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ABSTRACT 

The pressure vessel surveillance program for the Army MH-1A, 
barge-mounted reactor was designed by NRL. The NRL-fabricated 
hardware for the surveillance program included two capsules for ves¬ 
sel wall locations in the reactor, two capsules for accelerated exposure 
locations, and six capsules for above-core, thermal control locutions. 
Schematic drawings indicate the relative location of the test specimens, 
neutron flux monitors, and temperature monitors in each capsule sec¬ 
tion. The manufacturer of the vessel saved the reactor nozzle cutouts 
from the upper shell-course ring forging for test purposes. TheCharpy 
V-notch and tensile specimens contained in the capsules were machined 
from one of these reactor nozzle cutouts. Schematic drawings show 
the location of each test specimen in the parent material. Selected 
Charpy-V and tensile specimens have been tested to develop preirradi¬ 
ation properties of the AISI 316 stainless-steel reactor vessel for fu¬ 
ture reference. 

PROBLEM STATUS 

This completes one phase of the work on the MH-1A surveillance 
program; work on other phases will continue. 

AUTHORIZATION 

NRL Problem MO 1-14 
Projects RR 007-01-46-5409, 

AT (49-5)-2110, and ERG-3-67 

Manuscript submitted June 20, 1967. 
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PRESSURE-VESSEL SURVEILLANCE PROGRAM FOR THE 
ARMY MH-1A FLOATING NUCLEAR POvVER REACTOR 

INTRODUCTION 

The MH-1A reactor is a mobile, high-power, pressurized water plant capable of 
generating 10 Mw(e) at 45 Mw(t) and is the first model of its type. The reactor system 
has been placed in the converted Liberty Ship Charles H. Cugle. Remodeling of the ship 
required the removal of some equipment but primarily entailed the addition of a large 
section in the central portion of the ship to house the reactor components. The recon¬ 
verted vessel, renamed Sturgis, is capable of being towed to deep water ports anywhere 
in the world where there is a need for substantial electrical power in a short period of 

The prime contract for the MH-1A reactor was awarded by the Army Corps of Engi¬ 
neers to the Nuclear Division of the Martin-Marietta Corporation. The subcontract for 
pressure vessel fabrication was awarded to the P. F. Avery Corporation of Billerica, 
Massachusetts. The reactor vessel is made of two 3-1/8-in.-thick AISI Type 316 
stainless-steel, ring forgings welded circumferentially in the core region (Appendix A), 
a welded, hemispherical bottom closure (Appendix B), and a welded head and flange (Ap¬ 
pendix C). As discussed later, one of the rings contains welded nozzles, and the cutouts 
for the nozzles provided the surveillance material. 

The reactor design provides for two thermal shields close to the pressure-vessel 
wall as well as two additional shields adjacent to the core. Despite the four thermal 
shields, separated by water layers, the relatively compact size of the reactor still al¬ 
lows a significant neutron flux to impinge upon the vessel wall. In expectation of the 
vessel’s exposure to high-energy neutrons as well as to the possible effects of thermal 
aging, the Army Nuclear Power Field Office deemed it necessary to initiate a program 
of pressure-vessel material surveillance. The purpose of this program is to monitor 
the progressive changes in the vessel's material properties. At several locations of en¬ 
gineering interest within the reactor, it was decided that metallurgical test specimens 
should be exposed to irradiation. This report will document and provide the details of 
the surveillance program designed by NRL at the request of the Army 

PROGRAM FOR PRESSURE VESSEL SURVEILLANCE 

The purpose of surveillance testing is to assess the continuing serviceability of 
critical components in an operating reactor.* A surveillance program for a stainless- 
steel, reactor pressure vessel should provide for the representative irradiation of met¬ 
allurgical test specimens which will depict the loss In notch-impact energy absorption 
and which will yield tensile data pertinent to the operational history of that reactor The 
neutron flux at the pressure-vessel wall should also be established to ascertain the 
characteristic response of the vessel material to neutron irradiation. 

