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O tto Halm, G erm any’s first nuclear m erchant ship, is a  research vessel and  a  14 000 dwt 
ore-carrier. T he $14 m illion ship was constructed  between 1963 and  1968 and  is presently 
ow ned by the au th o r 's  com pany. T he m ain purpose o f the ship is to  collect the technical and 
practical know ledge necessary for the developm ent o f econom ically com petitive nuclear 
m erchant vessels.

T he nuclear propulsion p lan t o f  O tto Hahn  is a  p ro to type o f the advanced pressurized 
w ater reactor, the so-called F D R , the m ain features o f  which are self-pressurization and  
integrated design.

D uring 1 | years o f extensive trials under all possible w eather conditions the ship and 
the p ropulsion p lant have shown an excellent behaviour which exceeded the expectations o f 
both the builder and the operator.

T he paper describes ship and  m achinery and  gives som e detailed inform ation  about 
the experience gained so far. Mr- U|ken

IN T R O D U C T IO N
T he au th o r’s com pany is the ow ner o f the nuclear ship 

O tto Hahn. T he com pany  was founded  13 years ago fo r the 
special task  o f  p rom oting  the application  o f  nuclear pow er for 
ship propulsion. The com pany carries ou t research and  develop­
m ent w ork on its ow n as well as in close co-operation  with 
industry  and  co-ordinates all G erm an activities in this field. 
Partners in G .K .S .S . a re  the Federal R epublic o f  G erm any, the 
fou r no rth ern  G erm an provinces and  34 industrial and  com ­
m ercial com panies, m ainly shipyards, shipow ners and  m achinery 
factories.

D uring  the first twelve years the au th o r’s com pany has 
spent abou t $50 m illion. This includes construction  costs o f 
$14 m illion fo r the nuclear ship O tto Hahn  and her first reactor 
core, w ithout the fuel. A n additional $15 m illion have been 
invested in the com pany’s research centre a t G eesthacht, near 
H am burg, where am ongst o ther installations tw o swim ming-pool 
reactors, a  zero pow er assem bly and  o ther research installations 
are  operated. The rem aining am oun t covers the current expenses 
fo r research and  developm ent.

N um erous prelim inary investigations, studies o f various 
projects and  evaluation  o f  different reacto r types were carried 
ou t before the com pany, in 1961, decided to  build  O tto Hahn. 
This ship is an  ore  carrier o f 14 000 dw t loading capacity and 
10 000 shp, but ap a rt from  this com m ercial feature, she is 
predom inantly  a research ship. The ship and  the reactor 
installation were equipped w ith additional m easuring devices and 
research facilities to  provide the technical and  practical know ledge 
useful and  necessary fo r the design o f fu ture nuclear ships.

O tto Hahn  is no t an econom ical ship in a com m ercial sense. 
D isregarding the capital costs the operational costs am oun t to 
$0-5-0-7 m illion per year, while, depending on freight rates, up 
to  $0-5 m illion m ay be earned by cargo voyages.

O tto Hahn  was constructed  between 1963 and  1968. In view 
o f this ra ther long period it m ust be rem em bered th a t the selected 
pressurized w ater reactor with self-pressurization and  integral 
design (F D R ) represents a  first-of-a-kind prototype, requiring a 
num ber o f  individual industrial m anufacturing procedures. In
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future, nuclear ships will have to  be constructed  in a  m uch sho rte r 
period  to  m eet the econom ic requirem ents. W ith regard  to  the 
short-term  dispositions o f the shipow ners, the au th o r estim ates 
a  construction  period  o f  2 i to  3 years as the m axim um  acceptable 
tim e for com m ercial orders. This is only one question, and  no t 
the m ost im portan t, w hich has to  be solved before nuclear pow er 
becomes com petitive in the field o f ship propulsion . O ther 
factors, such as availability o f  the p lant, handling o f the p lant by 
a  norm al crew, po rt entries o f  nuclear ships, insurance problem s 
and  evaluation  o f  the calculated  safety m easures can  only be 
solved by operation  o f  nuclear m erchant vessels over a period 
o f  time, under all possible conditions. This is why the au th o r’s 
com pany decided to build the first nuclear m erchant vessel. The 
results obtained  from  the first 18 m on ths’ operation  o f O tto Hahn 
have proven m ost useful fo r the w ork w hich is being done in 
G erm any for the fu rther developm ent o f larger nuclear ship 
propulsion plants.

D ESIG N  PH IL O SO PH Y  OF TH E  H U L L
A t the end o f 1960 the au th o r’s com pany invited the m ajor 

G erm an shipyards to  tender fo r the construction  o f a nuclear 
pow ered tanker o r o f  ano ther suitable type o f  vessel and  the 
follow ing year decided in favour o f  the alternative tender 
subm itted  by K ieler H ow aldtsw erke A .G . w hich related  to  a 
bulk  carrier o f  approxim ately 14 000 dwt. A  special com m ittee, 
form ed by technical experts, pu t forw ard their p roposals for the 
im provem ent o f  this design. T he w ork  was carried  o u t by the 
shipyard  in close co-operation  w ith  the au th o r’s com pany. The 
follow ing m odifications were recom m ended:

a) an increase in the volum e o f w ater ba llast allowing the 
ship to  operate  a t full d raugh t during the research phase, 
thus ob tain ing  full engine pow er;

b) an increase in accom m odation  and  w orking space for 
expanded research and  train ing s ta ff;

c) a special forw ard  bridge superstructure to  ensure naviga­
tion  in rivers and  p o rt w aters is as safe as possible, the 
room  u nder the bridge house being occupied by an  
auxiliary Diesel generator s e t ;

d) an increase in w atertight subdivision, as high as possible, 
an d  separating  the auxiliary boiler room  fo r better fire 
protection.
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T he reason fo r these recom m endations was th a t all the experts 
involved in these decisions felt th a t the m inim um  possible risk o f 
hazards should  be ensured for this p ro to type test ship. Owing 
to  the type o f bulk carrier selected it was possible to  carry ou t 
the recom m ended changes. These changes, together w ith 
add itional space in the reacto r com partm ent for reacto r auxiliaries 
and  for the service station , as well as an  increase in the block 
coefficient allowing space a t the ship’s ends to  facilitate unloading 
by m eans o f  grabs, resulted in w hat was virtually  an  entirely new 
design.

This design was th a t o f  an  ore carrier, since the load  space 
for o ther bulk cargoes had  becom e to o  sm all to  allow  the loaded 
draught to be atta ined , and  the carrying capacity  to  be fully 
utilized. O n N ovem ber 28th, 1962, the con trac t was concluded 
between the au th o r 's  com pany and  K ieler H ow aldtsw erke A .G . 
The keel was laid on  Septem ber 17th, 1963, and  the ship was 
launched on June 13th, 1964. C onstruction  was com pleted a t the 
fitting-out dock o f  K ieler H ow aldtsw erke A .G ., where also the 
conventional propulsion  m achinery, the reactor p lan t and  the 
fuel elem ents were installed. The chosen type o f  ship was, under 
the circum stances m entioned, the m ost econom ic type. The 
add itional m ajor advantage over a  tanker was the possibility o f 
running the ship fo r different trades on  different routes to  various 
ports, thus enabling  the ow ner to  gain the widest experience.

D ESC R IPT IO N  O F T H E  SH IP
T he nuclear ship O tto H ahn  is constructed  as an ore  carrier 

(bulk  freighter) and, because o f  the high num ber o f  research 
personnel, as a  passenger vessel. H er principal dim ensions and  
d ata  are set ou t in T able I.

T a b l e  I — P r i n c i p a l  p a r t i c u l a r s  o f  n .s . ‘o t t o  h a h n ’

Length, o .a .............................................. 172 m
L ength, b .p .............................................. 157 m
Beam  ................. ................. 23 -40 m
D ep th , m oulded  .............................. 14-50 m
D raugh t ............................................
F reeboard , including thickness o f

9-20 m

deck plating  .............................. 5-33 m
Block coefficient .............................. 0-741
D isplacem ent (seawater) ................. 25 812 tons
D eadw eight capacity  ................. 14 200 tons
C apacity  o f  h o l d s .............................. 13 328 m-’
Ballast tank  capacity ................. 14 278 m3
Tonnage ............................................ 16 870 grt 

7 257 nrt
Pow er o u tp u t: norm al 10 000 shp

m axim al 11 000 shp
Speed (approxim ately) 17 knots
A uxiliary pow er .............................. 2000 shp
Speed (auxiliary power) 8-5 knots
Crew (including trainees) ... 61
R esearch personnel and  passengers 35
H ospital ... ... ................. 4

T he ship is classified by tw o classification societies. It holds:
a) the highest classification o f G erm anischer Lloyd, as an 

ore-carrier, passenger vessel and  nuclear sh ip ;
b) the highest classification o f  Bureau Veritas, as an  ore- 

carrier and  nuclear ship.

In addition  to  the sh ip 's safety, especially as regards ensuring 
the operational safety o f  the nuclear p lant, the  com pany also 
took  in to  account the regulations and  directives o f  national and 
in ternational bodies. A ccording to  the G erm an A tom  Law, 
special perm ission had  to  be obtained  from  the Federal M inistry  
o f Scientific R esearch, the M inistry o f  L abou r and  the M inistry 
o f  T ran sp o rt o f  the four northern  G erm an provinces.

Fig. 1 show s the general layout o f  the ship. O tto Hahn  is a 
single-decker w ith norm al cam ber and  abnorm ally  high forw ard 
sheer. T he superstructure  com prises the bridge, consisting o f five 
decks, situated  on the main deck, approxim ately  one-third o f the

ship’s length from  the bow ; the after section consists o f  a  long 
deck house w hich extends fo r alm ost h a lf the sh ip’s length and  
supports three shorter decks. T he decks above the m ain deck 
com prise the poop deck, the superstructure  deck and  the boat 
deck. T he short forecastle superstructure  was kep t as low as 
possible to  ensure good visibility from  the bridge despite the high 
sheer, and  is o f  w atertight construction  except fo r som e small 
passages, and  is included in the gross tonnage calculation.

T he propulsion p lan t is housed m ainly in the after p art o f 
the ship. F rom  aft to  forw ard, the various engine com partm ents, 
which are  separated  by bulkheads, are:

1) the auxiliary boiler room ;
2) the engine ro o m ;
3) the reacto r room  w ith em pty side cells;
4) the reacto r auxiliaries room  w ith em pty side cells;
5) the service room  w ith em pty side cells.

