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ABSTRACT

In this paper we discuss some of the obstacles to the construction of
credible models of global tritium transport for use in dose assessments.
We illustrate these difficulties by comparing mode! predictions of envi-
ronmental tritiudf levels with measurements. Monitoring of tritium has
shown that specific activities in precipitation over land are typically
higher by a factor of three to four than those in precipitation over the
oceans. Experience with modeling C 0 2 turnover in the oceans has led to
the conclusion that' two-box rnservoir models of the ocean often give
unsatisfactory representations of transient solutions. Failure to
consider these factors in global models can lead to distorted estimates
of collective dose and create difficulties in validation of the model
against real data. We illustrate these problems with a seven-box model
recommended by the National Council on Radiation Protection and
Measurements (NCRP), in which we forced the atmospheric compartment to
reproduce an exogenous function based on historic observations of HTO in
precipitation at 50°N. The fresh water response underestimates data from
the Ottawa River by a factor of about five, and the ocean surface
response overestimates tritium date from the surface waters of the
Northern Pacific by nearly an order of magnitude. Revision of the model
to include (1) separate over-land and over-ocean compartments of the
atmosphere and (2) a bo;:-diffusion model of the subsurface ocean brings
"he discrepant responses into good agreement with the environmental data.
In a second exercise, we used a latitudinally disaggregated model and
replaced a tropospheric compartment in the northern hemisphere by
historic precipitation data. The model's response greatly underestimate's
the tritium specific activity in the southern hemisphere. The large
discrepancy probably indicates that much of the release from weapons
testing occurred ii the stratosphere and that a significant fraction of
the release occurred as HT rather than HTO. These exercises lead us to
doubt that a proper global transport model for tritium is available at
present for collective dose assessment.
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INTRODUCTION

A correct and proper treatment o-f environmental transport modeling
for tritium has proved difficult. In this p a p e r , we emphasize the global
seals o-f transport and discuss some of the obstacles that stand in the
way of constructing credible models of tritium transport for use in
assessments. We illustrate these d i f f i c u l t i e s by comparing predictions of
environmental tritium levels with m e a s u r e m e n t s . We also list those
properties that we believe a successful global tritium model must
p o s s e s s .

Releases of tritium may occur in different f o r m s , with radically
different types of environmental b e h a v i o r . The s p e c i e s HTO and HT
d o m i n a t e , and we restrict our attention to them. Removal Df HTO from the
atmosphere is rapid in comparison with global atmospheric mixing t i m e s ,
whereas the effective half-time of H T , with respect to its conversion tc
HTO in the a t m o s p h e r e , has been estimated as 4.8 years (Mason and
Oetlund, 1 9 7 9 ) . T h u s , HT released to the troposphere has a far greater
potential for global mobility than a similar release of HTO, for which
the effective mean residence time is only 1! days (NCRP, 1 9 7 9 ) . Because
the two species are different in their dosimetric e f f e c t i v e n e s s , a model
for dose assessment needs to consider separate c o m p o n e n t s of the r e l e a s e ;
but a possibly more important reason for a careful treatment of both
species in a global environmental model is validation of the model itself
by interpreting the- interplay of HT and HTO transport p r o c e s s e s , s o u r c e s ,
and s i n k s , in relation to measured d i s t r i b u t i o n s of tritium from nuclear
weapons testing.

Models that consist of globally aggregated reservoirs (e.g., a t m o s -
p h e r e , ocean, and fresh waters) cause difficulty both in validation and
in interpretation of predicted r e s u l t s . As m e a s u r e m e n t s of tritium in
precipitation show, the latitudinal var.ation of the distribution over
the oceans is g r e a t , with c o n c e n t r a t i o n s at high northern latitudes
exceeding those near the equator by as much as two orders of magnitude
(Schell et a l . , 1 9 7 9 ) . There is also a disparity between m e a s u r e m e n t s
taken over the oceans and those taken over land: the latter
c o n c e n t r a t i o n s are higher by factors of three or four. Not only are
these differences important in predicting collective (i.e., population)
dose from releases of tritium; they also should be reproduced by models
under evaluation when the models are given appropriate input data (e.g.,
time series of tritium in precipitation during the period of nuclear
testing) in order to give us confidence in their prediction o-f the fate
of a release. Globally aggregated m o d e l s , by d e f i n i t i o n , lack the needed
resolution for such testing.

