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SUMMARY 

The H-3 production, transport and environmental release from the 350 MW(t) 

Modular High Temperature Gas Cooled Reactor was analyzed. The analysis was 
performed using a modified-TRITGO computer code, plant data base from the 

Preliminary Safety Information Document and materials property data from the 

Fuel Design Data Manual, Issue F. The analysis indicates that most of the H-3 

produced in the reactor is retained by the fuel particles and the structural 

graphite elements. The single largest source of H-3 is ternary fission in the 

fuel particles, of which 95% is retained by the particles. The H-3 released 

from the core and the H-3 produced by He-3 activation are largely removed by 

the Helium Purification System. Assuming zero leakage of water from the 

secondary system, the average predicted H-3 activity in the secondary water of 

0.35 /Ki/g is much greater than the allowable activity of 5 pCi/g for direct 

discharge into the environment. If any of the secondary water has to be 
discharged, it must be diluted prior to discharge. 

1. INTRODUCTION 

This analysis is concerned with the production, retention, transport and 

release of H-3 during normal operation of the 350 MW(t) Modular High 

Temperature Gas Cooled Reactor (MHTGR). H-3 is produced in high temperature 

gas cooled reactors by ternary fission, absorption of neutrons in control 

materials or burnable poison, neutron capture by He-3 impurity in the helium 

coolant and reaction of neutrons on lithium impurity in the core graphite 
materials. Most of the H-3 is produced in solids and the rest (eg., He-3 

neutron capture in the coolant channels) is produced directly in the coolant. 

The H-3 produced in the reactor structural materials from neutron capture in 

impurities may recoil into the graphite or adsorb in the graphite components 

or be released to the coolant. The H-3 produced in the coolant and/or H-3 

released into the coolant is transported throughout the primary circuit and 

may also be chemisorbed into the graphite components. A significant fraction 

of the H-3 in the coolant is removed by the helium purification system. A 

small fraction of the H-3 is released into the environment due to leakage of 

the primary coolant helium. Another small fraction of the H-3 in the coolant 

will permeate through the steam generator tubing into the secondary system 
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water, where a fraction (due to leakage of water or blowdown of the steam 

generator) may be released into the environment. 

This overall plant mass balance for H-3 was calculated with a modified 

version of the TRITGO code (Ref. 1). This computer code was originally 

developed by Oak Ridge National Laboratory (OWL). Significant modifications 

have been made to this code to improve its modeling capability. The analysis 

accounts for all the H-3 production, retention, transport and release 

mechanisms such that an overall H-3 mass balance is obtained during normal 

operation of the reactor. The analysis provides information needed for the 

design of the helium purification system and in the management of radioactive 

wastes during the operation of the MHTGR. 

2. DEFINITION OF THE PROBLEM 

The most recent analysis of H-3 production, retention, transport and 

release from High Temperature Gas Cooled Reactors was performed by Gainey in 

1976 (Ref. 2 ) .  Most of the earlier analyses efforts were hampered by a lack 

of a reliable material property data, especially relating to the sorption 

andlor desorption of H-3 from the graphite structural elements of the HTGR. 

In addition there has been a lack of experimental measurements on the lithium 

impurity concentration in reactor core materials. Even this analysis, the 

lithium impurity level is assumed to be the minimum detectable level for 
currently available measurement techniques. This lithium impurity provides a 

significant contribution to the production of H-3 in HTGRs. These two 

uncertainties introduce significant uncertainties into the subject H-3 

analysis. 

The definition of the H-3 analysis problem is complete if source or 

production, retention, transport and release terms are accurately accounted 

for in the analysis. These terms are listed and are described in detail 

below. 
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2.1 Source Terms 

The following a r e  t h e  source terms f o r  t h e  production of H-3 i n  t h e  

MHTGR. 

1. Ternary f i s s i o n  i n  t h e  f u e l  p a r t i c l e s  

2. He-3(n,p)H-3 r eac t ion  i n  t h e  coolant  

3. Li-6(n,a)H-3 r eac t ion  i n  t h e  g raph i t e  ma te r i a l s  

4 .  B-lO(n,2a)H-3 r eac t ion  i n  t h e  con t ro l  and burnable poison ma te r i a l s  

5 .  B-lO(n,a)Li-7(n,na)H-3 r eac t ion  i n  t h e  con t ro l  and burnable poison 

ma te r i a l s  

6. C-l2(n,a)Be-S(n,a)Li-6(n,a)H-3 r eac t ion  

The l a r g e s t  s i n g l e  con t r ibu t ion  f o r  H-3 production is from t h e  t e r n a r y  

f i s s i o n  i n  t h e  f u e l  p a r t i c l e s .  Production by t e rna ry  f i s s i o n  is a func t ion  

of r eac to r  power only.  F rac t iona l  y i e l d  (Ref. 3 )  f o r  t e rna ry  f i s s i o n  

v a r i e s  s l i g h t l y  f o r  d i f f e r e n t  f i s s i l e  i so topes ,  but  an average is est imated 

t o  be 1.0 x Contr ibut ions from neutron capture  r eac t ions  wi th  

l i t h ium impurity i n  t h e  s t r u c t u r a l  ma te r i a l s  and He-3 i n  helium a r e  a l s o  

s i g n i f i c a n t .  A l l  t h e  o the r  reac t ions  play a smaller  r o l e  i n  t h e  product ion 

of H-3 during normal opera t ion  of t h e  MHTGR. 

2.2 H-3 Retent ion & Sol ids  

I n  t h e  case  of f u e l ,  it is known t h a t  H-3 is p a r t i a l l y  r e t a ined  by 

i n t a c t  p a r t i c l e s ,  bu t  completely re leased  from f a i l e d  p a r t i c l e s  o r  those  

wi th  S i c  coa t ing  de fec t s .  The Fuel Design Data Manual (Ref. 4 )  provides a 

c o r r e l a t i o n  f o r  H-3 r e t e n t i o n  i n  f u e l  p a r t i c l e s .  Using t h e  FDDM 

c o r r e l a t i o n  and a t i m e  averaged f u e l  temperature of 830 O C from 

Reference 5 an es t imate  of about 5% r e l e a s e  from i n t a c t  p a r t i c l e s  can be 

a r r ived  and w a s  used i n  t h e  ana lys i s .  I t  must be noted t h a t  t h e  

con t r ibu t ion  from the f a i l e d  p a r t i c l e s  ( 5  x 10-5) and from S i c  de fec t s  

( 5  x 10-5 ) is n e g l i g i b l e  as compared t o  t h e  d i f f u s i v e  r e l e a s e  of 5% from 

i n t a c t  p a r t i c l e s .  
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The reaction chains that involve H-3 production in the solids depend on 

the content and location of impurities such as boron and lithium. A 

retention factor of 99% is appropriate, since it is known that quite high 

temperatures ( > 1200 OC) are required (Ref. 6) for H-3 desorption from 

graphite components. To be conservative, no retention of H-3 produced in 

the impurities in the graphite structures is assumed in the analysis. In 

addition, no credit is taken for H-3 retention in control materials, since 

the B4C operates at high enough temperatures such that essentially complete 

release is expected based on the correlations from the Fuel Design Data 
Manual, Issue/F. 

H-3 is produced in the helium coolant, ie., in coolant channels and 

other voids where coolant exists. The pore volume in the graphite 

elements, both structural elements as well as fuel elements, is large. At 

a recoil energy of about 0.2 MeV, H-3 has a range of about 500 microns in 

helium at operating temperature and pressure. Since the pore sizes are 

equal to or smaller than the recoil range, all H-3 produced by the 

He-3(ntp)T reaction in the pores is expected to be retained in the graphite 

elements. However no credit was taken for recoil retention in this 

analysis, because of the lack of confirmatory data. 

Additional retention of H-3 in graphite may take place by chemisorp- 

tion, which is accounted for by the sorption isotherm (Ref. 6) in the 
analysis. Chemisorption is expected above a graphite temperature of 

650 O C .  

2.2 Removal Terms 

The following are the removal terms for H-3 from the primary coolant 

circuit of the MHTGR. 

1. Removal by the helium purification system, with a rate constant related 

to the purification system helium flow rate, the purification system 

efficiency for hydrogen removal and the core coolant flow rate. This 

is the dominant removal term. 
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2. 

3. 

4 .  

Removal by permeation through the steam generator tubing into the 

secondary water system. Generally H-3 may permeate through any 

metallic parts of the system, but contributions from components other 

than the steam generator are small, because the temperatures are low 

and thickness of the materials is large, reducing the total permeation 

loss. 

Removal or loss due to leakage of primary coolant. During normal 

operation of the reactor it is expected that a small fraction (10% per 

year) of the primary coolant helium will leak into the reactor building 
carrying with it a very small amount of H-3. 

There are other mechanisms for H-3 removal, but they are processes 

active during reactor shutdown. Water ingress during shutdown and 

start up sequences appears to increase release of sorbed H-3 from 

graphite components to the coolant. Such mechanisms are not included 

in the analysis. 

The pathways for H-3 distribution and release in the MHTGR plant during 

normal operation are shown in Figure 1. 

3. DATA BASE FOR ANALYSIS 

The data base for analysis was primarily obtained from the Fuel Des ign  

Data Manual, Issue/F (Ref. 4 ) ,  the Preliminary Safety Information Document 

(Ref. 7 ) ,  the Conceptual Design Document (Ref. 8 )  and the Heat Transport 

System Design Description, Modular HTGR Plant (Ref. 9). Pertinent data 

required for the analysis are given in Table 1. 

