88 "Site Progress Noted by AEC", Post Register, May 10, 1950, 
p. 16. 
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The house for Well No. 1 was rectangular, 19' 4" long 
(north/south axis) and 13.5' wide, and built of 12-inch pumice 
block. The inside walls and ceiling were insulated with 
cellulose. The gable ends (north and south ends) had lapped 
horizontal wood siding. The roof rested on 8x10 wooden beams with 
their ends projecting about nine inches from the eave line, 
facilitating the removal of the roof if necessary during 
maintenance. The roof was covered with mineral wool blanket and 
mineral surface roll. The personnel entry door, with an 
adjustable louvered vent in the top half, was on the east side. A 
single steel sash window was in the center of the north and south 
ends. The floor and footings were poured concrete. 

The well casing and pump, check valve, meter, and gate valve 
occupied most of the floor space. The pipe to the storage tanks 
exited underground. Electrical service into the building also was 
buried below ground. Notes on the plan ordered that the exterior 
wood surfaces be painted with "Fuller Co. Paint Formula Color 
#104." The interior was to receive "ALBI-R, ivory in color." See 
HAER Photo ID-33-G-393. 

Well No. 2 was located about 840 feet due west of the first 
one and also was just inside the perimeter fence. In all 
construction particulars -- removable gable roof, roofing 
material, pumice block walls, concrete floor, location of door 
and windows, paint color -- the building was identical to Well 
House No. 1. It differed chiefly in size, being nearly square at 
22' 6" long (north/south axis) and 21' 9" wide. 89 

Water Pump House, TRA-619 
The Well House pumps sent raw water to one, eventually 

three, storage tanks located inside the north perimeter fence and 
between the two wells. (With each new reactor at the TRA, the 
daily water-flow requirement increased.) The pumps and electrical 
equipment distributing it to the various buildings of the TRA 
complex were housed in Water Pump House, TRA-619, located 
immediately south of the three wells. The rectangular, flat
roofed, concrete-block building with aluminum coping at the top 
edge of the walls repeated the utilitarian architectural theme 
already described. 

The main part of the building was 62 feet long (east/west 
axis) and 38 feet wide with entry doors on the east and south 
sides. The roof was 13' 2" above grade. Along the east side, a 

89 See Idaho Operations Office 1954 drawing, INL Index No. 
531-0602-00-396-110464 (not part of the HAER Photo Index). 
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projection with dimensions of 21' 10'' (north/south) by 6' 11" 
contained an entry door and no windows. The projection was only 
9' 10" high. The other three facades were well windowed, each 
containing either two or three sets of triple-banked windows. See 
HAER Photo ID-33-G-258. The double doors allowed entry to 
personnel and equipment. A projecting vestibule of 6'' 8" by 8' 4" 
contained the door in the south facade. The top half of the doors 
also were glazed. Concrete slabs were poured outside each of the 
entry doors. 

Inside, the electrical equipment was arranged on the west 
side. Five pumps occupied the center of the floor, and grating 
covered three drain pits. See HAER Photo ID-33-G-260. Floors 
sloped toward the drains. A roof vent was located at the 
approximate center of the main building. All the doors were 
hollow metal. 

In 1956, with the construction of the ETR, Kaiser Engineers 
enlarged the building with an extension at its east side, north 
of the existing projection. The addition, also of pumice block, 
was 25x18 feet and sheltered two additional pump motors. 90 

Effluent Control and Catch Tank Pump, TRA-630 
Radioactive liquid wastes accumulated from several different 

sources and processes. The strategy for disposing of these 
depended upon whether they were so radioactively hot they needed 
to be sent to the Chem Plant for disposal, or were merely "warm." 
Liquids in the latter category could be held some number of hours 
to allow for radioactive decay. After being held in a buried 
retention vessel ("holdup tank," TRA-712) for a specified number 
of hours, the liquid, having reached tolerable radioactivity 
levels, was then pumped (by a pump in Pump House TRA-612) to a 
settling pond, where it evaporated or seeped into the desert. 
(Had a river been available, it would have been selected to 
receive the water instead of the desert. 91 ) With the water table 
600 feet below, the scientists expected that the water from the 
settling pond would reach it in 150 years, time for more loss of 
radioactivity to occur. 

The two retention vessels were located near the southeast 
corner of the complex. Each vessel could hold 360,000 gallons. 
Just one vessel could store the MTR's entire process-water load 

9° Kaiser 1956 drawing, "Raw Water Pumphouse," INL Index No. 
531-0619-00-486-100900, Rev. 1 (not included in HAER Photo Index). 

91 Buck and Leyse, MTR Handbook, p. 10.18. 
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of 320,000 gallons if it were to become overly contaminated. The 
vessels were side-by-side, covered with a concrete roof, and 
buried beneath several feet of earth for shielding. A weir and 
gravity aided the movement of liquid from the retention vessels 
to the pond. See HAER Photos ID-33-G-277, -278, and -249. 

The settling pond, sometimes called the TRA Lake, was 
outside the perimeter fence east of the retention basin, an 
excavation about 130 feet by 240 feet. Fencing prevented antelope 
or people from wandering into the area or entering the pond. 

Most transport of contaminated liquid took place below 
ground. Little apparatus was visible in the retention/settling 
area. Above ground, sample stations and radiation monitoring 
equipment were sheltered from the weather. Retention Basin Inlet 
Sample House, TRA-636, was one such building. Installed in 1952, 
it was eventually upgraded with a prefabricated metal-frame, 
metal-walled building containing 72 square feet. 92 See Appendix G 
for photos of this building. 

To deal with hot liquid headed for the Chem Plant, four 
1000-gallon catch tanks located near the MTR and its laboratory 
wing held it until a truck could take it away. Large volumes of 
this material were not expected; most of it was projected to 
occur from occasional accidental spills or leaks. Pumping the 
fluid to its transport containers was the work of Catch Tank 
pumps, located in Catch Tank Pump House, TRA-630, a below-ground 
building located along the south wall of the MTR laboratory wing 
(TRA-604). Its poured concrete walls were a foot thick. It was 22 
feet long and 16 feet wide, its floor about 7.5 feet below grade 
and accessible through the ground-level hatch. Around 1995, this 
pit building was covered by a prefabricated metal building for 
improved weather protection. 93 

To the original retention basin installed in 1952, another 
was built next to it in 1957 during the construction of the ETR. 
Capacity was enlarged again in 1964. Until 1962, waste water from 
the Demineralizer Plant went to the retention basins. In that 
year, a new pond, called the Chemical Waste Pond, took this non-
radioactive liquid. 94 . 

92 Photos and drawings of this and buildings similar to it are 
not included in the HAER Photo Index. 

93 For layout, see 1950 Blaw-Knox drawing, INL Index No. 531-
0630-00-098-100023, Rev. 3 (not in HAER Photo Index). 

94 L.C. Hull, Administrative Record, EGG-8644, "Conceptual 
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Figure 10. Basement layout in the Process Water Building. Water 
pipes heading west to the MTR; north, to the Cooling Tower; east, 
to the working reservoir; south to the Retention Basin. Source: 
INL drawing 531-0605-00-706-006732. 

PART SEVEN 
MTR COOLING AIR SYSTEM 

Air was drawn through the MTR to cool its graphite pebble 
and brick reflector and to remove heat from between the two steel 
plates of its thermal shield. Like its sister water cooling 
system, procedures for blowing, drawing, and cleansing the air 
generated their unique collection of air ducts, pipes, fans, 
blowers, filters, disposal devices, and emergency equipment in 
case of electric power failure. The intake air was drawn from the 

Model and Description of the Affected Environment for the TRA Warm 
Waste Pond (Waste Management Unit TRA-03)," ( Idaho Falls: October 
1989), p. 7. 
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normal air supply within the MTR building but, upon exiting the 
reactor, it was ducted to the Fan House and then sent up the 
exhaust stack. As the water system was compared to the "heart" of 
the MTR organism, it would be fair to compare the air system to 
its "lungs." 

The air system dealt with radioactive air from two sources: 
from the reactor and from the hoods and glove boxes (caves) in 
"hot'' laboratories in the MTR building. Each system had its own 
ducting system, motor-driven fans and blowers, and a separate 
entry into the Fan House before it went up the stack. See HAER 
Photo ID-33-G-274. The laboratory air, in addition, was scrubbed 
of its acid vapors. Reactor cooling air received no further 
treatment. 

The reactor's cooling air did not recirculate, but entered 
the system constantly from the atmosphere and passed through the 
reactor once. The one trip was enough to collect radioactivity, 
so the exit ducts required shielding to prevent it from harming 
workers on its way to the exhaust stack. The air became 
radioactive because it naturally contained atoms of gases such as 
nitrogen and argon, which absorbed neutrons and transformed to 
unstable isotopes. The winds of the Arco Desert often carried 
dust, material that also could become active if it passed through 
the reactor. 

Removing dust, however, was a normal part of the general 
ventilation system in the MTR Building. At the system inlet, the 
air immediately passed through a series of pre-filters made of 
wire mesh and filters made of glass wool. It then passed through 
an electrostatic filter, in which air in the filter cell was 
given a positive electric charge and blown through a screen with 
a negative charge. The screen collected all or most of the 
remaining dust particles in the air. 

The air entering the reactor came from this filtered air 
inside the building and then passed through another set of glass 
wool filters mounted at the top and just inside the MTR's steel 
cabinet. Louvered inlets in each of the MTR's four sides accepted 
six filtering units in a 2' x 12' opening. HAER Photo ID-33-G-225 
shows two faces of the reactor and the louvers for the six units. 
Fans in the Fan House drew the air downward through the space 
between the thermal shield plates, back up through the graphite 
pebbles and bars, and then out of the reactor. At various points, 
splitters and other devices drew air from the bottom plates of 
the thermal shield and from the beam holes using air for cooling. 
The air collected above the thermal shield in two ducts, turned 
downward through the outer edge of the concrete biological 
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shield, and descended to the sub-basement, where they joined 
together in one 48-inch stainless steel duct. The ducts were at 
the southwest and northeast corners of the reactor, a feature 
that can be seen in HAER Photo ID-33-G-200. One challenge in 
designing the system was to place the ducts so as not to 
interfere with the hundred experiment holes and their 
experiments. 95 

The exit duct left the MTR through a penetration in the east 
wall. It entered a plenum chamber outside the reactor building at 
a level at least two feet below ground level. Earth cover served 
as a biological shield. From here, the air traveled in a precast 
concrete pipe buried at least two feet below ground to another 
plenum chamber beneath a building called the Blower and Fan 
House, TRA-610. 

MTR Blower and Fan House, TRA-610 
The Fan House and exhaust stack were located at the extreme 

eastern edge of the MTR complex. The air leaving the stack was 
expected to be heated as well as radioactive, an important 
feature in getting the air to rise and keep rising as it left the 
stack. In accordance with the knowledge that the predominant 
breezes blew to the northeast, placing the stack near the 
southeast corner of the site made the most safety sense. At this 
location, the wind would carry the exhaust over less inhabited 
areas of the site. 

The below-ground duct from the MTR traveled south-southeast 
to the Fan House, situated just inside the east perimeter fence. 
The concrete block walls of the rectangular building, flat roof, 
aluminum coping strip, and hollow metal doors gave it the 
familiar look of other MTR buildings. A small lean-to shed 
against the west wall stored gasoline. 

The building was 66 feet long (east/west axis) and 48 feet 
wide. The cooling-air duct from the MTR entered from the west 
along the north side and emptied into an inlet plenum. Above this 
plenum, three blower cells (two operating, one spare) were each 
walled within a poured-concrete shield. The motor-driven blowers 
brought air from the inlet plenum below and discharged it to the 
outlet plenum and duct to the stack. See HAER Photo ID-33-G-276 
and compare with floor plan in HAER Photo ID-33-G-397. 

Air from the laboratory hoods arrived at the Fan House in 
its own shielded duct and entered the Fan House from the west 

95 Buck and Leyse, MTR Handbook, p. 8.1 - 8.7. 
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along the south wall. Its blower and fan cells were in the 
southwest corner. The air passed beneath the first floor and 
joined the big flow of coolant air on its way to the stack. 

The first floor of the Fan House contained fan and blower 
motors, electrical gear, instrument and monitoring equipment, 
ventilation and air heating equipment, valve and other control 
equipment, and the large curved ducts that transferred air from 
the inlet to the outlet plenum. The inlet and outlet ducts were 
at a lower level. 

The air left through an underground poured-concrete duct, 
the top of which was just under the ground surface. It traveled a 
few yards to the exhaust stack, rose to the top (aided by its hot 
temperature), and entered the atmosphere at a height of 250 feet. 
Elevating the exhaust allowed for air currents to mix the 
effluent with clean air and dilute it to a safer concentration 
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Figure 11. Path of cooling air in the MTR. Entering through inlet 
filters, air passes through the graphite and thermal shields, 
exits the MTR building, powered by fans in the Fan House, and 
goes up the MTR exhaust stack. Source: MTR Handbook, p. 8.2 
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before it reached ground level. The isotope of greatest concern 
was Argon-41, with a half-life of 110 minutes. The phys~cists 
calculated that the concentration of this gas at the stack exit 
was about 2500 times the tolerance level for human safety. 96 

The exit diameter of the stack was five feet, a result of 
calculations pertaining to the volume of the expected gases and 
the velocity at which they exited. A factor was included for 
future growth. The objective was to avoid the exhaust rolling 
downward toward ground level on the lee side of the stack 
(ndownwash''). Five feet would allow the exhaust to exit at a 
velocity of 2000 feet per minute. Dilution in the airshed would 
prevent human exposure to the radiation until the benign passage 
of time allowed it to decay away altogether. 

The stack was built of reinforced concrete. An exterior 
personnel ladder extended the entire height for the purpose of 
maintaining sampling and monitoring instruments. Lightning 
arresters were at the top, but for security reasons, the stack 
had no aircraft obstruction warning lights. See HAER Photos ID-

~rn)31-G-273 through ID-33-G-276. 
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Figure 12. MTR Fan House layout. Air from the reactor arrived on 
the west side, passed through ducting and plenum in the basement, 
and went up the stack. Source: MTR Handbook, p. 8.19 

96 Calculations and the application of O.G. Sutton's diffusion 
equations are in Buck and Leyse, MTR Handbook, p. 8.21 - 8.23. 
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PART EIGHT 
SPECIAL NUCLEAR BUILDINGS 

Deslonde deBoisblanc, one of the physicists who came to the 
NRTS in 1950 when Phillips Petroleum became the MTR operating 
contractor, observed in an interview that, "You couldn't move 
forty bright people to Idaho and expect them to quit thinking for 
themselves or stop being bright." 97 Some of the special nuclear
research buildings that eventually appeared around the MTR 
reflected the research initiatives and requirements of the 
Phillips scientists and their customers. 

Hot Cell Building, TRA-632 
A hot cell is a specialized laboratory in which analytical 

work is performed on radioactive materials by remotely controlled 
instruments, hoists, and manipulators inside a heavily shielded 
chamber. One (or more) walls of the chamber contain shielded 
glass windows, in front of which are the operating controls. 

A hot cell enabled scientists to evaluate the results of 
irradiating a material. For example, one of the serious safety 
issues in designing a fuel element is that cladding materials 
around the uranium fuel must stand up to heat, pressure, hot 
water, and irradiation. The clad is the first containment wall 
around fission products created during fission. The MTR 
irradiated many alloys fashioned in a variety of shapes. After a 
sample was removed from the MTR, the scientists took it to the 
Hot Cell building in a shielded container. In the cell, they 
examined it in intimate detail: did the metal shrink? stretch? 
bend or bow? if so, which direction? Did it become brittle or 
fracture? How radioactive was it? Did it weigh the same as 
before? Where were weaknesses in the welds, if any? What would X
ray images reveal about changes inside? In the case of obvious 
failures, the effort was to define the exact nature of the 
failure and improve the next design. 

The MTR Handbook did not identify a Hot Cell building in its 
1951 site plan. Perhaps it was one of the deferred items keeping 
the initial costs of MTR construction as low as possible. In any 
case, Phillips (for the IDO) constructed the building in 1953 
and, with the advent of the ETR, expanded and enlarged it in 
1956, improving it frequently in later years. 

The Hot Cell Building was located south of the MTR 
laboratory wing, TRA-604. When the ETR was built south of the 

97 Stacy, Proving the Principle, p. 106. 



IDAHO NATIONAL ENGINEERING LABORATORY, 
TEST REACTOR AREA, MATERIALS TESTING & 

ENGINEERING TEST REACTORS 
HAER No. ID-33-G 

(Page 68) 

MTR, the location proved to be conveniently situated between the 
two complexes. Both MTR and ETR scientists used the facility. 