The following list contains a sat of properties that we consider



Killough and Kocher GLOBAL ENVIRONMENTAL MODELS FOR TRITIUM

desirable for a global tritium model that is to be used in dose a s s e s s -
ment studies:

(1) Transport o-f HTO should follow the global hydrologic cycle.
(2) The model should be partitioned into interconnected latitude

zones in order to allow releases o-f HTO to be remo/ed ) other reservoirs
near the point of r e l e a s e , and also to permit validati. i against observed
latitudinal variation.

(3) The land compartment should be divided into soil water, surface
w a t e r s , and ground water, because of the different mean residence times
in these compartments and their different relative contributions to the
dose to individuals and populations.

(4) The atmosphere should represent exchanges between the tropo-
sphere and s t r a t o s p h e r e , in order to permit validation involving direct
injections of tritium into the stratosphere by weapons testing and the
different interhemispheric transfer pathway afforded by the strato-
sphere.

(5) The model should represent the different s o u r c e s , sinks, and
transport mechanisms of the species HTO and H T , in order to satisfy the
needs of both validation and prediction.

(63 The atmosphere should be divided into cver-land and over-ocean
compartments.

(7) An improved treatment of tritium in the o c e a n , such as a
box-diffusion model (Oeschger et s i . , 1975) , is needed.

(B> The model should interface properly with early mixing regimes
(e.g., local, c o n t i n e n t a l ) .

The model calculations repcrted in the remainder of this paper i l -
lustrate these n e e d s , particularly items ( 4 ) , ( 6 ) , and ( 7 ) .

THE MCRP SEVEN-BOX GLOBAL TRITIUM MODEL

Some of tin* difficulties of validating and applying a globally ag-
gregated model are illustrated by a seven-box mooel proposed by the
National Council on Radiation Protection and Measurements (NCRP, 1 9 7 9 ) .
The model (Fig. 1) is essentially a globally aggregated representation of
the hydrologic cycle and is intended to be applied to tritium released as
HTO. Each tritium flux is represented as the product of the corresponding
water volume flu>: (fit3/year) and the tritium concentration (mass per m 3 of
water) in the donor compartment. In discussing the m o d e l , it will be
convenient to use the following abbreviations for the c o m p a r t m e n t s :

A Atmosphere
SW Surface soil water
6W (Deep) ground water
FW Surface streams and

•fresh water lakes
SL Saline lakes and

inland seas
OS Ocean surface waters
DO Daep ocean
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A l t h o u g h we h a v e c h a r a c t e r i s e d t h i s model as g l o b a l , it h a s a l s o
b e e n i n t e r p r e t e d as h e m i s p h e r i c , and it h a s e v e n been, a p p l i e d to n a r r o w e r
l a t i t u d e z o n e s for the p u r p o s e of e s t i m a t i n g c o l l e c t i v e d o s e per unit
r e l e a s e ( N C R P , 1 9 7 9 ) . In p a r t i c u l a r , t h s model h a s b e e n used to r e p r e s e n t
the l a t i t u d e band 3 0 - 5 0 " N on t h e a s s u m p t i o n that in t h e c a s e of an a t m o s -
p h e r i c r e l e a s e , t h e b r i e f m e a n r e s i d e n c e t i m e of H T O in t h e a t m o s p h e r e
(11 d a y s ) w o u l d d o m i n a t e l a t i t u d i n a l m i x i n g . And o n c e the t r i t i u m h as
m i g r a t e d fross t h s a t m o s p h e r e into the o t h e r c o m p a r t m e n t s (or if it w e r e
r e l e a s e d i n t o o n e of them i n s t e a d of t h e at . o ^ p h e r e ) , it w o u l d tend to be
c o n f i n e d to a l a t i t u d e near t h e p o ? n t of r e l e a s e . T h u s , for the p u r p o s e
of t e s t i n g t h e m o d e l ' s p r e d i c t i o n s of t r i t i u m t r a n s p o r t a g a i n s t s o m e
e n v i r o n m e n t a l d a t a , we a s s u m e thai the model r e p r e s e n t s a n a r r o w band of
l a t i t u d e c o n t a i n i n g t h e 5 C ° N p a r a l l e l .

