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Introduction 
This paper briefly describes the nuclear reactor facilities 

at Sandia Laboratories which are used for simulating nuclear 
weapon produced neutron environments. These reactor facilities 
are used principally in support of continuing R & D programs for 
the Department of Energy/Office of Military Application (DOE/OnA) 
in studying the effects of radiation on nuclear weapon systems 
and components. As such, the reactors are avallaole to DOE and 
DOD agencies and their contractors responsible for the radiation 
hardening of advanced nuclear weapon systems. Emphasis here 
will be placed upon two new reactor simulation sources; the 
Sandia Pulse Reactor-III (SPR-III) Facility which enhances the 
neutron exposure volume capabilities over those presently avail
able with the existing CPR-II Facility, and the upgradea Annular 
Core pulse Reactor (ACPK) Facility which enhances the neutr- • 
exposure capabilities over these of the former ACPR Facilit. 
The SPR-III reactor core was designed to permit exposure o: 
large electronic components (e.g. AE'&F assemblies) within i-
maximum flux region of a fast reactor. The upgrading of tt: 
ACPR was, in part, motivated by a desire to increase the av. Li
able flux level for symmetric in-core exposure of large nuc;.var 
weapon components and for accommodating asymmetric ex-core expo
sure of even larger system components (e.g., bare nuclear assem
blies). The SPR-III, which first went critical in August la75 
(SPR-II in March 1967), is utilized in meeting representative 
exoatmospheric neutron hardening requirements; while the Upgraded 
ACPR, which first went critical in April 1978 (former ACFR in June 
1967) will be utilized to meet more ,epresentative endoatmospheric 
neutron hardening requirements. Both reactor facilities are 
located at Sandia Laboratories Technical Area V (TA-V) on Kirtlanc 
Air Force Base, East, in Albuquerque, New Mexico. Experimenter's 
manuals, containing detailed operational and performance informa
tion, are presently being drafted and will soon be available for 
each reactor facility. 

SPR-III 
Physical Description 

The SPR-III is a fast-burst reactor which was designed and 
constructed by Sandia Laboratories. An unreflected and unmoder-
ated cylindrical assembly of uranium, enriched to 93 percent 235^ 
is alloyed with 10 weight percent molybdenum, in order to ensure 
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phase stabilization of the fuel material. The core design consists 
of eighteen stacked fuel plates which are mechanically fastened 
into two halves of nine plates each. The mass of the indivioual 
plates varies between 6.8 and 15.4 kg, and the total mass of the 
core fuel is about 259 kg. The nine upper plates are fastened 
together and are held stationary by the core support structure. 
The nine lower plates (referred to as the safety block) are fas
tened together and attached to an electromechanical drive mechan
ism. Four reflector-type control elements are utilized: three 
are used for control, and the fourth is used as the burst element. 
The control-element drives are standard electromechanical drive 
assemblies using a rack-and-pinion drive, with power to the drive 
mechanism transferred through an electrical clutch which disen
gages upon loss of power. The burst-element is hydraulically 
driven by a pneumatically actuated piston to achieve the high 
rate of reactivity insertion required for pulsing. The safety 
block, normally either fully inserted or fully withdrawn, is not 
used for fine control. The control-elements are utilized to 
establish a critical configuration of the core. 

The primary shutdown mechanism in the pulse mode is the 
inherent negative-temperature-coefficient of reactivity produced 
by fuel expansion. Following the reactivity insertion, the fuel 
heats up rapidly. Simultaneously, the negative-temperature-
coefficient of reactivity reduces the reactivity of the system 
and terminates the pulse. The definition of the pulse size can 
be determined very accurately by preselecting the total reac
tivity of the assembled core. 

The reactor can also be shut down by either one of two pro
tection channels which initiate shutdown signals to the actuating 
devices for the control-elements and safety block. In addition, 
the mechanical design of the reactor includes inherent character
istics which serve to make the reactor subcritical after a pulse. 
These characteristics are (1) the mechanical shock forces induced 
by the pulse, which cause the safety block to break away from the 
holding armature and free-fall to a full-out position, and (2) 
the thermal expansion of the fuel due to its rise in tempera
ture, which also can cause the safety block to break away from 
the holding armature. During normal pulse operations, a pro
grammed scram from the fast-level scram system initiates a shut
down signal which results in the release of the safety block; 
however, the inherent electromechanical delay times in this 
action are such that the actual disassembly occurs after the 
peak of the pulse. 