Recommended Practice for Surveillance Tests on Structural Material 
tors, ASTM E 185-62. in Nuclear Reac- 

1 



2 SERPAN AND WATSON 

Surveillance Monitoring Locations 

Irradiation assemblies containing metallurgical test specimens have been fabricated 
by NRL. These assemblies are located at the vessel wall, adjacent to the fuel, and above 
the core out of the high-flux region where specimens are subject to the same tempera¬ 
ture history. Assemblies adjacent to the fuel will be referred to as accelerated exposure 
assemblies, and above the core assemblies will be referred to as above-core thermal 
control assemblies. In addition, neutron flux monitor wires have been placed against the 
inside surface of the vessel at the same radial locations as the vessel-wall assemblies. 
All of the surveillance assemblies and monitor wires were inserted in the reactor prior 
to the initial startup during the latter part of 1966. The relative locations of these items 
are shown in Fig. 1. 

The placement of neutron flux monitor wires against the vessel provides for a direct 
measurement of the neution flux in the critical region at the vessel wall; that is, from 
the centerline of the active fuel core to the lower edge of the inlet/outlet nozzle region. 
The flux monitor wires and specimen assemblies at the vessel wall will provide data on 
the effect of high-energy neutrons and of operational temperature upon the vessel wall 
material. Data provided by the accelerated exposure assemblies adjacent to the fuel will 
show in advance the lifetime radiation damage to be expected. The above-core thermal 
control assemblies will establish the effect of long-term exposure to the operational 
temperature in the absence of radiation. When one set of measurements has been made 
on each of the surveillance components, a clear picture of the pattern of radiation dam¬ 
age to be expected for the MH-1A pressure vessel should appear. 

Since the vessel-wall specimens are located in a pocket machined from the outside 
diameter of the outermost thermal shield, the irradiation incident upon the specimens 
will be slightly greater than that upon the vessel wall. These specimens will also be 
shielded less than the neutron flux wires which are on the vessel wall. However, the 
differences in the neutron spectrum at the three locations will probably be so slight as 
to be essentially negligible. Since the flux monitor wires are along the inside diameter 
of the pressure-vessel wall, the flux measured at the vessel wall by the monitor w»res 
will be slightly higher than the wall itself. Thus, the higher flux measurement is quite 
acceptable since the resulting analysis will be slightly conservative. 

Test Specimens and Assembly Loading Arrangements 

The typo of metallurgical specimens selected for the MH-1A surveillance program 
are ASTM Charpy impact test specimens and modified 0.252-in.-diameter tension test 
specimens. Since all the specimens were to be exposed directly to the reactor coolant 
water during irradiation, the Charpy specimens have been left unnotched to prevent any 
undue corrosion of the V-notch root during exposure. This exposure mode, which is 
recommended by the ASTM, was selected as being most representative of the exposure 
of the pressure vessel. Tensile specimens have square, gripping ends, 0.334 by 0.394 
in., and a modified gage diameter. For test purposes, the gage diameter has been left 
0.010-in. oversize (0.262 in.). After irradiation, the gage diameter will be machined to 
the proper diameter. For control purposes, however, o .e tensile specimen machined to 
the exact dimensions of the gage diameter, 0.2520 in., his been included in one of the 
above-core thermal control assemblies. Drawings of 'th type of specimens, machined 
for irradiation in the MH-1A. are shown in Fig. 2. 

The specimen loading arrangements for the two vessel-wall assemblies are shown 
in Fig. 3. The assemblies are essentially identical and are located in pockets machined 
into the outer surface of the outer thermal shields. Assembly Wl-l/Wl-2 has been lo¬ 
cated in the "forward" pocket, and assembly W2-1/W2-2 has been located in the "aft" 
pocket of the reactor vessel. The lower sections of the assemblies (W2-2 and Wl-2) are 
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I- ig. 1 - The Army MH-1A reactor pressure 
vessel showing the location of the pressure 
vessel surveillance assemblies in relation 
to major reactor components 
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4 SERPAN AND WATSON 
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F ig. 2 - The tensile and Charpy impact speci¬ 
mens used in the Army MH-1A reactor pres¬ 
sure vessel surveillance program. The gage 
diameter of the tensile specimen is 0.010 in. 
oversize, and theV-notch of the Charpy speci¬ 
men has not been cut in since both specimens 
will be exposed to the reactor coolant water 
during irradiation. 

positioned so as to be centered about 3 in. below the active core centerline. (At startup 
the peak flux plane should be about 6 in. below the active core centerline.) The two lower 
sections contain three tensile specimens and nine Charpy specimens apiece. The two 
upper sections (Wl-1 and W2-1) each contain two tensile and eleven Charpy specimens. 
These sections are centered on the circumferential weld of the pressure vessel which is 
8.86 in. above the active core centerline. 

