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Abstract 

The paper describes requirements to a high-temperature gas-cooled 
r « .-tor fron the view-point of a u t i l i t y in the Federal Republic of Germany 
The requirements presented in the paper address different areas including 
plant size* availabil ity* safety and economics. 

Only considered: The HTGR 

When speaking of future Gas-Cooled Reactors for the production of elec
tricity in th* Federal Republic of Germany, only High Temperature Gas-
Cooled Realtors (HTGR) are reflected. For this, there are two reasons: 

Firstly, our experience is restricted to HTGRs. This experience is good: 
The AVR, an experimental 15 MWe - HTGR at Julich, has produced elec
tricity sir.ee the end of 19/S7 with high availability, although it was also 
used for testing and training purposes. It has proven the feasibility of 
pebble bed HTGR, it has been operated at a medium gas outlet tempera
ture of 950 'C since 1974, it has shown that it can routinely be shut down 
with the negative temperature coefficient only, and has delivered many 
more practical results with respect to fuel, fission product transport, safe
ty properties and so on. 

The THTH 300. a prototype 300 MW -HTGR at Hamm-Uentrop (formerly 
Schmehausen), has sent its first power to the grid at the end of 1985. 

After an extensive testing period, partly prolonged through political irritj 

tions in the wake of Chernobyl, the plant started commercial operation in 

June 1987. There have been a few prototypical problems; most of tiicm 

have been resolved up to now and the rest will be resolved by the end of 

this year. We therefore expect that availability will rise from average to 

good. Cumulative power production until August 1988 has been 2,7 TWh. 

Besides experience, we think that the HTGR has some technical and eco
nomical advantage over other Gas-Cooled Reactors, which is our second 
reason for concentrating on the HTRG. Our opinion rests upon 

higher power density of medium siie HTRGs vs. modern AGRs, which 
leads to a smaller specific pcrv-volume despite the space consuming 
lay-out of steam generators with THTR and HTR soo 

simple core structure that also allows shorter construction time 

non-corrosive, equipment saving, though more expensive coolant 

less expense tor measures against coolant-induced vibration 

simple once through refueling with HTR 500, only three large pene
trations through the pevr for this purpose 

£ood fission product retention, also with rare transients, saving ad
ditional expense for the retention of radioactive matter 

good neutron economy, high burnup, simple fuel disposal, though 
higher specific cost of fresh fuel. 

In addition, we value the possibility to gasify coal and - in the long run -
split water with the assistance of HTGRs. 

Although we only look at the HTGR when speaking of Gas-Cooled Reac 

tots, our requirements are general in nature and could be applied to 

(nearly) every reactor type. 

It is obvious that any plant has to 

fit the purpose 
be safe and 
economical. 
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Fitting the niicr>oscj_T*'- '.it.ht.'ize 

In the Federal Republic of Germany recently built single purpose, electri
city producing power plants have net capacitives between 750 MWe (coal) 
and 1250 MWe (nuclear). However, with slackening rise of power demand, 
power plants ot medium size male sense again from an economical point 
of view. We therefore investigate the HTR 500. an HTGR with a net ca
pacity of 550 MWe. 

If still more than 1000 MW should be needed at a time, we could also 
build a two reactor-one turbine plant, thus reducing expense on the balan
ce of plant and on auxiliary equipment. 

In addition, German utilities also investigate small HTGRs of 80 - 100 
MWe, mainly for dual purpose - electricity and process steam or district 
heating. For such purposes demand at one site is usually not big enough to 
justify larger sizes. Applications other than electricity will be discussed in 
the paper of Dr. Schad. 

Fitting the purpose: Availability 

We aim at an availability of 8000 h/a and require a minimum of 7000 h/a. 
These numbers apply approximately to the maximum and average availabi
lity of German LWRs. 

Availability is mainly a question of experience. With future HTGRs, we 
therefore would stick as closely as sensible to the concepts of the experi
mental, small AVR and the orototype, medium size THTR. 

