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Mr. Peter M. Ornstein
Geotechnical Branch
Division of Waste Management
U.S. Nuclear Regulatory Commission
7915 Eastern Avenue
Silver spring. MD 20910

Dear Mr. Ornstein:

Enclosed please find a review of the ONWI-495 document entitle4
"Application of Integral Methods to Prediction of Heat Transfer
from a Nuclear Waste Repository." This review was performed at
the request of Ms. M. J. Wise (Re: letter dated November 17,
1983), the previous project manager for A-1158.

If you have any questions or comments regarding this review.
please contact me at FTS 844-6268.

Sincerely.

Krishan Wahi
Waste Management Systems
Division 6431
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Chief. Engineering Branch
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6430 N. R. Ortiz

IBp4C912 02 428j302iA



WKZ~Q AND IMGT DOCUMENT REVIEW GREET

DOCMENT: *Application of Integral Methods to Prediction of
Heat Transfer from a Nuclear Waste Repository., C. J. Bleach.
F. A. Kulacki. and R. N. Christensen. ONWI-49S. October, 1983.

REVIEWER: Krishan K. Wahi DATE REVIEW COMPLETED: 2/8/84

DATE APPROVED: (WMEG only)

SIGNTFICANCE TO NRC WASTE MANAGEMENT PROGRAM:

NRC is responsible for licensing underground waste repositories
for permanent disposal of high-level radioactive waste. A pri-
mary concern in the design and performance of a respository is
the heat generated by the reprocessed or unreprocessed waste.
Whereas many numerical models (computer codes) exist to do so-
phisticated thermal analyses, they are generally very ineffi-
cient compared to analytical solutions. It is useful to have
analytical or semi-analytical techniques that can be used to
perform sensitivity analyses or scoping calculations. The doc-
ument reviewed contains a description of a semi-analytical
technique to perform far-field thermal analyses of layered
media with an imbedded heat source.

In SNL's opinion, it is important for NRC to understand the
mathematical assumptions, strengths, weaknesses, and limita-
tions of the proposed technique in the document reviewed here.
The license applicant might use this or a similar technique to
select design parameters and/or to predict long-tern thermal
response. Likewise, NRC might want to use this technique as a
tool to cross-check the calculations and analyses presented by
the applicant.



SRTEF SUWWARY OF DOCUMHLT:

An integral method Is developed to predict the transient. far-
field thermal response in a layered. semi-infinite medium due
to a planar heat source at depth. Analytical expressions are
formulated for a finite slab , a two-layer semi-infinite body.
a two-layer finite slab. and a heat source represented by a sum
of exponential decay terns. The solution of the differential
equations is obtained numerically using Hammings predictar-
corrector method. The solutions are for a one dimensional
formulation with constant conductivities. The analysis is
applied to a number of stratigraphies representing repositories
in different media. In some cases, the results are compared to
numerical solutions obtained with MEATINGS. Controlling param-
eters are identified along with estimated errors. At the end.
an approach is suggested (but not carried through) that can
handle temperature-dependence of thermal conductivity as well
as improve solution accuracy.



PROBLEJ4S. DUITC!ENCTES OR LTI4TAhTIONS OF REPORT:

The report starts out with the impression that two-dimensional
formulations with temperature-dependent thermal conductivities
will be provided to be solved numerically. This is not the
case. The differential equations derived are strictly one-
dimensional with constant. isotropic thermal conductivities.
The novelty of this analytical method lies in the fact that it
allows more than one layer. thus overcoming the common assump-
tion of a homogeneous medium. Due to the one-dimensional
nature of the solution. the temperature gradient in the hori-
zontal direction cannot be described, and the solution of
temperature in the vertical direction Is adequate for only 100
years or so. The model will, however, provide an upper bound
on the far-field temperatures. The heat source must be approx-
imated as a sum of exponentials. The number of layers allowed
is very limited. The report does not describe the selection of
trial functions (i.e.. approximating polynomials) in suffi-
cient detail. No information (not even the program name) or
reference is provided about the computer program that is used
to solve the differential equations numerically. The only men-
tion of a program is on paga 44 where the following statement
is made: aThe subroutine that implements this metLod is a mod-
ification of the subroutine DHPCG from the IBM FORTRAN Scien-
tific Package (19], which includes error checking and auto-
matically adjusts the time step." Reference (191 mentioned in
the above qucte is an ASME Paper (No. 80-WA/HT-SS).

Some specific, non-trivial errors contained in the document.
and some important omissions are:

p. 7 Eqn. (1-7) is missing a negative sign on the
right hand side.

p. 9 In paragraph 3. ... the rule is Amcstlym
incorrect... m , should be: *...the rule is
umostlyu correct...".

p. 28 Last line. "Hhen Equation (2-2) is substituted
... ", should read: nWhen Equation (2-b5) is
substituted..."

p. 32 In Equation (2-15). f -3a3r2 on the left
hand side should be 0 +3a3r2 s.

In Equation (2-16), * 6a3r2 should be
* 6a3r%

p. 33 The origin of Equations (2-22) through (2-27)
is not mentioned. It is not clear how these
definitions were established.

p. 34 Equation (2-30) has some terms missing, the
correct equation should be
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p. 36 In Equation (2-35). the term 3a3 63 * an the
left hand side should be u 3a3 s 2

p. 47 In paragraph 2, .... depth of 100 a beneath...
should be ... depth of 1000 a beneath..."

p. 53 In paragraph 1. the statement. 'The similarity
in the trends of the numerical and approximate
solutions is apparent. especially at xIL a 1,
i.e.. at the source planes.'. is unsubstantiated
since the figures do not show the numcrical
solution at that location.

p. 63 First line. EBeyond 200 y ... 0 should be fBeyond
2000 y...-.
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THEORET ICAL CONStDERATIONS:

The integral methods can be used to obtain solutions to heat
transfer problems. These methods are collectively referred to
as the lMethod of Weighted Residualso (MWR). A special case of
the MWR is the Heat Bala.:ce Integral (HEI) method which has a
weight function of unity. The one-dimensional equation for
transient beat conduction is:

3T 1 a ( (T)
YE cx axI

where.

T a temperature.
- density

c * specific heat capacity.
k n thermal conductivity.
t a time

A residual R may be defined such that

R a pc 11 - -i (k ad) (2)

The fundamental concept of the MWR is to force R to be zero in
an average sense over the interval of interest. The basic
feature of the HBI method is that a one-parameter solution is
sought over the penetration distance" in a semi-infinite
domain. The penetration distance. a(t) represents the extent
to which diffusion has createda %change in internal energy
(i.e., the distance heat has travelled in time t). The formal
integration of Equation (2) and the use of an approximate
temperature distribution results in an ordinary differential
equation for d(t). A trial function of the form:

N

T - E an ()xn (3)
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is selected. The physical boundary conditions and certain
"smoothing conditions" are used to evaluate the time-dependent
coefficients anCt).
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