U nder the bridge, between the longitudinal side bulkheads, is 
located the auxiliary engine room . F orw ard  o f  this are  holds 
1 and  2. Between the auxiliary engine room  an d  the service room  
are  holds 3 and  4. A t the rear o f the entire p ropulsion p lant and 
above the shaft tunnel cover are  holds 5 and  6 .

The ship has 13 w atertight bulkheads as well as tw o cofferdam  
bulkheads and  a  small bulkhead between the after peak and  the 
em pty cell. L ongitudinal bulkheads extend over the w hole length 
o f the ship except in the fore and  after peak com partm ents, the 
aft em pty cell and  the m ain engine room . The holds, the auxiliary 
engine room  and  the auxiliary boiler room  are  bounded, on both  
sides, by w ater ballast tanks. F rom  the forw ard collision bulkhead 
to  the after peak bulkhead there is a  double  bo ttom  which 
extends over the full w idth o f the ship and, except in the reacto r 
com partm ent, serves as ballast w ater room .

In the reactor com partm ent the double bo ttom  and  the side 
cells function  as em pty cells for collision and  grounding  p ro ­
tection. Only the upper p art o f the m iddle sections in the double 
bottom , w hich are subdivided by a  w atertight interm ediate 
bulkhead, can be flooded w ith sea w ater when the ship is in dock; 
sea w ater then serves as a rad iation  shielding in the absence o f a 
concrete secondary shield a t the bottom .

A ccording to  the regulations, including also the SOLAS 
C onvention regulations and  recom m endations, the highest 
standard  in fire protecting construction , fire detecting and  fire­
fighting systems are ensured and  the equipm ent is o f  the highest 
possible quality.

Design o f  the Reactor Compartment
D uring the design phase o f the ship, new problem s had  to  be 

solved by the naval architects. T he design o f  the containm ent 
foundation , the design o f  the foundation  o f  the concrete secondary 
shielding and  the design o f  a collision barrier were th e  m ost 
interesting features. Fig. 2 show s the finally accepted solutions.

T he con tainm ent vessel, together w ith its internal equipm ent, 
weighs approxim ately 1000 tons. It rests on the sh ip 's double 
bo ttom  by m eans o f a  bed structure  and  ab o u t halfw ay up it is 
supported  laterally and  longitudinally  by the con tainm ent room  
bulkhead. T he upper horizontal support acts as a  horizontal 
hinged m ounting, and  the 24 low er slide bearings, the surfaces 
o f which are uniform ly distributed  in a circle, each o f  which is at 
an angle o f  45° in rela tion  to  the con tainm ent axis, acts as a 
ball-and-socket jo in t. O wing to  the statically determ ined d is tribu ­
tion o f forces between the upper and  the lower supports, any 
deform ations o f the ship’s hull have no  effect on the foundation . 
In  order to  prevent this effect from  being reduced by friction in 
the bearings, Teflon was used as a facing m aterial and  the bolts 
preventing displacem ent o f the containm ent are  prestressed 
against special bushings. T he horizontal support acts on four 
points, uniform ly d istributed  a round  the circum ference o f  the 
containm ent, from  w here the forces are  transm itted  tangentially 
to the containm ent in the longitudinal and  transverse directions. 
This function  is perform ed in each case by eight prestressed tie 
rods which are  jo ined  to  the hull in the corners o f  the reactor 
room . T he 24 slide bearings are  located on the upper edge o f  a  
conical sk irt resting on the tan k  top. T he stress peaks occurring 
a t the intersection points o f  the conical sk irt and  rectangular
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F ig . 2— R eactor room

beams are well below perm issible values and  are greatly reduced 
by kneeplates and  curved carlings.

T he secondary shielding, consisting o f 500 and 600 m m  thick 
concrete, is m ounted in the ship’s hull in a special m anner. It 
consists o f  four flat wall-slabs and  a  dome. These elem ents are 
supported  by four brackets, positioned in the neutral axis on the 
longitudinal and  transverse bulkheads. A t the corners o f  the 
room  the reinforcing bars o f the adjacent concrete walls are 
connected in such a way tha t they act as hinges w ith vertical axes, 
thus absorbing forces during the inclination o f the ship. In  order 
to  avoid interactions between the concrete walls and the hull, 
polystyrene plates, in an airtight foil packing, are  installed 
between the concrete and  the bulkheads.

T he dom e o f the secondary shielding rests on the brackets 
by means o f four pairs o f  sliding feet, thus acting radially only 
bu t n o t in o ther directions. In  the vertical direction it is secured 
by bolts.

O n both  sides o f the reacto r room  between the ou ter shell 
and  the longitudinal bulkheads, collision barriers are  provided. 
They are  form ed by additional decks and  web fram es. Fig. 2 
shows tw o collision decks extending over the full w idth o f the 
side spaces. They are  welded to  the shell p lating  and  to  the 
longitudinal bulkheads. In the three interm ediate spaces thus 
form ed, between the tank  top  and  the m ain deck, are m ounted 
three additional decks, only between the inner flanges o f the web 
frames. They are  no t welded to  the bulkhead or to  the plating. 
This construction  reduces the notch  effect fo r the longitudinal 
strength o f the hull, since the longitudinal bending stresses are 
transm itted  only to  the wide decks. The p lating  o f  the o ther 
decks and  o f the tank  p late in this area is increased and  also the 
shell plating is stiffened by additional frames. The collision 
barrier m ounted  on  O tto H ahn  has been tested in a m odel test 
and  the perform ance o f the additional decks was satisfactory.

The double bo ttom  structures in the reactor com partm ent 
provide low buckling resistance to  the low er part. The load on 
the tank  top  from  the containm ent vessel can be borne solely 
by the stiff structure o f  the upper part o f the double bottom . 
C are was taken to  ensure adequate  strength  o f the lower part for 
docking purposes.

F o r both  the reactor com partm ent and  the entire ship the 
following design values were considered additionally  as safety
values For the construction:

a) additional accelerations . . 1 0 g  in all directions
b) periodic rolling m otion . 45° to  each side
c) periodic pitching m otion . . 12° up and  down
d) perm anent list . 45° to  po rt o r starboard
e) trim  ... . 12° dow n by head o r stern

Design o f  the Reactor Plant
The reactor p lan t o f O tto Hahn, i.e. the so-called F D R , is 

an  advanced pressurized w ater reactor. It has been developed for 
nuclear ship propulsion by a w orking group o f the G erm an  
Babcock and W ilcox D am pfkesselw erke A .G . a t O berhausen and  
In teratom , a t Bensberg. T he reacto r type was selected by the 
au th o r’s com pany in N ovem ber, 1963. T he m ain reasons fo r this 
choice were som e prom ising advantages o f  the F D R  design, i.e. 
the com pact construction  o f the w hole p lan t, the avoidance of 
large high pressure pipes, the simple contro l system and  the 
relatively high steam  quality  up  to  36°C superheating.

F o r the final design and  fo r the construction  o f the reactor 
p lan t a  num ber o f  subcontracts have been given to  several firms 
in th e  E uropean  C om m unity areas, w ithin the p lanned participa­
tion  con tract existing between E uratom  and  the au th o r’s 
com pany.

T he m ost im portan t design features o f the F D R  are  the 
integrated construction  and  the self-pressurization. The heat
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F ig . 3— F D R  reactor-pressure vessel

exchangers fo r the p roduction  o f  secondary steam  and  the 
prim ary  coolant pum ps are located w ithin the pressure vessel. 
T hough  this design requires a  larger pressure vessel th an  the 
conventional P W R  it has the advantage o f  keeping all com ­
ponents con tam inated  by radioactiv ity  w ith in  one vessel. 
M oreover, tw o failures can be avoided w ith th e  F D R  due to  this 
in tegrated  system, i.e., the so-called cold-w ater accident an d  the 
loss o f coo lan t accident, since there are  no  large prim ary coolant 
pipes.

Pressure Vessel and Internal Equipment
Fig. 3 shows a cross-section o f  the F D R  reacto r pressure 

vessel w ith its installed com ponents. T he vessel itself consists o f 
forged rings and  h a lf spheres o f  fine grain  steel and  has an 
in ternal p lating  o f  abou t 8 m m  thickness o f  18/9 C r N i steel for 
co rrosion  pro tec tion . T he w all thickness o f  the pressure vessel 
has been calculated fo r a  pressure o f  86 kg /cm 2 and  a  tem perature 
o f  300°C. A s the reacto r w orks w ith self-pressurization the 
opera tion  pressure is 63 -5 kg/cm 2 a t an  operating  tem peratu re  o f 
278°C. T he cover o f  the vessel is fixed on to  the cylindrical part 
by 36 bolts o f  100 m m  diam eter equipped w ith an hydraulic tension

device and  sealing is effected by m eans o f  tw o large m etal O-rings. 
T he six pipe nozzles fo r the inlet o f  secondary feed w ater and  
ou tle t o f  steam  from  the heat exchanger con tain  special rad iation  
absorp tion  plugs.

Three large bent nozzles in the bo ttom  o f the pressure vessel 
hold  the prim ary  coo lan t pum ps w hich are canned m oto r pum ps 
w ith  axial propellers and  a  nom inal flow o f  1025 m 3/h . The 
coo lan t circulates in  concentric tubes inside th e  nozzles. In  the 
event o f  one o f  the pum ps failing, a  non -re tu rn  valve in the re turn  
line is closed autom atically . T he tw o rem aining pum ps are 
capable o f m aintain ing 74 per cent o f  the norm al flow ra te  thus 
enabling th e  reactor, w ith slightly reduced neu tron  flux scram  
poin t to  110  per cent ensuring the necessary b u rn o u t safety, to  
opera te  a t nearly 100 per cent pow er under norm al sea conditions. 
As the pressure losses in the prim ary  circuit are  very low  com pared 
to  the norm al PW R  the head o f  the prim ary pum ps is only 
0-33 kg/cm 2, requiring  a  pow er o f  15 kW  fo r the electric m otor. 
F o r  this reason a  ra th er high reacto r pow er, and  especially the 
decay-G am m a heat, can  be rem oved from  the core by natu ra l 
circulation. T he reacto r core being located  in the low er p art o f 
the pressure vessel is m ain tained  in position  by a  special structure
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to  w ithstand additional g  forces up to 1 g  in all directions.
Fig. 4 shows the arrangem ent o f  the core consisting o f 