Onload refueling, which is the normal mcdc with pebble bed HTGRs, would 
help to attain high availability. However, we have to take care that this 
advantage is not used up for other reasons. The plant should be de^igucu 
in a way that downtime for inspection and revision as well as for pro
blems with the balance of plant and control should be minimised. This 
implies: Components with little weir and fatigue, experimental proof that 
assumed damage because of undiscovered deterioration is of little conse
quence, codes that do not require inspections with little protective value, 

possibility to inspect during plant operation as well as high standards of 
quality also with the balance of plant and control. 

Safety 

Speaking now of safety, we dot not have an absolute yardstick. Our yard 
stick is the safety standard of recently licensed German LWRs which we 
think is perfectly satisfactory. So we are content, if the HTGR is at least 
as s f c as German LWRs. We concede that the excellent safety properties 
of HTGRs be used to cut down safety related expenses. The philosophy is 
that you can only capitalize on HTGR safety when you build an HTGR, 
and this you can only do, if its costs are not prohibitively high. 

Having proceded in this manner, we look at the result: Already for the 
prototype pebble bed HTGR, the THTR joo, we can release all the helium 
coolant above 1 bar 10 the stack, with 0.7 mSv population dose close to thai allowed 
for normal operation (0.3 mSv/a). Even in hypothetical cases — prolonged 
failure of all means of decay heat removal and failure of pressure relief 
into empty storage tanks - we would stay well below population dose li
mits that have been defined for the case of an accident (50 mSv). Thus, 
an evacuation would not be necessary even in such a case. Ncverthelass 
evacuation planning was carried through for a radius of 5 km (about 3 mi
les) for political reasons. The HTR 500 will be better than the THTR 300; 
so we expect to convince our politicians that we could do without evacua
tion planning. This holds even more for the HTGRs of 80 - 100 MWe. 

Personnel dose will also be satisfactorily low as has been demonstrated 
with THTR 300. There cumulative personnel dose amounted to 0.044 man 
Sv (4.4 man rem) in 1986 and to 0.103 man Sv in 1987, the larger value 
being due to a modification which resulted from the prototype character 
of the plant. This is one to two orders of magnitude smaller than with 
L W K S . 

High standards of safety, as a general rule, also implies a low risk to 
loose your capital investment. Here again, we want to be as good as new 
LWRs or even better. In this case, however, we have specified a .lumber: 
We require that the loss of investment risk be less than 10" /a. 



Economics^ 

As HTRGs can be built lor any purpose and to any required standard of 
safety, economics turn out to be the crucial question. Here we have to 
distinguish between economical risk and economic; as such. Economical 
risk is more important, as it could turn a small advantage into a large dis
advantage. 

One of the major economical risks stems from the licensing procedure. Es

pecially with THTR 300, this has led to vety large cost overruns. We have 
learnt our lesson from that and require that no safety question be left 
open before start of erection. We shall work at this in two steps: In a 
first step, we intend to clarify generic questions by letting one of our 
state governments review the main properties of the proposed plant with
out naming a site (S 7a procedure according to German Atomic Law); with 
the HTR module (80 MWe) this is already well under way in Lower Saxony. 
In a second step, we want to work out all the evidence necessary to get a 
one step license before erection. This, we think, would largely eliminate 
risks from the licensing procedure. 

Another economical risk is of technical nature. It appears when you do 
new things for the first time. This risk will be minimized by using proven 
technology of AVR and THTR as closely as commercially allowable. De
viations from that route would mainly consist of simplifications, of well 
proven alternatives and, in a few cases, of successful new developments. 

Turning now to economics as such, we require that HTGRs be competitive 
with other plants that fulfil the same purpose. In the case of single pur
pose, electricity producing plants, current must cost no more than that of 
large LWRs. Fringe benefits, however, would be taken into account. Such 
benefits would mainly result from the smaller unit size and would include: 

better fit to load growth, less surplus capacity at the brginning, less 

early financial commitments 

less reserve capacity for the case of disconnection of a producing 

unit 

less investment into the grid 

better management of the project, not so many partners that share a 

larger plant. 