TABLE 1 
MHTGR PARAMETERS REQUIRED FOR H-3 ANALYSIS 

Reactor 

Thermal Power 

Plant Life Time 

350 MW(t) 

40 Years 
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Capacity Factor 

Cycle Length 

Refuelling Scheme 

Core Inlet Temperature 

Core Outlet Temperature 

Weight of Core Elements 

80% 

1.65 Years 

112 coretcycle 

258.0 OC 

685.0 OC 

1.80 x l o5  lbs 

Reflectors 

Average Temperature of Upper Reflector 

Weight of Upper Reflector 
Average Temperature of Lower Reflector 

Weight of the Lower Reflector 

Average temperature of Inner Reflector 
Weight of the Inner Reflector 

Average Temperature of Side Reflectors 

300.0 OC 
3.66 x lo4 lbs 
685.0 OC 

4.13 x lo4 lbs 

477.0 OC 
9.40 x lo4 lbs 

327.0 OC 

Steam Generator 

Inlet Temperature of Economizer Section 

Outlet Temperature Of Economizer Section 

Economizer Section Surface Area 

Inlet Temperature of Evaporator Section 
Outlet Temperature of Evaporator Section 

Evaporator Section Surface Area 
Inlet Temperature of Superheater 1 

Outlet Temperature of Superheater 1 
Superheater 1 Surface Area 

Inlet Temperature of Superheater 2 

Outlet Temperature of Superheater 2 
Superheater 2 Surface Area 

Tubing Thickness 

371.4 OC 

207.4 OC 

6.57 x lo6 cm2 

380.0 OC 
371.0 OC 

2.03 x l o 7  cm2 

435.8 OC 

392.2 OC 

1.77 x lo6 cm2 
595.1 OC 

452.6 OC 

3.10 x lo6 cm2 
3.3 m 

Material Properties 

Graphite Density 

-7- 

1.74 gm/cc 
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Lithium Concentration of Graphite 

(natural lithium is assumed) 

Boron Concentration in Graphite 

(other than fuel elements) 

Boron Concentration in Fuel Elements 

(Includes Burnable Poison of 7 kgs) 
(natural boron is assumed) 

Primary Circuit 

Helium Flow Rate 

Helium Pressure 

He-3 Abundance Fraction 

Helium Makeup Rate of Primary System 

0.036 pprn 

2.0 ppm 

41.0 ppm 

1.24 x lo6 lbslhr 

63 atms 

2.00 10-7 

10% /year 

Secondary Circuit 

Mass of Water in the Secondary System 
Water Makeup Rate of Secondary System 

(This assumption will need to be verified at a later date, but the designers 

at Combustion Engineering are following this at this time) 

1.34 x lo4 lbs 
O.O/day 

Sorption of H-3 on Graphite 

T > 650 OC 

T < 650 OC 

Where Ci is the sorbate concentration in irradiated graphite, 

A, 
j3 
f 

P 

7H 
7~ = [ 1 + exp(O.O439(T - 1423)]-1 

= 1.38 x lo3 cm3(STP)/m2 . torr, 
is a constant = 2.6 x 10-25, 

is the fast fluence (n/m2), 

is the partial pressure of H2 and H-3, 
is the annealing factor given by 
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This isotherm developed by Myers, assumes no sorption at temperatures 

below 650 OC, temperature dependent sorption above 650 OC, fluence dependence 
of sorption, with sorption increasing with increase in fluence and onset of 

desorption at about 1500 K. Because of the last assumption no desorption will 

take place in the MHTGR, since graphite component temperatures will not exceed 
1500 K during normal operation. In other words once H-3 is sorbed on to the 

graphite surface, it will not desorb even if the temperatures change in the 

graphite components during normal operation of the MHTGR. 

4 .  RESULTS OF THE ANALYSIS 

The results of the analysis are shown in Figure 2 thru 8. The total 

production of H-3 from all processes and the amount bound in solids are shown 

in Figures 2 and 3. It must be noted that the rate of production by ternary 

fission is constant throughout the operation of the reactor and is equal to 

2035 Cilcycle, which represents a ternary fission yield of 1.0 x 10-04. The 

total production of H-3 as seen in Figure 2 does not grow at the rate of 2035 

Cilcycle, because of a) H-3 decay and b) depletion of impurities such as 

lithium in the core components. Since most of the reactor graphite components 

have a life of 40 years and are not replaced, the contribution to H-3 

production from neutron activation of impurities in these components reduces 

to small values due to burnout of the impurities. The overall rate of 

increase of H-3 in the system reduces with time with the total at the end of 
life of the reactor reaching a value of about 34,000 Ci. 

All of the H-3 produced during the operation is not in the reactor at the 
end of life, since one half of the core is replaced at the end of each cycle 

and this refuelling removes H-3 adsorbed or bound in those fuel elements. H-3 

retained in the fuel particles is discharged along with the fuel elements and 

is no longer involved in the transport processes being analyzed in this 
report. 

The production of H-3 from ternary fission as corrected f o r  decay is also 

shown in Figure 2. At the end of life of the reactor more than half of the 
H-3 produced originated from ternary fission. The initial rate of production 

H-3 is about a factor 4 greater than the production from ternary fission 
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alone. The con t r ibu t ion  from neutron capture  on impur i t ies  i n  t h e  g raph i t e  

s t r u c t u r a l  materials is l a r g e  a t  t h e  s ta r t ,  but diminishes due t o  burnout of 

t h e  impur i t ies .  

H-3 bound i n  s o l i d s ,  ie . ,  i n  t h e  core  g raph i t e  components such a s  f u e l ,  

a l s o  increases  i n  a s i m i l a r  fashion t o  about 21,000 C i  a t .  t h e  end of l i f e ,  

which . represents  about 62% of a l l  t h e  H-3 produced i n  t h e  r eac to r .  

The H-3 adsorbed i n  s o l i d s  a s  a func t ion  of t i m e  is shown i n  Figure 3 .  

Since t h e  isotherm assumes t h a t  t h e r e  is no adsorp t ion  below a temperature of 

650 OC,  t h e  adsorp t ion  is l imi ted  t o  a f r a c t i o n  of t h e  core  and t h e  lower 

r e f l e c t o r .  During r e f u e l l i n g  some of t h e  adsorbed H-3 is removed from t h e  

r eac to r  system. To ta l  adsorpt ion cor rec ted  f o r  r ad ioac t ive  decay a t  t h e  end 

of l i f e  of t h e  r eac to r  is about 3500 Ci. This adsorp t ion  is e n t i r e l y  due t o  

t h e  s o r p t i o n  isotherms used i n  t h i s  ana lys i s .  The unce r t a in ty  i n  t h e  s o r p t i o n  

isotherms is expected t o  be l a rge ,  s ince  it is  based on very meager da t a  base.  

The t o t a l  H-3 adsorbed follows t h e  same t i m e  dependence a s  t h a t  of H-3 

product ion.  

The primary coolant  H-3 content  a s  a func t ion  of time is shown i n  

Figure 4 .  I t  can be seen t h a t  t h e  primary coolant  content  of H-3 i nc reases  

r ap id ly  i n  t h e  beginning, reaches a maximum and then  decreases  t o  a f i n a l  

s teady  s t a t e  va lue  0.018 C i .  There a r e  t h r e e  processes  involved here .  The 

first one is  t h e  burnout of He-3 i n  the  coolant, p a r t i a l l y  r ep laced  by the  

primary coolant  makeup r a t e  of 10% pe r  year.  The second process  is t h e  

p u r i f i c a t i o n  r a t e  and t h e  t h i r d  is  t h e  so rp t ion  i n  g raph i t e  a t  temperatures 

g r e a t e r  than  650 OC. The H-3 l e v e l s  i n  t h e  primary coolant  reach maximum 

values  r ap id ly  most probably wi th in  t h e  f i r s t  r eac to r  cyc le ,  then  reduce t o  an 

equi l ibr ium value a t  about 8 years  of operat ion.  This behavior is t h e  r e s u l t  

of continuous decrease i n  t h e  production r a t e  of H-3 during t h e  e a r l y  s t ages  

of r eac to r  operat ion.  The amount of H-3 involved here  is q u i t e  s m a l l  and 

hence any leakage of primary coolant  i n t o  t h e  containment probably does not 

add much t o  t h e  r a d i a t i o n  dosage of t h e  p l a n t  workers. 

Figure 5 shows t h e  t i m e  dependence of t o t a l  H-3 leakage from t h e  primary 

system. The t o t a l  loss through t h i s  pathway is r a t h e r  small  because t h e  
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concentration in the primary coolant is low and the coolant leak rate is only 

lO%/year. This pathway can be easily ignored under these conditions. Near 

steady state is reached by the end of life of the reactor for this loss 

pathway . 

The purification plant removes a fraction of about 31% of the total 

production at the end of life of the reactor. The time integrated H-3 

(corrected for decay) removed from the plant by the purification system is 

shown in Figure 6 .  During the first cycle out of a total production of about 

8780 Ci about 6000 Ci of H-3 is removed by the purification system, assuming 

that the efficiency for H-3 removal is 100%. This is the largest amount of 

H-3 removed by the purification system during any cycle of operation of the 

plant. The load on the purification system reduces for later cycles, since 

the concentration of H-3 in the primary coolant reduces significantly after 

the first cycle. 

Figure 7 shows the total H-3 inventory of the secondary system. The total 

is about 3 . 7  Ci at the end of life of the reactor. This number is somewhat 

artificial, simply because of the assumption that there is no loss of 

secondary coolant and thus no makeup water. Operation of the reactor with 

zero or negligible loss of secondary coolant is assumed here, because Stone & 

Webster Engineering Company is designing the balance of plant based on this 

philosophy. The H-3 content of the secondary system is a function of the 
permeation rate and the H-3 concentration of the primary coolant. The 

permeation rate constants used here were from Fuel Design Data Manual, Issue F 
(Ref. 4 ) .  

The average activity of the secondary coolant water continues to increase 

to a final value of about 0.62 /bCi/g of water at the end of life as shown in 
Figure 8 .  This result is a direct consequence of assuming that the partial 

pressure of hydrogen and H-3 is zero in the water side of the steam generator 

or in other words H-3 permeation is a one way process. This number should be 

compared to allowable activity of 5 pCi/gm (10  CFR 50 Appendix I) of water for 
discharge into the environment. If any water from the secondary system leaks 
out it cannot be discharged to the environment without further dilution to 

meet federal standards for radioactive material discharge. 
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On the other hand it may be interesting to find the effect of non zero 

makeup water rate for the secondary system. In the FSV reactor the maximum 

makeup water rate is about 50 gallons per minute. Since the MHTGR reactor is 

smaller, assuming a makeup water rate of 20 gallons per minute, the analysis 

was performed again. The only real change observed from this analysis is the 

concentration of H-3 in the secondary system. The concentration of H-3 as 

function of time is shown in Figure 9. This concentration is now lower by a 

factor of lo5 as compared to the case where the water makeup rate is zero. 

