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SURVEILLANCE PROGRAM FINDINGS FOR ARMY MH-1A REACTOR 
AT END OF CORE 3 

Background 

Surveillance of the Army MH-1A reactor vessel (A I SI 
Type 316 stainless steel) is being accomplished using speci¬ 
men capsules and neutron flux monitor assemblies. The speci¬ 
men capsules are placed in three locations: (a) adjacent to 
the vessel inner wall, (b) adjacent to the fuel core (accele¬ 
rated exposure location), and (c) at an above-core location 
(thermal control). Neutron flux monitor assemblies are located 
adjacent to the vessel inner wall only. The flux monitor 
assemblies permit surveillance of the incident neutron flux 
to the vessel from a point about 3-in. below to a point about 
42 in. above the fuel core centerline. The vessel upper 
circumferential weld is located approximately 8.5 in. above 
the fuel core centerline and thus resides within the region 
surveyed by the flux monitor assembly. 

Details of the original MH-1A reactor vessel surveillance 
program, including specimen capsule locations and contents, 
are given in Ref. 1. Experimental findings from capsules and 
flux monitor assemblies removed during the Spring 1969 refuel¬ 
ing outage (end of Core l'' and during the Spring 1971 refuel¬ 
ing outage (end of Core 2) are documented in Ref. 2 and 3. 

Progress 

Postirradiation assessments have been completed for a 
third series of five specimen capsules and one flux monitor 
assembly discharged from the reactor at the end of Core 3 
(Fall 1972 refueling outage). All five capsules were origi¬ 
nally installed in the reactor prior to its initial startup 
in early 1967. In contrast, the flux monitor assembly was a 
replacement assembly installed during the Spring 1971 refuel¬ 
ing outage and was exposed during Core 3 only. Specimen 
capsule loading diagrams are reproduced in Figs. 1-3 from 
Ref. 1. All specimens (Charpy-V and tensile) were of vessel 
forging material. Specimen capsules and the flux monitor 
assembly each contained iron and copper neutron dosimeter 
wires; however, neutron flux determinations were based on the 
analysis of the iron wires only (64 Fe(n,p)B4Mn reaction). 
Neutron flux and fluence determinations are summarized in 
Tables 1 and 2. 

Charpy-V (Cv) results for the accelerated exposure 

Manuscript submitted October 31, 1974. 
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Fij« 3 ~ Specimen loading scheme for above-core 
thermal control capsule CT-3 (1). 
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capsules (Al-1, A2-1), the vessel wall capsules (W2-1, W2-2), 
and the thermal control capsule (CT3) are given in Fig. 4. 
Specimens from the latter two capsule locations showed energy 
absorption capabilities exceeding the capacity of the in-cell 
test machine at room temperature (75°F, 24°C)'and at the reac¬ 
tor operating temperature (500°F, 260°C). Below room tempera¬ 
ture, a progressive decrease in specimen energy absorption 
with decreasing temperature was observed wherein energy values 
at -200°F (-129°C) were significantly lower than room tempera¬ 
ture values. This energy decrease, however, is of academic 
interest only. An equivalence of results from vessel wall 
and above-core exposures is observed and is consistent with 
the measured fluences for those locations (Table 1). The 
fluence for the above-core (thermal control) location, although 
low, was somewhat higher than originally expected. 

The results for the accelerated exposure capsules, in 
contrast to the vessel wall capsules, indicate a significant 
reduction in Cv energy absorption at the higher fluemes 
Specimens at the peak flux elevation (filled circle points, 
capsule A2-1) had an average energy absorption of 124 ft-lb 
in the temperature range 74 to 500°F (24 to ?t'0°C). Speci¬ 
mens at a lewer flux elevation (open circle points, capsule 
Al-1) showed less of an irradiation eifert with a minimum 
energy absorption of~155 ft-lb. Data scatter for capsule Al-1 
is readily traced to individual specimen elevations in this 
capsule. Overall, energy absorption values for the vessel 
wall and accelerated exposure conditions are quite high and 
should preclude any concern for fracture resistance of the 
forging at this point in service. 

A limited evaluation of the effectiveness of 650°F 
(343 0)-168 hour heat treatment for postirradiation notch 
ductility recovery was possible with excess specimens from 
capsule A2-1. The data, included in Fig. 4, indicate that 
some notch ductility recovery is possible by this method 
should the need ever arise. 