M e a s u r e m e n t s h a v e b e e n taken on t h e t r i t i u m c o n t e n t of p r e c i p i t a t i o n
at many s t a t i o n s a r o u n d t h e w o r l d from the e a r l y 1 9 6 0 s to t h e p r e s e n t
( I A E A , 1 9 8 1 ) . S o m e t i n e s e r i e s a l s o e x i s t for t r i t i u m in o c e a n s u r f a c e
w a t e r s ( R e i t e r , 1 9 7 8 ) ; and t i m e s e r i e s d a t i n g f r o m t h e e a r l y 1 9 5 0 s e x i s t
for t r i t i u m in p r e c i p i t a t i o n at O t t a w a , C a n a d a ( I A E A , 1 9 8 1 ) , and for
t r i t i u m in t h e O t t a w a R i v a r ( B e n n e t t , 1 9 7 3 ) . T h e s i g n a l s h o w n by t h e s e
o b s e r v a t i o n s is t r i t i u m that w a s r e l e a s e d to t h e a t m o s p h e r e by d e t o n a -
t i o n s ot n u c l e a r d e v i c e s . But an a c c u r a t e t i m e h i s t o r y of t h e r e l e a s e s
( i . e . , a source terv) is not a v a i l a b l e . Such t a b u l a t i o n s as h a v e b e e n
m a d e of the y i e l d s of t h e s e d e t o n a t i o n s (Zander and A r a s k o g , 1 9 7 3 ; C a r t e r
and M o g h i s s i , 1 9 7 7 ) omit m a n y t e s t s t h a t w e r e not a n n o u n c e d by t h e
c o u n t r i e s that p e r f o r m e d t h e m , and y i e l d s for many o-f t h e t e s t s that w e r e
a n n o u n c e d a r e h i g h l y u n c e r t a i n or u n k n o w n . T h u ? , an e x o g e n o u s s o u r c e
t e r m b a s e d on t h e c o m p i l a t i o n s just c i t e d w o u l d h a v e v e r y l i m i t e d u t i l i t y
in a v a l i d a t i o n e x e r c i s e .

I n s t e a d of t r y i n g to c o n s t r u c t a s o u r c e t e r m , we h a v e f o r c e d t h e
m o d e l ' s a t m o s p h e r i c c o m p a r t m e n t to r e p r o d u c e a t i m e s e r i e s for t r i t i u m in
p r e c i p i t a t i o n ; the p r e d i c t e d r e s p o n s e s of t h e f r e s h - w a t e r and
o c e a n - s u r f a c e c o m p a r t m e n t s a r e then c o m p a r e d w i t h t h e o b s e r v e d m e a s u r e -
m e n t s f r o m t h e r e s p e c t i v e e n v i r o n m e n t a l r e s e r v o i r s . For t h e s e
s i m u l a t i o n s , w e a s s u m e that the model r e p r e s e n t s a n a r r o w zonal b a n d
a b o u t the l a t i t u d e 5 0 ° N . The p r e c i p i t a t i o n d a t a u s e d t o r e p r e s e n t t h e
a t m o s p h e r i c s i g n a l a r e t h o s e for O t t a w a , C a n a d a ( I A E A , 1 9 9 1 ) , and we
c o m p a r e the r e s p o n s e of c o m p a r t m e n t FW wit h t h e O t t a w a R i v e r d a t a
( B e n n e t t , 1 9 7 3 ) . A n o t h e r c o m p a r i s o n is p r o v i d e d by t h e r e s p o n s e of t h e
OS c o m p a r t m e n t w i t h s u r f a c e - o c e a n t r i t i u m d a t a f r o m t h r e e l o c a t i o n s o v e r
v a r y i n g p e r i o d s : A d a k , A l a s k a ; J o h n s t o n I s l a n d ; and 2 0 - 6 0 ° N in t h e
A t l a n t i c ( R e i t e r , 1 9 7 8 ) . The raodel p r e d i c t i o n s , s h o w n by the d a s h e d - l i n e
c u r v e s in F i g . 2 , a r e not i m p r e s s i v e a p p r o x i m a t i o n s to t h e d a t a . T h e
o c e a n - s u r f a c e r e s p o n s e e x c e e d s the g e n e r a l trend of t h e d a t a by a f a c t o r
of t h r e e to f o u r , and t h e FW r e s p o n s e u n d e r o r e d i c t s t h e O t t a w a R i v e r t i m e
s e r i e s by n e a r l y an or d e r of m a g n i t u d e . The i m p o r t a n c e of the la t t e r
c o m p a r t m e n t in e s t i m a t i n g d c s e to man (and a l s o that of - t h e SW
c o m p a r t m e n t , w h i c h may be s i m i l a r l y u n d e r e s t i m a t e d by the m o d e l !
i n d i c a t e s t h e ne e d for f u r t h e r a n a l y s i s o-f t h e m o d e l ' s p e r f o r m a n c e .

