
REVIEW OF AREAS THAT MAY REQUIRE SIMULTANEOUS 1OUPLED
SOLUTION OF THE THERMAL HYDRAULIC AND FISSION / y „ £?

PRODUCT/AEROSOL BEHAVIOR EQUATIONS FOR S^-^T '
SOURCE TERM DETERMINATION

T. S. Kress
Oak Ridge National Laboratory CGNF-8409112—3

Oak Ridge, Tennessee
DE85 001106

ABSTRACT

In the determination of the behavior of nuclear aerosols in the re-
actor coolant system and in the containment for the development of
severe accident source terms, present practice generally is to first
perform thermal hydraulic calculations for specific plant types and se-
quences and then to utilize the results as input for separate fission
product/aerosol dynamic transport calculations. It is recognized that
there are several areas in which the thermal-hydraulics and the fission
product/aerosol behavior may be significantly coupled and that it is
then basically incorrect to do the analyses in a separated mannei. This
review paper produces a speculative list of these potentially coupled
areas and attempts to assess the importance of the coupling for as many
of the specific items that time has allowed before this conference.
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INTRODUCTION

The determination of severe accident source terms must, by neces-
sity it seems, rely on the use of complex computer codes that involve
the solution of thermal-hydraulic models (generally heat transfer and
fluid mechanics) to determine system temperatures, pressures, and flows
and fission product/aerosol transport models to determine their movement
and disposition. For example, the U.S. Nuclear Regulatory Commission
has recently conducted a study (BMI-2104) with Battelle Columbus Labora-
tories using this type of procedure in reassessing the severe accident
source terms for LWRs. In the BMI-2104 study, the MARCH-2.0 computer
code was used to determine the core heat-up and melting behavior, the
resultant steam and hydrogen production rates and core exit tempera-
tures, the reactor coolant system (RCS) pressure, and the containment
thermal hydraulic response including effects of ejection of steam from
the RCS; core melt/concrete interaction to produce thermal and mass
loading in the containment, combustible gas (H2 and CO) burning, and
natural convection and condensation heat transfer to surfaces.

The core fuel temperatures were input into CORSOR, a simple cor-
relation model, to determine the release rates of fission products and
aerosols into the core exit region.

The RCS pressure and the core exit steam and hydrogen flows and
temperatures were input into MERGE which calculates flows, gas tempera-
ture, and surface temperature in several control volumes that represent
the RCS. These, along with the fission product/aerosol release rates
from CORSOR are input into TRAP-MELT which calculates the transport and
deposition of the fission products and aerosols within the same control
volume representation of the RCS. After MARCH calculates RCS vessel
melt-through failure, the residual fission products not.released into
the RCS (along with other core materials) are assumed dropped into the
reactor cavity. Here MARCH calculates additional steam/H2 production
from the debris thermal interactions with any water in the cavity.

Although MARCH also calculates the thermal and gas loadings in the
containment due to the interactions of this debris (or melt) with the
basemat concrete, a separate pair of codes, CORCON and VAtRSA, were used
for the purpose of calculating fission product and aerosol release.
CORCON calculates the thermal history of the melt, the concrete penetra-
tion, and the production of gases from concrete ablation and their sub-
sequent chemical reactions with the melt. VANESA uses the output of
CORCON for the thermal history of the melt and the gas production rate
from the concrete to calculate the rate of release into containment of
fission product vapors/aerosols, and their chemical composition. The
containment thermal hydraulic response and steam sources calculated by
MARCH, the fission product aerosols escaping the RCS into containment
calculated by TRAP-MELT, and the fission product/aerosol sources from
core-melt/concrete interactions calculated by VANESA are input into the
NAUA code to calculate the transport and deposition of the aerosols
within the containment volumes.



Because these codes were generally developed independently of each
other and only "forward" coupling is accomplished, the above procedure
leads to inconsistencies and to potentially incorrect results when there
is significant two-way coupling between the thermal hydraulic and the
material transport behavior. An integrated system that removes the
inconsistences and provide simultaneous coupling is necessary to produce
defendable source term estimates.

The above approach to source term development is illustrated sche-
matically in Fig. 1 in terms of phenomenological areas rather than spe-
cific codes. The nature and direction of the present coupling is indi-
cated by solid arrows whereas areas where simultaneous coupling is be-
lieved to be important are indicated by the dashed arrows.* The identi-
fication and nature of these areas suggested for coupling are discussed
below.