Since the analysis was based on the assumption that the H-3 in the 

secondary water does not create a back pressure to reduce the permeation, the 

total H-3 that permeates into the secondary system is independent of the water 
makeup rate. 

Some of the predicted H-3 loadings and concentrations for the first three 
cycles of operation are given in Table 2. Detailed output for the first three 

cycles is attached as Appendix A. 

Table 2. Results for First Three Cycles 

H-3 EOC 1 EOC 2 EOC 3 

Curies Curies Curies 

Total Production 8.78E+03 1.30E+04 1.57E+04 

Bound in Solids 2.00E+03 3.813+03 5.473+03 

Adsorbed on Graphite 7.60E+02 1.17E+03 1.46E+03 

In Primary Coolant 7.443-02 3.653-02 2 443-02 

Leakage from Primary Coolant 2.00E-02 2.673-02 2.923-02 

In Purification Plant 6.02E+03 7.99E+03 8.75E+03 

In Secondary Water 2.17E+00 2.883+00 3.16E+00 
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Average Activity for First Three Cycles 

Component EOC 1 EOC 2 EOC 3 

Bound in Graphite (pCi/gm) 3.633+00 6.953+00 9.97E+00 

Adsorbed in Graphite (pCi/gm) 1.38E+00 2.13E+00 2.65E+00 

In Primary Coolant (pcilscc) 4.513-06 2.21E-06 1.483-06 

In Secondary Water (pCi/gm) 3 -57E-01 4.75E-01 5.19E-01 

The analysis for H-3 production and release described above is preliminary 

in nature. The actual behavior in the MHTGR could be influenced by various 

other factors. The H-3 production in the reactor will be influenced by the 

actual lithium impurity levels in the core graphite components. The impurity 

levels used here were the best estimates from the Graphite Design Data Manual 

(Ref. 10). These may change depending on possible improvements in the 

manufacture of graphite blocks and impurity measurement techniques. Simple 

two group fluxes and approximate neutron cross sections were used in this 

analysis. More accurate neutron absorption calculations could be used to 

improve the predictions. This analysis has taken into account refuelling, but 

does not account for removal and replacement of a part of the inner and outer 

reflectors. If reflector block replacement is included, H-3 production may 

increase somewhat. 

5. CONCLUSIONS 

H-3 permeation through the steam generator tubes is predicted to be less 

than 4 curies during the life of the plant. Compared to other permeation 

analysis results, this number appears to be very low and suggests that the 

permeation data given in the Fuel Design Data Manual which was used in this 

analysis should be re-evaluated. The analysis was repeated using permeation 

data from Ref. 1 and approximately 250 curies of tritium permeates through the 

steam generator tubing into the secondary system during the life time of the 

plant. 
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Although t h e  p red ic t ion  f o r  t o t a l  H-3 permeation i n  t h i s  ana lys i s  i s  

s m a l l ,  t h i s  i n  i t s e l f  does not  i n v a l i d a t e  t h e  r e s t  of t h e  conclusions,  s i n c e  

permeation i s  t h e  l a s t  s t e p  i n  a s e r i e s  of processes  and t h e  t o t a l  permeation 

is i n s i g n i f i c a n t  as compared t o  t h e  t o t a l  production. 

This a n a l y s i s  assumes t r u e  s teady  s ta te  opera t ion  of t h e  r eac to r ,  which i n  

real l i f e  s i t u a t i o n  may not be poss ib le .  I f  t h e  r eac to r  experiences many 

shutdowns during i n i t i a l  s t ages  of the opera t ion  and some water  i ng res s  

events ,  it is  poss ib l e  t o  d i s t u r b  t h e  H-3 d i s t r i b u t i o n  i n  t h e  primary system. 

I t  is probable t h a t  some of t h e  adsorbed H-3 may i s o t o p i c a l l y  exchange w i t h  

t h e  hydrogen i n  t h e  w a t e r  and thus  be removed during r eac to r  shutdowns. 

Overal l  t h e  p red ic t ions  of t h i s  ana lys i s  can be used a s  t h e  t r i t i u m  source 

term f o r  system design and r ad ioac t ive  w a s t e  management during t h e  opera t ion  

of t h e  MHTGR. 
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Figure 2. 
TRITIUM PRODUCTION & RETENTION 

IN THE 350 MW(t) MHTGR 
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Figure 4. 
TOTAL TRITIUM IN PRIMARY COOLANT 

IN THE 350 MW(t) MHTGR 

REACTOR OPERATION (Yrs) 
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Figure 5. 
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Figure 6. 
TOTAL TRITIUM IN PURIFICATION PLANT 

IN THE 350 MW(t) MHTGR 
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Figure 7. 
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Figure 8. 
AVERAGE TRITIUM IN SECONDARY WATER 

IN THE 350 MW(t) MHTGR 
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APPENDIX 

DETAILED RESULTS FOR THE FIRST THREE CYCLES OF OPERATION 
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350 MW(t) YHTGR TRITIUM PRODUCTION AND RELEASE AUALYSIS M Y E ’ S  ISOTHERM 

Pressure dependence of permeation is linear 

Reactor power (MWt) 

Fission density (watts/cm**3) 

350.00 

5.90 

Weight of helium (lbs) 

Helium pressure (atms) 

Average He temperature ( C )  

He-3 abundance (fraction) 

Helium replacement rate(/sec) 

Helium purification rate(/sec) 

Mass of water in the secondary system (lbs) 

Makeup rate of water in the system (lbs/day) 

6500.00 

63.00 

471.50 

2.0000E-07 

3.iroo~-o~ 

Q.5000E-04 

1.3400E+04 

0.0000E+00 

U 
0 
m 
I 
5: 
+I 

? 
03 
03 
0 
\o 
03 

2 
4 

0 



350 YW(t) YHTGR TRITIUM PRODUCTION AND RELEASE ANALYSIS M Y E ’ S  ISOTHERM 

CORE 1 CORE 2 REFLECTOR ( TOP ) REFLECTOR (BOTTOM) 

4.41003+04 

1.7400E+00 

0.200 

250.000 

4.13OOE+04 

1.7400E+00 

0.200 

605.000 

0.1700 

0.0000 

0.040 

0.000 

1.000 

Weight (lbs) 

Density (gm/cm3) 

Surface Area (sq m/gm) 

7.2000E+04 

1.7400E+00 

0.200 

600.000 

1.0000E+05 

1.740OE+OO 

0.200 

704.000 Region Temperature (oC) 

Weight Fraction of Region 
With Channels and Holes 

Width of Internal Annular Gap 
Between R o d  Matrix and Graphite 

Width of External Annular Gap 
Between Region Elements 

He-3 Trapped in Solid (Fraction) 

0.6250 0.6250 0. 1700 

0.0050 0.0050 0.0000 

0.040 

0.000 

1.000 

REFLECTOR (INNE) 

9.40003+04 

1.7400E+00 

0.200 

477.000 

0.040 

0.000 

1.000 

REFLECTOR (SIDE) 

8.5000E+05 

1.7400E+00 

0.200 

327.000 

0.040 

0.000 

1.000 

CONTROL RODS 

2.7700E+02 

i.r4oo~+oo 

0.200 

400.000 

Fraction of Carbon in Solids 

Weight (lbs) 

Density (gm/cm3) 

Surface Area (sq m/gm) 

Region Temperature (oC) 

Weight Fraction of Region 
With Channels and Holes 0.0000 0.0000 0.0000 

Width of Internal Annular Gap 
Between Rod Matrix and Graphite 0.0000 0.0000 0.0000 

0 
\D 
cn 
o;, 

Width of External Annular Gap 
Between Region Elements 0.040 

0.000 

1 .ooo 

0.040 

0.000 

1.000 

0.050 

0.000 

1.000 

He-3 Trapped in Solid (Fraction) 

Fraction of Carbon in Solids 



350 YW(t) YHTGR TRITIUM PBODUCTION AND BELEASE ANALYSIS YYER’S ISOTHERM 

Name Surface area Thickness Temperature Permeation equation constants 
Degrees C Pre exponent Act energy Square cms mm 

cc-HZ(stp).mm.atm Cal/gm mol/deg K 
/Square cm 

2.88E+02 2.510E+02 1.000E+04 EVAPORATOR 2.03E+07 3.30E+00 

ECONOM I Z E B  6.57E+06 3. 3OE+OO 3.84$+02 2.510E+02 1.000E+04 

2.510E+02 le000E+04 SUPERHEATER 1 1.77E+06 3. 3OE+OO 4.17E+02 

5.26E+O2 1.140E+01 1.050$+04 SUPEBHEATE 2 3.10E+06 3.30E+00 

? 
Ln 

u 
0 
m 
I 

I 
0, 
03 
0 
v, 
0, 

0 

v, 
0 
v, 



350 YW(t) YHTGB TBITIUM PRODUCTION AND BEL.EASE ANALYSIS YYEB’S ISOTHERM 

History lists--value of 1 in first column indicates end of list 

Power history list 

JX 
1 

Cham 

IX 
1 

List 

month day year re1 power start 
1 1 87 0.800 7306.0 

cal parameter list(hydrogen conc in ppm, and purification plant efficiency 

month day year H2(ppm) GAM start 
1 1 87 10.000 1.000 7306.0 

of events indicated by code. 0-no printout.1- Printout provided for this point 
9 - default value 
KX 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 