A m a j o r d i f f i c u l t y i l l u s t r a t e d by t h i s c a l c u l a t i o n is t h a t the
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transfer coe-f -f i ci ent s of the m o d e l , computed as the water volume transfer
rate divided by the water volume in the donor c o m p a r t m e n t , while p r e -
sumably correct for the e x c h a n g e s of water that they r e p r e s e n t , may
distort the p a r t i t i o n i n g of tritium e x c h a n g e s between air-to-land and
a i r - t o - o c e a n . At the l a t i t u d e in question ( 5 0 ° N ) , a r e a s o n a b l e assumption
is that the tritium c o n c e n t r a t i o n in inland p r e c i p i t a t i o n is 3.5 t i m e s
that in p r e c i p i t a t i o n that falls over the ocean (Reiter, 1 9 7 8 , Fig. 3 . 2 8 ,
p. 1 3 7 ) . We h y p o t h e s i z e that this d i s p a r i t y is a p p r o p r i a t e l y represented
in the model by p a r t i t i o n i n g the a t m o s p h e r i c water vapor into over-land
and over-ocean c o m p o n e n t s in such a way that their r e l a t i v e volumes
p r o v i d e the differential dilution of the tritium. We further make the
a s s u m p t i o n that the HTO m o l e c u l e s have a uniform spatial d i s t r i b u t i o n in
the a t m o s p h e r e within the latitude z o n e . T h u s , since the areal fractions
of land and water are 29.2 and 70.8'/. (these are global v a l u e s ) , we assume
that 29.27. by mass af the airborne HTO is diluted in the over-land water
vapor and the remaining 70.87. in the o v e r - o c e a n water v a p o r . Requiring
its ratio of the over-land and the o v e r - o c e a n tritium coriceatr at ion to be
3.5 fixes the r e l a t i v e sizes of the a t m o s p h e r i c water vapor c o m p o n e n t s .
These v o l u m e s (in in3) 3re

V , . n d = 1 . 3 ' 1 0 1 3 / ( l + 0.703R/0.292)

V o c . n = (0.70B/0.292).RV,« n d ,

where 1.3>:1013 = total water volume (m 3) of the NCRP m o d e l ' s atmospheric
c o m p a r t m e n t , and R = 3.5. The transfer c o e f f i c i e n t s from the a t m o s p h e r e
to the land c o m p a r t m e n t s are then computed as the a p p r o p r i a t e water
v o l u m e fluxes in m 3 / y e a r divided by V i . n d or V o e B - n , r e s p e c t i v e l y . The
tine history of tritium in the a t m o s p h e r e is r e p r e s e n t e d by a c o n t i n u o u s
function derived from the record of tritium in p r e c i p i t a t i o n . If Y(t)
d e n o t e s this f u n c t i o n , expressed in m a s s u n i t s , the r a t e s of t r a n s f e r
from the a t m o s p h e r e into the land c o m p a r t m e n t s and the ocean s u r f a c e
water sra, r e s p e c t i v e l y ,

Foc«.n«-« = k o c.. n* . A ( 0 . 7 0 S Y ( t ) ) .

These e q u a t i o n s , which give the fluxes in sass units per y e a r , depend on
the assumption that the areal d i s t r i b u t i o n of tritium is uniform
throughout the latitude zone.

With the foregoing a d j u s t m e n t s in p l a c e , the model r e s p o n s e in the
FW c o m p a r t m e n t is a s u b s t a n t i a l l y improved a p p r o x i m a t i o n to the O t t a w a
River d a t a , as shown by the upper solid curve in Fig. 2. While these
a d j u s t m e n t s effect a marginal improvement in the r e s p o n s e of the OS
cosDartisent, the result is still an overpretiicti on Gf the main trend of
the o c e a n - s u r f a c e data (this response curve is not shown in Fig. 2 ) .