SPECULATIVE LIST OF COUPLED ITEMS

The use of the term "coupled" in this paper implies that the mathe-
matical model for the thermal hydraulics phenomena contains elements
that include the fission product/aerosol transport phenomena and vice
versa and that a simultaneous solution of these would result in a sig-
nificant difference in either the thermal hydraulic behavior or the
fission product/aerosol behavior compared to the separate solution with
only input from the thermal hydraulics to the aerosol/FP transport.
Items that should be coupled in this way have been pointed out by sev-
eral people in different countries so the list below is not particularly
original nor is it believed to be exhaustive. The order in which items
are presented is more-or-less chronological as one would move from the
core outward to the containment (so much as that is possible).

ITEMS AND NATURE OF COUPLING

(1) Fuel heat-up and melting — fission product release:

The release of fission products is driven by the fuel temperature
and exposure time before slumping. As fission products escape from
the fuel, they carry a portion of the decay energy, thus removing
part of the internal heat for the fuel.

*It can be noted here that there appears to be only minor back
coupling from the containment to the RCS up to the time of RCS failure
so that separate sets of integrated systems are possible — one for the
RCS and one for containment. The CONTAIN/MAEROS system at Sandia, for
example, represents an integrated system for containment analyses that
should be appropriate for the bottom part of Fig. 1.



(2) RCS thermal-hydraulics — nucleation/condensatioti of fission pro-
duct vapors:

The rate of nucleation/condensation of fission product vapors into
aerosols is determined by the rate of cooling of the carrier fluid
as it passes through the RCS. However, on condensation the vapors
give up their latent heat of vaporization to become a source of
heat to affect the thermal hydraulics.

(3) RCS thermal hydraulics — released fission products as contributors
to carrier fluid properties.

The RCS thermal hydraulics (flow rates, gas and surface tempera-
ture, heat transfer coefficients, etc.) influence the behavior of
the aerosol/fission products. However, there may be sufficient
quantities of fission products compared to the H2/H2O that they
should be considered as part of the carrier fluid.

(4) RCS thermal hydraulics — released fission products as decay heat
sources within the carrier stream.

The quantity of decay heat represented by the transported fission
products could represent a significant internal heat source into
the gas stream.

(5) RCS thermal hydraulics — deposited aerosols/fission products as
decay heat sources on surfaces (revaporization).

(a) The deposited fission products/aerosols could provide a suf-
ficiently strong local heat source to alter the system thermal
hydraulics (surface temperatures) and perhaps revaporize vola-
tiles.

(b) The relocation of the heat source distribution could alter the
strength of natural circulation.

(6) Core/concrete thermal hydraulics —aerosol production:

The presence of a dense cloud of aerosols above the core/concrete
interaction zone could shield thermal radiation thus increasing the
melt temperature and enhancing aerosol production.

(7) Containment thermal hydraulics — water vapor condensation onto
aerosols.

(a) The presence of aerosols in the containment provides a poten-
tial repository for water that could influence the containment
thermal hydraulics with respect to the relative humidity.

(b) The presence of significant quantities of liquid water on
aerosol particles could influence the severity of effects of
hydrogen burns.



(8) Containment steam condensation — diffusiophoretic plate out of
aerosols.

The deposition of aerosols on surfaces by diffusiophoresis could
alter che steam condensation rates by their presence as local heat
sources or as insulation.

(9) Containment natural convective mixing — aerosols.

The presence of aerosols as mass loadings and heat sources could
alter the strength of natural circulation (affecting turbulence
levels) and creating stratification of aerosols.

(10) Thermal hydraulic — fission product/aerosol removal in:

— Ice condenser
— Suppression pools
— Coolers
— Filter systems

SIGNIFICANCE OF VARIOUS COUPLED ELEMENTS
EVALUATED TO DATE

We will now examine as many of the above items that there is time
for before "press-time" to attempt to make some quantitative judgments
as to their significance. The most direct approach for such evaluations
would be to develop the coupled mathematical models, develop solutions,
and compare results of calculations over appropriate ranges both with
and without the coupling being operative. Unfortunately neither the
time i"~: the resources were available for such a comprehensive ap-
proach. Some attempts were made, along those lines with much simplified
versions of coupled models that could be amendable to "hand" calcula-
tion. In general, however, no systematic approach was utilized.