The building was, in effect, two structures: the outer walls 
protected the heavily shielded inner cell. The building was 50 
feet square, built of pumice block on a steel I-beam structure, 
with a main floor and mezzanine, and a flat roof. The roof was 
made of precast concrete slabs. The building was about 22.5 feet 
high. The building's doors were on the east side: a personnel 
entry door, a 10' x 10' overhead door, and a special steel door 
adjacent to the hot cell. The opening behind this "charging door" 
penetrated to the inside of the hot cell, creating the pathway 
for introducing or removing radioactive items. 

The hot cells' air was filtered and vented directly to the 
outside. The mezzanine level, the floor space of which was above 
the north half of the building, provided for equipment related to 
the filter and fan housings. See HAER Photo ID-33-G-268. Exterior 
access to the filters and the vent was via a ladder located next 
to the charging door. The ladder gave access to a small platform 
protruding below a louvered window where a worker serviced the 
filters and blower. The platform was 15' 10" above grade. 

The north and east sides were windowless. The south wall had 
one fixed sash window with eight panes and a pivoted sash window, 
each side with twelve panes. The west wall had two fixed sash 
windows, each with eight panes. Each window had a concrete sill. 

An interior wall divided the main floor into a north and 
south half. The hot cell was in the north half on the east side. 
Its east and south sides were flush with the east wall and the 
interior dividing wall respectively. The outer dimensions of the 
hot cell were 22 feet wide by 14.5 feet deep. Several feet of 
baretes concrete shielding surrounded it on all six sides, top 
and bottom included. Another access to the inside of the cell was 
a six-feet-wide opening on the south side, where a shielded gate 
could open or close. Items too large for the charging port used 
this opening. HAER Photo ID-33-G-408 shows the moveable shield in 
two parts, with a stepped design to prevent radiation from 
streaming down a straight path through the shield. See also HAER 
Photo ID-33-G-268. Scientists worked along the north face of the 
cell, looking through three shielded windows and using remotely 
controlled manipulators. Inside the cell, motorized cranes on 
rails moved manipulating arms, hoists, and tools to desired 
positions. The west face had a smaller observation window. See 
HAER Photo ID-33-G-266. For a 2005 view of the operating and 
observation windows, see HAER Photo ID-33-G-82. 
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The rest of the building's north half was taken up with a 
changing room, shower, and bathroom, apparently equipped for men 
only. Access between north and south halves was via an overhead 
door in the interior wall. The south half contained "open" and 
"isolated" storage areas in the southwest corner. A stairway led 
to the loft floor, which had more space for "light" storage. 

A diagram of equipment inside the hot cell circa 1955 shows 
that the cell contained metallographic machines and tools for 
cutting and etching, a mounting press, ultra-sonic cleaner, and 
polishing wheels. It contained supplies of alcohol, abrasives, 
and other materials. 98 

The ETR brought about the expansion of the building in 1958, 
with the addition of two more hot cells. The architect/engineer 
was H.K. Ferguson. The west-side expansion maintained the 
established width of fifty feet and height of 22' 8" but adding 
about 110 feet to the length. The exterior materials and design 
were consistent with the original: pumice block walls, flat roof 
with an aluminum coping strip, and windows with concrete sills. 

Inside, the functional division of the space into a north 
and south half also continued. The hot cells, work space and 
viewing windows were on the north side; the new cells occupied 
the same location relative to the interior dividing wall as the 
first one. But the two cells were intended for different levels 
of radioactivity. Including its concrete shielding, the "light" 
cell in the middle was 24 feet by 13.5 feet. See HAER Photos ID-
33-G-83 and ID-33-G-84. The "heavy" cell on the west end occupied 
a position adjacent to the west wall similar to the original cell 
on the east wall. A charging port opened between the exterior and 
the cell in a similar fashion. The heavy cell was 30 feet wide by 
15.5 feet deep. Each of the new cells was equipped with an 
interior divider that could be moved in or out of the cell to 
create two separate working compartments. When not in use, the 
dividers moved into a shielded storage cupboard south of the 
cell. See HAER Photo ID-33-G-414. 

The two new cells had space between them which was 
designated as a cold storage area. Along the north wall were 
offices, a photographic dark room, and work areas. The building's 
south half was designated as a "mock-up area'' adjacent to each of 
the new hot cells and a "hot storage area" between the mock-up 

98 See 1955 drawing, "MTR Hot Cell Equipment, Metallographic 
Equipment," INL Index No. 531-0632-00-706-008246, Rev. 0 (not 
included in HAER Photo Index). 
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areas. In 1961, partitions made of pumice block walls and 
connecting doors were installed to separate these spaces. 99 

Finishing of the interior spaces depended on their function. For 
example, the floor in the dark room and offices was asphalt tile, 
while the mock-up floors were bare concrete. 

The Hot Cell Building continued to evolve even after the 
ETR. Vestibule-type enclosures were constructed at the charging 
ports on the east (Cell No. 1) and west (Cell No. 3) ends of the 
building in 1965. These were metal-walled and replaced by a 
larger enclosure made of pumice block in 1977. The old double 
doors were replaced with metal overhead doors. See HAER Photo ID-
33-G-81. The enclosures gave added protection to the cask and 
dolly used to load and unload materials from a carrier truck. 
Each enclosure was about ten feet square. 

A room dedicated to test-train assembly was added to the 
west end in 1968, supplying a clear space 30 feet by about 23.5' 
just south of Cell No. 3 charging port. The addition had a shed 
roof sloping slightly to the south. See HAER Photo ID-33-G-76, -
77, and -81. The test-train assembly facility addition was given 
the building number, TRA-632A. 100 

Improvements to roof, roof drains, vents, and other 
utilities were regular occurrences. In 1987, a truck enclosure 
was built at the utility door in the east wall. During snowy, 
slushy weather, the truck enclosure provided more convenience and 
less clean-up. The metal-sided, flat-roofed enclosure was 17' 8" 
wide and 35 feet long. HAER Photos ID-33-G-78 and -79 show the 
enclosure. An energy conservation upgrade covered the pumice 
block with a stucco-like siding. 

Twenty Meter Fast Chopper Detector House, TRA-665 
A fast chopper is an instrument (among others) used by 

physicists to discover and understand certain characteristics of 
matter. Of special interest is the effect upon matter when it is 
bombarded with neutrons. Depending on the energy of the neutron, 

99 See 1970 drawing, "MTR-ETR Hot Cell First Floor Plan, Mock
Up Area Partition Locations," INL Index No. 531-0652 [sic]-00-706-
010512, Rev. A (not included in the HAER Photo Index). 

100 Plans are on drawing, "TRA 632 Test Train Assembly 
Facility," INL Index No. 531-0632-00-400-153228, Rev. 5, and "West 
Port Enclosure" drawings, INL Index No. 531-0632-00-220-157119, 
Rev. 4, sheets 1, 2, and 3. These drawings are not included in the 
HAER Photo Index. 



IDAHO NATIONAL ENGINEERING LABORATORY, 
TEST REACTOR AREA, MATERIALS TESTING & 

ENGINEERING TEST REACTORS 
HAER No. ID-33-G 

(Page 71) 

matter. Of special interest is the effect upon matter when it is 
bombarded with neutrons. Depending on the energy of the neutron, 
materials can absorb neutrons or scatter them -- very useful 
information when one is designing fuels and structures for future 
nuclear reactors. MTR scientists acquired certain tools for 
studying these effects. With the MTR being the world's richest 
source of neutrons -- and with every element of the Periodic 
Table available in MTR labs and storage vaults (including new 
human-made radioactive elements) -- physicists had an opportunity 
to stretch the frontiers of knowledge considerably. 

One tool was a "fast chopper," or time-of-flight 
spectrometer. A chopper resembles a rotating disk, or rotor, with 
narrow slots in it. It was 40 inches in diameter, thick in the 
center, and sloped to the outer edge with slots one inch high by 
either 0.022 inch or 0.011 inch wide. (Two different rotors were 
available.) A motor on top spun the rotor. It was placed near one 
of the MTR's beam holes during MTR operations. Neutrons from the 
reactor core came out of the reactor through a specially designed 
collimator. They impinged upon the disk, and a burst of neutrons 
went through one of eight slots in the rotor. They sped down an 
evacuated metal tube called the "drift path." The tube projected 
from the beam hole to the southeast corner of the building. A 
neutron detector was placed at the end of the drift path to 
measure the time it took for the neutrons in that burst to arrive 
at the detector ("time-of-flight") and thus calculated the speed 
(energy) of the neutrons. In the early years, the detectors 
distinguished neutrons in a hundred data channels, but within a 
few years, the scientists were using machines with over 4000 
channels, a more efficient wai to collect information on a wider 
spectrum of neutron energies. 01 The drift tube appears in HAER 

101 Ferrol Simpson, telephone interview with author, August 12, 
2005. Simpson compared a data channel with a horse racetrack. "If 
we had twenty horses racing down the track and the time interval 
for each horse crossing the finish line was measured with a clock 
and we had only five clocks, we would only get the time for 25 
percent of the horses. If we had fifteen clocks we would get the 
time of 75 percent of the horses. Each clock, or channel, 
represents a given time interval. By increasing the number of 
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Photograph ID-33-G-225. The sample (isotope) to be measured was 
placed in the neutron beam either at the entrance or exit side of 
the rotor. All the radioactive samples were placed at the 
entrance side of the rotor where the neutron beam was the 
smallest. The total neutron cross section for these samples were 
made at either one of these positions. 102 

The Twenty Meter Chopper Detector House was an adjunct to 
these experiments. The little building was attached to the south 
MTR wall near the east corner. A hole was cut in the MTR wall in 
the beam trajectory from the reactor. The House provided the 
neutron detectors an environment with a lower level of background 
radiation and made it convenient to perform partial cross section 
measurements (such as neutron scattering cross sections). The 
shielding consisted of poured concrete walls three feet thick. 

Later, the detector was moved even farther from the MTR core 
about 45 meters -- by erecting a tube-shaped helium-filled 

balloon and allowing the beam to travel from the MTR through the 
detector house (which for this purpose had a hole punched in its 
south wall) and down the balloon to the 45-meter detector. The 
longer the flight path, the greater was the neutron energy 
resolution. During these experiments, the yard area near the tube 
and detector were taped and cordoned "off-limits" to passers
by.103 Part of the tube is visible in HAER Photo ID-33-G-325. 

The rectangular building with its northeast corner clipped 
appears on an MTR drawing dated 1950; see HAER Photo ID-33-G-351. 
It had a reinforced concrete foundation and one operating level. 
(In 1962, the requirements of later experiments added a second 
level built with pumice block walls.) The shield walls were built 
of reinforced poured concrete three feet thick. The original roof 
was probably reinforced concrete, and the new roof is concrete 
and covered with a composition material. The single entry door 

channels from 100 to 4000, one can increase the efficiency of the 
measurements by a factor of 40." 

102 A sample title of such research was F.B. Simpson, R.G. 
Fluharty, O.D. Simpson, "Neutron Resonance Measurements of Ag, Ta, 
and U-238," Physical Review (Vol. 103, No. 6, September 15, 1956), 
p. 1778-1786. 

103 Ferrol Simpson, August 12, 2005. 
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was on the south side, shielded, and faced with steel. See HAER 
Photos ID-33-G-7, -74, and -75. 

Had the building been a complete rectangle, its dimensions 
would have been 22' 8" east to west, and 18 feet north to south. 
The corner was clipped so as not to block a personnel door and 
stairway access into the MTR building. See HAER Photo ID-33-G-
351. The holes through which the beam passed, about 8" x 30", 
have long since been bricked closed, as observed in HAER Photos 
ID-33-G-72 and ID-33-G-74. 

The Gamma Facility, TRA-641 
Gamma rays are similar to X-rays, but more energetic and 

penetrating. X-rays do not make their targets radioactive, and 
neither do gamma rays. As they penetrate matter, they interact 
with its atoms, producing various effects, some of them 
economically useful. Therefore, a source of gamma rays was also 
economically useful. MTR fuel was such a source. After seventeen 
days of fissioning, it contained many "new" elements that emitted 
gamma rays. Instead of being stored somewhere merely to cool off 
(decay), the fuel elements did double duty and were put to work 
while they cooled off. 

The Gamma Facility, operated by Phillips Petroleum Company, 
responded to a growing desire by commercial industries to learn 
whether irradiation might enhance their products. Early in 1955, 
Phillips located the building a few yards south of the main gate 
guardhouse (TRA-620), rearranged the fence, poured concrete slabs 
for truck deliveries, and extended water and other lines to the 
building . 104 See HAER Photo ID-33-G-270. 

Here, visitors could enter with a minimum of security 
restrictions and perform work that was neither secret nor 
classified. The AEC charged its commercial customers a non-profit 
price for the sake of recovering its costs, and the policy was 
"first come, first served." (Minimum charge was $10.) Companies 
in the plastics, food, and pharmaceutical industries were 
particularly interested in gamma research. They hoped to increase 
storage life, improve heat-resistance, and sterilize heat
sensitive drugs and medicines, among other things. During its 
years of operation, experimenters dangled glass, lubricants, 
rubber, petroleum catalysts, hydrocarbons, plastics, electronic 
components, wiring insulation, and a huge menu of food into the 

104 See 1954 drawing, "Gamma Irradiation Facility Location and 
Utility Plan," INL Index No. 531-0641-52-396-110609, Rev. 3 (not 
included in the HAER Photo Index). 
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waters of the Gamma canal. Potato growers, for example, hoped 
that irradiation would retard sprouting in potato storage 
cellars. 105 Unhappily for some researchers, some materials 
deteriorated instead of improve. 106 

The lead-lined carriers that transported MTR fuel elements 
from the MTR building to the Gamma Building weighed 26,000 
pounds. The carrier was lowered to the floor of the canal. Safely 
shielded by the water, workers used long-handled tools to lift 
the fuel elements from the carrier and affix them to a holder 
along the canal floor. Then the test sample, enclosed in a can, 
plastic bag, or similar container, if necessary to keep it dry, 
was positioned at a pre-calculated distance from the gamma source 
and left there the desired amount of time. The canal often 
contained forty to fifty elements at one time. 107 Some companies 
used a metal guide-chute called a "column" in which to slide 
their sample containers down toward the floor of the canal. This 
provided consistent placement of the sample near the gamma 
source. See HAER Photo ID-33-G-271. 

The Gamma Facility building was 62 feet long (east/west 
axis) and 38 feet wide. Also lying east/west, the canal inside 
was 40 feet long and 6 feet wide. The building was flat-roofed, 
built of concrete block, and 22' 8.5" high. It had no windows. 
Its one personnel door and one metal rollup door were in the 
north side, facing the guard house. A 12" x 16" bond beam 
encircled the building near the top. Four vents projected from 
the roof. See HAER Photo ID-33-G-403. 

Inside, the main feature of the facility was the canal, 
filled with sixteen feet of water. The piping pit was below the 
floor along the south wall, accessible beneath concrete covers. A 
small toilet room was in the northeast corner near the personnel 
door. The open space between the parapets surrounding the canal 
and the walls was used to stack samples awaiting irradiation. At 
times, piles of lumpy potato sacks made it clear what the day's 
experiment schedule would include. The piping layout provided for 
demineralized water, condensate, plant air, steam, and drains, 
sump and pumps. See HAER Photo ID-33-G-406. The parapet around 

105 Stacy, Proving the Principle, p. 112-113. 

106 Gamma Irradiation Facilities at the MTR, A Fact Sheet, 
found as an attachment to 1957 Thumbnail Sketch (Idaho Falls: 
Phillips Petroleum Company, 1957), p. 3. 

107 Gamma Irradiation Facilities Fact Sheet, p. 4. 
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the canal was 2.5 feet above floor level. Overhead, the two 
cranes had capacities of 15 tons and 2 tons respectively. 

The Gamma Facility continued in use until it was placed in 
operational standby in 2001 to await future missions. Commercial 
interest eventually declined, but other programs at the site made 
use of its space. In 1980, for example, Chem Plant scientists 
used the canal to examine irradiated reactor items being 
considered for reprocessing. 108 

Advanced Reactivity Measurement Facility, TRA-660 
This building was constructed in 1959 east of the MTR 

building across Pike Street to house a small low-power reactor in 
a swimming pool, the Advanced Reactivity Measurement Facility I. 
The reactor was used to determine the nuclear characteristics of 
reactor fuels (and other materials) that were to be inserted into 
MTR and ETR test holes. When built, the reactor was considered 
the most sensitive device for reactivity determinations then in 
existence anywhere in the country. 