Month day 
1 
8 
4 
12 
8 
3 

11 

3 
11 
6 
2 
10 
6 
1 
9 
5 
1 
9 
4 
12 
8 
4 

11 
7 
3 

11 

7 

1 
25 
19 
12 
5 

30 
21 
16 
9 
1 

26 
17 
12 
5 
28 
22 
16 
8 
1 

26 
19 
12 
6 
28 
23 
16 
8 

year code 
87 
88 
90 
91 
93 
95 
96 
98 
100 
101 
103 
105 
106 
108 
110 
111 
113 
115 
116 
118 
119 
121 
123 
124 
126 
128 
129 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1 .o 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1 .o 
1.0 
1.0 
1.0 

start 
7306.0 
7908.0 
8510.0 
9112.0 
9714.0 
10316.0 
10918.0 
11520.0 
12122.0 
12724.0 
13326.0 
13928.0 
14530.0 
15132.0 
15734.0 
16336.0 
16938.0 
17540.0 
18142.0 
18744.0 
19346.0 
19948.0 
20550.0 
21152.0 
21754.0 
22356.0 
22958.0 

Dates starting and stopping computation span 

month day year month day year 

\D 
0 
\D 
a 
03 
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350 MW(t) WHTGR TRITIUM PWDUCTION AND RELEASE ANALYSIS WYER’S ISOTHERM 

? 
m 

tl 
0 
W 
I 
X 
4 
0 

m 
03 
0 
LD 
m 

7 

E c 
0 

Tritium generation and distribution in a high temperature gas cooled reactor 

Full reactor power 350. WWth. 5.9Kw/l, Average gas temp 472. deg C .  Pressure. 63.0 Atm 

Purification rate 82.080000/Day 
He amount 6.50E+03 lbs He makeup rate 2.74E-O4/Day He-3 abundance 2.00E-07 
Water 1.343+04 lbs water makeup rate O.OO/Day The0 core flux-slow 7.23E+13, fast 2.303+13. 

Total Steam Generator Rate constant- 3.4271E-07 Sec-1 was based on 10.00 ppm E2 

EVAPORATOR 1.25573-07 Sec-1. 2.0300D+O7 Sqcm, 3 . 3 0  mm. 288.3 Deg C. 3.209E-02 STD cc HZ,mm/sqcm,hr at 1 atm 
ECONOM I 2 EX 1.4961E-07 Sec-1. 6.5700D+06 Sqcm, 3 .30  mm, 383 .8  Deg C. 1.181E-01 STD cc HZ,mm/sqcm.hr at 1 atm 
SUPERHEATER 1 5.83933-08 Sec-1. l.7700D+06 Sqcm, 3.30 mm. 417.2 Deg C. 1.712E-01 STD cc H2,mm/sqcm,hr at 1 atm 
SUPERHEATER 2 9.1328E-09 Sec-1. 3.1000D+06 Sqcm. 3.30  mm, 525.8 Deg C, 1.5281-02 STD cc H2,mm/sqcm,hr at 1 atm 

CORE 1 CORE 2 REFLECTOR (TOP) REFLECTOR (BOTTOM) 

Weight (lbs) ‘7.2000E+04 

Li Concentration (ppm) 0.036 

Boron Concentration (ppm) 41.000 

Be Concentration (gpm) 0.000 

Assigned Fast Flux (n/cmZ.s) 1.000E+14 

Assigned Fast Flux (n/cmZ.s) 5.440E+13 

Effective Cross Section Flux Products 

2.21 8E-08 
7.180E-13 
1.352E-12 
8.87OE-08 
1.4683-14 
1.652E-12 
1.240E-07 
1.000E-04 

Li -6 
Li-7 
FB-10 
SB-10 
c-12 
Be-9 
He-3 

Fractional Fiss m Yie 

1.0800E+05 

0.036 

41.000 

0.000 

1.000E+14 

5.440E+ 13 

2.218E-08 
7.180E-13 
1.352E-12 
8.87OE-08 
1.468E-14 
1.652E-12 
1.2402-07 
1.000E-04 

4.41003+04 

0.036 

2.000 

0.000 

7.7903+12 

3.140E+12 

1.280E-09 
5.593E-14 
1.053E-13 
5.120E-09 
1.144E-15 
1.2873-13 
7.160E-09 
1.000E-04 

4.13002+04 

0.036 

2.000 

0 - 000 
4.880E+13 

3.400E+13 

1.386E-08 
3.504E-13 
6.598E-13 
5.544E-08 
7.164E-15 
8.062E-13 
7.753E-08 
1 - 000E-04 

LD 
0 
LD 



Original Number of Atoms in Region 

Li -6 
Li -7 
FB- 10 
SB-10 
c-12 
Be-9 
He-3 

7.568E+21 
9.443E+22 
1.4613+25 
1.4612+25 
1.619E+30 
OIOOOE+OO 
5,126E+21 

REFLECTOR ( INNEB) 

Weight (lbs) 9.4000E+04 

Li Concentration (ppm) 0.036 

Boron Concentration (ppm) 2.000 

Be Concentration (ppm) 0.000 

Assigned Fast Flux (n/cm2.s) 1.650E+13 

Assigned Fast Flux (n/cm2.s) 1.580E+14 

Effective Cross Section Flux Products ? 
\o 

Li-6 
Li-7 
FB-10 
SB-10 
c-12 
Be-9 
He-3 

Fractional Fission Yield 

6.441E-08 
1.185E-13 
2.231E-13 
2.576E-07 
2.422B-15 
2.726E-13 
3.603E-07 
1.000E-04 

REFLECTOR (SIDE) CONTROL RODS 

8.50003+05 2.7700E+02 

0.036 0.270 

2.000 1000000.000 

0.000 0 * 000 

5.750E+13 5 e 750E+13 

2.3441-08 
5. QOQE-14 
1.113E-13 
9.376E-Q8 
1.2083-15 
1 - 360E-1.3 
1.31 1E-07 
1.000E-04 

2 3441-08 
5.909E-14 
1 e 113E-13 
9 e 376E-08 
1.208E-15 
1.3603-13 
1.31 1E-07 
1.000E-04 

tl 
0 
m 
I 
3: 
4 

? 
a, 
a, 
0 
\o 
a, 

E c 
0 

W 
0 
W 
m 
03 r 
\ 

0 



U 
0 
m 

0 
W 
m 

i? 
C 

Original Number of Atoms in Region 

Li -6 
Li-7 
FB- 10 
SB-10 
c-12 
Be-9 
He-3 

W 
0 
W 
m 

0 
. 
0 



350 MW(t) MHTGB TRITIUM PRODUCTION AND RELEASE ANALYSIS MYE'S ISOTHERM 

During the period from 1 1 1987 to 8 25 1988 The power level was 0.80 and the purification plant efficiency was 1.00 
The heat exchanger rate of 3.4271E-07 (sec-1) was based on 10.00 ppm E2 

Cumulative tritium inventory in curies as of period end for prOdUCtiOn. and distribution sinks 

Source -atoms Tr i t ium Bound in Adsorbed on In primary Leakage from Purlfen E20 in steam Blowdowa+loss 
Production Solids gr.snrface Coolant Primary Plant Generator Steam generator 

CORE 1 
Fuel l.OOOOE+OO 
He-3 1.88703+21 
FB-10 3.6457E+23 
SB-10 3.64571+23 
Li -7 1.4343E+25 
C-12 1.6187E+30 
Be-9 9.8872E+23 
Li-6 3.0334E+21 

Region totals 

CORE 2 
Fue 1 
He-3 
FB-10 
SB-10 
Li -7 
c-12 
Be-9 
Li -6 

Reg1 on 

1.0000E+00 
2.5292E+21 
5.4685$+23 
5.46852+23 
2.1515E+25 
2.4280E+30 
1.48313+24 
4.55023+21 

totals 

REFLECTOR (TOP) 
He-3 8.0984E+19 
FB-10 3.5285E+23 
SB-10 3.52853+23 
Li-7 1.4162E+23 
C-12 9.91443+29 
Be-9 4.7177E+22 
Li-6 4.3953E+21 

Reg1 on tot a 1 s 

Adsorption Ratio 
8.4020E+02 7.9819E+02 
1.6335E+02 O.OOOOE+OO 
9.79972+00 0.0000E+OO 
1.49721+01 O.OOOOE+OO 
1.3038E-01 O.OOOOE+OO 
3.9809E-01 O.OOOOE+OO 
0.0000E+00 O.OOOOE+OO 
2.09273+02 O.OOOOE+OO 
1.238 1E+03 7.981 9E+02 

Adsorption Ratio 
1.2603E+03 1.1973E+03 
2.18943+02 0.0000E+OO 
1.4700E+01 O.OOOOE+OO 
2.2458E+01 O.OOOOE+OO 
1.95563-01 0 - 0000E+00 
5.9713E-01 0.0000E+OO 
0.0000E+OO 0.0000E+OO 
3.1390E+02 O.OOOOE+OO 
1.83113+03 1.19733+03 

= 1.458E+O7 
6.29103+01 

1.46623+01 
2.18523+02 

2.24283+01 

0.0000E+OO 
O.OOOOE+OO 
3.13293+02 
6.32013+02 

1.9524E-01 

Adsorption Ratio - 0.000E+00 
7.0105E+00 O.OOOOE+OO 0.0000E+OO 
7.9513E-02 0.0000E+OO O.OOOOE+OO 
4.7353E-03 0.0000E+00 0.0000E+00 
6.2208E-03 0.0000E+00 0.0000E+00 
1.0465E-04 O.OOOOE+OO 0.0000E+OO 
O.OOOOE+OO O.OOOOE+OO 0.0000E+OO 
1.1107E+01 0.0000E+OO 0.0000E+OO 
1.8208E+01 O.OOOOE+OO 0.0000E+00 

Fraction of 
8.9011E-04 
2.0777E-OS 
2.0084E-05 
4.16833-04 
2.7624E-06 
2.30903-05 
O.OOOOE+OO 
2.7177E-03 
6.1483E-03 

Fraction of 
4.3 13 5 E-06 
1.49831-05 
1.00533-06 
1.5378E-06 
1.33873-08 
O.OOOOE+OO 
0.0000E+OO 
2.1481E-05 
4.33343-05 