Item (1): Core thermal hydraulics/fission produce release:

This is an area in which coupling appears fairly obvious and is, in
fact, done to some extent in MARCH where the fission product inventory
as a heat source in the fuel is altered as fuel melts by using the WASH-
1400 release model. However since most of the "volatile" fission pro-
ducts can be released prior to fuel melting, this approach may or may
not be adequate.

A very simplified approach is used for this assessment.

A calculation was made for a unit volume of fuel heating adiabat-
ically (without heat losses to the steam or surroundings and without
steam/Zr reaction energy). This could be viewed as a whole core heating
up uniformly. On reaching a "melt" temperature of 2400°C, the tempera-
ture was held constant until full melting of the unit volume — at which
time the calculation was discontinued. The calculation was made both



with and without fission product losses to give some insight as to the
possible extent of influence. A CORSOR like release model was used. To
produce the coupled solution, an iterative procedure was followed as
outlined below:

Needed parameters for the calculation were assumed to have values
as follows:

Operating reactor power = 2441 Mwt
Fuel melt temperature = 2400°C
Cp = 0.12 Btu/°F«lb
Ts (at time of start of calculation) = 1000°C
AH for melting = (0.12) (1029) Btu/lb
Total core fuel mass = 1.027 x 105 kg

Total decay heat power versus time after scram was determined from Ref.
[2] to be:

Time (s) 0 1.5 10 30 110 1000 8547 1 day
Decay heat (percent ~7 6 5 4 3 2 I K ) . 5
of core operating
power)

The relative contribution to the above decay power due to various
fission product groups was estimated from an ORIGEN 2 run to be as fol-
lows.

Time
Group 1 [volatiles] (Xe,
Kr, I, Br, Cs, Sb, Te)
Group 2 (Ba, Sr)
Group 3 (Ru, Tc, Rb, Sn)
Group 4 (Rare earths
and others)

An examination of the accident sequences in Ref. [1] indicates that, for
many of these, the core melts over a period of time for which a repre-
sentative choice for the power level is about 1% (or according to the
table above at ~142 minutes at which time the contribution to the power
from the volatile group is about 0.30. Therefore the following assump-
tions are also made.

Decay power level = 1%
Group 1 fraction = 0.30
Group 2 fraction =0.08
Group 3 fraction = 0.036
Group 4 fraction =0.5

An initial adiabatic heat-up was calculated from

0
0.39

0.09
0.13
0.49

15 m
0.37

0.087
0.074
0.47

30 m
0.35

0.082
0.059
0.46

60 m
0.34

0.080
0.046
0.45

90 m
0.33

0.080
0.042
0.45

1 d
0.28

0.065
0.036
0.52



up to the fuel melt temperature, after which the temperature is held
constant for a time increment given by

This gave a linear change in temperature,

up to fuel melt and constant thereafter.

The result of this initial calculation at 1% power level is indi-
cated on Fig. 2 — which represent the thermal hydraulic situation for
no coupling.

The fission product releases as a result of this thermal history
were calculated using a CORSOR type release model as recommended in Ref.
[3]:

where the release coefficients, Ki, are given by

QT
/

where, for the various nuclide groups,

Group 1, Cl = 1
Group 2, C2 = 300
Group 3, C3 = 10,000
Group 4, Ck = 30,000 •

and A and B are selected for three temperature range:

T
(°C) A B

<1600 6.5 x 1O"10 1.061 x 1O~2

1600-2000 3.616 * 10"6 5.22 * 10~3

>2000 2.41 x lCT1* 3.12 x 10"3

For a linear temperature transient, T = a + bt, solution of the above
release model gives,



The result of the application of this equation over the three tempera-
ture ranges using the original adiabatic heat-up temperature transient,
T = a + bt = 1000°C + (28.47)t, is shown as the first iteration curve on
Fig. 3 in terms of the fraction of decay heat remaining in the fuel as
the fission products are lost. This represents the uncoupled fission-
product transport result. It can be seen that essentially all of Group
I is lost over che time period from about 25 ndn to -50 min and very
little of the other Groups are lost.

This fission-product loss curve was represented by a linear curve,
Q/Qo = 1 — i-yw-)t starting at t = 25 min as shown on Fig. 3 and the tem-
perature transient was recalculated from a solution of

for:

Q = constant up to t = 25 min = QQ

Q = Qo [1 - |^]t for 25 < t < 45 min

Q = Qo (0.7) thereafter

The result of this is shown as the "coupled solution" on Fig. 2.
Linearizing this new temperature transient over two time periods and
iterating on the fission product loss calculation gave the "2nd
iteration curve on Fig. 3. Since this 2nd iteration curve is not
significantly different from the 1st iteration, additional calculations
were unnecessary.