The specimen loading arrangement for the two accelerated exposure assemblies is 
shown in Fig. 4. These assemblies are essentially identical to one another and are lo¬ 
cated in slots on either side of the core. No specific vertical locations were required 
for these assemblies since their only function is to obtain information concerning the re¬ 
sponse of the material to high energy neutrons in an accelerated mode. The lower sec¬ 
tion of each assembly is approximately centered on the circumferential-weld plane of the 
vessel. Both the lower sections (A2-1 and A2-2) and one upper section (Al-2) contain 
two tensile and eleven Charpy specimens. Section Al-1 has three tensile and nine 
Charpy specimens. 

The specimen loading arrangement for the six above-core, thermal control assem¬ 
blies is shown in Fig. 5. These assemblies are essentially identical and are located ii 
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pairs within pockets in the hold-down structure above the core. Each assembly contains 
two tensile and eight Charpy specimens. Tensile specimen MH-48 located in assembly 
CT-4 has been machined to exact diameter, 0.252 in. All other tensile specimens in the 
nbo0co ICOre thermal control assemblies have, as noted in Fig. 2, a gage diameter of 
0.262 in. 

The frameworks securing the specimens in all of the three types of assemblies were 
machined in one piece from Type 304 stainless-steel plate. The bottom and middle 
spacer pieces as well as the top handling fixture were also machined from Type 304 
stainless-steel plate. Furthermore, the assemblies have been fabricated with continu¬ 
ous, full-penetration welds. The thickness of all frames and assemblies is 0.394 in. 
Numerous pockets machined into the inside frame surfaces adjacent to the specimens 
accommodate temperature monitors (noted on the figures as 554“, 579°, and 610°) and 
neutron flux monitors (noted on the figures as "Fe, Cu"). 

Since the frameworks were left open to the reactor coolant water, it was necessary 
to secure the individual specimens to the frames by mea.is of large-diameter screws 
running from side to side, through the specimens. The screws were threaded into the 
frame side and tack welded. The specimens themselves were not threaded but merely 
contain clearance holes for the screws. The dimensions noted for the approximate cen¬ 
ter of each screw are provided for future assistance in locating a hot-cell milling cutter 
for unsecuring the screws prior to removal of the specimens. Charpy specimens are to 
be notched perpendicular to the screw alignment hole, with the notching surface being up 
when the identification numbers stamped on each end are upright. Lathe centers are 
provided on the tensile specimens for final machining. 

Inconel springs were affixed to the wall and accelerated assemblies to help prevent 
undue fluctuations caused by coolant water turbulence. However, during insertion it be¬ 
came necessary to remove the two bottom springs from each wall assembly to allow 
proper alignment and fit. 

Details of the two neutron flux monitor wire assemblies are shown in Fig. 6. Two 
identical assemblies have been inserted in access tubes welded onto the vessel wall dia¬ 
metrically opposite each other and adjacent to the vessel-wall assembly positions. 

Both sections A and B contain pure iron and copper wires. Both sets of wires in 
section A are crimped at 2-in. intervals (2 through 22) for rapid sectioning of the wires 
for counting analysis after irradiation. Likewise, both sets of wires in section B are 
crimped at 2-in. intervals (26 through 44). The active fuel core and circumferential- 
weld locations along the length of the wires are indicated for reference in Fig. 6. Be¬ 
cause the two sections in each monitor assembly are rather long, a 1-in. section of 
3/16-in. rod has been placed between the two sections as well as between section B and 
the top extension. The assemblies may be cut at these places without any possibility of 
water entering the wire sections. y 

MATERIALS 

Pressure Vessel 

Stock material for all the metallurgical test specimens in the surveillance assem¬ 
blies for the MH-1A program were taken from one of the two 18-in.-diameter circles 
removed from the upper pressure-vessel ring forging for inlet and outlet nozzle openings 
(Appendix A). Diagrams showing the location of all blanks taken for specimen prepara¬ 
tion from the parent forging sections are shown in Figs. 7 and 8. The chemical analysis 
obtained at NRL for the MH-1A pressure-vessel steel is given in Table 1. 
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Table 1 
Chemical Composition of MH-1A Reactor Pressure Vessel Surveillance Steel, 
Standard Steel Division, Baldwin-Lima-Hamilton Corp. Heat No. E-5367, 

(ASTM A-182 F316 S/S) 

Sample 
Chemistry (wt-%) 

C Mn P S Si Ni Cr Mo Co Ta Fe 

Ladle (BLH) 