12 square and four triangu lar fuel elem ents. Each square fuel 
elem ent consists o f  17 x 17 fuel rods and  burnable poison rods 
arranged w ith a  15-8 m m  square spacing. F o u r central T-shaped 
cutouts perm it the lowering o f  the abso rber rods. The fuel 
consists o f  sintered U O 2 con tained  in 0-35 m m  thick stainless 
steel cans having an  ou ter d iam eter o f  11 m m . The rods are 
guided a t the top  and  bo ttom  by plates equipped  w ith five spacers 
consisting o f square soldered pressings. T he supporting  fram e of 
the fuel elem ent is form ed by 12 zincalloy stru ts. T he four 
triangular corner elem ents are  o f  sim ilar design. They contain  
ab o u t ha lf the num ber o f fuel rods bu t no  abso rber rods. The 
core is designed fo r an  operating  tim e o f  500 full pow er days and 
for an average burn  up o f 7 260 M W d/t. T o  ob ta in  flat neu tron  
flux d istribution  and  uniform  fuel b u m u p  the core is divided into 
four radial enrichm ent zones w ith 2-77, 3-20, 3-89 and  4-87 per 
cent o f  U  235. The average enrichm ent is 4 03 per cent. The 
T -shaped cruciform  absorber rods (see Figs. 3 and  4) contain  a 

P iG 4__ j h e core arrangem ent large num ber o f  small steel tubes filled w ith boron  carb ide in a

T a b l e  II— P r e s s u r e  v e s s e l

Reactor pressure vessel
D iam eter/in ternal height 2360/8580 mm 929/3378 line
Internal volum e 35 m3 1166 f t3
W all/plating thickness 50/8 mm 20/3-15 line
D esign pressure 85 kg/cm 2 1209 lb /in 2
D esign tem perature 300°C 572°F
Test pressure, cold 127-5 kg/cm 2 1813 lb /in 2
M aterial — 15 M n M o N i V 53/austeni
W eight (empty) 100 tons 98-4 long tons

Prim ary system
O perating  pressure 63-5 kg/cm 2 903 lb /in 2
Flow  ra te  (3 pum ps) 2-4 . 10s kg/h 5-28 . 10s Im p gal/h
Inlet/outlet tem perature 267/278 °C 513/533°F
Flow , cross section 0-61 m 2 0-73 yd 2
Flow , velocity 1-7 m /s 1 -86 yd/s
P rim ary w ater volum e 25 m 3 5499 Im p gal

Reactor core
T herm al ou tpu t — 38 M W /th
O perating period a t full load — 500 d
Average burn  up 7260 M W d/t U O , 7136 M W d/long tons U 0 2
W eight o f U O 2 298 tons 293 long tons
A verage enrichm ent — 4-03 per cent
A verage therm al neu tron  flux 1 1  X 1 0 1 3  c m - 2  s - 1 7-1 X 1013/in 2/s
N um ber o f  fuel elem ents/rods ----- 16/3144
Equivalent core diam eter 1150 mm 453 line
Active core height 1120  mm 441 line
Fuel rod  diam eter 11 mm 4-33 line
W all thickness o f  cladding tubes 0-35 mm 0 1 3 7  line
Cladding tube m aterial — X 10 C r N i N b  189

Control rods
N um ber — 12
A bsorber length/m aterial 1020 mm B4C 402 line/B„C
Type o f drive — rack and pinion
Lifting speed 12-7 cm /min 5 in/min
Scram  time (from  2/3 height) — 1 -4 s
W eight 81-5 kg 179-7 lb

Steam generator
Design flowrate o f feedwater 64 m 3/h 2260 ft3/h
Feedw ater/steam  tem perature 185/273°C 365/523°F
Steam pressure 31 kg/cm 2 441 lb /in2
Superheat 36°C 65°F
H eating surface o f heat exchanger 465 m 2 556 yd2
N um ber o f  system /tubes — 3/162
Type — once-through, forced circuit
T ube dimension 19 X 1 -2 mm 7-48 X 0-47 line
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stainless steel cladding. They are  connected to  the drives, w hich 
are  located  vertically above the core on the cover o f  the vessel, 
by large tubes. The drives each consist o f an in ternal too thed  
rack  unit, a  sealing w ater gland and  an  external un it com prising 
the electric m otor, gears, m agnetic clutch, scram  unit, shock 
abso rber an d  position indicators. T he drives can be operated  
individually o r in groups, au tom atically  o r m anually.

T he central com partm ent o f the pressure vessel is surrounded  
by a  duct fo r the prim ary coo lan t flow. In  the annu lar cham ber, 
between the pressure vessel wall and  the duct the steam  generator 
is installed. I t operates on  the forced circulation-once-through- 
principle and supplies 3 X 21 -4 t/h  o f slightly superheated  steam  
a t 31 kg/cm 2 and  273°C. T he prim ary w ater from  the core flows 
through the duct, entering  the steam  generator a t a  tem perature 
o f  278°C an d  being discharged a t th e  bo ttom  a t 267°C. The 
secondary feed w ater enters the feedw ater inlet a t 185°C and  
45 kg/cm 2, flows dow nstream  through  tubes on the ou ter wall o f 
the duct and  then  passes upw ards th rough  the steam  generator in 
helically arranged tubes. T he steam  generator is divided into 
three parallel system s, the ends o f  w hich branch  ou t separately 
and  are  grouped in plates a t the inlet and  outlet nozzles (see Fig. 3). 
A dditional da ta  are  given in T able II.

CONTAINMENT VESSEL AND AUXILIARY SYSTEMS
Fig. 5 show s the pressure vessel and  its equipm ent surrounded  

by the d ry  safety con tainm ent vessel w hich also accom m odates 
the principal auxiliary systems contain ing the p rim ary coolan t

and  the prim ary shielding. T he con tainm ent vessel is gastight 
and  is capable o f w ithstanding the overpressure produced, even in 
the event o f a  m ajo r accident. I t is designed fo r a  pressure o f
14-5 kg/cm 2 a t 200 C  and  was tested a t 20 kg/cm 2 and  20°C by a 
cold w ater pressure test. T he con tainm ent vessel is housed in a 
special com partm ent w hich is shielded a t all sides.

T he secondary shielding has the shape o f  a  concrete shell 
w hich ends on the floor. N orm ally  the floor does no t need any 
special shielding, bu t if  the ship is drydocking the 1 m  high 
upper p a rt o f the double  bo ttom  can be flooded, th e  con tainm ent 
being then  fully included in equivalent secondary shielding. A long 
w ith the prim ary shielding full biological pro tection  is provided 
against rad iation  dissem ination outside the reacto r com partm ent. 
A ccording to  the G erm an rad ia tion  pro tec tion  regulations the 
rad iation  doses m ust be low er than  0-02 m rem /h  in  the crew ’s 
living quarters. T he con tro l room  and  the m achinery space in 
O tto H ahn  a re  also designed as free access areas and  the m rem /h 
is m ain tained  low er th an  0-054 fo r a  56-hour week.

T he structure  o f the containm ent vessel is provided w ith 
penetrations fo r a  personnel a ir lock, fou r flooding flaps, six ho t 
pipe penetrations, 19 cold pipe penetrations and  74 cable 
penetrations. T he b o ttom  is penetrated  by a cruciform  ring 
which transm its the forces resulting from  the w eight o f  the 
containm ent to  the ship’s bo ttom . T he personnel a ir lock has a 
spherical shape o f  2 m  diam eter and  penetrates the dom e o f  the 
containm ent in the forw ard sta rb o ard  co rner o f  the reacto r room . 
The containm ent vessel is accessible fo r lim ited periods even

1) R eactor core
2) Steam generator
3) Pressure vessel
4) Control rod drives
5) Primary coolant pumps
6) Primary shielding
7) Neutron chamber

8) Purification system
9) Primary feed pump

10) Blow off tank
11) Steam nozzle
12) Steam pipe
13) Shield tank
14) Containm ent vessel

F ig . 5— T h e con ta inm en t

15) Flooding valve
16) Secondary shielding
17) Ventilation system
18) Active carbon filters
19) Sampling system
20) Waste gas system
21) Active water system

and  auxiliary system s

22) Sampling tank
23) W aste water system
24) Service pool
25) Lead cask
26) Fuel element rack
27) Crane
28) Double bottom
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under full load  operation . The dose rates are lim ited to
15-20 m rem /h.

T he flooding flaps in the lower p art o f the vessel prevent 
dam age to  the containm ent structure in the event o f  the ship 
being wrecked. They open a t an  external pressure o f 2-5 kg/cm 2 
and  close again before pressure equilibrium  is a ttained. The 
com pact p rim ary  shielding m ounted  round  the pressure vessel is 
adap ted  to  the integrated design o f  the reactor. The lower part 
consists o f an  annu lar space tank , contain ing m ultiple layers o f 
cast steel and  w ater extending up to  5 m  from  the low er dom e o f 
the pressure vessel and  above the core. In  view o f the adequate 
level o f  w ater in  the pressure vessel it is sufficient to  provide 
shields o f cast steel above it. A dditional reacto r auxiliary systems 
housed in the containm ent vessel are:

a) the prim ary purification system;
b) the buffer seal system ;
c) the blow  off system ;
d) the prim ary feed system ;
e) the air circulation system.
The prim ary purification system consists o f  tw o canned 

m otor-type pum ps, one o f which is in operation , each pum p has 
a  th roughpu t o f 6 tons/h  fo r a  head o f 60 m , tw o regenerative heat 
exchangers, One aftercooler and  tw o mixed bed ion  exchangers, 
one o f w hich is in operation . T he system m aintains the corrosion 
and erosion particles in the prim ary system at a  m inim um  level. 
M oreover, it is used perm anently  to  supply feeding w ater to  the 
buffer seal system  w hich has no  special pum ps, an d  in case of 
failure o f all steam  generator systems the purification system is 
used for emergency cooling o f the p lant through the aftercooler.

T he buffer seal system  supplies w ater to  the packings o f the 
12  contro l rods fo r sealing off the environm ent against the escape 
o f  w ater vapour an d  hydrogen from  the pressure vessel and  for 
cooling purposes. The w ater required  is branched off from  the 
purification system dow nstream  o f the aftercooler and  the ion 
exchanger. The pressure is reduced inside the packings to  the 
blow -off-tank pressure.

The blow -off system consisting o f the blow-off valves, the 
necessary piping and  the blow -off-tank draw s off steam  through 
the safety valves in to  the blow -off-tank, w here it is condensed, 
in the event o f  an  inadm issible pressure rise in the pressure 
vessel. The tim e taken up by condensation should enable the 
personnel in the containm ent to  m ake their way ou t before the 
blow-off-tank blows off into the containm ent atm osphere.

The prim ary feed system is used to  feed back in to  the 
pressure vessel the prim ary w ater which enters the blow-off-tank 
from  the buffer seals, from  the m ake-up-w ater system o r from  the 
sam pling system. The high pressure differential is overcom e by 
tw o parallel piston pum ps, one o f which norm ally is in operation ; 
in term ittent operation  is also possible.