In 1962, a second reactor, called the Advanced Reactivity 
Measurement Facility II, was placed in the opposite end of the 
pool. This reactor took advantage of the increasing benefits of 
computers. Its data readout system automatically recorded 
performance data on IBM data cards. Operators were able to 
process data quickly in a computer. The ARMF-I and -II helped to 
retire the original Reactivity Measurement Facility, a reactor 
that had operated in the MTR canal until 1962. 109 For an 
operational view in 1966, see HAER Photo ID-33-G-272. 

The building was rectangular with a flat roof and made of 
pumice block. It was 60 feet long, 40 feet wide, and 26.5 feet 
high. The west wall contained a rollup door that was eventually 
replaced with a larger vertical lift door. See HAER Photo ID-33-
G-458 and ID-33-G-153. Other modifications included the 
application of a stucco-like siding all around the building, 
which covered all the windows in the east wall and a louvered 
vent in the north wall. 

108 Leroy Lewis, communication with author, July 7, 2005. 

109 Stacy, Proving the Principle, p. 266. 
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PART NINE 
GENERAL UTILITY AND SERVICE FACILITIES 

Operations at the Test Reactor Area required all of the 
utilities associated with any heavy industry: space heating and 
cooling, electricity (including emergency electricity), potable 
and fire-suppression water, and sewage treatment. Storing 
radioactive reactor plugs, however, was one utility highly 
specific to the MTR. 

Considering the nuclear mission of the TRA, safety demanded 
ubiquitous air- and water-quality monitors and sampling 
instruments. These appeared in many places, often within simple 
weather shelters that hardly qualified as "buildings.'' Those that 
did receive building numbers typically had concrete foundations 
with four walls of steel siding, a door, and a flat or shed roof, 
also of metal. Electrical connections, heaters, vents from below 
ground, or insulation were supplied, depending on the specific 
requirements of the instrument. These buildings are not recorded 
in this report. 110 

Plug Storage Buildings, TRA-611 and TRA-657 
The Plug Storage Building, TRA-611, was a closet of sorts in 

which to park the MTR's experiment-hole plugs when experiments 
were occupying the experiment holes. The plugs became radioactive 
upon their first exposure to neutron flux, so shielded casks 
called "coffins" transported them between the reactor and storage 
building. Likewise, the storage building required shielding. The 
cheapest way to shield it was by putting it in an out-of-the-way 
place and covering it with a thick blanket of earth. 

The engineers at Oak Ridge originally proposed three coffin 
designs to accommodate three general plug sizes. Those they 
called "Universal" plugs were each eighteen feet long and weighed 
41,000 pounds due in part to the ten inches of lead surrounding 
the beryllium portion of the plug. Moving the plug and coffin 
from the reactor across the floor required an electric tractor 
with special lifting and towing attachments. The floor itself had 
been reinforced to carry the weight; during operations, the 
tractor followed a marked and level concrete slab from the face 
of the reactor to the Plug Storage Building, which was located 

110 The TRA Evacuation Meteorological System Transmitter 
Enclosure, TRA-615, was one such building. For a drawing, see !NL 
Index No. 530-0615-10-400-152977, Rev. 2 (not part of the HAER 
Photo Index) . 
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south of the MTR building where there was little other human 
activity. 111 See HAER Photos ID-33-G-262, -263, and -264. 

The coffin arrived at the east side of the storage facility, 
the "charging" face. There, a concrete wall was open to the air, 
with a metal face plate covering the concrete. A row of fourteen 
cover plates stretched out in a horizontal line, their tops three 
to four feet above the surface of the road. Behind each cover 
plate was the charging hole that had been created by laying steel 
liner tubes and then surrounding them with earth. The smallest of 
these had a diameter of 5.5 inches; the largest were rectangular 
in shape at 19" x 15." The operator unbolted the cover, slid the 
plug from the coffin into the 20-foot-long hole and replaced the 
cover. See HAER Photos ID-33-G-415 and ID-33-G-416. 

The layer of "thoroughly compacted" earth covering the tubes 
was a minimum of eight feet. On the west side and north and south 
ends, aided by a wing wall to retain the earth cover, the earth 
sloped to supply at least that much shielding. 

In the MTR Committee's original plans, access to the Plug 
Storage facility was intended to pass from the MTR building 
through the Reactor Service Building, TRA-635, and not be exposed 
to outdoor weather. However, as the authors of the MTR Handbook 
wrote, "This [Reactor Service] building is not part of the 
initial construction. However, planning has progressed to a point 
where the building layout and facilities have been fairly well 
established ... [building it] should be actively considered within 
the first year of operation." They anticipated that a 20-ton 
crane with a 75-foot span within the building would operate over 
the area. 112 The building went under construction in 1953 and 
completed the plan for plug storage operations as part of that 
building's function. See HAER Photos ID-33-G-235, -236, and -237. 

This building continued in use until about 1973, when a 
larger facility, TRA-657, was built as an attachment to the north 
wall of the MTR Building. 113 Inside, the plugs were arranged 
horizontally, inserted into a shielded tube in similar fashion as 
at the old facility. The two-part building used a concrete T-beam 
roof support system also used elsewhere at TRA by 1960- and 1970-

111 Buck and Leyse, MTR Handbook, p. 3.18 - 3.22, and 9.24. 

112 Buck and Leyse, MTR Handbook, p. 9.24 - 9.25. 

113 Comprehensive Facility and Land Use Plan, Report DOE/ID-
10514 ( Idaho Falls: DOE/ID, 1996 edition), p. A-33. 
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era buildings. (For example, at the Health and Security Building, 
TRA-667). The storage-tube area was surrounded by poured concrete 
shielding walls. As of 2006, the Plug Storage Building faces 
demolition. 

Steam Plant, TRA-609 
Space heating was supplied by the Steam Plant. Located in 

the north non-nuclear section of the site, the plant was oil
fired but could convert to oil/gas at any time. The system 
consisted of three steam-generating units with fire-tube boilers. 
Each had a capacity of 16,500 pounds per hour at a design 
pressure of 150 psig. Two units could provide the maximum 
forecasted requirements; the third was a standby. The building 
contained Diesel-electric generators should commercial power 
fail. Two compressors (one a spare) supplied working air to the 
many tools and instruments in shops and labs requiring up to 300 
scfm of air at 150 psig. A smaller-capacity compressor could 
supply 60 scfm of air at 125 psig to various instruments during 
commercial power failures. 114 

The Steam Plant was 110 feet long (north/south axis), 66 
feet wide, and its low-bay section was about 18 feet high. A 
penthouse near the east wall housed the degreaser feed water 
heater; it was 28' 10" high. Above the penthouse was a large 
rotary ventilator. Interior concrete-block walls divided the 
length of the building into three sections. The steam-generator 
units were lined up along the north wall in the north section, 
with a pair of feed pumps and a surge tank pit and sump pit and 
pump nearby. The main entry was in the center section, on the 
east side, where a door opened into an office. A small room, 8' 
by 15', next to the office was for battery storage. On the west 
wall, a double door opened into a maintenance and storage area. 
The south section, referred to as the "utility room," contained 
electrical gear, compressors, air ducts, air drier, the diesel 
engine generator, and related equipment. Outside the steam-plant 
walls were a blowdown tank, an air surge tank, fuel oil storage 
tank, and a radiator cooling unit. All four sides of the building 
had generous windows, typically arranged in banks of four. A 
stairway leading to the mezzanine was located just south of the 
office. See HAER Photos ID-33-G-417 through ID-33-G-420. 

The mezzanine covered a floor area 44 feet wide and 66 feet 
long. A concrete-block wall divided the north from the south 
section. The south section contained a shower/locker/toilet room 
above the office below, and storage areas (one with a high bay). 

114 Buck and Leyse, MTR Handbook, p. 10. 1. 
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The north section contained a platform for a degreasing feed 
water heater tank. Each steam generator had a round stack that 
projected through the mezzanine and above the roof, as seen in 
HAER Photo ID-33-G-419. 

With the arrival of the ETR and ATR, the Steam Plant was 
enlarged with an addition of a new boiler to its west side and 
with various other convenience and energy-efficiency 
improvements, and new siding. 115 The Steam Plant continues in use 
in 2006. 

MTR Substation Control Building, TRA-623 
Commercial electric power arrived at the NRTS Central 

Control Station in the Central Facilities Area (CFA). From there, 
a single feeder line went to the MTR area. This was one of the 
early economizing strategies; the ultimate goal was to provide a 
loop transmission system, allowing a redundant system should one 
feeder fail. 

The MTR substation was near the northeast corner of the MTR 
complex, between Well No. 1 and the raw-water storage tanks. This 
location met a requirement that at least 1000 feet separate the 
sensitive electronic equipment oRerating in the MTR building from 
any system operating at 150 kv. 1 6 After Blaw-Knox produced 
general drawings, the finals were prepared by Gibbs & Hill, Inc., 
of New York and Los Angeles. Next to the transformers situated on 
concrete pads in the yard outdoors, the control building 
contained switchgear, control panels, batteries and battery 
charger, and a restroom. It was oriented with its long axis 
running north/south. 

The building was 60' 3" long by 30' 5" wide, and about 12 
feet high. The roof was flat. Walls and roof were made of precast 
concrete slabs. The personnel entry door was centered in the 
south end. A steel rollup door was centered in the north end. On 
the long east facade, three windows supplied a view onto the 
switchyard. No windows were needed in the west facade. A 2-ton 
monorail facilitated lifting items such as cabinet tops. A cable 
trench with a removable top was beneath the floor level. A vent 

115 Plans for the Steam Plant enlargement adding a new boiler 
unit, for example, are shown on Phillips Petroleum Co. MTR-E-6298, 
INL Index No. 531-0609-00-706-010351 (not included in the HAER 
Photo Index) . 

116 Buck and Leyse, MTR Handbook, p. 10.2. 
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projected from the roof. See HAER Photos ID-33-G-421 and -422. 117 

Distribution lines to MTR buildings were placed below ground at 
depths below the frost line and carried in fiber ducts protected 
in concrete. 118 

Cafeteria, TRA-616 (and Warehouse, TRA-622) 
The first "canteen" originally was housed in part of a 

temporary office building that had been occupied by the MTR's 
construction contractor. Food was prepared at the CFA cafeteria 
and trucked daily to the canteen. The space was small, seating 
seventy people at a time, so lunch required three or four 
seatings. 119 See HAER Photo ID-33-G-423. 

The building was located on the north (non-nuclear) side of 
Perch Avenue, the east/west road entering the complex from the 
main gate. It was oriented with its long axis north/south. The 
canteen took the south end. The north end was eventually numbered 
as TRA-622, used as a warehouse and, later, as a "cold waste 
handling facility." In 1957, the building was remodeled to 
enlarge the canteen, giving it a bigger, more versatile kitchen 
and doubling the seating space. More employees worked on site 
with the operation of the ETR, and the canteen was promoted to a 
"cafeteria." 

The building was made of concrete block and is one of the 
few TRA buildings with a gable roof, the gable ends at the north 
and south. Customers entered through a shed-roofed vestibule and 
door in the south end. Kitchen workers entered on the east side. 
The enlargement plan created a corridor connecting the existing 
dining area past the kitchen to a new dining area north of it. 
The warehouse end lost some of its square footage, and a new wall 
defined its reduced territory. A portion of the west side was 
widened ten feet, creating a new pantry, serving area, and the 
kitchen door. See HAER Photos ID-33-G-424 and ID-33-G-425. 

The cafeteria section of the building is 91 feet long. The 
part widened in 1957 is about 52 feet wide; the original width 
was 41' 7" wide. The eave line was 9' 7" above grade, and the 

117 Details of the metal-clad switchgear equipment are shown in 
Blaw-Knox drawing 3150-25-1, December 1949, INL Index No. 531-
0623-00-098-100028, Rev. 1 (not included in the HAER Photo Index). 

118 Buck and Leyse, MTR Handbook, p. 10. 4. 

119 Buck and Leyse, MTR Handbook, p. 9. 2 4. 
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roof ridge line was about 18 feet above grade. Aluminum-framed 
windows opened into the south, east, and west exposures. 

The Warehouse in the north section of the building was a 
simple open rectangular area. A metal rollup door in the north 
wall gave access to loading vehicles; the facade also had a 
personnel door. The main entry door was on the east side. Its 
vestibule had a shed roof, continuing the slope of the gable. 

During the 1980s, this and most other TRA buildings received 
energy conservation upgrades. As was the case at this building, 
covering concrete block walls with insulated steel siding was a 
practical way to reduce energy consumption for space heating. 

Warehouse, TRA-618 
Built in 1952, this building was referred in the early years 

as the Construction Shop building. The prefabricated Butler 
building was erected by the Fluor Company. When the perimeter 
fence was built, it became an outrigger located outside the west 
fence. Some time after the ATR was constructed north and west of 
the MTR area, the perimeter fence moved several hundred yards to 
the west, and the Warehouse became an "inside" building. 

The building walls and roof are made of corrugated iron 
affixed to a steel frame and concrete foundation. It consists of 
two attached modular units, each with a gable roof. Combining the 
two units, the building is 150.5 feet long (north/south axis) and 
99.5 feet wide. The ridge lines are well supplied with roof 
vents. The rail-hung double utility doors slide to open and 
closed positions. During fifty years of hard use, the building 
has several doors along all sides but the south, which has three 
of its (probable) original four. See photos in Appendix F. 

PART TEN 
SECURITY AND SAFETY BUILDINGS 

The suite of buildings so quickly designed in 1950 and 
erected in 1951-52 included "control houses," the chief function 
of which was to permit only those authorized to enter various 
buildings and areas. Gates and turnstiles were only one feature 
of a security system that included armed guards, name badges, 
identification numbers, background checks, document controls, and 
a system of hierarchical "classifications" indicating the rights 
(or non-rights) to view various types of documents. 

The concept of security also included a variety of 
protections from over-exposure to radiation. Control houses and 
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other buildings eventually came to include radiation scanners and 
monitors. The MTR and other lab buildings typically included 
decontamination facilities such as safety showers and change 
rooms. As the employee population grew, early first-aid stations 
and infirmaries evolved into safety and security buildings. 

Control House, Limited Area, TRA-620 
The "limited" area was in contrast to the "exclusion" area, 

the latter being the MTR building and its associated laboratories 
and other hot facilities. This control house was also called the 
"main gate." Located along the west perimeter fence, guards in 
this building checked the credentials and security passes of all 
seeking entry, whether on foot or in a vehicle. 

The original building, erected in 1950/51, was 42 feet long 
(east/west axis), not counting doorway vestibules on the east and 
west ends, and 22 feet wide. The rectangular structure was one 
story, flat roofed, with a concrete foundation. Its concrete 
block walls were one foot thick. Doorway vestibules were centered 
in their respective walls. Each projected four feet from the wall 
and were ten feet wide. Beyond each vestibule roof, an open 
canopy supported by pipes embedded in concrete, projected another 
four feet. Each vestibule had two hollow-metal doors, glazed, one 
for entry, one for exit. At the top course of concrete block was 
an aluminum coping strip which, when painted, could supply a 
contrasting color to the grey-white building. 

Just outside the north side of the Control House, a paved 
"truck trap" helped assure that only authorized trucks entered 
the MTR site. Entry was allowed via a motorized slide gate; the 
vehicle driver showed credentials before proceeding, passing 
through a second motorized slide gate and escaping the "trap." 

Pedestrians entered the door at the west end. To their left 
was a drinking fountain; to the right, a bathroom. At the mid
point of the Control House, passage narrowed to the 2' 10" width 
of a turnstile, one direction in and the other out. From behind 
two U-shaped counters, guards checked passes and opened the 
turnstile for each person in turn. They also issued film badges 
and other devices that recorded and monitored radiation exposure 
while the individual was within the MTR fence. Regular employees 
picked them up as they entered work and then turned them in when 
they left. The guards equipped visitors with similar badges. At 
periodic intervals, health physicists analyzed the film badges 
and kept a record of each worker's accumulated exposure. 120 

120 Stacy, Proving the Principle, p. 59. 
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Having passed the turnstile, a person either exited the 
building through the east vestibule or waited for an escort to 
arrive from elsewhere at the TRA. This area was equipped with 
"doorway" radiation monitors through which each person passed on 
the way in or out. These helped prevent the spread of radiation 
in or out of the MTR area. Each corner of this "out waiting area" 
had a built-in closet equipped with a door and shelves. 

The guards had a view outside on all four sides. The north 
wall had five windows and a glazed doorway into the truck-trap 
area. The south wall had four windows plus a smaller window from 
the bathroom. A radio communication antenna was erected on the 
north side just west of the truck-trap door. See HAER Photo ID-
33-G-426 and ID-33-G-427 for architectural drawings; HAER Photo 
ID-33-G-284 is the Control House as it looked in 1952, when 
construction was nearly complete. 