A central cavity, measuring 17 cm in diameter and extend
ing through both core halves, 36 cm, is the primary experiment 
facility. In addition, experiments may be mounted around the 
periphery of the reactor. An alumtnum shroud, covered with an 
adhesive mixture loaded with boron-10 is placed over the reactor. 
This shroud provides a flow channel for the nitrogen cooling gas 
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and it decouples the core from low-energy neutrons that are scat
tered back toward the core from the reactor room. The reactor 
stand is mounted on an elevator which can lower the reactor into 
a shielded pit, permitting rapid access to the reactor room. 

The SPR-III can also be operated at steady state power levels 
for those experiments requiring high fluences where rate effects 
are unimportant. However, the cooling capability of the nitrogen 
system and administrative restrictions effectively limit the time 
at power, normally, steady-state power operations are limited to 
10 kilowatts or less. 

1 
Performance Characteristics 

As mentioned previously, the SPR-III is used primarily in 
the nuclear weapon effects simulation program, and as such, is 
designed to satisfy exoatmospheric-type neutron hardening require
ments. In the pulse mode of operation (used primarily for simula
tion tests), the reactor can provide a maximum fluence in the 
cavity of about 5.6 x lO-^ neutrons/cm^ with an associated pulse 
width (FWHM) of about 76 îs. The nominal performance character
istics of the •• jctor in the pulse mode (maximum) are presented 
in Table I. 

The neutr< spectrum, within the central experiment cavity, 
is a fast, fie: :on-like spectrum which is representative of the 
"harder" exoatinospher ic neutron threat environments. The measured 
centerline spectrum, within the the central exposure cavity, is 
presented in Table II. The spectrum was obtained from a spectral 
unfold of foil activation data. This slightly softened fission 
spectrum within the central cavity is presented in Figure 1. 

Upgraded ACPR 
Physical Description 

The Upgraded ACPR was designed and constructed by Sandia 
Laboratories as a major modification to the existing ACPR, which 
was designed by General Atomic. Kith an over-all performance 
improvement of about a factor of three over the former ACPR, the 
Upgraded ACPR additions consist of a new core design, new control 
console, and coded aperture imaging active fuel motion diagnostic 
system, as well as major modifications to the neutron radiography 
facility and other experiment facilities. The reactor core is 
located in an open pool of water, which is 3.1 m in diameter and 
8.5 m in depth, such that the top of the core is approximately 7 m 
below the surface of the pool water. Besides also affording more 
than adequate radiation shielding, this pool of water provides 
cooling of the reactor core by natural convection. The most 
prominent feature of the facility is the large 23 cm diameter 
dry irradiation cavity within the center of the core. Access 
to this cavity is by means of a dry, air-filled, 25 cm diameter 
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Y-shaped loading tube, which extends vertically upward from the 
center of the core. The vertical leg of the loading tube is 
laterally supported by the top of the mounting platform, which 
is attached to the top of the tank. The offset leg of the load
ing tube is supported by the storage chamber at the side of the 
pool tank. The mounting platform also serves to support the con
trol rod, safety rod, and transient rod drive mechanisms. The 
lower end of the curved offset leg of the loading tube branches 
from the straight vertical leg about 2.4 m above the top of the 
core and has an offset of 1.6 m before joining the lower end of 
the experiment storage chamber. 

The reactor core forms a right annular cylinder and consists 
of a triangular lattice configuration of about 2U5 cylindrical 
fuel-moderator elements surrounding the hexagonal central expo
sure cavity (23 cm flat-to-flat). The core is fueled and inoder-
ated with stainless-steel clad Be0/U02 elements. The fuel-
moderator elements are spaced and supported by a 2.5 cm thick 
aluminum top grid plate and a 5.1 cm thick aluminum bottom grid 
plate and are protected on the sides by a 0.6 cm thick aluminum 
shroud. The fuel is enriched to 35 percent in 235y with 21.5 weight percent UO2 and 78.5 weight percent BeO. The height o£ 
the active fuel section of each element is 52.2 cm with a cladaed 
element diameter of 3.75 cm. The radial reflector region consists 
of solid nickel elements surrounding the fueled region. 

The fuel design provides the reactor with a large negative-
teraperature-coefficient of reactivity, derived from the doppler 
effect in the uranium, as an inherent safety feature. This 
means that any unwarranted increase in reactor power heats the 
fuel, thus causing the fuel to immediately become less effective 
as a fission source. Consequently the reactor returns automati
cally to normal operating levels. 