The a ir circulation unit in the containm ent is a closed system, 
w hich draw s off the heat released by the p lan t com ponents in the 
containm ent so tha t the air tem perature in it does no t exceed a 
preset value. It consists m ainly o f  tw o blowers, one o f  which is 
actuated , and  a cooler which is operated  by m eans o f interm ediate 
cooling water.

T he rem aining reacto r auxiliaries, w hich in O tto Hahn, as a 
research ship, occupy a large am oun t o f room , are located in an 
adjoining com partm ent (Fig. 5). The principal elem ents are:

a) the interm ediate cooling system;
b) the ventilation  system ;
c) the active w ater system ;
d) the w aste w ater system ;
e) the w aste gas system.

These systems do no t carry  a  high ra te  o f radioactivity  under 
high pressure and  are  not, therefore, necessarily included in the 
containm ent vessel.

The interm ediate cooling w ater system  supplies cooling 
w ater to  the individual com ponents in the containm ent, the 
reactor auxiliary room  and  the service room , thus conveying the 
heat produced in these spaces to  the sea w ater th rough  the re­
coolers. The system consists o f  tw o recoolers, the buffer tank , 
filters and  two circulating pum ps. T he recoolers are  fed from  the 
com m on sea w ater line o f  the engine room .

The ventilation system circulates a ir to  the entire controlled 
area, i.e. all the auxiliary room s, the containm ent room , the 
service room , the laboratories and  the w ash room s and changing 
room s. T he heat is draw n off and  a  specified underpressure is 
m aintained in relation  to  the environm ent in these room s, so that 
the air from  the reactor com partm ent canno t escape uncontrolled 
in to  the surrounding parts  o f  the ship. In  add ition  the system is 
designed for flushing ou t the con tainm ent a ir p rio r to  entry, if 
necessary. The ventilation system consists o f  special in take and  
exhaust units. U nder norm al operating  conditions one o f the tw o 
air-in take ventilators draw s air in from  the atm osphere by means 
o f a  pre-filter, a  pre-heater, a  coarse filter, a  fine filter, a  cooler 
and  an  afterheater. T he a ir is draw n off through one o f  two 
axial fans in the exhaust air line, after having passed th rough  
fine filters, absolu te filters and  active carbon  filters.

T he active w ater system collects, purifies and  recycles the 
active w ater originating from  various sources w hich is liable to  
contain  corrosion particles and  fission products, and  which m ust 
be ready for re-use, o r pum ped in to  the w aste tanks. T he waste 
w ater system collects and  stores all w ater in the contro lled  area, 
including the laboratories, the w ash room s, the service room , 
the containm ent, w hich m ay be radioactively o r chemically 
contam inated , thus becoming unserviceable fo r reacto r opera­
tion. The w ater is tested and  discharged to  the sea th rough  the 
condenser main cooling sea w ater line after passing a  m onitoring 
point. The system consists basically o f tw o pum ps, tw o sam pling 
tanks and  two w aste w ater tanks o f  15 m 3 capacity.

The waste gas system, which is only operated  after opening 
o f  the pressure vessel, collects the gases present in the pressure 
vessel, in the vapour spaces o f  the blow -off-tank and  in the 
prim ary w ater in the form  o f  solution. I t stores the gases in 
shielded containers, thus discharging them  to  the atm osphere 
after m onitoring.

Fig. 5 shows a second reactor auxiliary room , the so-called 
service room . It consists m ainly o f  a large concrete service pool 
with an  inner stainless steel cladding. The pool is m ounted on the 
bulkheads by m eans o f  brackets as in the case o f  the secondary 
shielding, and  serves as a storage pool fo r used fuel elements.

D uring the design phase o f O tto Hahn  it could no t be 
decided, w hether o r no t to  build a land based service station. 
Therefore the ship was fitted w ith all the necessary equipm ent, 
even th a t for changing used fuel elem ents, w ithout a land  based 
installation. T oday  it is apparen t th a t this equipm ent will n o t be 
needed for fu ture ships as com plete fuel cycle service has been 
developed for land based pow er plants, w hich also can be used 
for nuclear ships.

Only one o f the necessary auxiliary systems fo r the F D R  is 
m ounted in O tto Hahn in the m ain engine ro o m : the m ake-up- 
w ater system, w hich also acts as an  emergency feed system 
through  the pipes o f the prim ary feed system. T he m ake-up-w ater 
system supplies all w ater consum ing units in the con tainm ent 
and in the auxiliary room  with dem ineralized w ater. T he w ater 
for the m ake-up system is supplied from  tw o distillate collection 
tanks in the engine room , w here distilled sea w ater from  the 
evaporators is stored. This distillate is dem ineralized in a cation 
exchanger and  subsequently in a m ixed-bed-filter and  pum ped to 
the blow -off-tank in the containm ent vessel. In  case o f  emergency 
it is possible to  pum p distilled w ater directly by a  high pressure 
feed pum p to  the pressure vessel.

REACTOR CONTROL AND INSTRUMENTATION
Since the reacto r has good self-regulating pronerties, a  

relatively simple cascade-type contro l system  is sufficient. The 
reactor pressure, in the oressure vessel, is the contro lled  variable 
and  under load  operating  conditions it is kep t constantly  a t a 
value o f 63-5 kg /cm 2, regardless o f  load. T he required reactor 
pow er is obtained in the m aster con tro ller from  the pressure 
deviation and  the m ain pertu rbation  variable (the steam  flow 
rate). The required  reacto r pow er contro ls the neutron  flux. A 
change in the tu rb ine  load  produces a  change in the steam  flow 
and  the ra te  o f  exchanged heat in the heat exchanger. The 
subsequent tem perature o r oressure change in the prim ary system 
results in the displacem ent o f  the contro l rods by m eans o f  the 
pressure and  neutron flux regulator, thus counteracting  the change
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in these operational param eters. T he reacto r contro l, even during 
pow er operation , can be switched off to tally , so th a t the reactor 
only is con tro lled  by its self-regulating characteristics.

T he reacto r p lan t is subjected to  periodic accelerations in all 
d irections in heavy sea. As in the core there is alw ays a  certain  
void  fraction , the vertical com ponent o f the acceleration has a 
m arked  effect on the change o f  reactivity. D uring  constant pow er 
opera tion , the contro l system  does n o t necessarily affect the 
occurring  neu tron  flux change by altering  the position  o f  the 
con tro l rods. In heavy seas, therefore , the con tro l rods are  n o t 
displaced until pre-set lim it values o f  the neu tron  flux have been 
exceeded, thus lim iting the num ber o f  m ovem ents and  increasing 
the lifetime o f  the drives. The contro l system itself, however, 
rem ains in action.

The nuclear instrum entation  provides inform ation on the 
therm al neu tron  flux and  thus on the reacto r’s pow er level in 
three zones w ith slight overlap by a  decade. The start-up  is 
m onitored  by tw o parallel connected B F  3 coun ter tubes; in the 
interm ediate range tw o parallel gam m a-com pensated logarithm ic 
ionization cham bers, coated  w ith bo ron , are  operated  on a one- 
out-of-tw o system ; the derived period indication  has a  set-back 
function. In  the pow er range three linear ionization  cham bers 
w ithout gam m a-com pensation are  operated  on a tw o-out-of-three 
system. These are also coated  w ith boron . In  add ition  to  pow er 
m onito ring  the in strum entation  has the function, in conjunction  
w ith o ther m easurem ents, o f  safeguarding the reacto r against 
dangerous operating  conditions. F o r  this purpose particu lar 
a tten tion  has been paid, in its design, to  ensure the reliability o f 
the equipm ent and the com ponents used. F o r reasons o f  operating  
safety and  simplified m aintenance all the  nuclear instrum entation  
equipm ent is housed in the a ir conditioned  am plifier room . The 
equipm ent itself is fully transistorized. All necessary indicating 
and recording equipm ent is centralized in the contro l room  below 
the am plifier room , w here also all instrum ents o f the main engine 
and  conventional auxiliary systems are  located. F ro m  here the 
ship’s entire propulsion and  reacto r installa tion  can be m onitored, 
contro lled , started  and  stopped.

The electrical energy fo r the reacto r consum ers is supplied 
from  the sh ip’s m ains via the reacto r’s sw itchboard. This switch­
board  is divided in to  tw o parts ; one o f  w hich is the emergency 
sw itchboard. C ontro l systems and  the instrum ents are  fed by a 
special constan t voltage supply system, to  prevent these sensitive 
consum ers from  disturbances o f  the ship’s net.

CONVENTIONAL MACHINERY AND PROPULSION PLANT
The conventional p art o f  the m achinery is installed in four 

separate room s, i.e. the  m ain engine room , the auxiliary boiler 
room , the auxiliary engine room  and  the em ergency Diesel room  
on the upper deck. The m ain engine room  and  the auxiliary boiler

room  are  located in the after p a rt o f  the ship. The auxiliary 
Diesel room  is situated m idships under the bridge house. 
Separation  o f the auxiliary engine room  from  the after m achinery 
spaces ensures th a t th e  form er will rem ain in tact in case o f 
breakdow n o f  the entire afterbody  as a  result o f severe damage. 
In  the m ain  engine room  the m ain  propulsion  p lan t is located 
w ith the necessary and  w ell-known auxiliaries. Only the m ain 
tu rb ine and  the w ater system  are  different from  those o f 
conventional ships.

T he propulsion unit is a  tw o-casing geared tu rb ine w ith the 
astern  section in the low pressure casing. The high pressure 
tu rb ine consists o f  a  single row  C urtis wheel as the contro l stage 
and  five im pulse stages; the low pressure ahead  section is m ade 
up o f  six im pulse stages, and  the low pressure astern  section 
com prises tw o double row  C urtis wheels. T he high and  low 
pressure ro to rs  are connected to  the tw o-stage articulated-type 
reduction  gearing by m eans o f  m ultitoo thed  couplings. The 
norm al pow er o u tp u t is 10 000 shp a t 6050 rev/m in for the H .P. 
turb ine and  3185 rev/m in fo r the L .P . tu rb ine ; the m axim um  
o u tp u t is 11 000 shp an d  th a t o f  the astern  tu rb ine is 4000 shp. 
T he gearing reduces the speed o f  the turbines to  97 rev/m in at 
norm al pow er and  to  100 rev/m in a t m axim um  pow er. The 
tu rb ine is equipped w ith cam -operated  m ultiple-nozzle group 
valves controlling the steam  adm ission, the steam  quality  a t the 
main valve being 28 kg/cm 2 and  268°C. The design o f the main 
turbine differs from  th a t o f  the turbines usually installed only in 
respect o f  steam  quality. Steam  wetness occurs earlier and  this 
fac to r has been taken  in to  account by incorporating  a steam  
dryer in the cross-over pipe betw een the tw o turbines and  by 
providing special drainage facilities in the L .P . turbine.

