
1.4 OPERATION EXPERIENCE AT THE TRIGA MARK III REACTOR FRN WITHIN THE LAST 
TWO YEARS, G. Rau, (Forschungsreaktor Neuherberg (FRN), Neuherberg, 
Germany) 

The Research Reactor Neuherberg (FRN) is a TRIGA Mark III type reactor with 
1 MW steady state power and with a pulsing capability to peak powers of 
2ooo MW. Main experimental facilities are the thermal column with lo beam-
tubes, the exposure-room and several irradiation devices, e.g. rotary speci
men rack (RSR), pneumatic rabbit systems and in-core irradiation tubes. The 
reactor went critical in August 1972 and had been operated for more than 
37oo MWh up to now, and more than 25oo pulses had been released. It is 
utilized in many scientific fields, especially because of its pulsing capa
bility and experimental versatility. 

Since the last TRIGA-conference, that means actually for the time from 
Nov. 1974 including August 1976, the reactor had been operated for approxi
mately 23oo MWh and pulsed 2174 times. A detailed survey upon the operation 
history is given in table 1 for 1975 and for the first eight month of 1976 
in table 2. Only a total of 83o MWh and of lo5o pulses had been obtained in 
1975, caused by two longer lasting breaks of reactor operation in April and 
from 22 of October to lo of December for exchange of the defective.RSR 
against a hydraulically operated type as well as for maintenance and repair 
works. Reactor-operation took place in the one-shift mode normally, but 
occasionally second shifts were necessary. Thus, the number of reactor 
shifts exceeded that of working days by about lo percent. In 1976 however, 
compared to 1975, an appreciable increase of two-shift operation had occured: 
The total of reactor shifts is about 6o percent higher than the number of 
working^days. Only a short break of 15 days was necessary for inspection, 
maintenance and .repair. 
In a large amount, the reactor was utilized for irradiation of samples for 
various purposes. In 1975, about 34oo samples had been irradiated, and in 
the period January to August 1976 approximately 3ooo samples. The details 
concerning the number of samples per month, irradiated at different opera
tion modes resp. at the shut down reactor with pure gamma radiation alone 
are given in table 3 and table 4. 
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Month 

Number of Integrated 
reactor 
power 
I MWh] 

Number of 

Remarks Month working 
days 

reactor 
shifts 

Integrated 
reactor 
power 
I MWh] 

pulses square-
waves 

Remarks 

January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

21 
19 

19 
22 
18 
19 
23 
20 
22 
23 
20 
19 

21 
23 
22 
24 
20 
20 
33 
20 
22 
25 
20 
26 

70.4 
96.7 
69.3 

1.7 
68.2 
94.2 

104.9 
107.5 
126.1 
66.0 

25.8 

55 
81 

116 
3 

135 
104 
223 

30 
11 

24 9 

53 

2 

2 

1 
1 
4 
8 

12 
5 

9 

Break for maintenance, 
repair and removal of RSR 

Break for installation of 
water-operated RSR 
from 22.10-10.12.75 

Total 245 276 830.9 1050 44 

Table 1: Reactor Operation Data of 1975 

Month 

Number of Integrated 
reactor 
power 
[ MWh] 

Number of 

Remarks Month working 
days 

reactor 
shifts 

Integrated 
reactor 
power 
[ MWh] 

pulses square-
waves 

Remarks 

January 
February 
March 
April 
May 
June 
July 
August 

19 
20 
23 
20 
20 
20 
22 
22 

28 
38 
35 
35 
33 
29 
32 
31 

125.1 
214.9 
176.2 
189.8 
169 .9 
121.3 
175.6 
188.4 

281 
368 
231 
105 

39 

3 
4 

39 
19 

5 

13 

7 

From 18.6. to 2.7.76 
break for maintenance 
and repair 

Total 166 261 1361.2 1024 90 

Table 2: Reactor Operation Data from January to August 1976 
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Month 
Samples irradiated at 

Steady pulse- square- shut-down 
state- operation wave- reactor ("yl 

Total 

January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

172 2 
165 22 

84 120 12 
3 - 1 

200 153 2 2 
328 122 18 1 
309 241 20 
260 48 

255 19 1 
255 267 

284 65 19 3 

174 
187 
216 

4 
357 
469 
570 
308 
275 
522 

371 

Total 2312 1062 71 8 3453 

Table 3: Irradiation History of 1975 

Month 
Samples irradiated at 

Steady pulse- square- shut-down 
sta te - operation wave- reactor [y] 