In 1961, after the ETR increased the number of employees 
passing in and out of the site, the Control House was expanded 
and became known as the "MTR-ETR Gate House." Another twelve feet 
was added to the south side, and beyond that, a pair of 
conference rooms projected another ten feet. The conference rooms 
made it possible for non-security-cleared people to meet more-or
less conveniently with insiders. By that time, small refinements 
were in order, and the west-end doors were re-hung "to open 
against prevailing winds. " 121 More importantly, the re-arrangement 
of badge racks and additional turnstiles made it easier to 
process larger groups of employees as they arrived and left at 
shift changes. The bathroom remained where it had been, but lost 
its window and gained a new roof ventilator. 

Several years later, the building was converted for office 
use. Photographs taken in 2005 show that it has been re-sided 
with insulated metal siding. Part of its interior is filled with 
weight-training equipment and lockers for INL security guards. 

Control House, Exclusion Area, TRA-621 
Located south of the fence separating the north and south 

sides of the complex, the "exclusion" gate house was a more 
modest structure than its sister at the main gate. Its twelve 
square feet of floor space provided for a guard behind the 
counter and a turnstile through which security-cleared workers 
and visitors entered the MTR building and its labs. The exclusion 

121 "General notes" on INL drawing 531-0 620-00-7 0 6-007 810 (not 
part of the HAER Photo Index). 
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fence, chain link topped with three strands of barbed wire, was 
flush with the north side of the Control House. The guard opened 
the electric slide gate for vehicles, if necessary. A concrete 
platform surrounded the building on all but the west side. 

The building was concrete block, flat-roofed, and thirteen 
feet high with a flat canopy over doors in the north, south, and 
east sides. An aluminum coping strip lined the top edge of the 
walls. The doors were glazed. Each side with a door had a window; 
the west side had two windows. A radio antenna projected above 
the roof on the east side. See HAER Photo ID-33-G-428. 

This building was demolished prior to 1980. 122 Its number, 
TRA-621, was given to a new building, the Physical Security and 
Safeguards Project (the NMIS Building), in 1981. It was east of 
the MTR, its function to inspect, assay, and interpret special 
nuclear materials. It also contained vaults for storing such 
materials . 123 

Safety and Security Building, TRA-614 
This building, known in the 1950s as the Service Building, 

collected under its roof a first aid station, waiting room and 
infirmary; showers, lockers, and a ready room for security 
guards; radio room; telephone exchange equipment; and double-bay 
garage space for fire trucks. Fire fighters were on call in 
shifts around the clock, so two small room near the garage 
provided sleeping quarters and an office. 

The building was located on the "cold" side of the MTR 
complex next to the main gate, TRA-601. It was one-story, flat
roofed, built of concrete block. The roof was at two levels: the 
higher portion, at 14' 4", covered the pumper-truck garage; the 
lower 12' portion, the rest. The main entry was indicated on the 
west side by a canopy over the door giving access to a small room 
with doors to the ready room, radio room, and garage. 

The building was 102 feet long (north/south axis) and 42 
feet wide. The usual aluminum coping lined the top of the 
masonry. With such a variety of uses within the building, 
numerous doors and windows gave independent sources of light and 

122 Hollie Gilbert, INL, personal communication to author, July 
20, 2005. 

123 Because of its 1981 construction date, this building is not 
documented in this report. See INL drawings with serial numbers 
160540, 160541, 160544, and 160545, among others. 
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access to the particular function within. See HAER Photos ID-33-
G-429 and ID-33-G-430. 

The garage and fire fighters' office occupied the south end 
of the building, the end closest to the road. In the center of 
the building, the telephone equipment room was on the east side; 
the radio room, the west. An antenna mast projected from this 
room. The north end contained separate rooms used as a waiting 
room, infirmary, and first aid room. The guard's locker room, 
showers, and ready room were in the northwest quadrant. 

The functions within this building quickly outgrew the 
space. After the 1958 arrival of the ETR, it became the "MTR-ETR 
Cold Metallurgical Laboratory." A small addition on the east side 
enlarged the telephone exchange room around 1960. By 1984, after 
the MTR and ETR had both shut down permanently, the building had 
become, simply, an "office building" and had ex:Randed to 142 feet 
in length due to an addition on the north end. 1 4 By 2005, as it 
faced demolition, it had most recently been used as a 
"Maintenance Office Building/Bunkhouse." 

The half-century career of this building illustrates the 
continuous re-cycling of buildings (and other resources) highly 
characteristic of a government science laboratory. 

Safety and Security Building, TRA-667 
In January 1961, three men were killed in an accident at the 

SL-1 reactor, located at the Army Reactors Area elsewhere at the 
NRTS. This accident was the first time anyone had been killed in 
a reactor accident in the United States. The bodies had been 
pierced by highly radioactive shards of metal during the 
explosion and posed a danger to those who attempted to rescue 
them. The cause of the accident was not known, and it was 
essential to conduct autopsies of the bodies and gather whatever 
information might shed light on the accident. 

This event revealed to the AEC, to NRTS employees, and to 
medical personnel that plans for the aftermath of extreme 
accidents had been very much underdeveloped up to that time. The 
bodies were taken to the Chemical Processing Plant where a large 
chamber designed for the decontamination of heavy industrial 
equipment was quickly adapted as an autopsy laboratory. The 
physicians and forensics experts improvised ways to pack ice 
around the bodies and designed long-handled tools for their work. 

124 See INL Indexed drawings with the following serial numbers: 
150543, 150545, 418199, sheets 1 and 2. 
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The Oil, Chemical, and Atomic Workers union local pointed 
out to Idaho's Senator Henry Dworshak that emergency plans had 
not considered adequate dispensaries, proper lead caskets, 
instruments able to read high radiation fields, or disaster teams 
for every shift. None of the dispensaries were equipped for major 
decontamination emergencies, even for the living or rescuers, and 
certainly not providing for an accident involving many people at 
once. 125 

The lessons learned from the SL-1 accident eventually 
translated into improved facilities. At the TRA, the small 

dispensary in the original Service Building, TRA-614, was 
found wanting. A new facility was built in 1963 next door on the 
east side of TRA-614 and called the Health and Safety Building. 
TRA-614 became known as the Cold Metallurgical Lab. 

The new building was nearly square in plan, flat-roofed, 
one-story, and made of concrete block walls, later covered with 
Dryvit. It was 44 feet long (east/west axis) and 42' 8" wide. 
Later, the building was expanded on its north side. The roof 
rested on pre-stressed concrete T beams, the ends of which 
projected from beneath the roof line on the west and east sides. 
These and the roof edge were painted a color contrasting with the 
light color of the Dryvit, giving this building a slight claim to 
aesthetic distinction among the buildings at the TRA. (The NMIS 
building used a similar roof support.) 

The building had three doorways. The main entry was on the 
west side, where a pair of adjacent doors each were protected 
with a vestibule. A sidewalk connected these doors to Building 
TRA-614. One door entered into a women's change room; the other, 
a men's change room. Each gender had its own shower and bathroom, 
the men's somewhat larger. (The architect referred to the men's 
shower as a "gang shower.") Each gender had access into an 
"Emergency Equipment Room." The building had a hallway running 
from south to north approximately down the center. At each end 
was an access door. The area east of the hallway included an 
office, hot soak room, first aid room, sick room, diathermy area, 
sick room, and offices. Shelves and closets provided for the 
storage of medicines and chemicals. See HAER Photo ID-33-G-432. 

125 Stacy, Proving the Principle, Chapters 15 and 15, p. 138-
157, provide an account of the accident and its aftermath. 
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PART ELEVEN 
THE ENGINEERING TEST REACTOR 

The MTR mission to advance nuclear reactor technology 
progressed rapidly during the 1950s. The U.S. Navy launched 
U.S.S. Nautilus, the first nuclear powered submarine, in January 
1954; the Shippingport Atomic Power Station, the country's first 
demonstration power plant, went critical in December 1957. As 
projects scaled up from testing models at the NRTS, advancements 
in materials and safety were still in demand. Many types of 
reactors were under consideration, each with different fuel 
specifications, fuel claddings, control materials, and coolant. 
Operating conditions would vary for each reactor type. 

Nuclear scientists, therefore, continued to study materials 
and fuels. They still required high neutron flux. In the interest 
of safety, it was best to learn the effects of radiation on 
materials before they were put to actual use in a power plant. 
The U.S. Navy was advancing propulsion applications for surface 
ships and larger submarines. The U.S. Air Force had proved that a 
reactor could power a jet engine and continued (until 1961) to 
work towards actual flight. As these were weapon systems, the 
services felt that their needs were urgent. They wanted faster 
results in a shorter period of time. Although Phillips increased 
the MTR's operating power level to 40,000 kilowatts, this was not 
enough. The AEC's political interest in furtherin~ its commercial 
reactor development program likewise was urgent. 12 

The MTR's many test holes were too small for the next 
generation of tests. Military developments were pointing towards 
fuel elements much larger in diameter and longer than earlier 
designs. The test holes in the MTR were of small diameters. The 
neutron-rich zone could not irradiate a long sample uniformly. 
Further, engineers contemplated coolants such as gas or air; 
these required test-loop engineering that the MTR could not 
support. New alloys needed testing; a flux higher than the MTR's 
would be desirable. More prosaically, the MTR floor was simply 
too crowded. It was cluttered with gear, equipment, and piles of 
extra shielding blocks. Scientists were like squatters, setting 
up desks anyplace they could in odd corners, hallways, and at the 

126 Philip D. Bush, "The Engineering Test Reactor," in Papers 
Presented at Engineering Test Reactor Industrial Preview, Idaho 
Falls, Idaho, October 2-3, 1957 (Idaho Falls: Idaho Operations 
Office, Phillips Petroleum Co., Kaiser Engineers, General Electric 
Co., 1957), p. 6. Hereafter cited as Symposium Papers. 



IDAHO NATIONAL ENGINEERING LABORATORY, 
TEST REACTOR AREA, MATERIALS TESTING & 

ENGINEERING TEST REACTORS 
HAER No. ID-33-G 

(Page 88) 

edge of precious assembly space. 127 By 1955, Phillips scientists 
were developing ideas for the Engineering Test Reactor. 

At a symposium dedicating the ETR in October 1957, one of 
the speakers said that the difference between the MTR and the ETR 
was "that the materials testing reactor is more suitable for 
tests on small samples of materials and experiments which fall in 
the research classification while the engineering test reactor is 
able to irradiate much larger quantities of materials and is more 
suitable for experiments designed to provide engineering 
information and performance data. 11128 

Test specimens now needed to be ten inches long and contain 
ten times the fissionable uranium as those in earlier tests. Heat 
removal problems were greater for these than for smaller samples. 
The specimens needed testing in operating temperatures and 
pressure conditions expected in very large commercial reactors. 
The best way to do this was to build ''test loops" and insert them 
directly in the midst of the fissioning core of the ETR. 

A loop is a tube containing a fuel element assembly (or 
other sample) and the circulating coolant expected in the future 
reactor. A pump and heat exchanger is required to control and 
monitor temperature, pressure, and other flow conditions. In the 
most complex of tests, the loops contained so much fissioning 
material that they generated significant amounts of heat which, 
in turn, had to be removed during the experiment. The pumps, heat 
exchangers, and cleanup tanks were located outside the reactor in 
shielded cubicles. "Cleanup" removed fission products that 
accumulated in the coolant water. This was done by diverting part 
of the stream through filters or resin columns. Sampling devices 
monitored the coolant. Shielding this gear not only protected 
workers, but also prevented monitoring equipment from radiation 
coming from sources other than the coolant. The MTR basement had 
cubicles, but not for such large samples. 

Several MTR features were not duplicated in the ETR. Its 
graphite zone was no longer in great demand. 129 The MTR's beam 

127 Stacy, Proving the Principle, p. 114-115. 

128 W. Kenneth Davis, "Need for Testing Reactors," in Symposium 
Papers, p. 4. 

129 The MTR's graphite zone produced radioactive cobalt, used 
in cancer therapy. However, other reactors also could serve this 
need. 
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holes offered difficult design, construction, and handling 
problems. Thus, the ETR had no graphite zone or beam holes. 
Another insufficiency of the MTR, aside from its power level, was 
that neutron flux varied greatly within the test spaces: if an 
experiment called for uniform flux over horizontal or vertical 
sections of a large test sample, the MTR could not provide it. 130 

Phillips considered all this in designing the Engineering 
Test Reactor, the NRTS's "second generation" high flux and 
presented its concept to the AEC for approval. After the AEC did 
approve, Kaiser Engineers was contracted in 1955 to perfect the 
design and build it. Kaiser subcontracted General Electric to 
design the reactor core and its control system. The entire 
project took two years from inception of des~gn to building 
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Figure 13: ETR vessel, shield, and substructure. Control rods 
were below the fuel zone. The reactor has no test holes. Source: 
Dukleth, Symposium Papers, p. 10 

130 John R. Huffman, "Test Reactors -- The Larger View," 
Nucleonics (March 1957), p. 55. 
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completion. 131 As Kaiser's nuclear-projects manager observed, "Once 
the need was made apparent and the feasibility determined, it 
appeared necessary to move heaven and earth to complete the 
facility immediately." The job was done by performing engineering 
and construction ''essentially simultaneously." In those 
conditions, Kaiser was proud of its construction safety record 
over a million manhours without a lost-time accident, a record 
for Idaho. 132 The job cost $17.2 million, reportedly under the 
budget of $18.5. Of these costs, the reactor and its controls and 
instrumentation made up less than 20 percent. 133 The reactor went 
critical for the first time in May 1957. 

The ETR was water-cooled, like the MTR; and removing spent 
fuel was accomplished with a canal. Beyond that, little else was 
similar to the MTR. Its control rods were driven through the core 
from below the operating floor, not above. Thus, more of the 
reactor floor was available to service the ETR. The ETR ran at a 
power level of 175 megawatts. It offered scientists a neutron 
flux four times greater than the MTR. Test samples went directly 
into the reactor core, not merely next to it, and slipped into 
openings many inches wide. 134 

ETR fuel was arranged in a rectangular grid. The test holes 
amidst them could accommodate samples enclosed in simple capsules 
or elaborate loops. The loop coolants were independent of the 
ETR's own cooling system. Penetrations in the pressure vessel 
admitted pneumatic, hydraulic, and electrical power to the 
experimental spaces. The active zone in the core could expose the 
entire length of a fuel element to neutron flux. Experimenters 
had more ways to create and control temperature, pressure, and 
other features expected to characterize the actual environment of 
the future use. 

131 For a discussion of the challenges of this schedule, which 
included developing proper formulae for high-density concrete, 
winter construction, materials delivery problems, and others, see 
W.F. Bort, "ETR Construction," in Symposium Papers. 

132 Bush, Symposium Papers, p. 6-7. 

133 Philip D. Bush, "ETR: Design and Construction," Nucleonics 
(March 1957), p. 42, 50. 

134 Thermal fluxes in the ETR were 40 x 10 13 thermal, and 1. 5 x 
1015 fast. See Bush, Symposium Papers, p. 4. 
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Just as MTR physicists had used the MTR Mockup to help 
calculate fuel loadings and other nuclear data for the MTR, the 
ETR physicists relied on the MTR's Reactivity Measurement 
Facility, a low-power reactor located in the basement of the MTR 
Building. These studies took place early in 1956 while the ETR 
building was under construction. See HAER Photo ID-33-G-223. 