T he auxiliary pow er fo r electrical energy is norm ally 
generated in tw o 450 kW , 380 V, 50 cycle geared tu rbo  a lternato r 
sets. T he generator turb ines w ork w ith the sam e quality  o f  steam  
as the m ain tu rb ine and  blow  off to  the m ain  condenser. In  case 
o f  failure in the m ain condenser they can be sw itched over to  an 
auxiliary condenser. T he m ain condenser is designed fo r a vacuum  
o f  95 per cent and  is o f  the tw o-path  type.

T he tw o auxiliary w ater tube boilers are  installed for tw o 
reasons, i.e. according to  the rules fo r nuclear ships the so-called 
“ take-hom e drive” m ust be installed fo r a  non-proven  nuclear 
reacto r p lant. F o r  the first-of-a-kind pow er p lan t in O tto Hahn 
a  num ber o f  pre-operational tests had  to  be carried  ou t w ithout 
fuelling the reactor.

F o r  these tw o services steam  is required  an d  it m ust be 
produced by the boilers w ith the sam e quality  as by the reactor. 
E ach o f the boilers can  produce 8 t/h  steam . This is sufficient to  
produce ab o u t 2000 shp to  give the ship a  speed o f  between 
8 and  9 knots.

T he boilers are designed fo r quick s ta rt up. U nder norm al

T able III— P o w er  p l a n t

M ain propulsion plant
O utpu t m ain  turbine norm al 10 000 shp

m axim al 11 000 shp
astern 4000 shp

N um ber o f  revolutions norm al 97 rev/m in
m axim al 100 rev/m in
astern 49 rev/m in

Trial speed 17 knots
“ T ake hom e” pow er 2000 shp
Steam  pressure before m ain  valve 28 kg/cm 2 398 lb /in2
Steam  tem perature m ain valve 268°C 514°F
Steam  th roughpu t m ain  tu rb ine 49 tons/h 48 long tons/h

tu rb o  generator 2-75 tons/h 2-7 long tons/h
O utpu t tu rb o  generator — 2 X 450 kW
Steam  production heat exchanaer 3 x  21 -5 tons/h 3 x  21 long tons/h

auxiliary boiler 2 x 8 tons/h 2 x 7 - 8  long tons/h
V acuum  m ain  condenser 95 per cent 95 per cent
T urbo  feed D um p 67-5 tons/h 66-4 long tons/h
Electric feed pum p 25 tons/h 24-6 long tons/h
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Containmznt

Reactoi

F ig . 6 — Secondary system — dem ineraliza tion  p lant

operating  conditions they can be pre-heated by m eans o f  steam  
from  the reactor, thus shortening the tim e for start up. A dditional 
d a ta  o f the w hole pow er p lan t are  given in T able 111.

Tw o Diesel generator sets provide additional electric power, 
one being the 450 kW  auxiliary Diesel generator set in  the lower 
p art o f the bridge. The second is an emergency Diesel generator 
set w ith a capacity o f  240 kW . Em ergency and  auxiliary generator 
pick up the load autom atically  from  the emergency sw itchboard 
in case o f  failure in the m ain sw itchboard within 7-30 s. The 
emergency sw itchboard located near the emergency Diesel 
generator set and  norm ally fed from  the m ain sw itchboard, 
carries all m ain consum ers o f the reactor and  the necessary 
navigational equipm ent.

Fig. 6 shows a  simplified flow diagram  o f the secondary 
circuit. F rom  the steam  generator in the reactor pressure vessel, 
the  steam  flows to  three m ain steam  lines passing th rough  the 
containm ent wall and  the secondary shielding where they jo in  the 
cross connexion line o f  the m ain steam  ring pipe supplying 
the consum ing equipm ent in the engine room . The condensate is 
pum ped to  a deaerator w here it is deaerated a t 134°C and  3-1 atm  
and  circulated by the feed pum ps through the high pressure pre­
heater to  the steam  generator in the reactor. Tw o tu rbo  feed 
pum ps, each o f  which is designed fo r the full reactor pow er, and  
an  electric feed pum p are installed.

Owing to  the once-through principle adop ted  for the steam  
generator, the secondary system is run  on dem ineralized w ater, 
w hich is p repared in an  evaporation  and  distillation p lan t and  is 
continuously m onitored  fo r im purities. The sea w ater distillate 
produced by norm al m arine evaporators has a salt con ten t o f 
abou t 2 mg/I.

T he distillate undergoes fu rther treatm ent in an ion exchange 
unit consisting o f  a cation  exchanger and  a  mixed-bed-filter. The 
quality  o f  the w ater is m onito red  by m eans o f  a  conductivity 
m eter a t the ion exchanger outlet. D a ta  o f  the w ater a re  given in 
T able IV. T he resins in the ion exchangers can be regenerated by 
flushing w ith acid o r caustic solution. Besides producing de­

m ineralized w ater for the secondary system, the ion exchange 
unit is used fo r treating  the m ake up w ater fo r the reacto r plant. 
I f  the im purities in the feed w ater exceed the perm issible limits, 
the secondary system can be cleaned by pum ping a  feed w ater 
bypass stream  o f 2 tons/h  th rough  the ion exchangers. In O tto  
Hahn  experience has proven this bypass stream  under norm al 
pow er conditions is satisfactory.

The contro l o f the secondary system has to  m aintain  constant 
pressure at the steam  generator outlet regardless o f the steam 
quantity  required by the m ain turb ine, thereby ensuring uniform

T able IV— Sec o n d a r y  system  w a te r  q u a lity

D esign values M easured valuss 
(behind deaerator)

pU 7-5-8-3 7-5

conductivity 0-5 1
(fiS/cm)

o 2 0 02 0 03
(ppm )

Si 0 2 0 0 4 0 04
(ppm )

Fe 0 0 4 0 0 3
(ppm )

Cu 0-02 0 009
(ppm )
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steam  quality . The steam  generator regulating circuit is arranged 
as a  cascade contro l. The contro l condition  is the steam  pressure, 
w hich is m aintained a t 30 kg/cm 2. F rom  the pressure variation 
and  the steam  th roughput, the contro ller regulates the feed 
w ater th roughput. In  the sequential con tro ller the con tro l o f  the 
feed w ater th roughpu t is com pared w ith the actual value, and  the 
ou tp u t o f  the sequential contro l circuit is taken  on the drive o f 
the regulating valve. The feed pum p m aintains constan t pressure 
before the regulating valves.

OPERATIONAL EXPERIENCES
On August 26th, 1968, the F D R  installed on  board  O tto Hahn  

for the first tim e reached criticality, a fter having been tested in 
an  extensive zero pow er test program m e. T he nuclear operation  
w ith the reactor w as taken  up  after pressure and  therm al testing, 
which lasted a few weeks. T he first pow er tests were carried out 
w ith the ship m oored  to  a quay a t the K ieler H ow aldtsw erke 
shipyard in Kiel. H ere the m ain propulsion turbines produced 
up to  60 per cent o f  the ra ted  ou tpu t. T he first trial voyage, 
under nuclear pow er, to o k  place on O ctober 11th, 1968, and  full 
pow er was reached on  O ctober 12th. A t a  pow er o f  38 M W n 
the ship achieved a  speed o f 17 knots. A fter com pletion o f  an 
extensive testing program m e in the Baltic Sea, the reacto r was 
handed over to  the ow ner on D ecem ber 17th, 1968. N um erous 
crew train ing an d  test voyages began in the Baltic Sea until 
F ebruary  6th , 1969, w hen approval was given fo r w orldw ide trial 
voyages. A fter visits to  the G erm an harbours and  several 
dem onstration  voyages, the first research sea voyage began on 
M arch 8th , 1969. U ntil February  1970 a great num ber o f  research 
trips under different sea conditions and  in  different areas were 
undertaken, and  ship and  reacto r p lan t proved to  be highly 
reliable. D uring  these trips a  num ber o f  questions w hich had  been 
pu t forw ard for the fu rther developm ent o f  the  in tegrated  reactor 
system could  be solved. In  F ebruary  1970 the th ird  operating  
phase o f  O tto Hahn  began w ith the first visit to  a foreign port. 
By the end  o f M ay 1970, O tto Hahn  had  travelled a  distance o f 
ab o u t 70 000 nautical miles under reacto r power.

Fig. 7 shows the num ber o f  operating  hours o f  the reactor 
p lan t from  start-up  to  the 31st o f  M arch 1970, i.e. 8450 h. The 
m ain tu rb ine operated  fo r abou t 5000 h. T he difference arises 
from  the relatively long periods o f tim e during which the reactor 
was operated  in harbours for generating electrical pow er only. 
T he tu rb o  generators w hich also have been operated  by the 
auxiliary boilers during the start-up  phase o f  the reactor, indicate 
the w hole operating  tim e o f  the  p lant. I t  should be rem em bered 
tha t the auxiliary boilers which, according to  in ternational 
regulations, m ust be  installed in  the ship, have n o t been used for 
take-hom e purposes and  could be rem oved in a  second ship. 
The burn-up o f  the reacto r core (see Fig. 7) in percentage o f  the 
calculated days o f  full pow er operation  is p lo tted  against the 
time. The burn -up  during  the first year o f  operation  was no t very 
high, and  O tto Hahn, which, when preparing fo r the next trip,

Year 1968 1969 Sum to ta l  
31 M arch  1970

R eac to r 1541 4724 8450

Turbine 678 3212 5018

Turbo­
generators 3 4 0 0 8 2 0 0 9500

Fuel
burn-up

2  76°lo 23-27°lo 29-24°to

O- ------------------------

0̂
o '

I

1968 1969 1970

F ig . 7— S u m m a ry  o f  operating hours

requires long harbour-tim es, will no t have m any days o f  full 
pow er in a given period o f time, com pared to  m odern tankers 
o r container ships. Fig. 8 shows th a t the availability o f  the reactor 
p lan t during the first part o f the second year o f  operation  is 
impressively high, nearly 100 per cent. W hen the ship is in port, 
only 10 per cent full pow er, the so-called “ hotel load” , is needed. 
The reactor is then used for the tu rbo  generators only.

D uring  the extended research voyages num erous m easure­
m ents and tests have been made.