The reactor has eleven moveable regulating rods for per
forming the two modes of reactor operation (pulse and steady-
state). Six control rods, two safety rods, and three adjustable 
fast transient rods are used for this regulating function. The 
six motor-driven control rods (and tw3 safety rods) are used to 
regulate reactor power and are withdrawn in unison to prevent 
flux tilting within the core. These rods are of the poison/ 
fuel-followed type wherein the reactivity effect of removing 
the poison (boron carbide impregnated graphite), as the rods 
are withdrawn, is augmented by the simultaneous insertion of 
the fuel-follower (BeO/UC^) section. The electro-pneumatic 
driven transient rods are used for adjusting pulse yield and 
for providing the high rates of reactivity insertion required 
for pulsing. These rods are the poison/air-followed type. 

2 
Performance Characteristics 

As mentioned previously, the Upgraded ACPR is used in the 
nuclear weapon effects program to satisfy endoatmospheric-type 



-5-

neutron hardening requirements. In the pulse mode of operation 
the reactor can provide a maximum fluence within the cavity of 
about 8.0 x 1 0 1 5 neutrons/cm2 with an associated pulse width 
(FWHM) of 8 ms. The performance characteristics of the reactor 
in both the pulse and steaay-state modes of operation (maximum) 
are presented in Table III. The neutron spectrum, within the 
central cavity, is a slowing-down spectrum, typical of the 
"softer" endoatmospheric neutron threat environments, and is 
slightly "harder" than that of the former ACPR. The calculated 
centerline cavity spectrum is presented in Table IV. These cal
culations were performed using the two-dimensional neutron trans
port computer code TK0TRAN. The 18-group analysis with this code 
utilizes ENDF/B-IV cell weighted cross sections, generated using 
AMPX, which includes correct thermal scattering cross sections. 
The cavity spectrum for the Upgraded ACPR is presented in Figure 1. 

Because of the increased capabilities which the ACPR Upgrade 
provides over the former ACPR, it is anticipated that greater 
flexibility will be available for radiation hardening efforts. 
In addiition, the reactor facility can accommodate other experi
mental programs of national interest, such as advanced reactor 
safety research programs. A brief comparison between the simu
lation capabilities of the former ACPR and the Upgraded ACPR is 
presented in Table V. 

1. B. F. Estes, private communication, Sandia Laboratories, 1978. 
2. P. S. Pickard, private communication, Sandia Laboratories, 1978. 
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Table I: SPR-III Maximum Pulse Mode Nominal Operating Parameters 
(Central Cavity, Horizontal and Vertical Centerline, Free-Field) 

1 4 2 
Neutron Fluence 5.6 x 10 neutrons/cm 

1 8 2 
Peak Neutron Flux 7.4 x 10 neutrons/cm -s 

5 
Gamma Dose 1.0 x 10 rads (HO) 9 2 
Peak Gamma Dose Rate 1.3 x 10 rads (H 0)/s 
Reactivity insertion $1.10 
Reactor Period 23 fis 

Pulse Width (FWHM) 76 ^ s 

Temperature Rise 400°C 
Peak-to-Average Temperature Ratio 1.6 
Energy Release 13 MJ 
Peak Power 170,000 MW 

+ 
Measured 
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Table II: Measured SPR-III Neutron Spectrum 
(Central Cavity, Horizontal and Vertical Centerline, Free-Field) 

Fluence* 
(Neutrons/cm2-MeV) 

1.59+11 
1.95+12 
6.94+12 
1.21+13 
2.42+13 
4.63+13 
6.46+13 
7.34+13 
7.50+13 
7.22+13 
6.67+13 
5.96+13 
5.12+13 
4.62+13 
2.22+13 
5.00+11 
3.33+10 

Group 
lumber 

Lower Energy 
(MeV) 

Upper Energy 
(MeV) 

Normalized 
Group 

Fraction 

1 6.5+0 1.0+1 0.00558 
2 4.0+0 6.5+0 0.04368 
3 2.5+0 4.0+0 0.10410 
4 1.5+0 2.5+0 0.12119 
5 1.0+0 1.5+0 0.12123 
6 6.5-1 1.0+0 0.16189 
7 4.0-1 6.5-1 0.16154 
8 2.5-1 4.0-1 0.11010 
9 1.5-1 2.5-1 0.07502 
10 1.0-1 1.5-1 0.03611 
11 6.0-2 1.0-1 0.02668 
12 4.0-2 6.0-2 0.01190 
13 2.0-2 4.0-2 0.01023 
14 1.0-2 2.0-2 0.00462 
15 5.0-3 1.0-2 0.00111 
16 1.0-3 5.0-3 0.00002 

17 1.0-4 1.0-3 0.0000003 
1.00000 

14 
*Normalized Integral Fluence = 10 nvt. 
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Table III: upgraded ACPR Nominal Operating Parameters* 
(Central Cavity, Horizontal and Vertical 
Centerline, Free Field) 