Research into carbon turnover in the oceans has indicated a need to
r e p l a c e simple two-box r s p r e s e n t a t i o n s of the acean by more e l a b o r a t e
m o d e i s . Ocean models based on vertical diffusion have droved successful
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in r e p r e s e n t i n g t r a n s i e n t r e s p o n s e s ( O e s c h g e r et a l . , 1 9 7 5 ; K i l l c u g h and
E m a n u e l , 1 9 8 1 ) . We h a v e r e p l a c e d the t w o - b o x o c e a n of the N C R P t r i t i u m
model by a d i f f u s i v e model that w a s d e s c r i b e d by K i l l o u g h (19B0) in
a n o t h e r c o n t e x t . With t h i s a d d i t i o n a l m o d i f i c a t i o n , the r e s p o n s e of the
OS c o m p a r t m e n t , s h o w n in F i g . 2 as the lower solid c u r v e , c l o s e l y -follows
the trend of the d a t a , p a r t i c u l a r l y t h o s e o b s e r v a t i o n s taken in the N o r t h
A t l a n t i c .

We h a v e c o m p u t e d the dose to a l a n d - b a s e d i n d i v i d u a l from the
t r i t i u m h i s t o r y used for the v a l i d a t i o n e x e r c i s e . The method of
c a l c u l a t i o n is a s i m p l e c o m b i n a t i o n of time i n t e g r a l s of the model
c o m p a r t m e n t s based on the a s s u m p t i o n s about p a t h w a y s to man s u g g e s t e d by
the N C R P ( 1 9 7 9 ) . The e s t i m a t e s of d o s e to such an i n d i v i d u a l for an
e x p o s u r e p e r i o d from 1945 to 1975 are 0.15 mrem for the u n a l t e r e d NCRP
model and 0.22 mrem for the a d j u s t e d model -- an i n c r e a s e of 50"/..
S i m i l a r i n c r e a s e s would be found in the c o l l e c t i v e dc-.B.

S O U T H E R N - H E M I S P H E R E T R O P O S P H E R I C R E S P O N S E TO M E A P O N S T R I T I U M
IN THE N O R T H E R N H E M I S P H E R E

A s e c o n d test of global t r i t i u m m o d e l s is p r o v i d e d by data on
t r i t i u m in p r e c i p i t a t i o n in the s o u t h e r n h e m i s p h e r e from w e a p o n s t e s t i n g
in the n o r t h e r n h e m i s p h e r e . The top two c u r v e s in Fig. 3 show data for
t r i t i u m in the n o r t h e r n and s o u t h e r n t r o p o s p h e r e . In t h i s c o n n e c t i o n , we
a d a p t e d a model of B e r g m a n et a l . (1979) which is d i v i d e d into four l a t i -
t u d e b a n d s c o r r e s p o n d i n g to 0-30° and 3 0 - 9 0 ° in each h e m i s p h e r e .

In o r d e r to test the m o d e l ' s s i m u l a t i o n of the i n t e r h e m i s p h e r i c e x -
c h a n g e of t r i t i u m , we forced the t r o p D = p h e r i c c o m p a r t m e n t in the n o r t h -
e r n m o s t l a t i t u d e band to f o l l o w the O t t a w a p r e c i p i t a t i o n data in a m a n n e r
s i m i l a r to that e m p l o y e d in c o n n e c t i o n with the N C R P g l o b a l model in the
p r e v i o u s s e c t i o n . Other c o m p a r t m e n t s w e r e r e p r e s e n t e d as s t a t e v a r i a b l e s
in a s y s t e m of o r d i n a r y d i f f e r e n t i a l e q u a t i o n s . The r e s p o n s e in the
t r o p o s p h e r e of the s o u t h e r n m o s t l a t i t u d e band is p l o t t e d as the b o t t o m
c u r v e in F i g . 3. T h i s r e s p o n s e u n d e r p r e d i c t s the data for 5 0 ° S by m o r e
than an order of m a g n i t u d e , and t h u s d o s e to i n d i v i d u a l s and p o p u l a t i o n s
in the s o u t h e r n h e m i s p h e r e could be s u b s t a n t i a l l y u n d e r e s t i m a t e d .