The m anoeuvrability o f  the ship reactor on O tto Hahn  was 
the subject o f the first extensive m easurem ents, and  this phenom ­
enon has also been observed extensively during all following 
trials as it is one o f the m ost im portan t inform ation for ship 
operators and, in the au th o r’s opinion, it is the m ost advantageous 
aspect o f the F D R  type reactor. D uring a docking m anoeuvre 
the pow er dem and from  the  reactor often varies betw een abou t 
10-70 per cent w ithin a  few m inutes. The propulsion  p lan t on 
board  the O tto Hahn  is designed for nom inal load  changes o f 
1 per cent over the whole pow er range between 0 -10 0  per cent; 
for emergency operations load  changes o f the order o f  4 per cent/s 
are possible. T ha t m eans, tha t in the norm al m anoeuvring pow er 
range o f the o rder o f 10-70 per cent the load  can be taken  up 
and  dow n w ithin 15 s. Figs. 9 ,1 0  and  11 show  actual load  changes 
on shipboard. Figs. 9 and  10 give norm al load  changing opera­
tions, while Fig. 11 shows a quick closing m anoeuvre o f  the main 
th ro ttle  valve, before the turbine. In  these figures the reactor 
prim ary pressure, reactor prim ary tem perature neutron flux and 
the secondary steam  flow and  pressure are plo tted  against the 
time. I t  is interesting, tha t the reactor system pressure, even 
under the m ost severe load change, hardly  changed. T he second 
interesting fact is, th a t the pow er can be brough t dow n to  “ hotel
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F ig . 8 — P ow er history

Trans.I .M ar.E., 1971, Vol. 83 75



N.S. Otto Hahn

F ig . 10— System  characteristics a t 4 per cent Is  load variations

F ig . 11— L oad  fluctua tion  a fter quick-closing valve actuation
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lo ad ” contro lled  w ith no  tendency to  swing over. T he curves o f 
the secondary  pressure show  th a t the problem  o f  pow er control 
fo r once-th rough  heat exchangers w as n o t quite satisfactorily 
solved. T he turbine-driven feed pum p, w hich changes its revolu­
tions according to  the load changes, is contro lled  by m eans o f  a 
pneum atic  contro l system. The contro l valve before the steam  
generato r is electrically operated . D uring  the early  stages o f  the 
tests these systems did no t perform  satisfactorily together, and  
the feed pum p was unable  to  follow  the quick electrically 
operated  contro l valve. The system  had  to  be re-optim ized and  
now  w orks better on the secondary side. I t m ay be added  that, in 
spite o f these facts, the secondary pressure rose to  a  level where 
safety valves blow  off fo r som e seconds only in  the case o f 
quick closing. T his had  been expected, during the design phase, 
for less severe load  changes and , therefore, a  special pipe, i.e. 
the dum p line, had  been installed in  the condenser. This pipe 
has n o t yet been used and  therefore it has been closed. D uring 
the m anoeuvring operation , all the m en in the contro l room  have 
to  do is to  open and  to  close the m ain th ro ttle  valve by rem ote 
contro l.

F u rther p ro o f o f  the extraord inarily  stable behaviour o f the 
F D R  reacto r w ith self-pressurizing system, have been a num ber 
o f  pow er tests w ithout reacto r contro l. I f  the contro l rods are no t 
displaced during the load  changes, by sw itching off the contro l, 
the pressure in the prim ary system increases w ith a  decreasing 
lo ad  and  decreases w ith a  higher load. Fig. 12 show s the

F ig . 12— R esu lta n t change o f  prim ary pressure a fter  
± 2 0  per cen t load variation

behaviour o f  the p lan t w ith pow er changes o f  the  o rder o f 
20 per cent, s tarting  from  different pow er levels. T he pressure 
change in the p rim ary system is p lo tted  against the nom inal load 
from  w hich the change was started . S tarting  from  90 per cent o f 
pow er, the m axim um  changes o f the prim ary pressure can be 
observed. Fig. 13 show s the pressure difference p lo tted  against 
the tim e follow ing a  load  change equal to  20 per cent, and 
th a t the system is reacting very slowly on the load  change, and

F ig . 13— Prim ary pressure during load reduction  w ith u n co n ­
tro lled  reactor

th a t this characteristic is stable. This very prom ising feature o f 
the F D R  will play an  im portan t ro le in fu rther developm ent.

A  th ird  interesting fac to r was the behaviour o f  th e  self­
pressurized reacto r under ship m otions. A s in a boiling w ater 
reactor, the varia tion  o f the acceleration due to  gravity h as an 
influence on the p roduction  o f the steam  bubbles and  thus on 
the density o f the m odera to r and  therefore on the neu tron  flux 
also in the F D R -type o f reactor. C areful m easurem ents o f  this 
phenom enon therefore were undertaken  on b oard  O tto Hahn  
under all w eather conditions. A  num ber o f  instrum ents for 
m easurem ent o f  acceleration were installed all over the ship. 
T he neu tron  flux m ovem ents w ere m easured by a special incore 
instrum entation  w hich is installed in tw o fuel elem ents in the 
F D R . Fig. 14 shows one curve below the acceleration in g  
w hereas the upper curve gives the neu tron  flux m easurem ent by 
an ion cham ber. B oth are  p lo tted  against tim e. T he reacto r pow er 
is ab o u t 38 M W  (full pow er), and the m axim um  acceleration 
values are  ± 0 -2  g. T he behaviour o f  the reacto r pow er under 
these conditions is show n w ithout any contro l from  the contro l 
rods. O nly the self-controlling characteristic o f the reacto r limits 
the load  changes to  ab o u t ±  1 M W . This influence is slight and  is 
far less than  had  been expected. I t canno t be m easured on  the 
steam  side o f  the heat exchanger and  therefore has no  influence 
on th e  tu rb ine and  the m ain  p ropulsion  p lant. I t  is, how ever, an 
interesting phenom enon fo r studies o f  the dynam ic behaviour o f  
this kind o f  reactor. The pow er variations, due to  gravity changes, 
can also be m easured by tem peratu re  m easurem ents inside the 
fuel elem ents as also it has been done on b oard  O tto Hahn.

The design values fo r accelerations which have to  be taken 
in to  account fo r pow er operation  o f  nuclear ship reactors in 
G erm any are  ± 0 -5  g  in  all directions. O n b oard  O tto Hahn  
m easurem ents have been undertaken  under different and  extrem e 
w eather conditions w ith w ind velocities up  to  11 Beaufort. 
Between wind velocity 8-11 no difference could be observed in the
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F ig . 14— Pow er fluctua tion  against vertical acceleration w ith uncon tro lled  reactor
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acceleration variations due to  gravity and  the m axim um  m easured 
value was ± 0-2 g. T herefore the au th o r does n o t expect, in the 
case o f  O tto Hahn, th a t the design values can ever be reached, 
bu t he is sure  th a t even under these circum stances, a  self­
pressurized w ater reacto r could operate under full pow er 
co nd itions; fo r nautical reasons this is no t possible. T herefore the 
design limits, if this should be necessary, could be reduced, 
perhaps to  0-3 g, depending on the position o f the reactor.

CONCLUSION
T he au th o r w ould like to  state th a t the trial voyages w ith 

O tto H alm  so far have show n th a t the principle o f  the advanced 
pressurized w ater reactor is well suited to  m arine service in the 
propulsion system o f m erchant ships. The behaviour o f  the plant 
in heavy seas and  under extrem e clim atic conditions has exceeded 
the expectations o f  both  the builder and  the operator. It appears, 
therefore, th a t the developm ent and  research on this reactor

Discussion_______________________________
M r. T. B. W ebb said th a t he had  been fo rtunate  to  have had 

the opportun ity  o f  visiting a  num ber o f times, the w orks where 
the integral reacto r was assem bled, the shipyard, and o f sailing 
in the ship, an d  had  been im pressed by the simple direct approach; 
for exam ple the w ay in which the fuel was loaded: they simply 
w aited fo r a  fine day, picked it up  by crane and  pu t it in the 
reactor.

This paper was valuable because it was based on experience, 
and  it had  been said th a t an ounce o f experience was w orth  a  ton  
o f theory. H e had  been m ost im pressed by the perform ance under 
transient conditions. We all knew how  m any miles o f com puter 
p rin t-ou t were produced  to  forecast the behaviour o f a reactor at 
sea, an d  th is was very necessary in the absence o f practical 
experience. W e now  had  the real answ er in  Fig. 14— in the 
roughest o f seas the pow er swung by four per cent. This was the 
kind o f solid in form ation  th a t could not be obtained any o ther 
way.

In  their studies fo r advanced reactors, had  G .K .S .S . yet 
detected any lim itation  in  size fo r the integral concept?

D id the au th o r prefer to  leave the pum ps where they were, 
on  stalks a t the base o f  the reacto r vessel, o r w ould he ra ther see 
them  on  the top  o f the lid?

H ow  long did it take  to  rem ove and  replace a pum p in 
O tto Hahn?

W as there any indication  o f fo rm ation  o f deposits inside the 
steam  generator tubes after the 1100  hou rs’ operation  mentioned?

The last tim e M r. W ebb stood  in  this “ dock” was eight 
years ago, w hen discussing the opera tion  o f Savannah.* W hen 
w ould the next tim e be? W hose achievem ent w ould we be 
praising— the Japanese, the A m ericans o r the G erm ans fo r a 
second o f such vessels? The A m ericans were busy; he knew  of 
one con trac t recently aw arded fo r a  one-year study o f  advanced 
m arine reacto rs costing $650 000. O r w ould it be a British ship 
they w ould be discussing? The M inistry  o f Technology had  been 
m aking a report, w hich he understood  was to  be published soon. 
W e were to ld  th a t their conclusions were pessimistic. W as it a 
case o f “They are all ou t o f  step except ou r Johnny” ?

M r. A. H . Syed, B.Sc., A .M .I.M ar.E ., said th a t they 
had  been show n g raphs o f  transient conditions in  the re­
ac to r and  it was sta ted  th a t load changes o f the o rder o f  four 
p er cent/s were possible. W as this sufficient fo r the crash  full 
speed ahead  to  full speed astern  m anoeuvres? C ould  the reactor, 
as against a turbine, sustain  the effects in such a case?

W hat were the activity levels as m easured in  the various 
com partm ents e tc., in O tto  Hahn, from  the po in t o f  view of 
radiological p ro tec tion  and  how  did they com pare w ith the 
design figures?