Pulse Operation (Maximum) 
Reactivity Insertion $2.70 
Fuel Temperature Rise 1400°C 
Pulse Width (FWHM) 8.0 ms 
Reactor Period 2.2 ms 
Energy Release 400 MJ 
Peak Power 25,000 MW 

15 2 
Neutron Fluence (>10 keV) 4.7 x 10 neutrons/cm 

15 2 
Neutron Fluence (all energies) 8.0 x 10 neutrons/cm 

18 2 
Peak Neutron Flux 1.0 x 10 neutrons/cm -s 

6 
Gamma Dose 3.0 x 10 rads (H,0) 

8 ^ 
Peak Gamma Dose Rate 3.8 x 10 rads (H20 )/s 

Steady-State Operation (Maximum) 
Power 2.0 MW 

13 2 
Neutron Flux (>10 keV) 2.3 x 10 neutrons/cm -s 

13 2 
Neutron Flux (all energies) 3.9 x 10 neutrons/cm -s 

4 
Gamma Dose Rate 2.2 x 10 rads (H20)/s 

•Calculated Estimates 
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Table IV: Calculated Upgraded ACPR Neutron Spectrum 
(Central Cavity, Horizontal and Vertical Centerline, Free-Field) 

Group 
Number 

Lower Energy 
(MeV) 

Upper Energy 
(MeV} 

Normalized 
Group 

Fraction 
Fluenc 

(Neutrons/ci 
1 4.49+0 1.49+1 0.01861 1.79+11 
2 1.35-fO 4.49+0 0.14781 4.71+12 
3 7.43-1 1.35+0 0.08784 1.45+13 
4 4.08-1 7.43-1 0.07806 2.33+13 
5 1.23-1 4.08-1 0.11391 4.00+13 
6 9.12-3 1.23-1 0.13237 1.16+14 
7 9.61-4 9.12-3 0.08515 1.04+15 
8 1.30-4 9.61-4 0.07019 8.45+15 
9 1.76-5 1.30-4 0.06289 5.62+16 
10 2.38-6 1.76-5 0.05411 3.56+17 
11 1.29-6 2.38-6 0.01766 1.62+18 
12 6.50-7 1.29-6 0.01886 2.95+18 
13 3.00-7 6.50-7 0.02009 5.74+18 
14 1.60-7 3.00-7 0.01723 1.23+19 
15 1.00-7 1.60-7 0.01666 2.78+19 
16 6.00-8 1.00-7 0.02181 5.45+19 
17 2.00-8 6.00-8 0.02991 7.48+19 
18 1.00-9 2.00-8 0.00684 

1.00000 
3.60+19 

•Normalized Integral Fluence = 10 nvt. 
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Table V: ACPR Uuclear Weapons Effects Simulation Capabilities 

Quantity 

General 
Core Fuel Material 

No. of Fuel Elements 
No. of Control Rods 
No. of Transient Rods 
Fuel Height (cm) 
Excess Reactivity (?) 

Steady-State Mode 
Maximum Power Level (MW) 
Maximum Flux 

(neutrons/cm -s) 
Pulse Mode 
Maximum Energy 
Release (MJ) 

Maximum Fluenee 
(Neutrons/cm2) 

Pulse Width 
(msec FWHM) 

Peak Power (MW) 

ACPR Upgrade 
1978 -

ACPR 
1967 - 1977 

BeO/002 Enriched to 35% U-ZrHi.g enriched to 
with 21.5 wt. % U0-, 

205 
8 
3 

52.2 
7.0 

2.0 
3.9 x 10 

400 
8.0 x 10 

8 
25000 

13 

15 

20% witn 12 wt. % U0 2 

156 
6 
3 

38.1 
8.5 

0.6 
1.2 x 10 

110 
2.3 x lu 

5 
15000 

13 

15 

Spectrum 
Neutron Fraction* 

>0.1 eV 
> 1 ev 
> 10 ev 
>100 eV 
> 1 keV 
> 10 keV 
>100 keV 
> 1 MeV 

Exposure Volume+ 

Central Cavity 
(cm3) 

0, .94 
0. .88 
0. .82 
0. .75 
0, .66 
0. .58 
0. .47 
0.22 

*Calculated Estimates 

2.2 X 10" 
Exposures can be made 
external to the reactor 
core with fluence of 
1 x 10^ 5 neutrons/cm2 

with a slightly 
softened spectrum 
relative to central 
cavity. 

0.89 
0.75 
0.68 
0.62 
0.57 
0.51 
0.44 
0. 21 

•Calculated Estimates 

1.6 x 10* 
Exposures external 
to the reactor core 
are limited due to 
low available flu
ence. 
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