In case a large plant is really wanted, large LWRs could be compared to 

two reactor-one turbine HTGRs as stated above. 

Another benefit could be higher availability because of onload refueling, 

which has also been discussed above. This, however, would only be taken 
into account after it had been proven. 

After all the kW-price of a medium size HTGR could be a little bit higher 

than that of a large LWR, but not very much. How could this possibly be 

achieved? 

One important point is that user requirements are sensible, i. e. not too 
stringent. I have already mentioned the safety philosophy which does not 
requite more from the HTGR than from the LWR. Also the operational 
requirements are not too ambitions: For the HTR 500 as the only possible 
single purpose, electricity producing competitor to large LWRs we have 
accepted: 

reduced access and repairability in areas with low stationary loads 
(reactor internals) 

replacement of steam generators only with special measures 

less than 40 year life time of high fatigue high temperature compo
nents outside the pressure vessel 

low excess reactivity which restricts minimum load to 50 %. 

Sensible user requirements have been combined with the following measu
res of the supplier: 



Economic! of scale through maximum extrapolation of THTH joo 
technology 

simplification, introduction of new and better proven technology, 
special developments in restricted areas (sec discussion of technical 
risk above) 

introduction of special decay heat removal loops, thus making it 
possible to scale down quality requirements in the main water-steam-
cycle. 

When looking at fuel cycle cost, we find that natural uranium and enrich
ment requirements pet kWh are similar to LWR values. At the time, fuel 
fabrication costs per kWh are higher with HTCRs because of the small 
quantity of fuel produced. As the pebble is a small fuel element, mass 
production will be possible already with a few HTGRs installed, and with 
mass production costs will come down. As to the fuel disposal costs, 
pebble bed HTCRs will have a clear advantage: The fuel will not be re
processed, because this does not pay. The pebbles will be put in cans after 
discharge, stored at the site for about 10 years, the gaps in the cans will 
perhaps be filled with sand, and then the cans will be sent to their final 
storage place underground- This is simple and cheap. 

Taking all points together, there is a chance - according to the manufac
turer a good chance - that HTGRs will meet the most difficult require
ment: Competitiveness. 

For small HTGRc (80 - 100 MWe) the commercial situation - starting with 
the possible competitors - is different. This will be discussed in the paper 
of Dr. Schad. 
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Abstract 

This paper d e s c r i b e s the approach used by Gas-Cooled 
Reactor Associates (GCRA) and tha Metropolitan Water District 
of Southern California (HMD) in developing Uti l i ty/User (U/U) 
Requirements for t h e Modular High Temperature Gas-Cooled 
Reactor (MHTGR) Desalination Plant. This i s a cogeneration 
plant that produces fresh water from seawater, and e l e c t r i 
c i ty . The U/U requirements for the reference MHTGR plant are 
used except for those changes necessary to: 

• prov ide low-grade heat t o a seawater desalination 
process, 

• enable s i t ing in a Southern California coastal area, 

• t a k e advantage of reduced weather extremes where 
substantial cost reductions are expected, and 

• use seawater cooling instead of a cooling tower. 

The result ing requirements and the differences from the 
r e f e r e n c e MHTGR requirements are d i scussed . The nuclear 
portion of the design i s e s sent ia l ly the same as that for the 
reference MHTGR design. The major differences occur in the 
turbine-generator and condenser, and for the most part, the 
d e s i g n parameters for the reference plant are found to be 
conservative for the desalination plant. The most important 
d i f f e r e n c e in requirements i s in the higher seismic l eve l s 
required for a Southern California s i t e , which requires re
as ses sment and possible modification of the design of some 
reference plant equipment for use in the desalination plant. 