The ETR's neutron dance required a pressure vessel in which 
to perform. Its size, shape, and below-ground profile dictated 
the dimensions of the excavation and how it would subsequently be 
filled with structural steel and concrete, penetrations through 
the concrete, piping tunnels, and the chambers that would hold 
pumps, control rod drives, motors, the canal, experimental 
cubicles, instruments, and refueling devices. The vessel was 
about 35 feet long, made of carbon steel and clad on the inside 
with stainless steel. At the top, its diameter was 12 feet; lower 
down, it was 8 feet. By itself, this vessel weighed 150,000 
pounds. Filled with water and the rest of the operating 
apparatus, it gained another 200,000 pounds. Coolant water 
circulated at 44,000 gallons per minute, entering the vessel 
through an inlet pipe 36 inches in diameter. Merely getting the 
vessel to Idaho from Boston, where it was made (behind schedule), 
was a significant challenge. One of Kaiser's managers said: 

Before the vessel was ordered, it was necessary to determine 
a routing from the potential vendor to Idaho, as the outside 
dimensions of the vessel were up to the maximum which the 
railroads allowed. Further, on some of the main lines there 
are some relatively narrow underpasses and tunnels ... At the 
last minute, to enable clearance through tunnels, some 
nozzles had to be cut off and rewelded later in the field ... 
As there was no way of getting the vessel on a railroad car 
through the narrow rail exits out of Boston, the vessel was 
loaded on a truck and hauled to Concord ... someone [in 
Concord] had forgotten to ensure that a crane would be there 
to transfer the vessel from the truck to the railroad car. 
This delayed the vessel another agonizing day. In order to 
prevent further delay, we arranged for a man to ride the 
freight train until the vessel reached Idaho. In this way it 
was not possible for the car to be left on a siding for any 
serious length of time during transfers at junction 
points. 135 

135 Bush, Symposium Papers, p. 11-12. 
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The bottom head of the 
vessel had 37 openings for 
control rods and experiment 
loops. One scientist 
compared it to a large cake 
of Swiss cheese. The holes 
ranged from 2.5 inches to 
six inches in diameter, and 
all were located within a 
36-inch-diameter zone in the 
center of the vessel. One 
writer describing the head 
observed, "The mechanical 
and pressure loads on this 
head total over 1,300,000 
lb. This is about the same 
as a railroad train of 
thirteen 50-ton cars stacked 
on the perforated bottom 
head. In addition, when the 
sixteen control rods scram 
simultaneously from the 
highest position, an impact 
load of 160,000 lb. is 
imposed on the center of the 
head. "136 

One consequence of 
placing control rods and 
their drive mechanisms below 
the reactor was that the ETR 
foundation would be lower 
than that of the MTR, for 
which the lava rock base had 

\ R'eguloting rod 
\ drive motor 
Regulating rod 

,Laminated 
-steel door 

Figure 14. ETR control rods, canal, 
and shielding required a deep 
basement. Source: The ETR, p. 43. 

been about fifty feet below grade. Excavating for the ETR 
involved blasting through the rock an additional depth of about 
25 feet. The ETR had not only a "subpile" room, but also a "sub
subpile" room. When it came time to fill the excavation with 
concrete and place steel beams and guides for the pressure 
vessel, engineers demanded extreme precision to assure that all 
vertical axes would remain perfectly vertical, despite pressures, 
shocks, and heat expansion. If control rods should ever bind 
during an emergency scram, disaster would ensue. 137 

136 Bush, "The ETR: Design and Construction," Nucleonics, p. 
44. 

137 Bush, "The ETR: Design and Construction," Nucleonics, 
describes methods for providing the needed stability, p. 44-45. 
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The coolant water circulated in a closed system. It entered 
the vessel at a temperature of 110 degrees F. and exited at 138 
degrees F. at a rate of 44,000 gallons per minute. 138 This feature 
spawned process water facilities much like those of the MTR: 
demineralization plant, heat exchanger, cooling tower, pumps and 
emergency pumps, valves, sampling systems, meters, motors, 
emergency power generators and batteries, and a settling pond. 
The primary coolant traveled in and out of the reactor in 
stainless steel pipes; the secondary, in aluminum. Because the 
ETR fuel plates were expected to reach 280 degrees F., the water 
had to be kept under pressure to prevent it from boiling in the 
core, a requirement not needed for the MTR. 

The ETR fuel elements were flat-plate assemblies similar to 
those of the MTR, (MTR plates were curved), clad in a boron
aluminum alloy, and three feet long. Each assembly had 19 flat 
plates brazed onto a side plate and forming a three-inch square 
through which the coolant flowed. Surrounding the fuel (and 
arranged in a square) was a beryllium reflector 4.5 inches thick. 
Surrounding the beryllium were aluminum reflectors, any of which 
could be removed to provide space for an experiment. 

The pressure vessel was surrounded by concrete shielding. 
Making it of high-density magnetite ore (in contrast to ordinary 
concrete) reduced its required thickness to eight feet and 
conserved working space. The concrete had to be protected from 
the excessive shrink/expand contractions caused by the ETR's 
fission heat. Four "thermal'' shields were arranged in concentric 
circles around the core. These were made of stainless steel, 
arranged with a gap between the steel sheets. Coolant water 
flowed down through the reactor core and then up through the 
concentric-ring gaps before leaving the vessel. Another shield, 
made of lead 3.5 inches thick with stainless steel cooling coils 
embedded in it, was placed between the outside of the vessel and 
the concrete. The shields stopped enough radiation to reduce heat 
stress. The top head shielding was magnetite concrete assembled 
in units that the 30-ton crane could lift. 

The radioactivity induced in the oxygen and other elements 
in the coolant water had half-lives sufficiently long to require 
shielding. 139 The pipes traveled 50 feet from the reactor to the 

138 A.L. Lindsay, Jr., "ETR Cooling System," Symposium Papers, 
p. 2. 

139 Certain oxygen atoms reacted to produce radioactive 
Nitrogen-16. Certain sodium atoms, present naturally in the water 
(despite demineralization) and also in the cladding around the 
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heat exchanger building in a below-ground tunnel enveloped within 
no less than four feet of high-density concrete in all 
directions. 

The ETR operating cycle lasted about twenty days -- 17 days 
to run and three days to refuel and tend to experiments. In the 
run cycle, 30-33 percent of the fuel's U-235 atoms had fissioned. 
Fission products contained in the spent fuel continued to decay, 
heat up, and produce radiation. An ejection apparatus beneath the 
reactor discharged the fuel elements to a chute, which flopped 
the element into the short "working" arm of the T-shaped canal. 
Technicians wielding long-handled tools moved them to the long 
"storage" arm of the pool, where holding racks lined 25 feet of 
the canal walls. Natural circulation removed the decay heat, and 
the depth of the water protected workers from radiation. 

Fresh fuel entered at the top of the reactor. The procedure 
began about two hours after the reactor had shut down. A crane 
lifted the top head, and then a working platform swung over the 
vessel for manual insertion of the elements. The water in the 
vessel was of sufficient depth to protect the refuel crew from 
radiation. 140 

ETR accessories included an exhaust stack. Although its 
thermal shield did not use air coolant (like the MTR), the 
shielded cubicles in the basement were kept in negative air 
pressure, as air tended to leak into them from inside the reactor 
vessel. Contaminated air could arise from spills, de-gassing of 
the coolant water, the radioactive argon gas coolant in certain 
experiments, and the unintentional rupture of fuel elements. This 
air was routinely piped out of the building and sent to the 
stack. Upon applying an analysis of potential contamination 
scenarios (and reviewing meteorological data), Kaiser located the 
ETR stack 500 feet east of the TRA's occupied area. Only the more 
infrequent winds would blow exhaust over working areas. The top 
was 250 feet high, where the odds were good that the effluent 
would blow high and harmlessly away from the TRA. 141 

fuel elements, absorbed a neutron and became Sodium-24. N-16 has a 
half life of 7 seconds, but Na-24 has a half life of 15 hours. 

140 Dempsey, et al, "ETR: Core and Facilities," Nucleonics, p. 
54. 

141 For a discussion of fumigation, looping, and emergency 
procedures, see Bush, "The ETR," p. 49-50. 
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PART TWELVE 
THE ETR SITE PLAN AND REACTOR BUILDING COMPLEX 

In the same cascading fashion as we have seen with the MTR, 
the ETR's neutron flux demanded a suite of specialized processes 
and services to function safely. Whenever possible, MTR utilities 

KAISER ENGINEERS 
DiV1$10.0fHUftlJ.KAIUR COlll'HY 

OULAIID, CAL!fDMMlA 

Figure 15. Cutaway view of ETR. Beneath console floor, a tunnel 
houses pipes carrying coolant to heat exchanger building nearby. 
Control rod apparatus is in sub-basement level. At left of 
reactor, discharge tube deposits spent fuel into canal to cool. A 
crane is ready to catch contents in a basket. The in-pile tube 
within the core makes a right-angle turn into a shielded cubicle 
and returns to the top of the reactor to complete the test 
"loop." Experimenters' "cold" instruments and control equipment 
are on console floor. Source: Bush, Symposium Papers, p. 5. 
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and service facilities such as shops and laboratories were 
expanded to add capacity or serve both reactors. When this was 
not feasible, new buildings -- mostly for process air, process 
water, and new laboratories -- were situated close to or attached 
to the ETR building. MTR services such as steam, compressed air, 
raw water, demineralized water, diesel oil, and sewers entered 
the new area in a pipe trench approximately 1000 feet long and, 
in places, 20 feet deep. Because of the maze of piping already in 
the ground around the MTR, trenches did not always follow a 
straight path. 142 

Phillips opened up eight acres of the mostly vacant land 
south of the MTR for the new reactor. In the NRTS geographical 
coding system, this new section was numbered 532, to 
differentiate it from the MTR area 531, a feature noticeable on 
the numbering of engineering drawings. (Later, the ATR was 
designated area 533.) With two big reactors, the complex could no 
longer be called the "MTR Area;" it became the "Test Reactor 
Area." 

The heart of the site plan was the ETR building itself, to 
which four major service buildings were joined as "lean-tos" at 
one of its walls, for a total coverage of 45,000 square feet. 143 A 
pump house and cooling tower were separate, as was a building for 
the ETR Critical Facility, the ETR's companion low-power reactor. 

The ETR had a similar relationship to wind patterns and sub
surface water flows as the MTR. Likewise, its relationships to 
exhaust stacks, "hot" process water facilities, retention and 
settling ponds, and sewage treatment were the same as the MTR. 

The ETR Building was located due south of the MTR Building. 
It was a rectangle 112 feet wide (north/south axis), 136 feet 
long, and 65 feet above grade. The basement floor was 38 feet 
below grade. Below ground, the structural elements were steel and 
reinforced concrete. Above ground, the building is a structural 
steel structure covered with insulated "metal-sandwich" siding. 
The flat roof deck was insulated steel and built up. 

The building was air tight, a safety measure. To aid the 
cause of air-tightness, the metal roof decking was installed 
upside down to present a flat surface for the application of 
pressure-sensitive lead tape. The tape went onto all of the roof 

142 Bort, Symposium Papers, p. 10. 

143 Bort, Symposium Papers, p. 6. 
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joints, lap joints, and ridge-butt joint. Kaiser's construction 
manager, F.W. Bort, said that applying the tape was "extremely 
difficult and required approximately twice the amount of tape in 
order to accomplish a satisfactory job." The metal siding also 
required taping, a substantial feat considering corners and the 
roof expansion joints, among other problem areas. To test air
leakage, the building was filled with helium gas to a uniform 
concentration everywhere. It was sampled and then sampled at 
measured intervals of time thereafter. A mass spectrometer 
determined the gradual drop in concentration. When the first test 
failed to meet the 24-hour standard that had been set, the 
builders used smoke bombs and freon gas to find leaks. After they 
applied more tape and improved certain door seals, the building 
past the second test. 144 

Kaiser named the subterranean levels in the ETR buildings 
the "lava bed" level (control-rod-access room), the "basement," 
and the ''console" floors. The ground-level floor was called the 
''first floor." See HAER Photo ID-33-G-434. Depending on loading 
and shielding requirements, floors were three to five feet thick. 

Control Rod Access Room at Lava Rock Level 
The chief functions of the lava rock level were to provide a 

circular foundation for the reactor and to supply access to the 
control rod room below the reactor. As such, its footprint was 
considerably smaller than any of the levels above it. The room 
was circular in plan and surrounded by concrete five to six feet 
thick. The door to the room, the access tunnel to it, and the 
stairway to the basement floor above was to the east. See ID-33-
G-436 and ID-33-G-438. 

Basement 
The basement floor rested above the lava bed upon reinforced 

concrete foundations. It had the same rectangular footprint as 
both floors above it. Except for the reactor's massively shielded 
sub-pile room in the center and the canal walls west of the 
reactor, it was a large open area until the business of testing 
and research commenced, when it was filled with experimental-loop 
cubicles and associated gear inside and outside the cubicle 
walls. For an example of how these were arranged circa 1966, see 
ID-33-G-439. The loops from the reactor entered the cubicles 
through penetrations in the shielding surrounding the sub-pile 
room. Their walls and partitions were made of materials suited to 
a specific shielding and/or space-preserving purpose: ordinary 
concrete, baretes concrete blocks, lead, or other high-density 

144 Bort, Symposium Papers, p. 14-16. 
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concrete. Entry doors into the cubicles were made of stepped 
construction, a technique to keep radiation from streaming 
through the cracks. A (closed) door to Cubicle Mis shown in HAER 
Photo ID-33-G-95. Chambers and rooms not requiring shielding, 
such as the "Control Rod Maintenance Room" seen in HAER Photo ID-
33-G-439, tended to be located next to the basement's perimeter 
walls. A cubicle containing sodium equipment is shown in both 
interior and exterior views in HAER Photos ID-33-G-101 through 
ID-33-G-104. 

Stairways up to the console floor were at the southeast and 
northeast corners. The stairway down to the control-rod room was 
east of the reactor. Floor drains throughout the floor led to 
catch tanks and sump tanks beneath the floor along the north 
wall. Access to these was via hatch covers in the floor, likewise 
along the north wall. See HAER Photo ID-33-G-94. A monorail crane 
provided lifting power for the hatches. 

Contaminated air originating in the sub-pile room and 
cubicles was ducted towards the northeast. The duct was in a 
trench just below the basement floor, and access hatches to this 
trench could be lifted as needed. The duct turned to the north 
just before it left the building on its way to the ETR stack. The 
stack was 250 feet high, built of reinforced concrete, its inside 
diameter of 4 feet 4 inches. 

The freight elevator was in the northeast corner, just north 
of the stairwell. Its platform was 10 x 14 feet and well used 
particularly when cubicles went under construction using heavy 
shielding blocks, tank vessels, and other bulky items. The 
smaller 4 x 5 feet personnel elevator was just south of it and 
next to the stairway. 

Other features in the basement included marks on the floor 
and perimeter walls marking the centerline of the reactor. West 
of the reactor were the foundation walls for the canal above. 
Fire hoses, safety showers, and drinking fountains were 
positioned at various points near the perimeter walls. See HAER 
Photo ID-33-G-438. 

Console Floor 
Radioactively "cold" items associated with experiments, such 

as control equipment and instrument readouts, were located on 
this floor, which had the same footprint as the basement and the 
first floor above. See HAER Photo ID-33-G-105. However, much of 
the space was occupied by the canal and the shielded tunnel for 
the cooling water. See HAER Photo ID-33-G-110, which is a view of 
the narrow corridor between the storage canal walls and the west 
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the narrow corridor between the storage canal walls and the west 
perimeter wall. 

The cooling water tunnel extended due east of the ETR toward 
the perimeter wall about midway along the east wall. It then 
entered the Heat Exchanger Building, which abutted the ETR 
Building on the east. The tunnel contained both the input and 
output pipes, in similar fashion as the MTR's. The input pipe was 
arranged above the output pipe. 

The floor space between the west side of the Storage Canal 
and the perimeter wall was used to store bottles of compressed 
air, nitrogen gas, and helium gas. The north half of the floor 
contained open space, a circular stairway to the first floor, and 
an access platform to the pipe tunnel. See HAER Photos ID-33-G-
262 and ID-33-G-107 for construction and 2005 views of a spiral 
staircase. The south half was similar, but included a mezzanine 
level which accommodated motor-generator sets and switch gear. 
See HAER Photos ID-33-G-437, -442, -111, -114, and -115. In the 
allocation of floor space in 1958, General Electric, which was 
developing a nuclear-powered jet bomber, dominated the north half 
with its equipment, while Knolls Atomic Power Laboratory 
dominated the south half. 145 Among the items on the floor at the 
time were cyclers, electric motor controls, failure-free power 
panels, pre-amplifier cubicles, and control consoles. 

First Floor 
The tip of the neutron machine protruded up through the 

concrete floor like a rock in a Zen garden, intimating 
possibilities in depths unseen. Its diameter at floor level was 
25 feet. To the west was the T-shaped canal. Parapets surrounded 
the canal to a height of about three feet. Grappling and other 
tools were stored on a rack south of the Working Canal and 
perpendicular to it. A drain gutter also surrounded the canal. 
Bulkheads in the Working Canal could be raised and lowered by the 
crane. A painted outline on the floor east of the reactor 
illustrated the location of the coolant pipe tunnel below, and a 
pair of floor hatches allowed access to it. See ID-33-G-443. 

A room for the storage and issuance of heath and safety 
clothing was in the southeast corner in a one-story or ''low-bay" 
section of the building. The south wall was generally equipped 
for electric motor controls, related in part to the presence of 
the Electrical Building (TRA-648), attached and just south of it. 

145 For a history of the nuclear airplane, see Stacy, HAER 
Report ID-33-A. 
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The east wall included the stairwells at each corner, floor 
hatches, and the elevators in the northeast corner. See northeast 
corner in HAER Photo ID-33-G-123. 