Fraction of 
8.91682-05 
1.5141E-06 
1.9092E-07 
1.3181E-07 
6.4717E-09 
0.0000E+00 
2.2921E-04 
3.2023E-04 

He-S(n,p)T recoils bound 
1.4013E-04 4.1994E+01 
5.4487E-04 1.6329E+02 
3.2688E-05 9.7961E+00 
4.9940E-05 1.4966E+01 
4.3488E-07 1.3033E-01 
1.3278E-06 3.9792E-01 
0.0000E+OO 0.0000E+00 
6.98022-04 2.0919E+02 
1.46743-03 4.3976E+02 

in solid - 0. 
1.51493-02 
5.89063-02 
3.53393-03 
5.39911-03 
4.7014E-05 
1.43553-04 
O.OOOOE+OO 
7.5464E-02 
1.58643-01 

I00000 
0.0000E+OO 
O.OOOOE+OO 
0.0000E+OO 
O.OOOOE+OO 
0.0000E+OO 
0.0000E+OO 
O.OOOOE+OO 
0.0000E+OO 
0.0000E+OO 

Ee-S(n.p)T recoils bound in solid - 0.00000 
3.5028E-07 1.04973-03 3.7868E-05 0.0000E+OO 
1.42263-06 4.26353-01 1.5380E-04 0.0000E+00 
1.24503-07 3.7310E-02 1.34603-05 0.0000E+00 
1.0211E-07 3.0602E-02 1.1039E-05 0.0000E+00 
1.087lE-09 3.25783-04 1.1752E-07 0.0000E+00 
O.OOOOE+OO 0.0000E+OO O.OOOOE+OO 0.0000E+OO 
0.0000E+OO 0.0000E+OO O.OOOOE+OO 0.0000E+OO 
2.0145E-06 6.037lE-01 2.1778E-04 0.0000E+00 
4.01533-06 1.2033E+00 4.3407E-04 0.0000E+00 

He-S(n,p)T recoils bound 
2.3384E-05 7.0078E+00 
2.6522E-07 7.9482E-02 
1.57943-08 4.7333E-03 
2.0750E-08 6.2184E-03 
3.4906E-10 1.0461E-04 
O.OOOOE+OO O.OOOOE+OO 
3.7047E-05 1.1102E+01 
6.0733E-05 1.8201E+01 

in solid - 0.00000 
2.5280E-03 O.OOOOE+OO 
2.8673E-05 0.0000E+00 
1.70753-06 0.0000E+00 
2.2433E-06 0.0000E+OO 
3.7737E-08 O.OOOOE+OO 
0.0000E+OO O.OOOOE+OO 
4.0052E-03 O.OOOOE+OO 
6.5659E-03 0.0000E+OO 
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350 YW(t) YHTOR TRITIUM PBODUCTIObT AND RELEASE ANALYSIS YYER'S ISOTHERY 

During the period from 1 1 1987 to 8 25 1988 The power level was 0.80 and the purification plant efficiency was 1.00 
The heat exchanger rate of 3.4271E-07 (sec-1) was based on 10.00 ppm H2 

Cumulative tritium inventory in curies as of period end for production, and distribution sinks 

Source -atoms Trl t ium Bound in Adsorbed on In primary Leakage from PUr1f.n E20 in steam Blowdown+loss 
Production Solids gr.surface Coolant Primary Plant Generator Steam generator 

? 
P 
N 

U 
0 
M 
I 
X ei 
0 

03 
03 
0 
u) 
03 

7 

r c 
0 

REFLECTOR (BOTTOM) 
He-3 4.5522E+20 
FB-10 4.07163+22 
SB-10 4.07163+22 
Li-7 4*2235E+23 
C-12 9.2849E+29 
Be-9 2. 7677E+23 
Li-6 2.44263+21 

Reg1 on tot a1 s 

REFLECTOR (INNER) 
He-3 5.41463+21 
FB-10 2.0565E+l9 
SB-10 2.0565E+l9 
Li-7 1.0540E+24 
C-12 2.1133E+30 
Be-9 2.12993+23 
Li-6 6.7804E+20 

Region totals 

REFLECTOR (SIDE) 
He-3 2.2272E+22 
FB-10 1.7013E+23 
SB-10 1.70133+23 
Li-7 9.3605E+24 
C-12 1.9109E+31 
Be-9 9.6066E+23 
Li-6 3.3693E+22 

Region totals 

Adsorption Ratio - 1.4583+07 Fraction of 
3.9407E+01 O.OOOOE+OO 3.9330E+01 2.6967E-06 
1.9916E-01 0.0000E+00 l.987lE-01 1.3625E-08 
1.6974E-01 O.OOOOE+OO 1.6952E-01 1.1623E-08 
3.64952-02 0.0000E+00 3.64343-02 2.49823-09 
3.6735E-02 O.OOOOE+OO O.OOOOE+OO O.OOOOE+OO 
0.0000E+OO 0.0000E+OO 0.0000E+OO 0.0000E+OO 

1.27383+02 0.0000E+OO 1.27llE+02 8.7153E-06 
8.7534~+01 O.OOOOE+OO 8.7374~+01 s.g909~-06 

Adsorption Ratio - 0.000E+00 Fraction of 
4.6873E+02 0.0000E+OO O.OOOOE+OO 5.9619E-03 
3.58441-02 O.OOOOE+OO 0.0000E+OO 1.86961-10 
1.9299E-01 O.OOOOE+OO O.OOOOE+OO 4.49223-06 
2.8085~-02 O.OOOOE+OO O.OOOOE+OO 5.9507~-07 

O.OOOOE+OO 0.0000E+OO 0.0000E+OO 0.0000E+OO 
2.92393-02 0.0000E+OO 0.0000E+00 1.54333-06 

4.1740E+02 O.OOOOE+OO 0.0000E+OO 1.7778E-03 
8.86423+02 O.OOOOE+OO 0.0000E+OO 7.7463E-03 

Adsorption Ratio - 0.000E+00 Fraction of 
1.92803+03 0.0000E+00 0.0000E+00 2.45233-02 
4.4115E-01 O.OOOOE+OO O.OOOOE+OO 7.7135E-07 
7.22001-01 0.0000E+OO 0.0000E+OO 1.9852E-05 
1.26671-01 0.0000E+00 0.0000E+00 2.6840E-06 
3.32631-02 0.0000E+OO 0.0000E+OO 1.9226E-06 
0.0000E+00 0.0000E+OO O.OOOOE+OO O.OOOOE+OO 
2.5530E+03 0.0000E+OO 0.0000E+OO 3.21753-02 
4-4823E+03 0.0000E+00 0.0000E+00 5.67243-02 

He-S(n,p)T recoils bound 
2.56063-07 7.6736E-02 
1.50883-09 4.5216E-04 
7.3017E-10 2.1882E-04 
2.0286E-10 6.0795E-05 
0.0000E+OO O.OOOOE+OO 
O.OOOOE+OO 0.0000E+OO 
5.3389E-07 1.60002-01 
7.9238E-07 2.3747E-01 

in solid - 0.00000 
2.7682E-05 0.0000E+OO 
1.6312E-07 0.0000E+OO 
7.8939E-08 0.0000E+OO 
2.1932E-08 0.0000E+OO 
O.OOOOE+OO 0.0000E+00 
0.0000E+OO O.OOOOE+OO 
5.7719E-05 0.0000E+OO 
8.56653-05 0.0000E+OO 

He-3(n.p)T recoils bound in solid - 0.00000 
1.56353-03 4.6855E+02 1.6903E-01 0.0000E+00 
1.1956E-07 3.58313-02 1.29263-05 0.0000E+00 
6.4371E-07 l.929lE-01 6.9592E-05 0.0000E+00 
9.3681E-08 2.8075E-02 1.0128E-05 0.0000E+OO 
9.7525E-08 2.92273-02 1.0543E-05 0.0000E+00 
0.0000E+OO 0.0000E+OO O.OOOOE+OO O.OOOOE+OO 
3.39233-03 4.1725E+02 1.5052E-01 0.0000E+OO 
2.95673-03 8.8608E+02 3.1965E-01 0.0000E+00 

He-J(n.p)T recoils bound 
6.4311E-03 1.9273E+03 
1.47153-06 4.4099E-01 
2.4083E-06 7.2172E-01 
4.22533-07 1.26632-01 
1.1095E-07 3.3249E-02 
O.OOOOE+OO 0.0000E+OO 
8.5156E-03 2.55202+03 
1.4951E-02 4.4806E+03 

in solid - 0. 
6.95273-01 
1.5909E-04 
2.6036E-04 
4.56803-05 
1.1994E-05 
O.OOOOE+OO 

1.61643+00 
9.2063E-01 

. 00000 
0.0000E+OO 
0.0000E+OO 
0.0000E+OO 
0.0000E+60 
0.0000E+OO 
0.0000E+OO 
0.0000E+OO 
O.OOOOE+OO 

u) 
0 
ul 



350 MW(t) MHTGR TRITIUM PRODUCTION AND BELEASE ANALYSIS MYEB'S ISOTHERX 

During the period from 1 1 1987 to 8 25 1988 The power level was 0.80 and the purification plant efficiency was 1.00 
The heat exchanger rate of 3.427lE-07 (sac-1) was based on 10.00 ppm H2 

Cumulative tritium inventory in curies as of period end for production. and distribution sinks 

Source -atoms Tritium Bound in Adsorbed on In primary Leakage from Purif*n E20 in steam Blowdown+loss 
Production Solids gr.aurface Coolant Primary Plant Generator Steam generator 

CONTRQL 
He-3 
FB-10 
SB-10 
~i -r 
c-12 
Be-Q 
Li-6 

RODS 
7.0847E+l8 
2. rr223+25 
2. rr22~+25 
1.34361+27 
6.2274E+27 
3.13063+20 
8.23453+19 

Beg1 on t o t a 1 s 

Total curies 

Average activity 
of given region 

? 
F 

Adsorption Ratio - 0.000E+00 Fraction of He-3(n.p)T recoils bound in solid - 0.00000 
6.132QE-01 
r.i882~+01 
i.ir64~+02 
3.0Q61E-04 
1.0840E-05 
0.0000E+00 
6.23973+00 
1.96381+02 