In f a i r n e s s to the model of B e r g m a n et a l . ( 1 9 7 ? ) , we n o t e that part
of t h i s l a r g e d i s c r e p a n c y p r o b a b l y d e r i v e s from (a) t r e a t i n g all w e a p o n s
t r i t i u m as HTO and (b) c o n s i d e r i n g the n o r t h e r n m o s t band of the t r o p o -
s p h e r e as the p r i n c i p a l s o u r c e . R e i t e r (1978) i n d i c a t e s that most of the
t r i t i u m that r e a c h e s the a t m o s p h e r e from u n d e r g r o u n d b u r s t s is r e l e a s e d
as H T , and that much of the t r i t i u m f r o m a t m o s p h e r i c b u r s t s wa i n j e c t e d
i n t o the s t r a t o s p h e r e as H T O . T r i t i u m r e l e a s e d as HT h a s a r o a t e r m o -
b i l i t / in the t r o p o s p h e r e than H T O , and HTO i n t r o d u c e d into the n o r t h e r n
s t r a t o s p h e r e has a much h i g h e r p r o b a b i l i t v of r e a c h i n g the s o u t h e r n
t r o p o s p h e r e than HTO that o r i g i n a t e s in the n o r t h e r n t r o p o s p h e r e . The
model of B e r g m a n et a l . U979. v i n c o r p o r a t e s t h e s e p a t h w a y s in its
s t r u c t u r e and has p r o v i s i o n for the d i f f e r e n t i a l h a n d l i n g of HTO and H T .
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T h u s , a m o d e l of i t s t y p e m a y p r o v i d e a r e a s o n a b l e b a s i s for f u r t h e r
d e v e l o p m e n t . But d e t a i l e d c o m p a r i s o n s o-f t h e m o d e l ' s p r e d i c t i o n s w i t h
d a t a in o r d e r to t e s t t h e s e s u p p o s i t i o n s h a v e yet to b e m a d e , and t h e
e x e r c i s e r e p o r t e d h e r e s e r v e s to i n d i c a t e t h e n e e d for s u c h t e s t i n g .

C O N C L U S I O N S

We h a v e i l l u s t r a t e d , by m e a n s af c a l c u l a t i o n s b a s e d on two g l o b a l
t r i t i u m m o d e l s , s o m e p o t e n t i a l p r o b l e m s in a p p l y i n g t h e s e and s i m i l a r
m o d e l s to d o s e a s s e s s m e n t s of t r i t i u m r e l e a s e s . G l o b a l l y a g g r e g a t e d
m o d e l s , s u c h as t h e N C R P ( 1 9 7 9 ) seven-bo:; m o d e l , lack t h e r e s o l u t i o n for
s a t i s f a c t o r y v a l i d a t i o n of t h e i r t r a n s p o r t p r e d i c t i o n s , and w h e n t h e y a r e
a p p l i e d to n a r r o w l a t i t u d e b a n d s , t h e i r t r a n s f e r c o e f f i c i e n t s may n e e d
a d j u s t m e n t to c o m p e n s a t e for t h e g r a d i e n t b e t w e e n o v e r - l a n d and
o v e r - o c e a n c o n c e n t r a t i o n s of t r i t i u m . T h e s t r u c t u r e of t h e o c e a n in
g l o b a l t r i t i u m m o d e l s may a l s o n e e d e l a b o r a t i o n to i m p r o v e t h e t r a n s i e n t
r e s p o n s e of t h i s r e s e r v o i r ; but t h e n e e d for t h e l a t t e r m o d i f i c a t i o n
a p p e a r s to be ir.Dre s t r o n g l y r e l a t e d to v a l i d a t i o n t h a n p r a c t i c a l d o s e
a s s e s s m e n t .