Along the north wall were four doors into the ETR Reactor 
and Office Building, TRA-647. See HAER Photos ID-33-G-119 and ID-
33-G-126. The wall was not completed until after the ETR control 
console and other equipment had been installed. See architectural 
notes on the drawing HAER Photo ID-33-G-443. A freight door 
opened to the north not far from the freight elevator in the 
northeast corner. The vertical sliding door was lifted from its 
closed position by a motorized door mechanism, allowing an open 
space 14 feet wide and 14' 2" high. 146 

As was the case on all ETR building floors, numerous 
penetrations peppered the floor surface for access holes, and 
"hot" and "warm" drain holes. See one example in HAER Photo ID-
33-G-125. A personnel radiation monitor was near the personnel 
elevator. The concrete floor itself had loading capacities for 
three different weight limits: 1000 pounds per square foot, 750 
pounds, and 350 pounds. The heaviest loading defined the area 
between the freight door and the floor over the coolant pipe 
tunnel. The mid-level loading was in a square around the reactor 
that included the two circular staircases on the reactor's west 
side. The rest of the floor to the perimeter walls was rated for 
350 pounds per square foot. 

Four cranes operated in the first floor, their operating 
zones depending upon the weights they were expected to lift. The 
30-ton/5-ton bridge crane had the widest range, extending over 
the entire canal, the reactor, and a large hatch near the east 
wall. See portions of it in HAER Photos ID-33-G-118, -121, and -
124. The working area for the 2-ton crane operated over a 
narrower range, including the working canal and the area over the 
coolant pipe tunnel. See a photo of this in HAER Photo ID-33-G-
120. The 1 1/2-ton crane worked over the top head of the ETR. See 
HAER Photo ID-33-G-444. 

Reactor Office and Control Building, TRA-647 
This attachment was on the north wall of the ETR Building, 

built as an integral part of the complex. It was 93 feet long, 
extending from the west wall of the ETR Building, or the length 
of four of the ETR's six bays (as defined by the structural beams 

146 See 195 6 drawing, "Reactor Building Door Details and 
Schedule," INL Index No. 532-0642-00-486-100922, Rev. 3 (not part 
of the HAER Photo Index). 
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in its framework). See HAER Photo ID-33-G-128. It was 39.5 feet 
wide and 24 feet high. The building walls were pumice block. The 
offices on the north side of the building each had a window with 
a concrete sill. The architect called them "commercial projected" 
windows that opened from the bottom toward the outside. The 
change room and stairwell had louvered windows. A weather
sheltered outdoor stairway on the east side provided an exit from 
the corridor on the second floor. See HAER Photo ID-33-G-130. At 
the west end, a personnel door gave access to the corridor and 
the corner offices on both floors had a window. See HAER Photo 
ID-33-G-447. 

The attachment had two floors and a basement. Its first 
floor was at the same elevation as the reactor's First Floor. The 
rooms adjacent to the ETR were the Health Physics room, an air
lock door into the corridor leading to the back offices, two 
operations rooms, and the control room with its U-shaped console 
and instrument panels behind it. See HAER Photos ID-33-G-132 and 
ID-33-G-133. The control room had a stairway to the basement. 
Along the north wall of TRA-647 were a change room and lockers on 
the west end, a stairwell, and four offices. 

The second floor had bathrooms for men and women, a 
stairwell, and offices on both sides of an east/west corridor. 
See HAER Photo ID-33-G-135. The women's bathroom included a "rest 
room" and undoubtedly was equipped with at least one cot. At 
times, experiments required scientists to miss the last bus to 
town or spend the night at the TRA. Male scientists in this 
situation greatly appreciated women's room cots. 147 See HAER Photo 
ID-33-G-445 and ID-33-G-448. 

The basement was laid out with an open area for heating and 
ventilating equipment and had a room enclosed for an instrument 
repair shop and another for an amplifier room. At ground level 
above the heating and ventilating room were a pair of rectangular 
air intakes, which were sheltered in small projections 12 feet 
long and extending four feet from the north wall. Wall sections 
adjacent to the ETR's console floor were removable. See HAER 
Photos ID-33-G-447 and ID-33-G-448. 

Compressor Building, TRA-643 
Two buildings were attached to the ETR Building along its 

east wall. Of the two, the Compressor Building was the north
most. This rectangular structure was single story, flat roofed, 

147 Joe Henscheid, personal communication to author, December 
10, 1998. 
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made of structural steel and metal siding similar to the ETR 
Building's. It was not, however, required to be air tight. It was 
125 feet long (north/south axis), 65 feet wide, and 29 feet high. 
Access to the reactor building was via an air-tight "man-door" in 
the east wall south of the ETR Building's stairwell. 148 

The building housed two 4000 horsepower air compressors, 
positioned along the north wall. Three 1200-degree F. air heaters 
lined up along the west wall, along with a blower duct, vapor 
filter, and an air receiver duct. Smaller compressors and an 
emergency compressor for air in experimental loops were arranged 
on the floor south of the main compressors. A process control 
panel was along the east wall along with controls for air 
heating. See HAER Photos ID-33-G-308, -309, -310, and -322. 

ETR Waste Gas Stack 
The waste gases from ETR test cubicles traveled from the ETR 

complex through a filter pit and to the stack through a duct 
erected above ground and mounted on supports. See HAER Photos ID-
33-G-312 through -314. 

Heat Exchanger Building, TRA-644 
The Heat Exchanger Building shared its north wall with the 

Compressor Building's south wall and its west wall with the ETR's 
east wall. The large rectangular building was 128 feet long 
(north/south axis), 69 feet wide, and 24 feet high. It was one 
story and built of reinforced concrete walls up to four feet 
thick. Its roof also was built of concrete for shielding. The 
"Demineralizer Wing" projected south of the main building, 
creating an outdoor rectangular yard between the wing and the 
east wall of the main part of the building. See HAER Photos ID-
33-G-447, ID-33-G-136, and ID-33-G-137. 

Similar in function to the MTR's Process Water Building, the 
ETR's heat-exchanging equipment was more elaborate than the MTR's 
evaporator units. The facility included four 800 horsepower pumps 
for the primary coolant, a demineralizer system, and twelve 
shell-and-tube heat exchangers set up in four banks of three 
each. See HAER Photos ID-33-G-316 and ID-33-G-317. Each of the 
pumps had its own shielded cubicle made of reinforced concrete 
five feet thick. See HAER Photo ID-33-G-318. The drive motors for 
the pumps were outside the shield wall. The Demineralizer Wing 
contained anion, cation, and mixed bed tanks. A valve room was 
next to it. All areas which contained piping or a pipe tunnel for 
radioactive coolant water were heavily shielded. 

148 Bort, Symposium Papers, p. 8. 
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The coolant water tunnel entered the Heat Exchanger building 
at its below-ground level and continued east beneath a row of 
control valves and pumps, which lifted the reactor-heated water 
to the heat exchangers on the ground floor. Heat was exchanged 
with water in a secondary coolant loop, and this water exited the 
building to the south and headed for the Cooling Tower. Hatches 
above the water tunnel allowed access to the pipes. A 7.5-ton 
bridge crane provided lifting power above the tunnel hatches and 
pumps. 

ETR Electrical Building, TRA-648 
Continuing around the ETR Building to its south wall, the 

attached service here was the Electrical Building, which 
contained high-voltage and low-voltage switch gear, motor
generator sets, a diesel generator, and a battery room. See HAER 
Photos ID-33-G-322 through -324. It connected with the low-bay 
section of the ETR building. Its equipment supplied emergency 
power in the event of a commercial power failure during the 
operation of the ETR. 

The building was one story with a basement and built of 
steel frame and pumice block siding. It projected 53' 4" feet 
from the ETR wall and was 104' 8" long. The footprint of the 
basement was 27' 7" wide, about half the width of the first 
floor. It contained a fan/blower room on the east end, but most 
of the basement was a cable vault adjacent to the console floor 
of the ETR building. A stairway to the first floor was between 
the cable vault and the fan room. See HAER Photo ID-33-G-454. 

The first floor contained electrical switch panels for 13.8 
kv and 480 v service. These were along the wall nearest the 
reactor building. On the west side was an emergency diesel 
generator and control panels. A battery room was on the south 
end, above the fan room below. The ETR transformer yard was just 
south of the building. 

To provide for the substantial increase in electrical demand 
brought by the ETR, the capacity of the MTR substation near the 
north perimeter fence was increased. It added two 15,000 kva 
transformers and accompanying switchgear. Electricity to the ETR 
area consisted of distribution and switchgear capacity to supply 
the 4000 horsepower compressor motors (4160 volt system) along 
with the rest of the power needed for experiments, instruments, 
and motors ( 4 8 0 vol ts) . 149 

149 Bort, Symposium Papers, p. 10. 
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Cooling Tower Pump House, TRA-645 
The Cooling Tower Pump House shared no walls with the ETR 

Building but was connected via the piping bringing secondary 
coolant water to the ETR Cooling Tower. The Pump House was 84 
feet long (east/west axis), 40 feet wide, and 16 feet high. Built 
of pumice block, it housed seven deep-well turbine-type pumps, 
which pushed the water to the top deck of the Cooling Tower and 
then sent it back on its return to the Heat Exchanger Building to 
collect more reactor heat. 

The Cooling Tower was similar in function to the MTR Cooling 
Tower, but its nine cells were arranged in a single row from east 
to west, were of the "induced counter-flow" type. The structure 
was 270 feet long and 66 feet high. 150 See HAER Photos ID-33-G-319 
through -321. 

PART THIRTEEN 
ETR LABORATORIES AND OTHER SUPPORT BUILDINGS 

As noted earlier, the AEC expanded or enlarged a number of 
existing MTR facilities to increase capacity or services for the 
benefit of the ETR. Adding two cells in the Hot Cell Building 
(TRA-632) was one example. The ETR programs also required their 
own new laboratories and loop assembly facilities. One of the 
earliest such buildings was a building to house the ETR Critical 
Facility, a full-scale mockup of the ETR core. 

Engineering Test Reactor Critical Facility, TRA-654 
Because the testing to be done in the core of the ETR was to 

involve large insertions of fissionable uranium fuel as test 
samples, the samples -- and their associated coolant and support 
gear -- were going to interact with the ETR mother fuel. Clearly, 
it would be wise to understand how test loadings would affect the 
performance of the reactor. How else could safety analysts 
determine, for example, if the heat-removal plan for the 
experiment was adequate for the job? or if two particular 
experiments ought to be running at the same time in adjacent test 
holes? or if some new material would provoke unpredicted gamma 
heat in the reactor? 

It would have been possible to use the ETR itself to do 
preliminary tests, but if so, then the ETR would have to operate 
at a very slow pace and at low powers required for the sake of 
safety; the rest of the experimental program would be 

150 Bort, Symposium Papers, p. 9. 
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substantially delayed. Therefore, Phillips proposed that the AEC 
build a mockup of the reactor and remove this preparatory 
workload from the ETR. 

Physicists D.R. deBoisblanc and W.J. Byron submitted a 
conceptual design and proposal to the AEC. The AEC approved it 
and authorized its further development in October 1956. 151 The 
reactor was identical to the ETR, but operated at a power level 
up to and no greater than 50 kilowatts. At this level, heat 

BRIWE 

FIG, 2. 

PERSPECTIVE DRAWING 
OF 

ETRC FACILITY 

Figure 16. The ETR Critical Facility, a perspective view. The 
control rod drives were mounted on the bridge platform over the 
swimming pool. Vertical insertions to the support grid included 
fuel rods, control rods, instrumentation and experiment 
assemblies. Source: IDO 16332, page 15. 

151 D.R. deBoisblanc, et al, The Engineering Test Reactor 
Critical Facility, Hazards Summary Report, Report No. ID0-16332 
(Idaho Falls: Phillips Petroleum Company, 1957), p. 9. 
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generation and removal was too modest to produce the type of 
cascading requirements for piping, heat exchangers, and cooling 
towers as the ETR. The reactor operated in a "swimming pool" in 
its own building midway between the MTR and ETR complexes. 
However, the building was joined to the north wall of the MTR 
Service Building, TRA-635. The building was placed to avoid 
interfering with the Twenty Meter Chopper Detector House or its 
drift tube and the trajectory of the neutron beam emanating from 
the MTR. 

The building went under construction in 1956. The reactor 
went critical for the first time on May 20, 1957. Whenever the 
core of the ETR was re-loaded in a new configuration thereafter, 
the ETRC had seen it first and provided the criticality data 
needed to run the ETR safely at high power. See HAER Photo ID-33-
G-327, a view of ETR Critical operations. 

The building was designed, as were all other reactor 
buildings, to cater to the neutron machine. The core was 
submerged in a water-filled steel-lined reactor tank made of 
concrete and located in the approximate center of the building. 
The tank was 20 feet deep, 16 feet long and 10 feet wide. The 
water level was 13 feet. A section in the north end had a 
concrete partition rising five feet from the floor creating a 
storage pocket for beryllium reflector sections when these were 
in the way for operations in and around the core. See Section D-D 
in HAER Photo ID-33-G-457. 

The building was made of pumice block, 50 feet long 
(east/west axis), 40 feet long, and 28 feet high. In its west 
wall, a connecting doorway gave access to the MTR Reactor Service 
building (TRA-635). Radiation monitors ("friskers") were 
positioned at this door, obliging all who passed to be checked. 152 

The ceiling height was dictated by the maneuver space required 
for a 10-ton rail-mounted crane that traveled over the tank and 
required 20 feet of clearance under the hook when the hook was 
up. Electrical, plumbing, and other service connections were 
extended in a trench below the floor from TRA-635. Fuel elements 
were stored in vaults in the MTR Building. They were moved to the 
ETRC in a cadmium-lined rack, where remotely operated handling 
tools placed them in the ETRC grid. When spent, the fuel was 
remotely removed, placed in a transport cask, and stored in the 
ETR canal. 

152 See 1957 drawing, "ETR Critical Facility Building Frisker 
Location, INL Index No. 531-0654-00-707-020125, Rev. 0 (not in 
HAER Photo Index). 
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After the ETR shut down in 1982, the ETRC was available for 
recycling and use for other projects and programs. As of 2000, 
for example, its tank was used as part of an "Aerosol Collection 
Facility," and related offices occupied part of its open floor 
area. 153 

Hydraulic Test Building (Tritium Lab), TRA-666 
One of the ETR's major customers was the U.S. Navy, which in 

the 1950s and 1960s was improving the nuclear reactors powering 
submarines and surface ships. Among its goals, the Navy wished to 
lengthen the life of a reactor core so as to eliminate the entire 
procedure of refueling. Refueling required that the ship or 
submarine be docked in port for significant periods of time, time 
which meant that the ship was not at sea prosecuting its mission. 

Navy experiments in pursuit of this goal were exacting: each 
ETR experiment required its own set of engineering plans and 
drawings, safety documentation, specifications, procurement, and 
pre-testing. Instrumentation and data-recording cabinets often 
were unique to one set of experiments. In comparing the number of 
experiments conducted at ETR and the MTR, the list of ETR 
experiments was considerably shorter than MTR's, but the planning 
investment in each ETR experiment was, on average, more complex 
and time consuming. 

The Hydraulic Test Building, TRA-666, was designed for the 
assembly and pre-testing of "loops" before insertion into the 
ETR. Test loops were small enough in diameter to fit into one of 
the ETR's test holes, and typically were several feet long. They 
required storage space in tall slender lockers. An overhead crane 
needed enough head room to lift and move them. Scientists working 
on them laid their work on long tables with access to water, 
among other services. The building was plumbed for water, drains, 
spills, sumps, sump pumps, and curbs in the floor to delineate 
various work spaces. Supplies and chemicals all needed 
appropriate storage space. 

By the time the F.C. Torkelson Company was constructing this 
building in 1963, the third test reactor at the TRA, the Advanced 
Test Reactor (ATR), was under design, so various spaces were 
identified for future ATR experiments. It was located on the east 
side of an access road east of the MTR's leggo-like group of 

153 See drawings, "Bldg 654 General Arrangement" and "ETRC 
Laboratory Aerosol Collection Facility Floor Plan and Details," 
INL Index Nos. 531-0654-00-090-516263 Rev. ), sheet 1 of 2, and 
531-0654-00-090-516268, Rev. 0, Sheet 1 of 2, respectively. These 
are not in HAER Photo Index. 
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attached buildings. It was situated far enough south to be 
convenient to the ETR complex. 