3.636r~+oo 
microcuries 
/gm graphit 

1.3835E+00 
microcuries 
/gm graphit 

r.8007E-06 
1.2568E-04 
3.234r~-03 
6.5599E-09 
6.26563-10 
0.0000E+00 
r.8640~-05 
3.4468E-03 

.4.50933-06 
microcuries 
per scc He 

2.045r~-06 
2.3QWE-04 
3.92403-04 
1.032'7E-09 
3.61553-11 
0.0000E+00 
2.0813E-05 
6.5504E-04 

2.00Q6E-02 

6.1306E-01 
'?.1856E+01 
i.ir60~+02 
3.0949E-04 
1.0835E-05 
0.0000E+00 
6.23r4~+00 
l.Q630E+02 

2.2116E-04 
2.58222-02 
4.24231-02 
i.ii65~-0r 
3.Q088E-09 
0.0000E+00 
2.2501E-03 
r . 08163-02 

3.sr43~-01 
microcuries 
per gram H20 
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03 

0 
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350 YW(t) YHTGR TRITIUM PRODUCTION AND RELEASE ANALYSIS MYER'S ISOTHERM 
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During the period from 8 25 1988 to 4 19 1990 The power level was 0.80 and the purification plant efficiency was 1.00 
The heat exchanger rate of 3.42713-07 (sec-1) was based on 10.00 ppm H2 

Cumulative tritium inventory in curies as of period end for production. and distribution sinks 

Source -atoms Tr 1 t inm Bound in Aasorbed on In primary Leakage from PUr1f.n H20 in steam Blowdown+loss 
Plant Generator Steam generator Production Solids gr. surface Coolant Primary 

CORE 1 
Fue 1 1.0000E+00 
He-3 9.9474E+20 
FB-10 1.8683E+23 
SB-10 1.86833+23 
Li-7 1.4521E+25 
C-12 1.61873+30 
Be-9 1.4830E+24 
Li-6 2.1545E+21 

Region totals 

CORE 2 
Fue 1 
He-3 
FB-10 
SB-10 
Li-7 
c-12 
Be-9 
Li-6 

Region 

1.0000E+00 
1.3333E+21 
2.80253+23 
2.80253+23 

2.4280E+30 

3.23171+21 

2.1781E+25 

2.2246E+24 

totals 

REFLECTOR (TOP ) 
He-3 4.2691E+19 
FB-10 2.85153+23 
SB-10 2.8515E+23 
Li-7 2.0932E+23 
C-12 9.9144E+29 
Be-9 9.4353E+22 
Li-6 4.16773+21 

Region totals 

Adsorption Ratio - 0.000E+00 Fraction of 
1.6056E+03 1.5254E+03 O.OOOOE+OO B.9011E-04 
2.18493+02 O.OOOOE+OO 0.0000E+00 1.0953E-03 
1.3950E+01 0.0000E+OO O.OOOOE+OO 1.02923-05 
2.13133+01 0.0000E+OO 0.0000E+OO 2.1361E-04 
1.0085E+Ol 0.0000E+OO 0.0000E+00 2.1117E-04 
7.6075E-01 O.OOOOE+OO 0.0000E+00 2.3090E-05 
5.5212E-01 0.0000E+00 0.0000E+00 2.0049E-05 
3.37212+02 0.0000E+OO 0.0000E+OO 1.90353-03 
2.2080E+03 1.52541+03 0.0000E+00 4.36713-03 

He-B(n,p)T re 
2.6779E-04 
r.28r9~-04 
4.6531E-05 
7.10903-05 
3.364OE-05 
2.53753-06 
3.84163-06 
1.12481-03 
2.277OE-03 

icoils bound 
8.0252E+01 
2.1841E+02 
1.3945E+01 
2.1305E+01 
1.0082E+01 
7.60453-01 
5.51912-01 
3.37093+02 
6.82393+02 

Adsorption Rat1 
2.40853+03 2.28801+03 
2.92853+02 O.OOOOE+OO 
2.0924E+01 O.OOOOE+OO 
3.1969E+01 0.0000E+00 
1.51283+01 0.0000E+OO 
1.1411E+00 0.0000E+OO 

5.05823+02 0.0000E+OO 
3.2771E+03 2.2880E+03 

8.2818E-01 0.0000E+00 

o - 1.4581+07 Fraction of He-b(n,p)T r 
1.20032+02 8.22993-06 1.31623-06 
2.91623+02 1.99952-05 4.1185E-06 
2.0826E+01 1.4280E-06 3.27973-07 
3.18563+01 2.18433-06 3.7595E-07 
1.5102E+01 1.03553-06 8.6099E-08 
O.OOOOE+OO 0.0000E+OO 0.0000E+OO 
8.2719E-01 5.6717E-08 3.2915E-09 
5.0388E+02 3.45492-05 6.4673E-06 
9.84131+02 6.7478E-05 1.2695E-05 

,ecoi le bound 

1.23433+00 
3.94453-01 

9.82893-02 
1.12673-01 
2.5802E-02 
0.0000E+00 

1.9382E+00 
9.8643E-04 

3.8046E+00 

in solid - 0. 
2.89513-02 
7.879OE-02 
5.03053-03 
7.6856E-03 
3.6369.E-03 
2.7433E-04 
1.9910E-04 
1.2160E-01 
2.4617E-01 

I00000 
0.0000E+OO 
0.0000E+00 
0.0000E+OO 
O.OOOOE+OO 
O.OOOOE+OO 
0.0000E+00 
0.0000E+00 
0.0000E+OO 
0.0000E+OO 

in solid - 0.00000 
1.4230E-04 0.0000E+OO 
4.4526E-04 0.0000E+OO 
3.5457E-05 0.0000E+00 
4.06443-05 0.0000E+OO 
9.3081E-06 0.0000E+OO 
0.00002+00 0.0000E+OO 
3.5585E-07 O.OOOOE+OO 
6.9918E-04 0.0000E+00 
1.3725E-03 0.0000E+OO 

Adsorption Ratio - 0.000E+00 Fraction of He-B(n.p)T recoils bound in solid - 0.00000 
9.3769E+00 
1.36692-01 
8.1405E-03 
2.0899E-02 
1.9999E-04 
3.10153-04 
2.06492+01 
3.0192E+01 

0.0000E+OO 
0.0000E+OO 
O.OOOOE+OO 
O.OOOOE+OO 
0. OOOOE+OO 
O.OOOOE+OO 
O.OOOOE+OO 
0.0000E+OO 

4.7005E-05 
1.2236E-06 
1.5429E-07 
3.2273E-07 
6.4717E-09 
1.2830E-08 
2.1733E-04 
2.6606E-04 

3.12783-05 
4.5595E-07 
2.7153E-08 
6.97103-08 
6.6707E-10 
1.03453-09 
6.8878E-05 
1.0071E-04 

9.3734E+00 
1.3664E-01 
8.1374E-03 
2.08913-02 
1.999lE-04 
3.10033-04 
2.0642E+01 
3.0181E+01 

8.38143-03 
4.9293E-05 
2.93553-06 
7.5364E-06 
7.2117E-08 
1.1184E-07 
7.44643-03 
1.0888E-02 

0.0000E+OO 
0.0000E+OO 
0.0000E+OO 
0.0000E+OO 
0.0000E+OO 
0.0000E+OO 
0.0000E+OO 
0.0000E+OO 
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350 YW(t) YHTGR TRITIUM PRODUCTIOI AND RELEASE ANALYSIS YYER'S ISOTHERM 

U 
0 
W 
I 

03 
03 
0 
a 
03 

During the period from 8 25 1988 to 4 19 1990 The power level was 0.80 and the purification plant efficiency was 1.00 
The heat exchanger rate of 3.4271E-07 (sec-1) was based on 10.00 ppm E2 

Cumulative tritium inventory in curies as of period end for production, and distribution sinks 

Source -atoms Tr i t inm Bound in Adsorbed on In primary Leakage from Purif*n E20 in steam Blowdown+loss 
Production Solids gr. surface Coolant Primary Plant Generator Steam generator 

BEFLECTOB (BOTTOM) 
He-3 2.39973+20 
FB-10 4.0542E+21 
SB-10 4.05423+21 
Li-7 4.59013+23 
C-12 9.28493+29 
Be-9 5.5353E+23 
LI-6 1.38303+21 

Region totals 

REFLECTOR ( INNER) 
He-3 2.85443+21 
FB-10 4.54433+14 
SB-10 4.54433+14 
Li-7 1.0540E+24 
C-12 2.11333+30 
Be-9 4.2598E+23 
Li-6 4.79163+19 

Beg1 on tot a 1s 

REFLECTOR ( S I DE ) 
He-3 1.17413+22 
FB-10 3.4394E+21 
SB-10 3.43943+21 
Li-7 9.5272E+24 
C-12 1.9109E+31 
Be-9 1.9213E+24 
Li-6 1.27103+22 

Begion totals 

Adsorption Ratio - 1.4583+07 
5.27092+01 O.OOOOE+OO 5.24873+01 
2.0127E-01 0.0000E+00 2.0020E-01 
l.7153E-01 O.OOOOE+OO l.7079E-01 
3.17813-01 0.0000E+00 3.17173-01 
7.02023-02 O.OOOQE+OO 0.0000E+OO 
3104453-01 0.0000E+OO 1.0433E-01 
1.28993+02 O.OOOOE+OO 1.28493+02 
1.82573+02 0.0000E+OO 1.81773+02 

Fraction of 
3.5988E-06 
1.3727E-08 
l.17lOE-08 
2.17473-08 
0.0000E+OO 
7.1537E-09 
8.80992-06 
1.24633-05 