Total 

January 
February 
March 
April 

May 

June 

July 
August 

141 358 30 
249 413 30 1 
244 19 - 1 
182 264 31 4 
241 - - 27 
160 - 12 1 
329 - - 1 
145 - - 2 

529 
693 
438 
481 
268 
173 
330 
147 

Total 1691 1054 103 37 3059 

Table 4: Irradiation History for the Period January to August 1976 
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As already mentioned before, the defective RSR had to be exchanged against 
a pool-water operated system. Reason for this was a malfunction of the orig
inal type, which stuck above a power level of 28o kW /l/, due to thermal 
stress. After consulting several TRIGA-stations, a technical design, devel
oped some years ago at the TRIGA Heidelberg HI, was found to be acceptable 
for the FRN-reactor. This is a RSR, working hydraulically and enabling the 
irradiation of heavy samples too because of the better heat-transfer. 

loading tube 

transfer valve | 

Fig. 1: Arrangement of the Hydraulically operated Rotary Specimen Rack. 

1-35 



The rotary specimen rack had to be modified for application at the TRIGA 
Mark III reactor with its moveable reactor bridge. The technical arrangement 
is shown in fig. 1. The rotator, in connection with a large flange, is sur
rounding the shroud. Irradiation is performed with flange and rotator in 
descended position. They both must be lifted upwards from the irradiation 
position before the reactor bridge can he moved towards the sides of the 
thermal column resp. exposure room. Therefore the rotator is coupled by the 
flange to 4 rods, which are guided in 4 ball bearing bushings, and which 
are connected by 2 yokes with 2 stainless steel wire ropes going to a winch. 
Inserting the irradiation capsules is done by a loading tube; after irra
diation, the capsules are exhausted into a transfer valve by means of a 
water pump. Within the transfer valve, transition from water to air takes 
place. Then, the capsules are blown by a pneumatic transport system to a 
lead shielded storage cell in the reactor hall. 

The activities for installation of the new RSR began with the removal of the 
old type in April 1975. Since the rotator had to be stripped off the shroud 
in downward direction, it was necessary to lift the reactor bridge for about 
1/2 meter. Furthermore, the water level had to be lowered appreciably for 
mounting purposes. For these reasons, the whole core had to be unloaded. 
This was settled within one week, where all fuel-elements, control rods and 
graphite elements had been transferred to the storage wells and the other 
radioactive components (I-chambers, irradiation tubes, irradiation capsules) 
had been removed behind shielding walls. Subsequently the pool-water level 
was lowered to 2,3 meters above ground, so that all activated parts of the 
core and the thermal column were still shielded sufficiently: The dose rate 
at the water surface above the shroud did not exceed loo mrem/h. Then the 
air-pipe, buoyancy tanks, drive-mechanism, guiding pins and bearing brack
ets, partially being under water, were disassembled, the rotator was fixed 
provisionally with 4 wire ropes, connected to a hoisting device, an then 
the suspension wire was released. 
Now, a very difficult problem had to be managed: Lifting up the reactor 
bridge for about 5o cm. This had to be performed with extreme carefulness, 
since the cable drag chain should not be damaged. The only possible bridge 
position for that procedure proved to be near the exposure room, where the 
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nozzless of the rabbit tubes had been removed before. The bridge was lifted 
up with the lo-tonne crane and then secured and balanced with 4 lifting 
jacks. Immediately after fixing the bridge, the rotator of the defective 
RSR was slowly released by use of the above mentioned hoisting device, till 
it was beyond the lower edge of the shroud. Then it was pulled sidewards 
like a pendulum and settled upon the bottom of the thermal column. 
Subsequently, the reactor bridge was lowered in its original position. 
Initially, it was planned to install the new RSR now. This however proved 
to be impossible, caused by an unexpected delay of the manufacturer. So the 
installation of the new RSR had to be postponed to the maintenance- and 
inspection period in autumn. 