The fission product losses by groups were calculated to be as shown
in the table below in terms of the fraction remaining in the fuel:

Time min
Group

Group

Group

Group

1

2

3

4

0
(1.0)a

1.0
(1.0)
1.0
(1.0)
1.0
(1.0)
1.0

10
(0.999)
0.999
(1.0)
1.0
(1.0)
1.0
(1.0)
1.0

-21
(0.971)
0.971
(1.0)
1.0
(1.0)
1.0
(1.0)
1.0

30
(0.755)
0.755
(0.999)
0.999
(1.0)
1.0
(1.0)
1.0

-36
(0.462)
0.462
(0.998)
0.998
(1.0)
1.0
(1.0)
1.0

40
(0.22)
0.225
(0.996)
0.996
(1.0)
1.0
(1.0)
1.0

50
(0.014)
0.023
(0.986)
0,988
(1.0)
1.0
(1.0)
1.0

60
-0
-0
(0.972)
0.976
(0.996)
0.998
(1.0)
1.0

70
-0
~0
(0.959)
0.962
(0.991)
0.994
(1.0)
1.0

aUncoupled solution ( ).

Interpretation of Figs. 2 and 3 suggest the following conclusions.



1. A coupled solution in this area would not much affect the fission
product releases.

2. The timing of core melt and slump is slightly extended.

Coupling in this area appears to be only marginally important. However,
it could become more important if temp'eratures exceed the "melt" temper-
ature, when better models are available for core slumping behavior, or
when there are improved fission product release models and data.

Item (2), (3), and (4). RCS thermal hydraulics/nucleation-condensation
of fission product vapors; volatiles as decay heat sources; fission pro-
ducts as part of the carrier streams:

For aid in assessment of these items, a very simplified "control
volume" analysis of an upper plenum was developed as follows:

A simple energy balance gives:

where <»>ccm<j is the rate of condensation of volatile fission products in
the control volume, AHf ̂is their latent heats of condensation, and q"*

is the volumetric internal heat generation rate due to decay of
fission products.

Auxiliary equations are:

dTs
o For the structure temperature: MgC -rr- = hAj (T — T )

o For the concentration of fission products within the control

VdC _ wo cvolume: -rr— = s — — C .

Assume quasi-steady conditions for the fission product concentration so
that

dr

and let the internal decay heat be C x p where P is the power per unit
mass associated with the volatile fission products.



dTs dT
In addition, make the gross approximation that -=— = —

dt at

(substantiated to some extent by detailed code calculations of upper
plenum thermal hydraulics — see, for example, Ref. 1), so that

With the above assumptions, the energy balance equation reduces to:

%

The terms in the "boxes" can now be compared to evaluate their
relative potential effects on the thermal transient. Some other assump-
tions on needed parameters are given below:

Because expressions for the equilibrium vapor pressures for Csl,
CsOll, and Te were available from the TRAP-MELT code, use was made of the
Clausius-Clapeyron relation to estimate/ values for AHf as follows:

Clausius- Clapeyron: A^IJ

Jf " RT*
or, alternatively

t-om TRAP-MELT: . .

„ -967?/r
10

«-

? - -79fo/T



Therefore, assume a representative value of 30 kcal/mole for AHf2 for
the volatile condensable fission product vapors. A volume, V, ror the
control volume must be selected for the decay heat term. Reference [1]
utilizes a control volume for the grid plate above the core of 1.5 m3

and a second control volume of 13 m3 for the upper plenum region above
the grid plate. Both of these values will be used for comparison. In
addition, the values for the source rates of H2 and H20 along with Csl,
CsOH, and Te and the inlet temperature, T^ can be extracted from Ref.
[1] with a great deal of difficulty. These values, along with the cal-
culated values for to.Cp.T. ; SpPV/io ; and u>c AHf are presented in the
tables below for a T&LB* and an AB sequence. The values for P include
all of Group 1 at an assumed total decay power level of 1% for a 2441
Mwt core. The carrier stream flow rates, m^ and u>o, are the sum of the
H2 and H20 rates extracted from Ref. 1. The values of Cp used were:

Ha.©: c~ ~ o.s x&vlur- *(=

Comparison of inlet enthalpy, decay heat, and heat of vaporization:

TMLB' sequence:

Time (s)
Ti (°C)

%o ( g / s )

Wj (g/s)

co (g/s)cs

wTe (g/s)

Ecu., C T. (kcal/s)in p in

0
900
0

1813

0.17

2.73

0.001

1.06 x

720
1530
89

169

5.70

60.8

7.42

103 7.14

1440
1860
108

18.8

7.67

78.9

10.32

x 102 8.26 x

1680
1920
70

1.28

3.43

35.6

7.67

102 5.39

2700
2050
4

0.011

1.56

16.2

4.1

x 102 325

u AH. (kcal/s) 0.64 16 22 10 5c rg

7.08 x 10"3 1.53 12.3 85.9 4.39 x io;

6.1 x lO"2 13.3 107 744.3 3.81 x 1OL



AB sequence

Time (s)
Ti (°C)
^ (g/s)

U)H Q (g/s)

t-v (g/s)
i.

M (g/s)cs

u>Te (g/s)

0
315
91

1891

1.93

25.1

0.83

240
1200
96

398

5.44

58.6

5.79

660
179q
113

178

7.55

79.7

11.70

Zt°iCpiTi ^ f 2 ^ 743 788

1260
2030

5.13

52.1

13.67

1500
2060
1153

163

3.17

31.4

11.67

1.15 x

1620
2060

2.61

13.5

10.0

10*

EUJ AH (^i-) 6 16 22 5.8
c s

|V !5 ( ) 43 88.8 162 36
0) ' S

|v = 13 (k£^i) 373 769 ^ ^ x io
3 312

(1) ' S

Inspection of these tables reveals the following about these three areas
of suspected coupling:

1. The latent heat of condensation for the condensable fissions pro-
duct vapor species does not appear to be important.

1. The decay heat load of the volatiles as released in the upper
plenum regions is generally important and can sometimes be domin-
ant.

3. The quantities of fission product gases (Xe, Kr) ) and condensable
fission product species along with the quantities of aerosols can
equal to and often ej:ceed the combined H2 and H20 flows. Hence,
the thermal hydraulic analyses should consider including these as
prominent members of the carrier fluid in terms of flows, heat
capacities, thermophysical properties, etc.



Item (5) RCS thermal hydraulics/deposited aerosols as decay heat sources
on surfaces.

(a)Revaporization potential

For assessing the potential significance of this item, we are for-
tunate to have available an analyses by Ref. [4], which made use of the
same codes used in the BMI-2104 Ref. [1], study: MARCH 2,0, MERGE,
CORSOR, and TRAP-MELT. However, MERGE, CORSOR, and TRAP-MELT were com-
pletely integrated into a single package that could perform simultaneous
coupled analyses of the RCS thermal hydraulics and fission product/
aerosol transport. Some results of these coupled analyses have been
obtained from the study and are presented here in Figures 4-7. These
show clearly the effects of the deposited fission products as heat
sources in driving up the RCS structure temperatures (to failure condi-
tions) and subsequently revaporizing and driving off volatile species
late in time.

It appears that this may be the most significant area for the RCS
that needs a completely coupled treatment.

Item (5) b: Effect on natural circulation:

[analysis not completnd at this time]

Item (6): Core/concrete thermal hydraulics/aerosol production and
shielding of thermal radiation

Here again, we have some outside help. Reference [5] reports on a
sensitivity sf ^y of the CORCON Code in which the effective core melt
surface emissive v was varied over the values of 1.0 (base case), 0.05,
and 0.001 to simulate the effects of an overlying cloud of aerosols in
blocking the radiation heat transfer. The results of this study for the
maximum temperature reached by the melt and the total evolved gases are
given below:

,,„> Total Gas
C a s e Tmax < K> (kg)

Base (e = 1.0) 2310 9,900
e = 0.05 2320 10,550
e = 0.001 2450 12,250

The influence of these parameters on aerosol production are exponential
for T and linear for the gas flow. Reference [5] estimated that the
case for e = .001 wouid have increased the aerosol generation rate by a
factor of 10 compared to that of the base case. It is clear that this
could be a significant area of coupling depending on the actual value of



effective eraissivity that would represent the effect of the aerosols.
Analyses have not been completed for this but preliminary estimates in-
dicate values of the order of 0.01. Hence, the actual inclusion of this
effect within the calculations that influence both gas and aerosol pro-
duction is believed to be important.