L a r g e r - s c a l e t r a n s p o r t p r o c e s s e s n e e d to be t r e a t e d p l a u s i b l y by t h e
m o d e l s . T h i s n e e d e n t a i l s s u f f i c i e n t s p a t i a l r e s o l u t i o n for r e p r e s e n t a -
t i o n of c o n c e n t r a t i o n g r a d i e n t s , s e p a r a t i o n of t r o p o s p h e r i c and s t r a t o -
s p h e r i c c o m p a r t m e n t s , and a c c o u n t i n g for t h e d i f f e r e n t s o u r c e s , s i n k s ,
and t r a n s p o r t m e c h a n i s m s of H T Q and H T . A g a i n , in t h i s c o n t e x t , t h e
n e e d s of v a l i d a t i o n and a p p l i c a t i o n a r e i n t e r r e l a t e d .

T h e t r i t i u m s i g n a l f r o m w e a p o n s t e s t i n g is an i m p o r t a n t c o m p o n e n t in
v a l i d a t i n g g l o b a l t r i t i u m m o d e l s , but b e c a u s e of m a n y u n c e r t a i n t i e s
c o n n e c t e d w i t h i t . i t s u s e is not e n t i r e l y s t r a i g h t f o r w a r d . But it is
p e r h a p s t h e m o s t i m p o r t a n t b a s i s for c a l i b r a t i n g t h e i n t e r h e m i s p h e r i c
t r a n s f e r of t r i t i u m in t h e g l o b a l m o d e l s . T h i s kind of p r o b l e m w a s
i l l u s t r a t e d w i t h a l a t i t u d i n a l l y d i s a g g r e g a t e d m o d e l of B e r g m a n et a l .
( 1 9 7 9 1 .

We b e l i e v e t h a t a f u l l y t e s t e d and v a l i d a t e d g l o b a l t r i t i u m m o d e l
t h a t p o s s e s s e s t h e d e s i r e d p r o p e r t i e s set f o r t h in t h e i n t r o d u c t i o n h a s
not yet b e e n m a d e a v a i l a b l e to t h e d o s e a s s e s s m e n t c o m m u n i t y . T h e m o d e l
of B e r g m a n et a l . ( 1 9 7 9 ) g o e s f u r t h e r t o w a r d m e e t i n g t h e s e g o a l s t h a n a n y
m o d e l we h a v e s e e n , and it p o s s i b l y c o u l d s e r v e as a p o i n t of d e p a r t u r e
for a d e f i n i t i v e d e v e l o p m e n t .
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FIGURE CAPTIONS

F i g u r e 1. S e v e n - c o m p a r t m e n t N C R F t r i t i u m model based on the global
h y d r o l o g i c c y c l e .

F i g u r e 2. MCRP Model p r e d i c t i o n s c o m p a r e d with o b s e r v a t i o n s of
e n v i r o n m e n t a l t r i t i u m l e v e l s . All model c u r v e s are c o m p a r t m e n t r e s p o n s e ^
when the m o d e l ' s a t m o s p h e r e is -forced to r e p r o d u c e a t i m e h i s t o r y of
t r i t i u m in p r e c i p i t a t i o n m e a s u r p d at O t t a w a , C a n a d a . The dashed c u r v e s
r e p r e s e n t the -fresh-water c o m p a r t m e n t (upper c u r v e ) and o c e a n - s u r f a c e
c o m p a r t m e n t (lower c u r v e ) of the u n a l t e r e d NCRP global t r i t i u m model
(Fig. 1 ) . The sm o o t h c u r v e s ars the c o r r e s p o n d i n g c o m p a r t m e n t s of the
model after its t r a n s f e r c o e f f i c i e n t s a r e a d j u s t e d to r e f l e c t the hi g h e r
c o n c e n t r a t i o n of t r i t i u m over land than over t h e o c e a n s . and after t h e
r e p l a c e m e n t of its two-box ocean r e s e r v o i r with a m u l t i - b o x d i f f u s i v e
m o d e l .

F i g u r e 3. Tr i t i u m in p r e c i p i t a t i o n m e a s u r e d at 50° N and 5 0 ° S (upper
two c u r v e s ) . The model c u r v e is the r e s p o n s e of the s o u t h e r n m o s t t r o p o -
s p h e r i c c o m p a r t m e n t of the model of B e r g m a n et a l . (1979) when its
n o r t h e r n m o s t t r o p o s p h e r i c c o m p a r t m e n t is fo r c e d to r e p r o d u c e an o b s e r v e d
time h i s t o r y of tr i t i u m in p r e c i p i t a t i o n at 5 0 ° N .
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