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SECTION 1

INTrRODUCTION

1.1 GENERAL.

Three of the Civilian Vulnerability Indicator Code (CIVIC)

improvement program tasks performed by SAIC were related to the

development of fallout protection factors for use in CIVIC and other

casualty assessment codes. These three fallout protection factor tasks are

the following:

Task 7: Develop fallout protection factor distributions for the

Soviet Union.

Task 8: Verify the fallout protection factor version of the VCS

code by comparing the results of VCS calculations with

the results of experiments.

Task 9: Calculate fallout protection factor variations for some

typical structure categories.

The results of Tasks 7, which are classified, are given in volume

3 of this final report. The results of Tasks 8 and 9 are given below.

1.2 VERIFICATION OF THE FPFVCS.

In the 1950's and 1960's, before the availability of the current

generation of large, high-speed computers, a significant effort was made by

the Office of Civil Defense, the National Bureau of Standards and others to

define the protection afforded by structures against fallout radiation from

nuclear weapons. A major result of this effort was the "Engineering Method"

for calculating fallout protection factors for structures, developed

largely by the National Bureau of Standards (Refs. 1,2,3). The Engineering

Method was derived semiempirically from gamma-ray attenuation calculations

i ,

• __ .- , ... € .. , .. € . .- . e ' ' , - w.- 1



of slabs and other relatively simple configurations and from experimental

measurements of a number of test structures. The Engineering Method has

been, and continues to be, used to calculate fallout protection factors for

structures, for example by the Federal Emergency Management Agency for

entries in the National Facility Survey (Ref. 4).

While the Engineering Method is based on a considerable amount of

calculated and measured data, it is limited in application by its

semiempirical nature to conditions for which it has been tested. It is

very difficult to derive an empirical model which will adequately treat

interactive scattering and streaming from walls, openings and other

features common to complex three-dimensional structures.

With the development of large, high-speed computers it became

possible to eliminate the limitations associated with the Engineering

Method and to improve accuracy by the use of computer programs which are

based on more fundamental physics. In the early 1970's, Cohen and Beer

performed Monte Carlo transport calculations of a number of structures

using the forward Monte Carlo SAM-CE code (Ref. 5). More recently, the

Vehicle Code System (VCS) (Refs. 6,7) has been used to calculate initial

radiation protection factors for Japanese structures for the dosimetry

reassessment of Hiroshima and Nagasaki A-Bomb survivors (Ref. 8). For the

latter effort, excellent agreement was obtained for VCS validation calcula-

tions of several Japanese-type structures tested in the Bare Reactor

Experiment Nevada (BREN) test series (Ref. 9).

Several modifications to VCS were necessary to compute fallout

protection factors. This report briefly describes these modifications and

the results of verification calculations performed to date.

In all of the test cases used for verification, no new experi-

mental data were derived; instead calculations were performed on experi-

ments described in available literature. Most of these experiments were

performed during the 1950's or early 1960's to calibrate the Engineering

2
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Method. This caused some problems for the verification calculations

because existing descriptions of the structures were not always been com- I

plete or accurate. This was especially a problem for the Long Island

Barracks, which was demolished shortly after the experiments, and for which

no as-built drawings have been found.

1.3 FPF VARIATIONS IN STRUCTURE CATEGORY. ".

In an effort conducted by SAIC for DNA in 1983-1984, fallout
1

protection factors were calculated for a matrix of 64 U. S. residential

structure categories, including 34 categories of single family structures

and 30 categories of multiple family structures. In that work, in which

fallout protection factor distributions were derived for the U.S.,

generally only one fallout protection factor calculation was performed per

structure category, and the result of that one protection factor

calculation was assumed to represent all structures in the category.

In Task 9 of this CIVIC improvement effort a number of FPFVCS

calculations were performed to investigate the variation of protection

factors within a typical structure category. Protection factor variations

within a given structure were also explored by calculating the protection

factor at different locations within the structure.

Three structures were analyzed, a one-story wood frame house, a

two-story brick faced house and a four-story brick faced apartment house.

Basements were modeled for all three structures so that protection factors

of shelter locations both in the basement and on above-ground floors could

be evaluated.

A similar approach to the analysis of the three structure types

was adopted. First a baseline structure was defined. Protection factor

traverses in the basement and on above-ground floors were performed. Then

variations in the structure were modeled and analyzed.

31
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p
1.4 ORGANIZATION OF THIS VOLUNE.

I

This volume is divided into six sections. Following this

introduction (Section 1) is a short summary and conclusions (Section 2).