Check (BLH) 

NRL 

0.058 

0.063 

0.060 

1.70 

1.74 

1.51 

0.018 

0.017 

0.014 

0.007 

0.009 

0.010 

0.63 

0.58 

0.57 

10.90 

10.87 

10.80 

17.83 

17.83 

17.60 

2.41 

2.46 

3.00 

0.02 

0.02 

0.01 

0.09 

0.09 

66.2 

Test specimens were taken from five layers through the thickness of the 3-1/8-in. 
forging. These layers have been identified as inner radius, mid-inner radius, middle, 
mid-outer radius, and outer radius. The Charpy-V specimens representative of the five 
forging locations were tested over the temperature range -250 to 500 F. In every case, 
the specimens were bent into a U-shape and absorbed the full impact energy of the pen¬ 
dulum in excess of 200 ft-lb; only slight ductile tearing in the vicinity of the V-notch was 
observed. In the region of maximum strain around the V-notch, the specimen surfaces 
developed an "orange peel" appearance which is not unusual for forged stainless steels. 

The tensile properties at ambient temperature and at 500 F, as depicted by speci¬ 
mens representing four of the five layers in the 3-1/8-in. forging, are presented in 
Table 2. Ambient and 500 F, nominal stress vs reduction of a^ea curves are presented 
in Fig. 9. Again, specimens tested at both temperatures displ. ed the characteristic 
"orange peel" surface appearance indicative of material working capability. Both the 
500° F and ambient-temperature data show a trend of slight degradation in properties to¬ 
ward the middle of the forging, but these differences are so slight as to be of little con¬ 
sequence. A noteworthy property of the material is the high reduction of area values. 

Table 2 
Tensile Properties of MH-1A Reactor Pressure Vessel Surveillance Steel, 
Standard Steel Division, Baldwin-Lima-Hamilton Corp. Heat No. E-5367. 

(ASTM A-182 F316 S/S) 

Forging, 
Radius 

Location 

Test 
Temperature 

(°F) 

Yield Strength 
(0.2% Offset) 

(ksi) 

Tensile 
Strength 

(ksi) 

Reduction 
of Area 

(%) 

Mid-inner 
Mid-inner 
Mid-inner 

Ambient 
500 
500 

40.05 
28.0 
30.4 

81.2 
64.4 
66.0 

83.0 
66.0 
71.7 

Middle 
Middle 

500 
500 

28.4 
28.5 

70.6 
68.6 

63.6 
66.9 

Mid-outer 
Mid-outer 
Mid-outer 

Ambient 
500 
500 

37.8 
27.4 
29.0 

79.5 
64.2 
65.4 

84.6 
73.0 
68.7 

Outer 
Outer 
Outer 

Ambient 
500 
500 

41.0 
28.9 
29.1 

81.0 
64.8 
70.0 

78.8 
67.9 
70.4 
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nf:,9 Nominal stress vs reduction of area for 
U.¿52-in.-gage-diameter tensile specimens, rep- 

iour thickness layers of the 3-1/8-in. 
mu i a rlng for8in8 nozzle cutouts of the Army 
MH-1A pressure vessel. The specimens were 
tested at ambient and 500<:F temperatures. 

===HHSilit 
„ * .. Table 3 
Parent Material Thickness Layers for Assembly Specimen Sections 

Assembly 
Section 

Thickness 
Layer 

Assembly 
Section 

Thickness 
Layer 

Wl-1 
Wl-2 
W2-1 
W2-2 
Al-2 
A2-2 
Al-1 

Inter 
Middle 
Inner 

Mid-outer 
Middle 
Outer 

Mid-inner 

\2-l 
CT-1 
CT-2 
CT-3 
CT-4 
CT-5 
CT-6 

Outer 
Inner and outer 

Mid-outer 
Mid-inner 
Mid-inner 
Mid-inner 
Middle 

Neutron Flux Monitor Wires 

Pure iron wire, drawn from billets at NRL. has been emoloved a- 
Ton Hu, Ior the MH-1A surveillance progran, primary neu- 

assembly 
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contains wires of this material. Within each assembly, there are small welded stainless- 
steel tubes containing a 1/2-in. section of this iron wire as well as a 1/2-in. section of 
pure copper wire. Every position on each specimen loading arrangement which is noted 
"Fe, Cu” is a pocket machined into the frame in which these flux monitor wires within 
their protective tubes are contained. 