Before refilling the pool water, an inspection of the reactor tank by the 
T(JV (a German technical supervision authority) was demanded. Thus the re
maining pool water had to be removed to the storage tank too, and the alu
minium vessel had been cleaned thoroughly. Caused by the lack of shielding, 
the dose rate near the shroud and the beam port endings had risen to 5 till 
lo rem/h. At the TtJV-inspection later on, the only failures found were some 
damages near the beam port weldings at the thermal column. Here, some junc
tures between two radial beam ports and the walls of the thermal column had 
been tightened at one side with araldite, an adhesive gluing component, be
cause there welding was impossible due to geometrical reasons. Partially, 
theses araldite seams had absorbed water, consequently had swollen and be
came brittle. However, no water had penetrated the araldite layers as could 
be found out by ultrasonic measurements. 
After several preceeding tests, a new adhesive, named "Durmetall", was 
found to be best qualified for replacing the araldite tightening. After re
moving all araldite, and cleaning all junctures completely, the beam tube 
seams had been tightened with the above mentioned Durmetall. After 48 hours, 
when the Durmetall had hardened completely, the pool water had been re
filled, the core refuelled and reactor operation had been resumed in end of 
April 1975. By the way, as was found out at a new inspection in December 
1975, the Durmetall layer did not show any damages. 
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To install the new RSR, the next break of reactor operation was made end of 
October 1975. First of all, the core had to be unloaded, what again took 
one week of time. Then as before, the pool water level was lowered to 2,3 m 
above the pool bottom again. Then a mounting rack was inserted into the 
reactor tank and settled at the pool bottom; it could be disassembled par
tially in order to drive the reactor shroud into its center. Afterwards, 

the flange with rotator was stored upon the mounting rack, the reac
tor bridge was lifted up in the already described manner by about 5o cm. 
Subsequently, the flange with rotator were pulled from the bottom onto the 
shroud and then the reactor bridge was lowered again. First, flange and 
rotator were fixed provisionally upon the platform, before the assembling 
and adjustment of the hoisting mechanism began. Here, some unexpected trou
bles occurred. So, e.g. the rods partially stuck in the ball bearing bush
ings and had to be reworked; also the hoisting winch failed in the beginning 
and had to be modified in several points. About three weeks were necessary 
to clear all these failures. Subsequently an inspection of the new RSR by 
the Tt)V tools place without any objections. Here, also the above mentioned 
Durmetall-tightening was checked again by the Tt)V and was found to be sa
tisfactory. The RSR-components outside the pool, as transfer -valve, water 
pump, pneumatic operated transport system had been installed afterwards. 
In the moment, the RSR is working unobjectionably with samples up to 75 
grammes in the capsules. However, routine operation with RSR had not yet 
started because the official delivery of the manufacturer had not taken 
place up to now. 

Finally, it shall be dealt with the FRN reactivity-and refuelling problems. 
In end of 1973, a new core (No. 6 - ca. 45o MWh) with some spare positions 
in the E-and G-ring for insertion of irradiation tubes had been built up. 
Initially at full power of 1 MW and without Xe-poisoning, the excess reac
tivity amounted to about 2 dollars in position I, the beam tube side. 
Caused by burnup and Sm-poisoning, the excess reactivity decreased more and 
more. The loss of reactivity within one year is shown in fig. 2. Curve No. 1, 
the straight line, gives the operation data of the first September week of 
1974. At Monday, actually all Xe-135 from the last week has decayed. During 
the one-shift operation week from Monday to Friday with eight hours or less 
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per day, except for the first hours of Thursday and Friday, the excess reac
tivity was high enough to permit reactor operation at full power the whole 
week. over. One year later, however as curve No. 2 (the dotted lines) shows 
for September 1975, the remaining reactivity has shrunk severely that only 
for 7 hours at Monday full 1 MW operation was possible. 
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Fig. 2 Reactor Power and Excess Reactivity during two Operation Periods 

0 2.9.-6.9.74 (1216.9 -1249.6 MWh) (g) 19- 5.9.75 (2113.5- 2U3.3MWM 

Small gains of reactivity were obtained by inserting a graphite element into 
the central position Al; this brought an increase of o,22%. Also by the 
change of the defective irradiation tube in core position E 22 against a 
fuel element from position F lo, an additional reactivity of o,17% was ob
tained. But for an essential increase of reactivity more fuel had to be in
serted. 

After the operation break in December 1975, first the original core No. 6g 
was rearranged (fig. 3). Subsequently, the graphite element in position A 1 
was changed against a beryllium rod (core No. 6h). The gain of reactivity 
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fuel element 

( J graphite element 

(RSJ regulation rod 

(JSj shim rod 

( s s ) safety rod 

pneumat ic- t ransfer 
system 

NQ) n - source 

in - core i r radiat ion-
tube 

PSJ pulse rod (RP] 

(SpK) f ission chamber 

(siK) safety chamber (KBI 

U-iK) I'm - chamber 

U.gW log - chamber 

Fig. 3 Core No. 6g 

with o,165% at the cold core resp. o,I45% at the I MW reactor was less than 
expected. Also the next step, replenishing three vacant core positions of 
the F-ring with fuel as supplement for the withdrawn fuel element of posi
tion E-22, in which again an new irradiation tube had been inserted, brought 
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only o,22% of additional reactivity. Since this was by no means sufficient, 
the remaining 8 fuel elements were inserted into the G-ring (core No. 7b). 
This gave a satisfying reactivity increase of approximately 1%. Table 5 
gives an impression of the characteristical data of the various core con
figurations. Core No. 7b has an excess reactivity of more than 2 dollars 
at full power, which seems to be high enough for a comparatively long peri
od of reactor operation. 