* Landis, J. W. 1963. “Operating Experience with Nuclear 
Propulsion: Start-up and Initial Operation of n.s. Savannah” 
Jnl. Nuc. Mar. Prop., Vol. 7, p. 1.

design, as is done in G erm any a t present, is particularly  prom ising. 
The au th o r expects th a t intensive detail w ork  on this kind o f 
reactor will lead to  the production  o f  an  econom ic m arine reactor 
o f  the power needed now adays for m erchant ships. C onventional 
ships have already reached a pow er range in w hich nuclear 
propulsion should be econom ically com petitive. T he experience 
gained w ith O tto Hahn  shows th a t nuclear ships can  be as simple 
and  reliable as conventional m erchant ships. The advanced 
pressurized w ater reactor w ith its self-adjusting contro l will 
perhaps be better suited fo r overall au tom atic  con tro l than  the 
conventional boilers.

a c k n o w l e d g e m e n t s  
The au th o r wishes to  thank  his co llabo ra to rs in the Institu te 

o f N uclear Ship P ropulsion o f  G .K .S .S ., especially M rs. 
H artm ann , M r. Kiihl and  M r. V oltzer, fo r their assistance in the 
preparation  o f the paper.

D r. O. O. E j iy e r e  said th a t the nuclear m arine p ropulsion  
of ships w ith nuclear reactors had  po tentialities fo r radioactive 
pollu tion  o f the w ater and  the atm osphere. W ater pollu tion  
included drinking, river, sea and  ocean  w aters; atm ospheric  
pollution included h a rb o u r and  o ther a tm ospheres w ithin 
contam ination  reach o f the rad ia tion  w asted from  the ship.

There were engineering problem s regard ing  con tain ing  
rad ia tion  from  con tam ination  o f the environm ent, including 
river and  sea w aters, and  the harbou r. R ad ia tio n  escape from  
nuclear reactors, th rough  the secondary circuits, steam  turb ines, 
stacks, a ir and w ater ducts, in to  the w aters and  atm osphere was 
m ostly possible when the reacto r was critical. D uring  repairs and  
m aintenance, the radioactive wastes were dum ped  in to  the sea 
o r h a rb o u r w aters.

The heavily con tam inated  heat exchangers, due to  ir­
rad iations from  the pressurized w ater reacto r (P .W .R .), which 
produced particles on  exchange and  non-exchange forces in ter­
actions, caused the secondary  circuit coo lan ts and  steam  
generators to  be considerably  con tam inated  w ith slowed, 
therm al, epitherm al, absorbed  and cap tured  nuclei and  particles. 
The processes o f the secondary coolants and  the steam  generated 
involved the irrad ia tion  and  con tam ination  o f secondary plants.

D euterons and o ther rad ia tion  were form ed w hen neutrons, 
gam m a ray  and  o ther particles in teracted  w ith the steam  atom s 
and  the secondary coo lan t circuit. This caused radioactive steam  
and  coolants.

Sea w ater was radioactive and  contained  such elem ents; the 
radioactivity  w ithin the w ater, and  its em ission to  the atm osphere 
produced health  hazards. The pollu tion  o f the already pollu ted  
m arine environm ent by nuclear sh ips’ radioactive w astes and  
ionizing rad ia tion  were problem s to  be con tained  by m arine 
nuclear propulsion . C onstan t atm ospheric  m on ito ring  and  
w ater sam pling fo r rad ia tion  m easurem ents were essential fo r a 
healthy m arine environm ent.

N uclear ships ionizing rad ia tion  and  radioactivity  in a ir and 
w ater retained their potential fo r the con tam ination  o f cargoes, 
staff quarters and  harbours. N uclear sh ips’ stacks pollu ted  the 
air constantly  w ith rad iation , while in  harbou r. This had  health  
hazard  potentialities fo r h a rb o u r w orkers, crew 's quarters and  
cargoes. H arb o u r w ater was heavily con tam inated  w hen ir­
rad ia ted  w ater was form ed from  the steam , and  w ater from  the 
secondary coolants w as w asted w hen the ship was critical and  at 
anchor, o r  o n  m aintenance, repairs, off-loading cargo etc. M en, 
food and  drinking w ater were all exposed to  nuclear ship 
rad iation .

Fish in the w ater con tam inated  by nuclear ships could cause 
health  hazards if eaten, because individuals eating such fish 
m ight exceed the m axim um  perm issible dosage and  exposure. 
C argoes such as petroleum , con tam inated  by nuclear ship 
rad ia tion , w ould inevitably em it rad ia tion  w herever and  w hen­
ever used, unless the m ean life o f  the radioactivity  was w asted 
th rough  decay. C argoes o f food, and  those  fo r agricultural,
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industria l, m edical, scientific and  engineering purposes, p roduced  
the sam e genetic ionizing rad ia tio n  and  rad ioactive con tam in­
a tion .

T here  were som e advantages from  m arine rad ia tio n  con­
tam ina tion  and  m arine atm ospheric  pollu tion . N uclear ships 
ionizing rad ia tio n  an d  radioactiv ity  could  cause the sterilization 
o f m ale m arine insects, including flies, butterflies etc, and  the 
eggs o f  insects could also  be affected. T his m eant the ex tirpation  
o f m arine insects w hich m ight be harm fu l to  m an  an d  to  cargoes 
o f food, pharm aceuticals an d  industrial supplies. N uclear ship 
rad ia tion  on cargoes m ight also help to  destroy bacteria in food, 
agricultural, m edical and  o ther supplies.

Fish life could  be fatally  affected by nuclear ship rad iation , 
which m ight im pede breeding. Effects were variable if the sources 
o f rad ia tion  had  a sho rt m ean  life, and  the rad ia tio n  cam e from  
radiochem icals used to  p rom o te  fish breeding.

N uclear ship w aste cou ld  cause con tam ination  o f drinking 
w ater, if the  w aters o f  the h a rb o u r o r sea w hich h ad  been con­
tam inated  were used fo r the drink ing  w ater supply, and  if these 
found  their way in to  the national w ater resources.

T hus, there w ere several problem s w hich arose regarding 
m arine biology, fisheries, food  cargoes an d  m edical supplies, and 
with regard  to  personnel, w hich m ust be taken  in to  account in 
connexion w ith the contro l o f m arine nuclear radioactive waste 
disposal.

M r. P. W e is s , in  a con tribu tion  read  by M r. T. M cDuff. 
stressed th a t th is nuclear ship had  been an  ou tstand ing  technical 
success, if no t an  econom ic one; as em phasized by the au tho r, 
the m ain purpose was to  achieve a collection o f p ractical and 
technical knowledge.

W ith the necessary background  know ledge, the au th o r’s 
com pany and  their associates were undoubted ly  in  a  strong 
position to  em bark  on  a second nuclear ship. W ere the organiz­
a tions concerned now  p repared  to  do  so. I f  so, w ould the au th o r 
expect to  achieve an  econom ic break-th rough  on  the second 
nuclear ship? W ould  the financial arrangem ents be sim ilar to  
those fo r N .S. O tto Hahn? H ad  the au th o r any decided views as 
to  the type o f a second nuclear ship—a fast con ta iner ship o r a 
large tanker?

It was noted  th a t the au th o r foresaw  several econom ic 
benefits arising from  a less conservative app roach  in the design 
o f certa in  special safety provisions. C ould  the au th o r elaborate  
on  those provisions, m ade in  O tto H ahn, which, in  the light o f 
experience, w ould n o t be repeated  in  a second nuclear ship. The 
classification societies were always ready fo r fu rth er studies 
which m ight lead  to  the achievem ent o f  m ore realistic safety 
requirem ents.

Mr. T. McD uff said that some six years ago, he made an

Correspondence
P r o f e s s o r  D r . I n g . G .  G r o s s m a n n , M .I.M ar.E ., in  a 

w ritten  con tribu tion , subm itted  several questions fo r M r. 
U lken and  though t perhaps M r. W ilkinson m ight also  like to 
answ er them .

Concerning the con tro l behaviour o f the ship-reactors 
discussed; he asked:

a) which load  changes could  be carried  ou t by the reacto r 
(no crash-stop-m anoeuvres)?

b) did the size o f  this load  change depend on  the load- 
direction?

c) did the size o f load  change depend on the size o f the 
base load?

d) w hich were the co rresponding  figures o f  com parable 
boilers?
F o r in fo rm ation  only: boiler o f  100 to n /h  capacity; 
m axim um  load  change: 2 -3  per cen t/s w ithout safety- 
valve actuating .

O n circuits an d  m anning, he w ished to  know :
i) could  the p rim ary  coo lan t system  and  the auxiliary 

system  be simplified essentially?

un fo rtuna te  sta tem en t a t the B .N .E .S ., th a t w ith the facility o f 
nuclear p ropu lsion , w hat h ad  to  be done w as to  achieve som e­
th ing  w hich could  n o t be achieved w ith D iesel engines o r turb ines, 
an d  one h ad  to  do som ething ou t o f the o rd inary . This was n o t the 
case in  the th ink ing  o f th e  tw o presen t papers because b o th  
tended tow ards large con ta iner ships.

H e was n o t against such ships, bu t there w ere fairly large 
ow ners w ho said  th a t they were ju s t a  passing fancy. H ow ever, 
con ta iner ships as such h ad  the difficulty th a t one m ust gather 
the 2000 containers precisely a t a  certa in  po in t in tim e, an d  get 
them  in to  the ship as quickly as possible. Investigation  w ould 
find th a t several con ta iner ships a lready  opera ting  were runn ing  
p a rt full. So this consideration  needed to  be taken  in to  account; 
was this done in  these tw o papers, an d  w hat percentage o f  the 
ship w as full o f  containers?

In  designing a ship fo r nuclear p ropulsion , one h ad  to  th ink  
in term s o f som ething like a  large tanker o f 200 000 dwt, som e 
230 m  long, an d  p robab ly  as full as a  tanker, because w ith 
unlim ited pow er to  play w ith, one m ight as well use it, e.g. m ake 
it a  L a s h  ship, as it cou ld  take bulk  cargoes left a t the dockside 
an d  even satisfy the p o rt au thorities. So, he w ould recom m end a 
large concept.

H e though t th a t the au th o r w ould  be th e  first to  adm it th a t 
G .K .S .S ., was considerably  helped th ro u g h o u t this pro ject by 
E ura tom  and  th a t O tto Hahn  was a ra th e r un ique co -operation  
o f m any countries in  E urope, m ost o f  w hom  d id  the ir little bit. 
T he sooner we were in  the C om m on M arket, doing a  big bit, the 
better fo r us all.

M r .  J. T. H . M o o r b y  said  th a t he was particu larly  in terested 
in the transien t responses presen ted  in  the paper. H e could  no t 
understand  the curves given in  Fig. 13. I f  the cap tions were no t 
w rong, he found  it surprising  th a t such an  ideally shaped  ram p 
reduction  in  n eu tron  pow er should  result from  the very com plex 
reduction  in  steam  generator pow er dem and, especially as no 
rods were used.