The building was constructed of concrete block to a height 
of 36' 10" for the crane bridge and maneuver space. The vertical 
members of the structural steel frame were defined by smooth 
concrete on the exterior. The original building was 38' 8 3/4" 
wide and 60 feet long (north/south axis). It had no windows. A 
motorized metal rollup door on the south side, 12 feet high by 8 
feet wide, gave access to deliveries. The main personnel door was 
in the west wall near the south end of the building, closest to 
the ETR. A "pit" extended 26 feet below the main floor to 
facilitate loop experiments. See HAER Photo ID-33-G-460. 

The building was expanded with an addition to the east side 
in 1966. The one-story ''Heat Transfer Test Facility" projected 48 
feet from the existing building, was 40 feet wide, and was built 
of concrete block. The roof sloped slightly to the north. Air 
intake equipment was outside the wall on the east side. See HAER 
Photos ID-33-G-461, ID-33-G-162, and ID-33-G-163. 

Photographs taken in 2005 exhibit the elaborate development 
within the building. An enclosed control room in the center of 
the floor is surrounded by air and water pipes, conduit, pressure 
tanks, meters, valves, and other equipment. See HAER Photo ID-33-
G-168. 

Mechanical Services, Maintenance Building, TRA-653 
The architectural firm of Hummel Hummel & Jones of Boise, 

Idaho, designed the MTR-ETR Maintenance Shop in 1956. F.C. 
Torkelson Co. built it in phases beginning the next year and 
continuing into 1958. With a square footage on its main floor and 
mezzanine of 29,661 square feet, it was the largest non-reactor 
building in the TRA. Located directly west across the access 
street from the ETR, the Maintenance Shop housed shops for the 
many trades and crafts that supported reactor experiments in the 
MTR and ETR. 

The building was 169 feet long and 102' 8" wide, its long 
axis east/west. The concrete block walls continued the low-bid 
architectural requirements of the AEC. The west half of the south 
facade was sided in vertical steel siding, a temporary wall 
anticipating a future expansion that never was realized. The 
asbestos tile roof was flat, with a galvanized iron coping strip 
along the edge. Looking at the north or south facades, the center 
section of the building was higher by 1' 4" than the two end 
sections, which were 24 feet above grade. This detail broke up 
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Figure 17. Layout of the MTR-ETR Machine Shop as of 1966. Dashed 
lines represent under-floor conduit. Carpenter, mechanical, 
paint, machine, and other specialties had dedicated work spaces 
Source: INL drawing 532-0653-00-400-021708. 
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the long facade into three units, apparently without any 
functional reason relating to crane lifting space below. See HAER 
Photo ID-33-G-462. 

The mezzanine floor covered the footprint of the east half 
of the building, leaving the large machine shop area on the west 
half as a de facto high bay section. From outside, the pattern of 
windows was an easy reminder as to which end contained the 
mezzanine, for both it and the first floor had windows at each 
level. The machine shop side had only one row of larger windows. 
The window schedule on HAER Photo ID-33-G-462 illustrates the 
several window sizes and shapes. All the windows were the same 
width (five feet, or three panes), but ranged in length from two 
panes to seven panes. The smaller ones opened awning style. The 
longest were identified as "industrial" style and were used in 
the machine-shop end, allowing a generous supply of Idaho's 
western sun into the shop. 

The main personnel entrance was through a double door on the 
east end, which gave immediate access to the locker room on the 
employee's left. The machine shop had another personnel door on 
the north side. The building had two metal roll-up doors, 14' 4" 
high, one in the west end; the other, near the middle of the 
north side. A doorway over the main double doors and an exterior 
stairway led from the mezzanine to grade level on the east end. 154 

The building was enlarged in 1962 with a one-story addition 
to the south side adjacent to the locker room. The new space, 20' 
10" high and used as a machine shop, was 44 feet wide and 
projected about 75 feet from the existing wall, a distance 
reaching to the north wall of TRA-662, the Receiving and Storage 
Building. The addition required removing some of the lockers in 
the locker room in order to build a doorway into the addition, 
but the plans show no doorway connection to the Receiving 
Building. Bottle storage areas also were displaced, and small a 
small enclosure was built onto the east side of the new addition 
for acetylene and argon gas. Oxygen gas was given a new concrete 
slab. 155 

154 See 1956 drawing, "MTR-ETR Maintenance Shop Addition and 
modifications," INL Index No. 532-0653-00-381-102838, Rev. 3 (not 
in HAER Photo Index), for exterior stairway details. 

155 See 1962 drawing, "Maintenance Building Extension," INL 
Index No. 532-0653-00-381-115334, Rev. 2 (not in HAER Photo 
Index). 



IDAHO NATIONAL ENGINEERING LABORATORY, 
TEST REACTOR AREA, MATERIALS TESTING & 

ENGINEERING TEST REACTORS 
HAER No. ID-33-G 

(Page 111) 

Re-arrangements in the mezzanine in 1961 converted the 
storage area as a suite of offices for engineering supervisors, 
instrumentation engineers, and a special room for storing the 
endless number of engineering drawings depicting experiments, 
their instrumentation requirements, and how they were to be 
assembled. 156 

As needs arose, other modifications added details such as a 
better ladder to the roof, a small gable-roofed metal weather 
shelter for spray-cleaning equipment (on the west end) in 1966, 
wall reinforcements for the welding shop in 1967. The concrete 
block siding was covered with insulated stucco in the early 
1980s. 

Craft specialties in the large open west side included space 
and tools for carpenters, mechanics, painters, and machinists. 
The busy years between 1958 to 1970 saw nearly continuous nuclear 
operation of both the MTR and ETR. Their thousands of unique 
experiments kept this place a busy hub of activity and adaptation 
to meet new requirements. Saws of every description, benches, 
lathes, grinders, drill presses, shapers, mills, layout tables, 
balance tables, assembly tables, tool cases, storage cabinets, 
vats, overhead cranes, and the hands of human talent produced a 
remarkable record of results. 

After 2000, INEEL management undertook a consolidation of 
craft shops. Equipment and tools in TRA-653's various shops was 
moved elsewhere, excessed, or relocated to a different spot on 
the floor. 157 See Appendix F for photos taken in 2004. 

Receiving and Storage Building, TRA-662 
Also designed by Hummel Hummel & Jones, this building was 75 

feet south of the MTR-ETR Machine Shop, its long axis also 
north/south. It was built in 1961. The rectangular building was 
169 feet long by 90 feet wide, with a roof line at two levels, 
most apparent when looking at the east or west ends. The high-bay 
section along the south side was 30' 8" above grade; the lower, 
19' 4". All the walls were of concrete block with a galvanized 

156 See 1960 drawing, "MTR-ETR Mechanical Services Building 
Mezzanine Floor ... Modifications," INL Index No. 532-0653-00-706-
007795, Rev. 1 (not in HAER Photo Index). 

157 See drawing "INEEL Craft Shop Consolidation," INL Index No. 
532-0653-00-090-623413, Rev. 0, and "INEEL Craft Shop 
Consolidation ... Demolition Floor Plan, INL Index No. 532-0653-00-
090-623203, Rev. 1 (not in HAER Photo Index). 
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iron coping at the top. Windows were also at two levels. On the 
low-roof sections, they were about three feet above grade. The 
high-bay section, with sufficient head space for crane hoisting, 
had five sets of triple-banked clere-story windows on the north 
and south sides. 

The east side of the high-bay section and the south side 
each had a metal rollup door 16 feet high and about 14 feet wide. 
The west and east sides had smaller 14-feet high doors. The main 
personnel door was on the east side, but doors also entered the 
north and west sides. 

Each of its corners had a specialized function. Large loads 
entered the high-bay section at the southeast corner. The 
southwest corner was a low-bay section walled off as a vault for 
storing flammable materials. The northwest corner contained 
bathrooms for men and women, and the northeast corner was 
enclosed as an office. A mesh divider and gates separated the 
high-bay from the main floor storage area. Various spaces were 
dedicated to pipe and lumber storage, crates, boxes, and other 
valuables required by the exacting reactor test-hole fabrication 
work. Equipment such as a lathe, planer, drill Bress, mill, and a 
horizontal press occupied the high-bay section. 58 See HAER Photo 
ID-33-G-466 and ID-33-G-467. 

Gas Cylinder Storage Building, TRA-629 
Built in 1961 at the far west edge of what later became the 

ATR quadrant of the Test Reactor Area, this metal building was 
designed to store flammable and potentially explosive gas 
cylinders. 

The building is rectangular, 32 feet long (east/west axis) 
and 20 feet wide. The ridge line of the (metal) gable roof also 
goes east/west. Prefabricated steel panel walls enclose the 
building on the west and south sides. The north and east walls 
were made of open wire mesh, the entry gate on the east end. Open 
walls prevented the accumulation of gas vapors in an enclosed 
space. The structure is mounted on a concrete foundation, which 
projected 4.5' to the east for a loading dock. A concrete 
stairway with five risers and a hand rail mount to the loading 
dock. Inside, storage stalls were indicated by separators placed 

158 See 2003 drawing "INEEL Craft Shop Consolidation, TRA-662," 
INL Index No. 532-0662-00-090-623218, Rev. 0, which identifies 
which equipment was to be moved, excessed, or remain in the high 
bay section as part of the consolidation. 
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at intervals about four feet apart. 159 Photographs of the building 
may be seen in Appendix F. 

PART FOURTEEN 
THE MTR AND ETR SHUT DOWN 

In general, little ceremony or political interest attended 
the final shutdown of most reactors at the NRTS. The MTR was 
different. This reactor represented something very important to a 
large Idaho constituency; and this constituency fought hard to 
find a way to keep it going after the AEC announced in 1968 that 
it would decommission the reactor in 1970. 

For the AEC, decommissioning the MTR was a practical step in 
the conservation of scarce budgetary resources. After a 
substantial investment in designing and building the third 
generation ATR at the NRTS, the ATR had been brought to 
criticality for the first time in July 1967. Like the ETR, this 
reactor had no beam holes, but was equipped to continue and 
"advance'' the work of the ETR, particularly for one of the ETR's 
biggest customers, the U.S. Navy. 

The Navy had outgrown the ETR. Although the ETR's test holes 
were in the midst of the fuel zone, the test holes accepted 
samples of materials, not full-sized fuel elements. The Navy's 
goal was to equip nuclear submarines with reactor cores that 
would last as long as the life of the ship itself. It needed a 
high-precision machine to test full-length elements with extreme 
uniformity. In the ETR, the mere raising or lowering of a control 
rod parallel to the test sample meant that neutron exposure to 
each part of the sample would not be the same; the variation was 
as much as ten percent. 

The Navy developed specifications for an ideal test reactor, 
chiefly that neutrons irradiate the entire length of a fuel 
element as perfectly and symmetrically as possible. Scientists at 
the NRTS, inspired by Phillips' physicist Deslonde deBoisblanc, 
created an elegant design for such a reactor in 1959. Instead of 
moving up and down parallel to the test sample, control elements 
in the shape of cylinders rotated around the core without 
disturbing the vertical power profile. 160 Like the ETR, the ATR 

159 See 1961 drawing "Gas Cylinder Storage Building, Plans and 
Elevations," INL Index No. 532-0629-00-851-150566, Rev. 3 (not in 
the HAER Photo Index). 

160 Stacy, Proving the Principle, p. 160. 
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had no beam holes. It produced an extremely high neutron flux up 
to 1 x 1025 per square centimeters per second. Its power level 
was 250 megawatts, and it made full use of computers to report 
continuously on reactor conditions. Its loops accommodated 
special Navy requirements and experiments requiring gas, 
pressurized water, and liquid sodium coolants. 161 

By the time the AEC announced its intentions to shut down 
the MTR, the nuclear research industry at the NRTS had a 
significant constituency in the state of Idaho and none of the 
environmental or other opposition that emerged later in the 
1970s. From the Congressional delegation to the governor's office 
to the legislature to newspaper editors to promotional business 
groups: all were interested in preserving a lively science 
mission at the NRTS. They saw the cadre of MTR scientists as an 
asset that should continue intact in Idaho. The NRTS was the 
largest employer in the state and had substantially strengthened 
and diversified the economy in southeast Idaho. This group 
united, aided by a governor-appointed board called the Idaho 
Nuclear Energy Commission (INEC) and its staff, to persuade the 
AEC to change its plans for the MTR. 

Despite a well coordinated effort by all parties using a 
substantial array of connections that went all the way to the 
White House, the AEC remained unmoved. The crux of the matter for 
the AEC was that transforming the MTR into a research tool useful 
for university and commercial research would require several 
millions of operating dollars each year. The AEC asserted that it 
could not supply it, and the state of Idaho and its allies could 
not raise it. 

On April 23, 1970, the MTR shut down. Its official 
decommissioning was in 1974. One of its last achievements had 
been to run on a core loading of plutonium fuel. The first-ever 
such test proved that plutonium-239 fuel elements could operate 
safely and under control in a water-moderated reactor. The 
finding was significant, for the increasingly urgent mission of 
the AEC in the 1960s and 1970s was to transform uranium-238 into 
fissile plutonium in breeder reactors and then use the plutonium 
in power reactors. Such a feat would make 139 (out of every 140) 
non-fissioning uranium atoms useful. The MTR proved that 
plutonium fuel was manageable. 162 

161 Advanced Test Reactor, pamphlet, undated (Idaho Falls: 
Idaho Nuclear Corporation), p. 3. 

162 Stacy, Proving the Principle, p. 195. The MTR went critical 
for a few hours later in 1970 at the request of the state of Idaho 



IDAHO NATIONAL ENGINEERING LABORATORY, 
TEST REACTOR AREA, MATERIALS TESTING & 

ENGINEERING TEST REACTORS 
HAER No. ID-33-G 

(Page 115) 

After 1970, the MTR floor and basement became quiet. The 
clutter disappeared, and space became available for experimenters 
elsewhere on the site always looking for more room. The MTR main 
floor was big enough to support large mock-ups, models of other 
experiments or structures that needed to be engineered, tested, 
and checked out. 

As the ATR began performing and satisfying its customers, 
which grew to included the national space program, commercial 
nuclear power companies, and the medical market for irradiated 
isotopes, the demand for the ETR also declined. The U.S. 
Department of Energy, successor agency to the AEC, shut down this 
reactor in December 1981. It had been modified several times 
during its years of service. In 1972, it had been equipped with a 
sodium-cooled loop facility, which enabled it to support the 
AEC's breeder reactor development program, which used liquid 
sodium coolant. See HAER Photos ID-33-G-101 through -104. A 
special cubicle contained tanks and other equipment for this 
loop. This adaptation also changed the appearance of the ETR on 
the reactor floor, adding a new top enclosure to accommodate the 
new loop. Eventually, helium-handling equipment was also added to 
the specialties at the ETR. 163 

As has been observed in The Idaho National Environmental and 
Engineering Laboratory: A Historical Context and Assessment, the 
decommissioning of the MTR coincided with a shift in the national 
consciousness about nuclear power. National environmental and 
anti-weapons movements arose to create a powerful citizen-based 
opposition to nuclear power, nuclear weapons, the proliferation 
of nuclear materials, nuclear waste, and even nuclear research. 
Although that opposition had not organized against the MTR, the 
failure of the private-sector to mobilize the funds to keep it 
going suggested that the role of MTR-style nuclear research was 
beginning to decline. Only two of the NRTS's fifty-two reactors 
had their first criticality after 1970 -- and those two, the 
Power Burst Facility and the Loss of Fluid Test Reactor, had been 
in the planning stages since long before 1970. 

Significantly, those two post-1970 reactors were deeply 
involved with the safety of large commercial nuclear power 
plants, which had by then spun out of the MTR test holes as full
grown children leading lives of their own. Nuclear power was 

to determine if Idaho's gamebirds had been contaminated by 
mercury. 

163 Stacy, Proving the Principle, p. 262. 
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providing about twenty percent of the electricity in the United 
States. The questions of the day had settled on how the backup 
safety devices for those reactors could operate fail-safe -- not 
insignificant questions, by any means, but refinements for a 
going concern that the MTR had made possible. 

PART FIFTEEN 
THE SIGNIFICANCE OF THE MTR AND ETR 

The MTR was the first multipurpose test reactor in the 
world. It operated continuously for nearly twenty years, its test 
spaces so well suited to the research demands of the era that 
they often were loaded with 600 samples at a time. The reactor 
ran for over 125,000 hours. The programs using those hours 
numbered over 800. Although its major mission was the peaceful 
use of nuclear energy for electric power plants, the MTR served 
ten major experimental programs of the U.S. Air Force and over 
fifty such programs for the U.S. Navy. When the U.S. Army sought 
in the 1950s to create small, portable, air-cooled reactors, the 
MTR served this branch of the service as well. 