Item (7); Containment thermal hydraulics/aerosol-water vapor interac-
tions:

(a) Effects on relative'humidity:

The concern here is the effect that water, airborne as condensed
liquid on aerosol particles, might have on controlling the containment
relative humidity which is calculated, in MARCH, without benefit of a
coupled aerosol behavior analysis.

The Mason equation is used in NAUA to model the condensation/evap
oration interactions of airborne water vapor and aerosol particles,

In. - S -

The mass of water exchange per unit containment volume associated with
the change in size of N particles of size r is

Hence, multiplying the Mason equation by

will provide an expression for the rate of water vapor exchange with the
containment atmosphere due to condensation/evaporation onto aerosols. "
Therefore a full mass balance, including sources of steam, s'/V, and
condensation on the containment structures is given by

This can be expressed as

in which the "time constant" X's are



and

These time constants can be evaluated'to estimate the potential relative
influence on affecting containment airborne water vapor content:

For quantifying *Dart»
 tne following parameter values were used:

p. = 1 g/cm3 = 62.4 lb ./ft3

T = 250°F = 120°C = 393°K = 710°R
P = 29.8 psia

AH. = 945.5 Btu/lb.
fg
M = 18 lbs/lb-mole
R = 82.047 atm - cm3/g-mole °K = 1206 psia - cm3/g-mole °K
K = 0.015 Btu/hr - ft - °F
D = 0.25 cm2/sec
R = 85.78 (ft-lbf/lbm - °R)

It is seen that ^Part depends on the concentration of particles, C,
through

and on the radius of the particles. Using the above values, ^par«- can
be expressed as |X| = 0.333 C/r2 sec"1 if C is the concentration in g/m3

and r is the particle radius in vim.

Parametric variation of these gives the various values for ^part as
shown below:

c

1
10

r

.1

.0

.0

0

3
33
333

.1

.33

.3
0

3

1.0

.0333

.333

.33

5.0

.0013

.013
• .13

10.0

.0003

.003

.033

3
3
3

100.0

x 10"6

x io~5

x 10""»

It now remains to quantify \ ,:

The relation used in MARCH-2.0 to calculate the heat transfer asso
ciated with steam condensation onto containment structures is



The rate of steam condensation that this would predict is given by;

OK. (Ck/VWfy) ~ (bcfi/^^V) -li-
1 {/>)

.*, fc» in the expression

( *» c»/io I =• I »/• /I I ' V I

can be estimated as

or

Values used for the various parameters are:

hr = 10 Btu/hr-ft2-R
Rc = 85.78 ft-lbf/lb-"R
T = 710 °R T m

f = 945.5 Btu/lbm
PTg = 29.8 lbf/in2

m 144 2
5r — £ . 7 . 0 1 u r / 111- 1 t i ifi y * T* — 1

A/V = 1.292 1O5/1.8 106 f t ' 1 = .072 f t " 1

Since 7.7 is generallyMp[especially for 1/rn and bigger particle
(droplet) sizes] the presence of condensed water vapor on aerosol par-
ticles would be assessed to not have much effect on containment humidity
compared to condensation onto wall surfaces.



Item (7b): Effects of airborne liquid water on H2 burns in containment

During some accident sequences, as much as 50 to 100 grams of water
vapor per m3 of containment volume have been calculated to be airborne
as condensed onto particles. It is of interest to compare the heat
absorbing capacity of this water on vaporization, M̂ ^ AHfg, compared to
the potential heat addition to containments by H2 burning. Estimates
for H2 mass addition to containment generally range from 100 to 600
kg. Assuming the heat of combustion for H2 to be

Atf (CoiAfiuSTto*') - 61,00 0 ^GT«/(-ft)

and AHp for vaporization of water = 948.5 Btu/lbm the relative energy
release and absorbing capacities can be compared as shown below.

AH T 0 T A L for 100 g/M
3 of water = 208 Btu/m3

AHTnTAT for 10 g/M3 of water = 20.8 Btu/m3

AH due to burning of 100 kg of H2 = 263 Btu/m3

AH due to burning of 600 kg of H2 = 1578 Btu/m3

It appears from the above that there could be circumstances (heavy
water loadings and limited amounts of H2) in which it would be important
to consider this in the thermal hydraulics calculations.

Items (8), (9), and (10):

[Quantitative evaluation of these items has not been completed at this
date]
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