Section 3 gives a brief description of the Vehicle Code System and data

used, Section 4 presents the results of validation calculations, Section 5

describes the calculations of protection factor variations, and Section 6

lists the references.

4I
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SECTION 2

SUM MY AND CONCLUSIONS 5

2.1 VCS CODE MODIFICATION AND VERIFICATION.

This report briefly describes the changes made to the adjoint

Monte Carlo Vehicle Code System (VCS) to compute fallout radiation protec-

tion factors for complex three-dimensional structures. The primary

modifications made to VCS to permit the treatment of fallout radiation

sources are (1) the addition of logic to score particles at potential

source surfaces (e.g., roof and ground surfaces) within the Monte Carlo k
geometry, (2) the addition of logic in the coupling code to treat these new

scores, (3) the addition of a capability to couple with ANISN pla.ne

geometry free-field fluxes instead of the two-dimensional DOT free-field

fluxes, and (4) the development of a fallout source spectrum in an energy

group format consistent with an available gamma-ray cross section set.

Several test calculations have been performed for comparison with

available experimental data to verify the correct operation of the code.

Test cases discussed here include (1) calculation of the dose rate at a

height of 3 feet above an infinite Cobalt 60 contaminated plane, (2)

comparison of the uncollided portion of the dose at a distance of 3 feet

from disk sources of various sizes, (3) calculation of the protection

factor for a foxhole, (4) calculation of the dose rates within a concrete

blockhouse, (5) calculation of dose reduction factors (inverse protection ".

factor) for a wood frame house with basement, (Kansas State University

house), (6) calculation of dose rates in a wood frame house on a slab, (7)

calculation of dose rates in a two-story brick house with basement, and (8)

calculation of dose rates in a large three-story brick structure, the Long

Island (Boston Harbor) Barracks. "9.

With some notable exceptions, the comparisons were generally good,

with about half of the results agreeing within 10 percent and three-quar- ",

ters of the results agreeing within 20 percent. The major exceptions were

5
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some of the Kansas State University house comparisons and some of the Long

Island Barracks comparisons. It is expected that these major discrepancies,

which sometimes involved dose rate differences by a factor of two or more, ,S

are the result of an incomplete or inadequate description of the structure

geometry and materials.

It has been our experience that comparisons between VCS calcula-

tions and experimental results generally improve with better descriptions

of the structure. In this effort, significant differences between VCS cal-

culated and measured dose rates for the Nevada Test Site two-story brick

structure were observed until on-site measurements were made which

indicated a 22 lb/ft 2 discrepancy between the reported and actual mass wall

thickness. Significant improvement in the comparisons of calculated and

measured dose rates for the Long Island Barracks was also seen when on-site

measurements of still standing parts of the exterior walls showed a similar

20 lb/ft2 discrepancy for that structure. Similarly, in a previous effort

in which we used VCS to calculate initial radiation protection factors for

Japanese-type structures for the Bare Reactor Experment Nevada (BREN) tests

(Ref. 9), discrepancies remained between calculated and measured results

until a site visit revealed errors in the definition of the test

structures.

It is our opinion that the fallout version of VCS is performing

correctly, and that differences between calculated and measured results

are, except for Monte Carlo statistics, caused by inadequacies in the

geometry and materials model arising from inaccurate or inadequate de-

scriptions of the structures. It is also our opinion that, overall, .N

especially taking into account the structures for which the geometry was

well defined, the results of these comparisons indicate that the code .

system is giving good results.

6
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2.2 FPF VARIATIONS IN STRUCTURE CATEGORY.

The variation in protection factors for variations of structures

within a structure category were analyzed for three structure types: a

wood frame house with basement, a two-story brick face house with basement, J.

and a three-to five-story brick face apartment building with basement. For

all three cases a baseline structure was defined, protection factor

traverses of the structure were made, and the effects of excursions on the

baseline were explored.
S

Protection factor variations with location within a structure was,

as expected, most pronounced for basement vs non-basement locations. This

effect was known and basement vs non-basement locations had been carefully

treated in the U.S. protection factor study conducted by SAIC in 1983-1984.

Of more interest here is the variation of protection factors with location

in the basement or with location changes on above-ground floors. For the

single- family houses, protection factors varied by about 30 percent with

basement location, with the highest protection factors being in corner

locations. At above-ground locations, protection factors varied by about

15 percent with the largest protection factors being near the center of the

house. Very little difference between protection factors on the first

floor and the second floor were seen for the two-story brick face house. W

The protection factor variation with location in the apartment

building was larger, with factor-of-two variations seen for similar

locations on different floors. The protection factors on intermediate

floors were larger than the protection factors for the first and top

floors.

The effects of several structure variations were explored.