Adsorption Ratio - 0.0003+00 Fraction of 
6.26943+02 0.0000E+OO O.OOOOE+OO 3.14283-03 
3.26553-02 0.0000E+00 0.0000E+00 4.13123-15 
1.75813-01 0.0000E+OO 0.0000E+00 9.9263E-11 
2.65693-01 0.0000E+OO 0.0000E+00 5.0872E-06 
5.58763-02 O.OOOOE+OO 0.0000E+00 1.5433E-06 
7.3561E-02 O.OOOOE+OO 0.0000E+00 2.20323-06 
4.08903+02 O.OOOOE+OO 0.0000E+OO 1.22003-04 
1.03641+03 0.0000E+OO 0.0000E+OO 3.27361-03 

Adsorption Ratio - 0.0003+00 Fraction of 
2.57892+03 0.0000E+OO 0.0000E+OO 1.29283-02 
4.10813-01 0.0000E+00 0.0000E+00 1.5593E-08 
6.7234E-01 0.0000E+OO 0.0000E+OO 4.0132E-07 
1.1790E+00 O.OOOOE+OO O.OOOOE+OO 2.2536E-05 
6,35662-02 0.0000E+00 0.0000E+00 1.9226E-06 
9.19393-02 0.0000E+00 0.0000E+00 3.3149E-06 
3.28853+03 O.OOOOE+OO O.OOOOE+OO 3.21333-02 
5.8697E+03 O.OOOOE+OO O.OOOOE+OO 2.50891-02 

He-S(n.p)T recoils bound 
7.41283-07 2.22153-01 
3.56783-09 1.06923-03 
2.4808E-09 7.43473-04 
2.1412E-09 6.41683-04 
O.OOOOE+OO 0.0000E+OO 
4.05143-10 1.2142E-04 
1.6851E-06 5.0500E-01 
2.43503-06 7.29722-01 

in solid - 0. 
8.01403-05 
3.85723-07 
2.68203-07 
2.51493-07 
0.0000E+OO 
4.98003-08 
1.82183-04 
2.63253-04 

00000 
0.0000E+OO 
0.0000E+OO 
0.0000E+OO 
Q.OOOOE+OO 
0.0000E+OO 
0.0000E+OO 
0.0000E+OO 
O.OQOOE+OO 

He-J(n.p)T recoils bound in solid - 0.00000 
2.09123-03 6.2671E+02 2.26083-01 0.0000E+00 
1.08933-07 3.26433-02 1.17763-05 0.0000E+OO 
5.86453-07 1.75753-01 6.34023-05 O.OOOOE+OO 
8.86213-07 2.65583-01 9.58093-05 0.0000E+00 
1.8638E-07 5.5854E-02 2.0149E-05 0.0000E+OO 
2.4537E-07 7.35332-02 2.65273-05 O.OOOOE+OO 
1.96393-03 4.0875E+02 1.4746E-01 Q.OOOOE+OO 
3.45723-03 1.03613+03 3.73763-01 0.0000E+OO 

He-B(n.p)T recoils bound 
8.60203-03 2.5779E+03 
1.37033-06 4.10663-01 
2.24273-06 6.72103-01 
3.9327E-06 l.l786E+00 
2.12033-07 6.3541E-02 
3.06673-07 9.1903E-02 
1.0969E-02 3.2873E+03 
1.95793-02 5.8676E+03 

in solid - 0.00000 
9.2997E-01 O.OOOOE+OO 
1.48141-04 O.QOOOE+OO 
2.42461-04 O.OOOOE+OQ 
4.25172-04 0.0000E+OO 
2.29223-05 O.OOOOE+OO 
3.31543-05 Q.OOOOE+OO 
1.18593+00 Q.OOOOE+OO 
2.1167E+00 0.0000E+OQ 
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During the period from 8 25 1988 to 4 19 1990 The power level was 0.80 and the purification plant efficiency was 1.00 
The heat exchanger rate of 3.42712-07 (sec-1) was based on 10.00 ppm H2 

Cumulative tritium inventory in curies as of period end for production. and distribution sinks 

Source -atoms Tritium Bound in Adsorbed on In primary Lsakage from Purif*n H20 in steam Blowdown+loss 
Production Solids gr.surface Coolant Primary Plant Generator Steam generator 

CONTROL RODS 
He-3 3.73473+18 
FB-10 2.77223+25 
SB-10 2.77223+25 
Li-7 1.3436E+27 
C-12 6.2274E+27 
Be-9 3.1306E+20 
Li-6 8.2345E+19 

Reg I on tot a1 8 

Total curies 

Average activity 
of given region 

? 

Adsorption Ratio = 0.000E+00 
8.20313-01 O.OOOOE+OO 0.0000E+OO 
1.37373+02 0.0000E+00 O.OOOOE+OO 
2.2482E+02 0.0000E+00 0.0000E+OO 
5.9166E-04 0.0000E+00 0.0000E+OO 
2.07153-05 0.0000E+00 0.0000E+OO 
0.0000E+OO 0.0000E+00 O.OOOOE+OO 
1.1924E+01 0.0000E+00 0.0000E+00 
3.74931+02 0.0000E+00 O.OOOOE+OO 

Fraction of 
4.11213-06 
1.2568E-04 
3.2347E-03 
6.5599E-09 
6.26563-10 
0.0000E+OO 
7.86401-05 
3.4432E-03 

1.2979E+04 3.81341+03 1.16593+03 6.65191-02 

6.94973+00 2.12483+00 2.2122E-06 
microcuries microcuries microcuries 
/gm graphit /gm graphit per scc He 

He-3(n,p)T recoils bound in solid - 0.00000 
2.73623-06 
4.5820E-04 
7.49903-04 
l.9735E-09 
6.9095E-11 
0.0000E+OO 
3.9774E-05 
1.2506E-03 

2.6680E-02 

8.2001E-01 
1.37323+02 
2.2473E+02 
5.9144E-04 
2.0707E-05 
O.OOOOE+OO 
1.1920E+01 
3.7479E+02 

2.95823-04 
4.95373-02 
8.10723-02 
2.13363-07 
7.4699E-09 
0.0000E+OO 
4.JOOOE-03 
1.35201-01 

7.99553+03 2.8844E+00 

4.7454E-01 
microcuries 
per gram H20 

I 

0 
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During the period from 4 19 1990 to 12 12 1991 The power level was 0.80 and the purification plant efficiency was 1.00 
The heat exchanger rate of 3.42713-07 (SeC-1) Was based on 10.00 ppm H2 

Cumulative tritium inventory in curies as of period end for production. and distribution sinks 

Source -atom8 Tr i t ium Bound in Adsorbed on In primary Leakage from Pur1f.n H20 in steam Blowdown+loss 
Production Solids gr-surface Coolant Pr imary Plant Qenerator Steam generator 

CORE 1 
Fue 1 
He-3 
FB- 10 
SB- 10 
Li-7 
c-12 
Be-9 
Li-6 

Reg1 on 

CORE 2 
Fue 1 
H e 4  
FB- 10 
SB-10 
Li-7 
c-12 
Be-9 
Li-6 

1.0000E+00 
7.4897E+20 
1.84611+23 
1.84613+23 
1.45231+25 
1.6187E+30 
1.7302E+24 
1.9909E+21 

totals 

Region totals 

REFLECTOR (TOP) 
He-3 3.21431+19 
FB-10 2.30433+23 
SB-10 2.3043E+23 
Li-7 2.64043+23 
C-12 9.91443+29 
Be-9 1.4153E+23 
Li-6 3.9522E+21 

Reg 1 on tot a 1 s 

Ads 
2.30293+03 
2.4292E+02 
l.767lE+01 
2.6998E+01 
1.9277E+01 
1.0911E+00 
1.3311E+00 
4.4162E+02 
3.0539E+03 

orption Bat1 
2.1878E+03 
0.0000E+OO 
0.0000E+OO 
O.OOOOE+OO 
O.OOOOE+OO 
O.OOOOE+OO 
O.OOOOE+OO 
O.OOOOE+OO 
2.1878E+03 

Adsorption Bat1 
3.4544E+03 3.28171+03 
3.25593+02 0.0000E+00 
2.6506E+01 0.0000E+OO 
4.0497E+01 0.0000E+OO 
2.8916E+01 O.OOOOE+OO 
1.6367E+OO 0.0000E+00 
1.9967$+00 0.0000E+OO 
6.6243E+02 0.0000E+00 
4.5420E+03 3.2817E+03 

o - 0.000E+00 Fraction of 
0.0000E+00 8.90113-04 
0.0000E+00 8.24653-04 
0.0000E+00 1.017OE-05 
0.0000E+00 2.1108E-04 
0.0000E+00 2.1377E-04 
0.0000E+00 2.30903-05 
0.0000E+00 3.0073E-05 
0.0000E+00 3.74573-03 
0.0000E+00 3.94863-03 

.o - 1.458E+O7 Fraction of 
1.71893+02 1.1786E-05 
3.23473+02 2.2179E-05 
2.6333E+Ol 1.80563-06 
4.0280E+01 2.7619E-06 
2.8820E+Ol 1.97612-06 
0.0000E+OO 0.0000E+OO 
1.9918E+00 1.3657E-07 
6.5872E+02 4.5166E-05 
1.2515E+03 8.5811E-05 

Adsorption Ratio - 0.000E+00 Fraction of 
1.04252+01 0.0000E+00 O.OOOOE+OO 3.5391E-05 
1.7645E-01 0.0000E+00 0.0000E+00 9.8880E-07 
1.0508E-02 0.0000E+00 0.0000E+00 1.2468E-07 
4.1553E-02 0.0000E+00 0.0000E+OO 4.7702E-07 
2.8684E-04 O.OOOOE+OO 0.0000E+00 6.4717E-09 
9.0286E-04 0.0000E+00 0.0000E+OO 2.5659E-08 
2.8797E+01 0.0000E+OO O.OOOOE+OO 2.0608E-04 
3.9452E+01 O.OOOOE+OO 0.0000E+OO 2.4309E-04 

He-3(n,p)T recoils bound 
3.84093-04 1.1510E+02 
8.1028E-04 2.4283E+02 
5.8943E-05 1.7664E+Ol 
9.0053E-05 2.69883+01 
6.43003-05 1.927OE+01 
3.6396E-06 1.0907E+00 
4.44023-06 1.3306E+00 
1.4731E-03 4.41463+02 
2.8888E-03 8.65742+02 