Results of tensile tests are summarized in Table 3. 
Data trendsare illustrated in Figs. 5 and 6. Open symbols 
refer to 75 F (24°C) tests ; Closed symools refer to 500°F (260 C) 
determinations. Neutron fluences for the individual locations, 
in general, decrease from left to right in the figures. As 
with Charpy-V observations, a significant difference in 
irradiation effect was not found between vessel wall and 
above-core exposure locations whereat an appreciable eleva¬ 
tion in yield and tensile strength was produced by the acce¬ 
lerated radiation exposure. It is noted that the data 
trends for 75°F (24°C) and 500°F (260°C) tests are comparable 
for ill three surveillance locations. Of greater significance, 
the highest fluence exposure (capsule A2-1) did not cause an 
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Table 3 

Tensile Properties of MH-1A Vessel Forging 

(Surveillance Capsule Irradiations) 

Surveillance Test 
Capsule Location/ Tençi. 
Number Fluence (°F) 

Yield 
Strength 
(ksi) 

Tensile 
Strength 
(ksi) 

Specimen 
Number 

A2-1 Accelerated 75' 

(41.0 X 1019 )a 500' 

Al-1 Accelerated 75 
(16.0 X 1019 ) 500 

500 

W2-2 Vessel Wall 75 
(1.16 X 1019 ) 500 

500 

W2-1 Vessel Wall 75 
(0.83 X 1019 ) 500 

CT-3 Above-Core 5C0 
(Thermal Control) 500 

(1.60 X 1019 ) 

98.3 113.3 30 
69.7 86.1 29 

84.2 103.7 9 
55.6 78.6 8 
57.5 78.5 11 

56.0 89.6 27 
34.3 68.7 25 
35.4 68.3 26 

49.2 85.7 6 
33.8 70.1 5 

31.2 65.7 12 
29.9 64.7 13 

* Average fluence, n/cm* >1 MeV. 
24 C 

c 260°C 
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clcvíitiQi» :n yield strength above 100 k«îi t 
of high vessel fracture resistance based ôn phe^°nclusion 
IS thus reinforced by the yield strength oCseïvftions!"“1™8 

in TaMeSU2!Sinïïcattehean;eUatkr0îlufxUî„mÎhnit0r P—nted 
1.34x1o11 n/cni2* sec assuming he Vessel inner wall of 
distribution at this location A s®30a sPectrum neutron energy 
MH-1A vessel is n« yet âÎaïubîe S»latedvS5?°trunl ,or the 
shown to be approximately 2 in" above^hS*'fk ilux looation is 
elevation. By comnarison ^ fuel centevline 
at the vessel circumferential weldXpLat^he centerline and 
1.26x1o11 n/cm2 • sec and 1.20x1o11 n/cÍ^sec°n For’2oefP??tÍVely ’ 
years of operation MWtï jj * °r full power 
three locatiiL woulfb^ 8 nCeS f°r tiese 
n/cm2 >1 MeV. From Core ’ I'95*10 9 > and 7.57xl019 
the 20-year fluence at the neak °re ^ results, estimates of 
tively, OxlO19 and 6.9x1o1 P n/n^CP>iUMev!°CatÍOn ’ respec‘ 

from monitors in^he^a 11 ^a^sul^Versusfthe ^terminations 
assembly is small (1.57x1o11 versus l 
may be due to a small difference in n/cm2-sec) and 
wall proper and also to the difference ií ?oJ?latlVe t0 the 
history (Core 1+2-(-3 versus Co™ total exposure 
is also observed for neak fluv «oí °nly)• Good agreement 

monitor nssembHes e^sed consecuïï^î/fn"1"611 î™ tlax 
periods; i.e., Core 1 versus Co^íx!7 o Slnple core 
2). Accordingly it is ronfiS ,|2J SUS Core 3 (see Table 
maximum fluence for 20 full power yeïîs ofG pr0j®ctlon of 
based. In Table 2, flux valSes foí+íí ,f op?ratlon ls well 
weld determined from Core 2 and Cor^ +yeSSel circumfenential 
differ somewhat more than those 

Continuing Program 

further exposúre/SfMvêsseieforvinrrVt Í ' ^prOBram involves 
now includes weld deposfrLteria^s™ mIÍ?1 b“‘- in «Edition, 
cumferential girth weld th-ící f^ffUlatlng the vcssel cir- 
the similarity^inhfluxdbetween »y 
the vessel weld lona + írin u peax riux location and 
potential in weld deposit follow observation of a 
pnred to the vesse“fõrvín5 Lîs k iacture reslntance com- 
irradiation. AccordiLly^the after 500°F (260"c) 
the surveillance program’sh^ií “8?!" °f both materials in 
vessel fracture resSce ?n se?X? “ ^11 as™"t of 
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