The pure copper wire, drawn from billets at NRL, was also used as a neutron flux 
monitor. Chemical analysis of the copper wire showed that the cobalt content was equal 
to or less than 0.2 ppm. Copper has been included In the surveillance program in the 
hope that it will prove useful for very long integrated exposure periods. The reaction of 
interest for this monitor is Cu6-'(n,a)Co60. Since Cofi0 can also be easily induced from 
CoSJ as a result of thermal neutron irradiation, accurate predetermination of the cobalt 
impurity level in the copper is necessary. 

Temperature Monitors 

Low-melting-temperature eutectic alloys of three compositions have been included 
in the specimen assemblies to help determine the highest temperature to which each 
group of specimens has been exposed. These temperature monitors have been sealed in 
quartz tubes and then in stainless-steel tubes similar to the neutron flux monitors. The 
temperature monitors have also been placed in pockets machined into the frame. The 
specific temperatures at which these monitors will melt are 554°, 579 , and 610°F. Vis¬ 
ual inspection of the alloys after irradiation will reveal either a smooth ball or an oblong 
mass, indicating a temperature equal to or exceeding the nominal melting temperature, 
or a thin strip of alloy with relatively sharp edges and ends, indicating that the nominal 
temperature was not exceeded. 

Assembly Withdrawal Schedule 

No specific time limits have been set for withdrawal* of the individual assemblies of 
the MH-1A surveillance program. It is expected that one of the accelerated assemblies 
along with one of the neutron flux monitor assemblies will be removed after approxi¬ 
mately 1 year of full power operation. Additional units for reinsertion of these two types 
of assemblies as well as the above-core thermal control assemblies can be made. The 
vessel wall assemblies are located in such a manner that replacement will be most diffi¬ 
cult if not impossible. Therefore, the initial withdrawal of a vessel-wall assembly will 
probably not occur until after a minimum of three or four years of operation. Above¬ 
core thermal control assemblies may also be removed after this three- or four-year 
period. 

SUMMARY 

A pressure vessel material surveillance program has been designed for the Army 
MH-1A reactor by the Naval Research Laboratory. This program is designed to monitor 
the progressive changes in the vessel's material properties and to indicate in advance 
the effect on the material of high energy neutrons and of thermal aging. Using material 
from nozzle cutouts of the upper ring forging of the AISI 316 stainless steel vessel, NRL 
fabricated the necessary specimens. Frameworks for all the surveillance assemblies 
were machined from a Type 304 stainless-steel plate. Drawings of the individual assem¬ 
blies are presented as well as drawings depicting the location of all test specimens in 
the parent material. Mechanical properties representative of the unirradiated condition 
of the surveillance material as well as the chemical analysis are reported for future 
reference. 

*THp various tools to be used for the assembly removal operations were designed by the 
Martin Company. Details of the tools and their operation are contained in the MH-1A 
Reactor Operating Manual. 
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MArsiUFACTüHËR'5 CERTIFICATION AND DOCUMENTATION RELATING 
TO THE TWO SHELL COURSE RING FORGINGS AND INLET 

NOZZLES OF THE ARMY MH- 1A REACTOR PRESSURE VESSEL 

HE] 
STANDARD STEEL 

A DIVISION OF BALDWIN'LIMA-HAMILTON CORPORATION ■URNMAM BA . __ BURNHAM. PA. 1700« AREA COOr 71? it» i«7| 

January 20, 1966 

Mr, Charles Z, Serpan, Jr. 
Reactor Materials Branch 
Metallurgy Civlslon 
U.S. Naval Research Laboratory 
Washington, D. C. 20390 

Dear Sir: 

—BJECT: F* *ver> Corporation Order U-300-2 and J-300-7 
SSD Orders 542-1351 and 662-1134 

#63Îr9-C«.^ly y0Ur 1;'-er January 12> 1966. Rof- 
the^hêat^trêftmé ""“f f"8 infonaa.ion concerning 
foroí!! e Í USed ln Producin8 316 stainless steel 
forgings for the P. p. Avery Corporation. 