Core No. 
Date of 

measurement 
Number of 

fuel elements 
Mass of 
U - 235 

[ g ] 

9 e x [%1 
Core No. 

Date of 
measurement 

Number of 
fuel elements 

Mass of 
U - 235 

[ g ] at 100 W at 1 MW 

6g 
6h 

7 

7b 

11.12.75 

11.12.75 

12.12.75 

29.12.75 

86 

86 

88 

96 

3168.7 

3168.7 

3244.1 

3545.5 

2.845 

3.010 

3.230 

4.255 

0.160 

0.305 

0.525 

1.545 

Table 5: Data of Various Core Configurations (measured in Pos. I) 

The arrangement of core No. 7b is shown in fig. 4. The asymmetrical radial 
distribution of fuel leads to approximately 2o% increase of neutron flux at 
the ends of the beam tubes. Furthermore, the reactivity value of the ori
ginal reg-rod in position D-lo became almost as high as that of the safety 
rod. Thus the positions of shim-and reg-rod by were changed converting the 
corresponding control-rod drives of the positions D-l resp. D-lo. The re
activity values of the control-rods as well as excess and shut-down reac
tivity for the reactor bridge positions I(thermal column) and II (center) 
are given in table 6. In any case, the shut-down reactivity, diminished by 
the reactivity worth of the most effective control-rod, the safety rod, 
amounts to more than one percent. This means, that the stuck-rod criterion 
is fulfilled. 

Meanwhile, after reactor operation of more than eight months and an energy 
release of about 14oo MWh, a rather high loss of excess reactivity has 
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in-core irradiation 
tube 

Fig.A Core No. 7b 
occured again. Fig. 5 gives an impression of this problem. The course of 
reactor power and excess reactivity for three operation weeks in January 
(curve No. I), February (curve No. 2) and August 1976 (curve No. 3) are 
shown. In end of January, two-shift operation took place from Monday 
through Thursday; the reactor could be operated almost the whole time over 
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Pos. I 
(Thermal column) 

Pos. I I 
(Center) 

reg. rod reactivity [ % A k / k ] 

shim rod „ [% Ak/k ] 

safety rod .. [% A k / k ] 

pulse rod .. \% Ak/k ] 

1.538 

2.308 

2.371 

2.K5 

1.500 

2.163 

2.333 

2.118 

controlled reactivi ty [ % A k / k ] 

excess „ (% Ak /k ] 

shut -down .. [ % A k / k ] 

-8.361 

4.255 

-4.106 

-8 .1U 

A. 030 

-4.084 

Table 6: Reactivity Values for Core Position I and II 

at full power without any troubles. Also in the end of February, excess 
reactivity is sufficiently high for two-shift operation during the whole 
week over. In August, however the spare reactivity had shrunk so much that 
it was sensible to go on two-shift operation only for two days per week to 
let decay the Xe-135 build-up sufficiently. 

Ten more fuel elements had been ordered to insert them into the G-ring 
immediately after their delivery. But this will give the necessary spare 
reactivity only for short terms, as well as filling the other 6 vacant 
G-ring positions and the irradiation position E-22 with fuel later on. For 
long time, there are only three possibilities to obtain higher burn up of 
fuel: 

1. Operating the reactor at lower power to reduce Xe-build up and 
diminish the power coefficient of reactivity 

2. Partially inserting higher enriched fuel, e.g. flip, and operate 
the reactor with a mixed core 

3. Installation of forced convection cooling to reduce the average 
core temperature and thus gain additional reactivity. 
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Fig.5 Reactor Power and Excess Reactivity during several Operation 
Periods 

(T) 26.1. - 29.1.76 ( 2397.5 - 2456.7 MWh ) (2) 23 2 - 27.2.76 (2606.3 - 2671.7 MWhl 

(3) 2.8.-6.8.76 (3503.4 -3545.2 MWh) 

These problems have to be discussed in near future, especially regarding 
the resulting expenses, before a final decision can be made. 

References: /l/ M. Demmeler et al: GSF-Bericht P-64, S. 25 (1974) 
111 0. Krauss et al: Kerntechnik \T_, 221 (1975) 
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