He-B(n.p)T r 
2.78343-06 
7.0928E-06 
5.75963-07 
7.21743-07 
3.1784E-07 
0.0000E+OO 
1.6441E-08 
1.23663-05 
2.38753-05 

,ecoils bound 

2.1256E+OO 
8.3415E-01 

1.7261E-01 
2.16293-01 
9.5251E-02 
0.0000E+OO 

3.7060E+00 
7.1549E+00 

4.92703-03 

He-J(n,p)T recoils bound 
3.47752-05 1.0421E+01 
5.8858E-07 1.76393-01 
3.50523-08 1.0504E-02 
i.3860~-07 4.15373-02 
9.56783-10 2.86733-04 
3.0115E-09 9.0250E-04 
9.6056E-05 2.8787E+01 
1.3160E-04 3.9438E+01 

in solid - 0.00000 
4.15241-02 0.0000E+OO 
8.76003-02 0.0000E+OO 
6.3723E-03 0.0000E+OO 
9.7357E-03 0.0000E+OO 
6.95153-03 0.0000E+OO 
3.93473-04 0.0000E+OO 
4.8003E-04 0.0000E+OO 
1.5925E-01 0.0000E+00 
3.1231E-01 0.0000E+OO 

in solid - 0 
3.0092E-04 
7.668OE-04 
6.22671-05 
7.80271-05 
3.4361E-05 
O.OOOOE+OO 
1.7774E-06 
1.3369E-03 
2.5811E-03 

in solid = 0. 
3.7595E-03 
6.3631E-05 
3.78941-06 
1.4984E-05 
1.03443-07 
3.25583-07 
1.0385E-02 
1.4227E-02 

* 00000 
0.0000E+OO 
0.0000E+OO 
0.0000E+OO 
0.0000E+OO 
0.0000E+OO 
0.0000E+OO 
0.0000E+OO 
0.0000E+OO 
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During the period from 4 19 lQQ0 to 12 12 l Q Q l  The power level was 0.80 and the purification plant efficiency was 1.00 
The heat exchanger rate of 3.4271E-07 (sec-1) was based on 10.00 ppm H2 

Cumulative tritium inventory in curies as of period end for prOdUCtlOn. and distribution sinks 

Source -atoms Tritium Bound in Adsorbed on In primary Leakage from Purif*n E20 in steam Blowdown+loss 
Production Solids gr.surface Coolant Pr imary Plant Generator Steam generator 

REFLECTOR (BOTTOM) 
He-3 1.80683+20 
FB-10 4.03683+20 
SB-10 4.03683+20 
Li-7 4.6265E+23 
C-12 Q.284QE+2Q 
Be-Q 8.30281+23 
Li-6 7. Q487E+20 

Region totals 

REFLECTOR (IXWER) 
He-3 2.14QlE+21 
FB-10 1.0041E+10 
SB-10 1.0041E+10 
Li-7 1.05403+24 
C-12 2.11333+30 
Be-Q 6.38Q7E+23 
Ll-6 5.55253+18 

Region totals 

REFLECTOR ( SIDE) 
He-3 8.8402E+21 
FB-10 6.95293+19 
SB-10 6.952QE+lQ 
Li-7 Q.53053+24 
C-12 1. QlOQE+31 
Be-Q 2.8820E+24 
Li-6 4.80153+21 

Begion totals 

Adsorption Ratio - 1.4581+07 
5.86023+01 0.0000E+OO 5.82203+01 

i.57~5~-01 O.OOOOE+OO 1.56r4~-01 
1-85331-01 0.0000E+OO 3.83743-01 

5.Q87QE-01 0.0000E+OO 5.967lE-01 
1.0069E-01 0.0000E+OO O.OOOOE+OO 
3-04063-01 0.0000E+00 3.033QE-01 
1.45403+02 O.OOOOE+OO 1.444QE+02 
2.05351+02 0.0000E+OO 2.03953+02 

Fraction of 
3. Q9l QE-06 
1.2598E-08 
1.07472-08 
4.0914E-08 
O.OOOOE+OO 
2.08023-08 
Q. QO72E-06 
1.39843-05 

Adsorption Ratio - 0.000E+00 Fraction of 
6.Q704E+02 0.0000E+00 0.0000E+OO 2.56633-03 
2.974QE-02 0.0000E+00 0.0000E+OO Q.1286E-20 
1.6017E-01 0.0000E+00 0.0000E+00 2.1Q34E-15 
4.8215E-01 O.OOOOE+OO O.OOOOE+OO 5.0873E-06 
8.01423-02 0.0000E+OO O.OOOOE+OO 1.5433E-06 
2.14143-01 0.0000E+OO 0.0000E+00 4.4064E-06 
3.74533+02 0.0000E+OO O.OOOOE+OO 8.6213E-06 
1.07253+03 0.0000E+OO 0.0000E+OO 2.38603-03 

Adsorption Ratio - 0.000E+00 Fraction of 
2.8672E+03 0.0000E+00 0.0000E+00 9.7335E-03 
3.7443E-01 0.0000E+00 O.OOOOE+OO 3.15231-10 
6.12803-01 0.0000E+00 O.OOO,OE+OO 8.1130E-09 
2.1567E+00 0.0000E+OO 0.0000E+OO 2.293723-05 
Q.1172E-02 0.0000E+OO 0.0000E+OO 1.92262-06 
2.67643-01 0.0000E+00 0.0000E+OO 6.6297E-06 
3.3590E+03 0.0000E+00 0.0000E+OO 4-57702-03 
6.2297E+03 0.0000E+OO 0.0000E+OO 1.4342E-02 

He-J(n.p)T recoils bound 
1.2766E-06 3.82583-01 
5.32373-09 1.59543-03 
4.02393-09 1.2057E-03 
6.9307E-09 2.07703-03 
0.0000E+OO 0.0000E+OO 
2.2521E-09 6.74913-04 
3.02633-06 Q.06Q3E-01 
4.3214E-06 1.29513+00 

He-a(n,p)T recoils bound 
2.32511-03 6.9679E+02 
Q.9231E-08 2.Q738E-02 
5.3426E-07 1.6011E-01 
1.60823-06 4.8196E-01 
2.67321-07 8.0111E-02 
7.1427~-0r 2.1406~-01 
1.24933-09 3.7440E+02 
3.5776E-03 1.07223+03 

in solid - 0. 
1.3801E-04 
5.75553-07 
4.3496E-07 
7.49293-07 
0.0000E+00 
2.43473-0r 
3.27173-04 
4.671QE-04 

in solid - 0. 
2.51363-01 
1.07283-05 
5.7759E-05 
1.7387E-04 
2.89003-05 
7.72203-05 
1.3506E-01 
3.86783-01 

00000 
O.OOOOE+OO 
0.0000E+OO 
0.0000E+OO 
0.0000E+OO 
O.OOOOE+OO 
0.0000E+OO 
0.0000E+OO 
0.0000E+OO 

He-J(n,p)T recoils bound in solid - 0.00000 
Q.563QE-03 2.86613+03 1.0340E+00 0.0000E+00 
1.24QOE-06 3.7429E-01 1.3503E-04 0.0000E+OO 
2.0441E-06 6.1258E-01 2.2099E-04 0.0000E+00 
7.1Q37E-06 2.1558E+00 7-77723-04 0.0000E+OO 
3.0411E-07 9.1137E-02 3.28773-05 0.0000E+OO 
8.Q271E-07 2.6753E-01 9.65112-05 0.0000E+OO 
1.12041-02 3.35773+03 1.2113E+00 0.0000E+00 
2.0780E-02 6.2274E+03 2.2465E+00 0.0000E+OO 

UJ 
0 
UJ 
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During the period from 4 19 1990 to 12 12 1991 The power level was 0.80 and the purification Plant efficiency was 1.00 
The heat exchanger rate of 3.4271E-07 (sac-1) was based on 10.00 ppm E2 

Cumulative tritium inventory in curies as of period end for production. and distribution sinlrs 

Source -atoms Tritium Bound in Adsorbed on In primary Leakage from Pur1f.n H20 in steam Blowdown+loss 
Production Solids gr.surface Coolant Primary Plant Generator St eam generat or 

CONTROL RODS 
He-3 2.8120E+18 
FB-10 2.7722E+25 
SB-10 2.77222+25 
Li -7 1.34363+27 
C-12 6.2274E+27 
Be-Q 3.13063+20 
Li -6 8.2345E+l Q 

Begion totals 

Total curies 

& Average activity 
? 

of given region 

Adsorption Ratio = 0.000E+00 Fraction of He-J(n,p)T recoils bound in solid - 0.00000 
9.1203E-01 
1.9702E+02 
3.2245E+02 
8.4861E-04 
2.97llE-05 
0.0000E+00 
1.7103E+01 
5.37483+02 

0. OOOOE+OO 
O.OOOOE+OO 
O.OOOOE+OO 
O.OOOOE+OO 
0- 0000E+00 
0.0000E+00 
0.0000E+00 
O.OOOOE+OO 

Q. Q67QE+00 
mi crocuries 
/gm graphit 

2.65252+00 
microcuries 
/gm graphit 

3.09613-06 
1.2568E-04 
3.2347E-03 
6.55QQE-09 
6.2656E-10 
0.0000E+00 
7.86403-05 
3.44212-03 

2.4462E-02 

1.48183-06 
microcuries 
per SCC He 

3.0422E-06 
6.57203-04 
1.0756E-03 
2.8306E-09 
Q.Ql04E-11 
0.0000E+00 
5.70483-05 
1.7Q2QE-03 

2.QlQQE-02 

Q.117OE-01 
1.96953+02 
3.2233E+02 
8.48303-04 
2.97003-05 
0.0000E+00 
l.'?OQ6E+01 
5.372QE+02 

3.288QE-04 
7.1050E-02 
1.1628E-01 
3.06022-07 
1.0714E-08 
0.0000E+00 
6.1675E-03 
1.9383E-01 

5.1Q34E-01 
microcuries 
per gram E20 
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