The four forgings produced on subject orders were heat treated 
(solution treated) as follows: treated 

Sd«niBoSeforseHheated £ 1800F in 6 h0ur8 and then 
1960F in i H ^ ï î1“* ^ wre then Seated to ¿2" ÏUÆ •• ^ <» ^ ■»« 

We trust this is the Information that you desire but should 

or have any que8“on8-pl— 

Very truly yours, 

/ - 

T.. J. C0ÍINARE 
Manager - Quality Control 

J» 

BTANDANDC« on BTANOANO RON 

.o...» 
•eOtcRD WV*«®1 R L R 

Fi!8.'|A'1 ‘ Heat treatrnent record for the two vessel 
Àh*‘ C^ur8.eA rÍnR for«lnR8 and two "o^les of the 
Army MH-1A reactor pressure vessel 
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Fig. A-2 - Chemical analysis and test report for the two 
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mid m 144 BALDWIN - LIMA - HAMILTON CORPORATION 
•TANDA» STBBL DITIBION 

MKTALLURQICAL DEPART MINT 
Ü-2-6Í1 

Burnham, Pa._Pat« fihlppad 

Twt Report For...LJ..QQrPOTtóldl. 

0ur 0rder.. Cuatomer'a Order.... J-JOft-7.. 

Fig. A-3 - Chemical analysis and test report (or the two inlet 
nozzles of the Army MH-1A reactor pressure vessel 
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MANUFACTURER'S CERTIFICATION AND DOCUMENTATION 
RELATING TO THE BOTTOM ELLIPTICAL HEAD OF THE 

ARMY MH-1A REACTOR PRESSURE VESSEL 

T*l«phon«: 215 314 2800 
Cabl« Carlton, TKorndalo, fo 

Talon: 083 4915 
Talatypa 215 383 1693 

Thocùuséu QamAu Shtt' ra 
TjicM Qítoyé o*fií Tltcuijon Id 

TMOBNDALC.PA 19372 

February 18, 1966 

U. S. Naval Research Laboratory 
Washington, D. C. 20390 

Attention Mr. Charles Z. Serpan, Jr. 
Reactor Materials Branch 
Metallurgy Division 

Gentlemen: 

Subject: Your Reference 6390-IO: CZS: gml 
Our OOC 44411A; P. F. Avery Corp. 

This refers to your request for actual recorded histories 
of the various heat treating steps followed during the 
processing of the following Items. 

Elliptical head. Type 316 HRAP ASTM A240-61T 
stainless steel for P. P. Avery Corp., C. 0. No. J-300-4, 
OOC 44411-A, Heat No. 43574-2. 

A copy of the record of solution annealing heat treatment 
performed this material Is enclosed. 

In reviewing our records we note that similar data were 
submitted to the U. S. Coast Ouard Inspector at the time 
of inspection. 

Cordially, 

H. E. Tomlinson,(Jr. 
Manager - Technical Service 

HKT:anh 
encl. 

Fig. B-l - Confirmation of processing steps for the bottom 
head of the Army MH-1A reactor pressure vessel 
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Fig. B-2 - Chemical analysis and test report for the bottom 
head of the Army MH-1A reactor pressure vessel 
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MANUFACTURER’S CERTIFICATION AND DOCUMENTATION 
RELATING TO THE UPPER HEAD AND FLANGE FORGINGS 

OF THE ARMY MH-1A REACTOR PRESSURE VESSEL 

March 29, 1966 

U. S. Naval Research Laboratory 
Reactor Materials Branch 
Metallurgy Division 
Washington, D.C. 20390 

Attention: Mr. Charles Z. Serpan, Jr. 

Dear Sir: 

In answer to your request of January 12, 1966, we are 
submitting the heat treating cycles used in the processing 
of the following items: 

316 Stainless Steel Flange and Head for P. F. Avery 
Corporation, Customer Order No. J-300-3, U. S. Steel 
Order No. HV-40404 dated 11/8/63. Heat and Serial 
Numbers X25647, 2616-1 and X25646, 2616-2. 

We regret the delay in forwarding this information to you. 

Very truly yours, 

J. L. Giove 
Chief Metallurgist 

LLJames/jlo 
Attachment 

Fig. C-l - Confirmation of processing steps for the upper head 
and flange forgings of the Army MH-1A reactor pressure vessel 
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TREATMENT 

SERIAL 2616-1 

Charge into a 1000°C furnace - heat to 1065°C - equalize 

and then maintain 12 hours - water quench cold. 

SERIAL 2616-2 

Charge into a 1000¾ furnace - heat to 1065¾ - equalize 

and then maintain 12 hours - water quench cold. 

J. L. Giove, Chief Metallurgist/jlo 

Fig. C-2 - Heat treatment of the upper head and flange 
forgings of the Army MH-1A reactor pressure vessel 
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