A lthough  he could  find no m ention  o f gas over-pressure in 
the paper, he was led to  believe th a t one was present. If  so, he 
w ould be g lad to  know  how  the gas d is tribu ted  itself between the 
steam  and  liqu id  phases o f  the w ater; how  it affected bubble 
p roduction  in the core; w hether a gas o r  steam  bubble  w as likely 
to  fo rm  in  a pum p, thereby reducing pum ping  efficiency; and  
w hether loss o f  over-pressure w ould  significantly affect the 
dynam ic behaviour o f the p lant.

M r. G .  G r e e n h a l g h  asked how  soon  did the au th o r p lan  
to  build  a  second ship and  w hat so rt o f  ship w ould it be? H ow  
soon  w ould the shipow ners w ish to  be associated  w ith such a 
project? W ould  th is be built as a G erm an  na tiona l p roject, o r 
d id the au th o r envisage in ternational co-operation?

ii) w as it possible to  operate  the reac to r p lan t o f th ird  
generation  nuclear ships unm anned , as in  turbine-driven 
ships today?

iii) d id  the au th o r believe th a t a  slightly extended tra in ing  a t 
engineering academ ies w ould  be sufficient fo r nuclear 
ships in the future?

R egard ing  to ta l p lan t, P rofessor G rossm an  asked:
1) was it possible to  build  nuclear ships o f the th ird  gener­

ation  w ith as little engine room  space as present large 
con ta iner ships?

2) could  the secondary system  be sim ple o r was it necessary 
to  o b ta in  high feed w ater p reheating  fo r reac to r 
therm odynam ic reasons?

R eferring to  safety aspects, he asked:
a) did the au th o r have any know ledge o f rad ia tio n  accidents 

in curren tly  operating  nuclear ships?
b) had  any canning failures occured  to  date?
c) w hat was necessary fo r p rim ary  an d  secondary coo lan t 

conditioning?
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Author’s Reply

N.S. Otto Hahn

D ipl .-In g . U lken , in  reply to  the discussion, expressed his 
thanks fo r being invited to  speak to  the Institu te o f M arine 
Engineers and  also thanked  the con tribu tors to  the discussion.

M r. W ebb has asked w hether in their studies fo r advanced 
and  large reactors the au th o r’s com pany had  detected lim itations 
in  size fo r the integral concept. Together w ith In tera tom  they 
had  m ade som e studies in the past on  the fu rther developm ent o f 
the integral reactor. These studies w ent to  abou t 200 000 shaft 
horsepow er and  they did n o t find any lim itation  up  to  th a t po in t 
for the integrated  design concept. Perhaps there m ight be som e 
change in  the prim ary  pressure o r the location  o f the pum ps, as 
show n in the m ost advanced CN SG -design, bu t the design 
principle did no t appear to  need changing. U p to  ab o u t 50 000 
shaft horsepow er in the E FD R -design  also, the location  o f  the 
pum p did no t need to  be changed considerably. In  their latest 
design studies the pum ps had  nearly the sam e location  as in  the 
F D R , in O tto Hahn. There m ight possibly be a  change fo r higher 
pow er. If the pum ps, fo r exam ple, were pu t on  the to p  o f  the lid, 
pressurizing o f the p rim ary system by a special pressurizer 
seemed necessary.

Replacem ent o f  a prim ary  coo lan t pum p in O tto Hahn took 
abou t eight days, including opening and  closing the containm ent 
vessel, and  leak  rate  testing after closing.

Several questions had  been raised by M r. Syed and  P ro ­
fessor G rossm ann on the dynam ic behaviour o f the plant. L oad 
changes o f 4 per cent/s were possible under any  condition. The 
size o f this load  change did no t depend on  the load  change 
direction or on the base load. I t could be obtained over the full 
power range. The com parable figure for boilers should  be about
1 per cent/s. The lim iting fac to r fo r load  changes was n o t the 
reactor, bu t the turb ine. W ith 4 per cent/s the size o f the load 
change, even fo r crash  full speed ahead  to  full speed astern  
m anoeuvres was higher th an  though t to  be sufficient fo r con­
ventional tu rb ine p lants.

R egarding the heat exchanger tubes and  the deposits about 
w hich M r. W ebb enquired , they had  m ade a  few tests during the 
last two years o f opera tion  and  found  no  increase in  pressure 
d rop  over the once th rough  heat exchanger tubes. O f course, 
they could  no t look in to  the tubes, bu t believed th a t there was 
n o t m uch deposit there a lthough they could n o t m easure it.

M r. M oorby had  asked ab o u t gas over-pressure. In O tto 
Hahn, a  sm all am oun t o f hydrogen was pu t in to  the blow-off 
tan k  in order to  give suction  head for the prim ary  feed pum ps 
and  to  accelerate a recom bination  o f oxygen and hydrogen in the 
prim ary system. H owever, there was no  gas pressurization o f  the 
p lan t, it was entirely self-pressurizing.

The low er curve in  Fig. 13 was an  idealized one. In terest 
should  be directed only to  the upper curves, the low er one was 
only to  give an  indication  o f the reacto r power.

M r. Syed h ad  asked ab o u t the activity levels in  the various 
com partm ents o f O tto Hahn. T o  give an  overall view, the au tho r 
said tha t, according to  the IC R P  norm s, the engine room  was a 
free accessible area, the auxiliary reactor room  a  contro lled  zone 
w ith unlim ited accessibility for w orking personnel and  the 
safety containm ent h ad  a  lim ited accessibility o f som e hours per 
day under full reac to r pow er. A ll living room s and  deck areas 
were freely accessible to  crew and  passengers.

D r. Ejiyere h ad  rem arked on  rad iation  protection  in ships 
and  on  the different possible reasons fo r danger from  nuclear 
ships. In  the case o f  O tto Hahn  rad ia tion  could  n o t escape from  
the nuclear reacto r th rough  the secondary circuits, the  steam  
turbines o r a ir and  w ater ducts in to  w ater and  atm osphere, and 
radiactive waste was no t dum ped in to  sea o r  h a rb o u r w aters 
during repa ir phases. All reac to r ships, like O tto Hahn, w ould 
have a  large w aste w ater system  and  could operate  fo r a long 
tim e w ithout dum ping active water.

C on tam ination  of the secondary system  could  n o t be 
m easured in O tto Hahn  and , in  his opinion, could  n o t be caused 
by gam m a rad iation .

Every nuclear ship w ould be built to  the rules and  recom ­
m endations o f the In ternational C om m ission on  R adiological 
P rotection , and thus the ope ra to r w ould  be prevented from  
polluting the m arine environm ent. A ccord ing  to  the IC R P  norm s 
there were 12 to  14 decades betw een the rad ia tio n  doses which 
could  issue from  a nuclear ship an d  those w hich could, for 
exam ple, cause sterilization  o f  insects, conservation  o f  food  or 
give any hazard  to  the biological env ironm ent o r  th e  ca rg o  o f the 
ship.

It was agreed th a t m onito ring  and  w ater sam pling were 
essential fo r a  healthy environm ent. O n b oard  O tto  Hahn  
continuous m easurem ent w as m ade o f  w ater an d  a ir leaving the 
nuclear p lan t and  to  date the lim its set by the IC R P  had  
no t been reached  by a  long way.

R egarding further developm ent o f nuclear ships in G erm any, 
the question which had  been raised by M essrs. M acD uff, 
G reenhalgh and  W eiss, and  Professor G rossm ann, th e  au th o r 
said th a t G .K .S .S ., had  been w orking fo r som e years w ith 
G erm an shipow ners and  G erm an  shipyards o n  studies o f 
nuclear driven big bulk carriers and  big, fast con ta iner ships, 
which m ight possibly have twice the pow er o f  the bulk carrier. 
They were optim istic tha t, in the near fu ture, nuclear ship 
propulsion  w ould be econom ically com petitive in the currently  
ordered  pow er range o f  con ta iner ships. The ow ner o f  the 
second nuclear ship in G erm any w ould still need help from  the 
Federal G overnm ent, as laid  dow n in the T h ird  G erm an  A tom ic 
Program m e. The second ship w ould no t be ow ned by G .K .S .S ., 
but w ould be ordered by a G erm an  shipow ner. Only th a t cost 
exceeding the fixed cost o f the p lan t an d  th e  opera tion  cost o f  a 
conventional ship o f sim ilar size and  pow er over its lifetim e 
w ould be subsidized by a once only g ran t from  the S tate.

In  their studies o f econom y o f  nuclear con ta iner ships 
G .K .S .S . started , as M r. M acD uff had  im agined, from  the case 
o f a full con tainer load, b u t in la ter studies they also to o k  into 
account the fact th a t several con tainer ships were operating  no t 
fully loaded.

In  answ er to  M r. W eiss, there  had  been considerable 
thought abou t the econom ic benefits arising from  a less con­
servative app roach  and  the redesign o f  certain  safety provisions, 
but Mr. U lken was no t in the position to  say a t present which safe­
ty requirem ents in O tto H ahn  w ould be changed in the future. 
H e though t th a t there should  be som e consideration  o f the 
“ get-you-hom e” drive, the ^-forces an d  perhaps som e o ther 
details, bu t they had  no  fixed stand-po in t up  to  now . T here was 
a  possibility o f simplifying the prim ary  system  and  auxiliary 
systems essentially; There w as the technical possibility, as 
Professor G rossm an pointed  ou t, o f  operating  the reacto r p lan t 
o f  nuclear ships, o f the th ird  generation, unattended  as in 
conventional tu rb ine driven ships an d  the au th o r was sure tha t 
it w ould be possible to  tra in  nuclear ship staff a t the s h ip  engin­
eers’ schools, in  the future, w hen m ore nuclear ships were in 
operation.

T heir m ost recent studies had  show n th a t n u c lea r pow er 
p lants did no t need m ore engine room  space th an  conventional 
pow er p lan ts and  the secondary system  could  be simplified 
considerably.

To date the au th o r had  no t heard  o f any rad ia tion  acciden t in 
an  operating  nuclear ship, in  spite o f  there being ab o u t 190 
reactors in  operation  on  b oard  ships. There h ad  been no canning 
failures so fa r and  the conditioning fo r p rim ary  and  secondary 
coo lan t were sim ilar and  relatively simple. I t was done by a 
bypass dem ineralizing p lan t consisting o f  a m ixed-bed filter.

F inally, M r. U lken said th a t he h ad  om itted  to  m ention tha t 
E u ra tom  had  w orked w ith G .K .S .S . during  the constructional 
and  the first operational phases o f O tto Hahn. E uratom  had  
spent $4 m illion on the construction  cost o f the  vessel and  had  
helped G .K .S .S . in m any o ther directions.
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