These numbers were possible because of the flexibility and 
reliability of the tool. Its "about a hundred" test holes were 
calculated to satisfy questions that as yet had not been 
answered. In fact, they answered thousands of those questions. 
The neutron beam research, described above in connection with the 
Twenty Meter Fast Chopper Detective House, placed the MTR -- and 
the scientists who grasped its potential -- at the edge of 
knowledge and pushed the frontier even farther along. 

In contrasting the historic legacy of the MTR with 
Experimental Breeder Reactor-I, a reactor that attained its 
status as a National Historic Landmark chiefly for being the 
machine to demonstrate first that nuclear power could produce 
electricity, the MTR compares favorably. If EBR-I proved the 
principle of nuclear power possibilities, the MTR made it 
possible to design and build the actual reactors that eventually 
went into service. Its service life continued seven years longer 
than EBR-I's. Its success, which was in reality the success of 
the management, scientists, and crafts specialists at the NRTS, 
made it possible for the AEC to finance and build two more 
materials testing reactors -- and locate them at the NRTS. The 
ETR and ATR continued the tradition that it is in Idaho that a 
reactor produces the highest neutron flux of any reactor in the 
world. 
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The shortest statement of the significance of the MTR/ETR 
neutron legacy is that it gave birth to two great industries that 
have changed the world: the Nuclear Navy and the nuclear power 
industry. 

The architecture surrounding those neutrons: the test holes 
and loop cubicles; the high-bay ceilings hung with monorails, 
bridge cranes, and hooks; the shielded coolant tunnels; the just
sufficient shelters over wells, pumps, electrical switch gear, 
and monitoring stations; the "lean-to" attachments of building 
onto building; the below-ground holding tanks; the "biological" 
shields of magnetite, baretes ore, and lead; the division of 
hot/cold operations; the unrelenting provision of spare pumps, 
spare motors, spare generators, spare boilers, diesel tanks, and 
battery rooms for emergencies; the careful integration of the 
environment as a safety player in the layout ... it all added up 
to a facility that protected its workers and enabled them to 
achieve what they set out to do. 
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APPENDIX A 

Vicinity Map of the Idaho National Laboratory 
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APPENDIX B 

Plot Plan for the Test Reactor Area 
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APPENDIX C 

Materials Testing Reactor Data 

Power level 
~ Average neutron fluxes 

* Peak thermal fluxes 

CORE AND FUEL 
Active core lattice 

Tank around lattice 

Fuel enrichment 
Plates per assembly 

COOLING 
Coolant water flow rate 
Inlet temperature 
Outlet temperature 
Air flow rate 

CONTROL RODS 
Regulating 

Shim, safety 

IRRADIATION FACILITIES 
Horizontal, Downbeam holes 
Vertical holes 

Thermal column 
Pneumatic shuttle tubes 
Hydraulic shuttle tubes 

30,000 kw; 40 kw after Sept. 1955 
2 x 1014 thermal neutrons/cm2 /sec; 
1 x 1014 fast neutrons/cm2 /sec 
5 x 10 14 n/ cm2 / sec in certain 

reflector positions 

40 x 70 cm in cross section, 
60 cm high 
Inner diameter: 54.5 in. 
Aluminum wall: 1 in. thick 
93.5 percent approximately 
18 

20,000 gpm 
100 degrees F. 
111 degrees F. 
1,700 lb/min 

1.5 in. diameter, 23 in. center 
section w cadmium in stainless 
steel tubing 

8 spaces provided in lattice 

17, 6 to 8 in. diameter 
71, 2 to 4 in. diameter; one hole 

is 12-inch square; two are 12 x 
12 in. 

1, 6 ft. square and 8 ft. long 
2; 1 in. dia~eter 
4, 1 to 1.31 diameter 

* After power level increased to 40,000 kw, a proportionate 
increase in fluxes was available. 

Source: John R. Huffman, "The Materials Testing Reactor," 
Nucleonics (April 1954), page 21-26. 
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APPENDIX D 

Engineering Test Reactor Data 

Power level 
Power density of core 
Core life before refueling 

CORE 
Average diameter 
Height 
Core volume 
U-235 content 

(no experiments) 

Thermal neutron flux, 
average over 3,500 Mwd 

Epithermal flux, average 
over 3,500 Mwd 

FUEL 
Assemblies 

No. of assemblies 

Plates per fuel assembly 
Fuel plates per control rod 

CONTROL RODS 
Type 

Number black 

COOLING 
Inlet pressure 
Inlet temperature 
Outlet temperature 
Coolant velocity in fuel 

passages 
Coolant flow 
Maximum fuel-element 

surface temperature 

175 Mw 
494 kw/liter 
3,500 Mwd 

32 in. 
36 in. 
21,600 cu. in. 

-14.1 kg startup 
-9.5 kg end of cycle 

4 X 10 14 

1.5 X 10 15 

Rectangular, 3 x 3 x 55 in., 
2S aluminum 

49 (plus 16 in control rods with 
less leading) 

19 
14 

Rectangular, upper section 
absorber, lower section fuel 
assembly 

4 black, 12 gray, 2 regulating 

200 psia 
110 degrees F. 
138 degrees F. 

35 fps 
44,400 gpm 

277 degrees F. 

Source: R.H. Dempsey, et al, "ETR: Core and Facilities," 
Nucleonics (March 1957), p. 53. 
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APPENDIX E 

Sections and Plans: Materials Testing Reactor 

The following Blaw-Knox drawings begin with four as-built 
renderings of sections through the Materials Testing Reactor 
followed by plans at several elevations. The set illustrates 
shielding, test holes, thermal shield, air and water piping. 

The lava bedrock was about 50 feet beneath ground level. 
Concrete placement proceeded from this foundation up through the 
sub-pile room, basement, and main reactor floor. The vertical 
centerline of the active lattide of the reactor was arbitrarily 
given the elevation 100. 

Selected notes below refer to the INL Index serial number 
for each drawing. Section drawings identify no scale; however, 
the MTR cabinet as it appeared on the main floor was 
approximately 36 feet wide. Dimensions are noted on plan views. 

Section Views 

100608 Section view looking north at the south face of the 
reactor. Access platform railing is at top. Note stepped 
construction of test holes entering reactor top. Steel door at 
lower right is in sub-basement. Air ducts enter concrete 
shielding from each top corner, make two 90-degree turns, and 
suck air from within the steel sheets of the thermal shield. 

100609 Section view looking south at the north face. Round and 
ovoid shapes in reactor tank represent entry (top) and exit 
(bottom) locations for coolant water. 

100610 Section view looking east at west face. Diagonal and 
horizontal beam holes penetrate thermal shield and enter graphite 
zone. Chutes below provided a path for graphite pebbles should 
these need to be removed from the graphite zone near the reactor 
tank. Chute at right leads to container. Canal parapets and canal 
are below reactor tank. 

100611 Section view looking west at east face. Note inlets for 
coolant air at upper left and right corners of reactor cabinet. 
Canal and its parapet walls are below reactor. 



Plan Views 
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100613 Plan at elevation 51' 3'' is at lava-rock level. Pipes 
materialize in section J. 

100614 Plan view at elevations K, L, and M. (See the section 
drawings above for referent drawings.) They show formation of 
supports for canal. Circular shapes represent pipes. Exit air 
ducts materialize in Section M. 

100615 Plan view at elevations N and O. Level N was the floor of 
the basement and the working level for the canal. At elevation N, 
square air ducts materialize on southwest and northeast sides of 
reactor. 

100616 Plan view at elevation P, ten feet below centerline of 
MTR. Reactor tank is at center. "Neutron curtains" are vertical 
slots east and west of center tank area. List of Blaw-Knox 
drawings is also on this sheet. 

100617 Plan view at elevation Q, 6.5 feet below centerline of 
MTR. Arrangement of coolant water outlet pipes. Bird's eye view 
of graphite pebble chutes on north and south sides. 

100618 Plan view at elevation R. Square around reactor tank 
represents two thermal shield sheets with air gap between. 

100619 Plan view at elevation S, the vertical centerline of the 
MTR. Test holes penetrate cabinet, biological shield, and thermal 
shield. Thermal column is east of active lattice. "Shield column" 
is to the west. 

100620 Plan view at elevation T. Diagonal beam holes are shown 
entering reactor from slanted plates in reactor cabinet. Rabbit 
holes appear near top plate of reactor. Air cooling ducts make 
90-degree turn from graphite zone to enter biological shield. 
Square-shaped test holes appear in thermal column. 

100621 Plan view at elevation U. Water coolant pipes cross north 
and south sides of reactor cabinet. 

100622 Plan view at elevation V, the top of the reactor. Inlet 
pipes for water coolant are illustrated with dashed lines. They 
enter reactor tank on north and south sides. 
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APPENDIX F 

Album of 35 mm Photos 

The following pages contain selected 35 mm images taken in 
2005 prior to the potential demolition of certain non-nuclear and 
utility buildings at the Test Reactor Area. They are arranged by 
building number, an arrangement that generally reflects their age 
as well, low numbers being the oldest buildings. 

These buildings have been the subject of various agreements 
between INL and the Idaho State Historic Preservation Office 
permitting preservation photos to be made in 35 mm film. 
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Cooling Tower Pump House/Carpenter Shop, TRA-607 

Carpenter Shop number is on its west side. Carpentry equipment was being removed in 2005 preparatory 
to demolition. 
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Demineralizer Building, TRA-608 

Above: West end and south side. Two storage tanks for demineralized water next to south wall. Below: 
Penthouse accommodates height of de-gassifier tank. 
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Demineralizer Building, TRA-608 

-·---·---~ 
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Steam Plant, TRA-609 

Above: Tree grows in front of east side; north end to the right. Penthouse is visible behind three generator 
stacks. Below: West and south sides. Air surge tank next to south wall. 
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Steam Plant, TRA-609 

Steam boiler unit. Utility room. Air tanks and oil cooler. 
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Fan House and Stack, TRA-610 

Above: Southwest corner; Exhaust Stack beyond. Original pumice-block walls were never covered with 
newer siding. Below: Northeast corner. Above-ground air duct. Three doors access to air blower cells. 
Note clerestory windows. Above: Southwest corner; Exhaust Stack beyond. Original pumice-block walls 
were never covered with newer siding. 
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Fan House and Stack, TRA-610 

Steel door to an MTR air blower cell. Motor room in recent use for general storage. Pipes in hut-down-fan 
cell. 
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Service Building, TRA-614 

/\bove: South end rollup doors originally were for fire trucks. Below: North end, west side. Section left of 
roof ladder was a later addition used for offices. 
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Service Building, TRA-614 

Original fire truck garage in use for storage. Lockers and sleeping rooms. Office space in (newer) part of 
building. 
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Cafeteria (TRA-616) and Warehouse (TRA-622) 

Above: Cafeteria is on South end of building. Patrons enter from Perch Street through entry vestibule. 
Below East-side addition, ten feet wide, was built in 1957. 
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Cafeteria (TRA-616) and Warehouse (TRA-622) 

Communal tables in dining area. Kitchen work space and corridor beyond 
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Cafeteria (TRA-616) and Warehouse (TRA-622) 

Above Warehouse (north) end of the building and the vestibule entry on the east side. Below Radioactive 
materials temporarily stored behind radiation warning tape. 
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Warehouse, TRA-618 

Above: South end and west side. ATR Building at right. Below: Sliding doors on west side. 
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Warehouse, TRA-618 

Joined gable sections. Open storage areas. 
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Control House, TRA-620 

Above: North and east sides. Gamma Facility and MTR beyond. Double door sets for entry or exit. In 
2005, building was a weight-training center for guards. 
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Storage Building, TRA-626 

-----

The building is next to MTR Building northeast corner. Yard gear and equipment stored inside 
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Gas Cylinder Storage Building, TRA-629 

Wire mesh walls prevented gas vapors and fumes from accumulating in an enclosed space Inside, 
separators kept bottles upright 
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Retention Basin Inlet Sample House, TRA-636 

Entry to Sample House. Radiation warning signs. Retention tank is buried below. Air conditioning protects 
instruments from excessive heat. Inside, floor slab has eye ring for lifting. 



IDAHO NATIONAL ENGINEERING LABORATORY 
TEST REACTOR AREA, MATERIALS TESTING~ 

ENGINEERING TEST REACTORS 
HAER No. ID-33-G 

(Page 157) 

ETR Electrical Building, TRA-648 

Above: Metal bin hides part of pumice-block east wall. Below: South side of the Electric Building projects 
from ETR south side. 
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ETR Electrical Building, TRA-648 

Switchgear 

Generator room. 
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MTR Office Wing C, TRA-649 

Above: Wing C was parallel to its sister Wing B, but only one story. Below: East side of Wing C, ventilating 
ducts. 
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MTR Office Wing C, TRA-649 

Above: View to south from the entry to connecting corridor, a good place for mailboxes. Below: Library, 
File, and Storage Room. 
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MTR Office Wing B, TRA-652 

Above: North end of Wing B. Middle: Neck connects one-story Wing C to two-story Wing B. Below: South 
end and west side. 
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MTR Office Wing B, TRA-652 

Typical office interior with individual air condition unit in window. Stairway from second floor to first. 
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Mechanical Services, Maintenance Building, T:RA-653 

Above This was one of the largest, non-nuclear buildings at TRA East (with exterior stairway) and north 
sides. Below: Vertical metal siding on "temporary" south wall. 
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Mechanical Services, Maintenance Building, TRA-653 

· · ff a corridor Exterior stairway to mezzanine. Shop areas as seen from mezzanine. Mezzanine o ice are · 
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(New) Plug Storage Building, TRA-657 

/\bove: Building projects from MTR building's north wall. Personnel entered into T-beam roof secti0n f\! 
right, concrete shield walls contain plugs. Below: Detail of shield wall. 
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(New) Plug Storage Building, TRA-657 

Above: Charging face. Cover plates shield numbered storage tubes. Plugs slid into tubes. Below: Doorwa-, 
opens into MTR Building. Charging face is out of view at right. 
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Receiving and Storage Building, TRA-662 

• I·· 

Above: Truck (high) bay at left; low-bay rollup door and two windows. Below: South side also has truck 
(high) bay. Lower-roofed section is expansion of TRA-653 machine shop. 
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Receiving and Storage Building, TRA-662 

Above: Horizontal press stands near west end wall in truck bay. 
Middle: Truck bay, facing metal door. Overhead saw at right. Below: Storage area in low-bay section. 
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Health and Safety Building, TRA-667 

Above: South end fronts Perch Avenue. T-bar roof detail on east. Below: Vestibule doors on the west side 
provided se arate entries for men and women into the a propriate chan e rooms. 
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Health and Safety Building, TRA-667 

Above: Offices and conference room along north/south corridor. Below: Sick room and diathermy corn~· 
beyond moveable curtain. 
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North Wing, TRA-668 

Above: North and west sides. The wing hides the original MTR wing, TRA-604. Below: Door in north wall 
opens to corridor that continues to south end of original MTR Wing, TRA-604. Original pumice block walk; 
are covered with insulated stucco-like siding. 
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North Wing, TRA-668 

Above: The long north-south corridor. Below: One of the four labs in the North Wing's first phase (built 
1963), this one on west side of corridor. 
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BIBLIOGRAPHIC NOTE 

This HAER report relied heavily on three sources. Richard Hewlett 
and Francis Duncan's Atomic Shield, the second volume in a 

history of the Atomic Energy Commission, is the only 
comprehensive history of its founding and early years. It is 
indispensable in understanding why the MTR was so important to 
the nation that it was the s reactor underway at the NRTS. 

The second is the Ma Reactor Project Handbook, 
edited by J.H. Buck and C.F. s unusually ailed 
complete book provides a comprehensive and highly readable 
history and description of the MTR, how and why it developed, 
research cilities, the MTR site plan, and abundant 
illust and informat drawings. The authors 

design and deve 
t ir 

the 

its 

a practical , it also 

is relied on 
the Tdah i 1 En n 
1949-199 The rtment of 

reactor, 
Jaid out 

This k is an 

heavily illustrated book 2000 as the first and, to date, only 
comprehensive history of the NRTS/INEL/INEEL/INL. The research 
upon which it rests supplies a ext in which to ciate the 
MTR events s entific lestones that took place. Al it 
feels somewhat odd to cite one 1 s own p work, citations 
are int to direct r to document cts a 

r sense context that sur them what can 
accomplished in a HAER report whose main task is to put historic 
buildings within a context. In addition, the book's Appendix B, 
"Fifty Years of Reactors at the INEEL," contains a list of all 
NRTS reactors with their operating dates, a short description, 
and major purpose. This has proven to be a handy reference. 
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Thumbnail Sketch. Idaho Falls: Idaho Operations Office, selected 
issues between 1956 and 1972. 
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