Addition of an attached garage to the single- story wood frame house

decreased the protection factor in the basement by about 5 percent and had

an insignificant effect on the protection factors on the first floor. !F

Varying the basement depth from 50 to 80 inches in the same structure

71



changed the protection factors by about 35 percent. Change of the two

story brick house length to width ratio from 1.14 to 1.56, while

maintaining the same foor area, produced a negligible effect on the

protection factor at the center of the house. However doubling the window

sizes (by window area) in that structure decreased the protection factor by

about 30 percent. Addition of fallout contaminated balconies to the

apartment house resulted in a negligible change in the protection factor at

the center of that structure.

The effect of partitions (interior walls) was investigated in all

three structures by performing calculations both with and without the

partitions. The effect of partitions was found to be significant for the

single story wood frame house (20 percent), where the partitions

represented a significant portion of the material mass between the

protection factor location and the building exterior. The mass of the

interior partitions was not so large compared to the mass thickness of the

walls of the two story brick house, and the partitions affected the

protection factor by only about 10 percent in that structure. In the

apartment house, however, where there were many partitions and where the

windows were large, the partitions had nearly a factor of two effect on the

protection factor.

Overall, while some variations in the protection factor with

variations in the structure were observed, no major effects were seen that

would be expected to change the results of the U. S. fallout protection

factor distribution study performed by SAIC in 1983-1984. Instead, the

results found here tend to indicate that the categorizations used in that

study adequately describe the protection afforded by residences in the U.S.

8
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SECTION 3

DESCRIPTION OF THE FALLOUT PROTECTION FACTOR VERSION OF VCS

3.1 DESCRIPTION OF THE ORIGINAL VOS.

The Vehicle Code System was derived primarily to calculate initial

radiation environments in armored vehicles from nuclear weapons bursts. To

facilitate the solution of this 3-dimensional deep penetration problem, the

VCS divides the calculation into two parts: a 3-D adjoint Monte Carlo

analysis of the armored vehicle, and a 2-D discrete ordinates calculation

of the free-field environment. In VCS, the 3-D adjoint Monte Carlo

analysis is performed with the MORSE computer code (Ref. 10), and the 2-D

discrete ordinates free-field calculation is performed with DOT (Ref. 11).

A third code, DRC, is used to couple the adjoint fluxes from MORSE with the

free-field environments from DOT to calculate radiation environments or

protection factors at "detector" locations in the vehicle or structure.

This analysis procedure is illustrated in Figure 1, which shows an

armored vehicle in the vicinity of a nuclear weapon burst. The armored

vehicle is enclosed in a "Monte Carlo problem boundary". The transport of

radiation in the vehicle, air and soil within this boundary is calculated

by adjoint Monte Carlo, and the adjoint flux results are coupled with the

free-field fluxes at the Monte Carlo problem boundary.

The theory for the above adjoint/free-field coupling methodology

is discussed in the literature, for example, Hoffman, et al. (Ref. 12).

The method permits the radiation transport analyses of complicated three-

dimensional structures without the requirement to perform the expensive

deep penetration analyses of free-field air transport in the atmosphere

exterior to the vehicle. The theory for the treatment of adjoint particles

is solidly based on the mathematics of the linear Boltzmann transport

equation, as described by Ref. 13, the only approximation being that the

vehicle must not significantly perturb the inward directed portion of the

free-field environment. This Latter condition is met by including the soil

9
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in the Monte Carlo geometry and may be further assured by placing the Monte
Carlo boundary surface at a reasonable distance from the vehicle. For the

fallout protection factor analyses discussed later in this report, this

boundary was taken to be several hundred meters from the structure. This

not only assured that the structure would not perturb the free-field envi-

ronment; it allowed the analysis of large or multiple structures without

thr aeed to readjust the coupling parameters in the DRC code.

The Monte Carlo analysis of the adjoint flux in the

three-dimensional geometry involves following the radiation particles

backwards along their flight path from the radiation "detector" location (D

in Fig. 1) to the "escape" from the Monte Carlo problem boundary. This

following of particles backwards in flight, besides being equivalent to the

theoretical adjoint treatment, has the physical advantage for Monte Carlo

of starting particles at a point and scoring on large surfaces. This is

very helpful for obtaining good statistics in Monte Carlo analyses because

(1) fewer particle flights are needed to describe a point particle source

than a large source, and (2) more scores are generated when the scoring

surface is large and therefore easier to "hit" in Monte Carlo random walks,

thereby improving the statistics of the calculations.

3.2 MODIFICATIONS TO CALCUIATE FALLOUT PROTEFTION FACTORS.

For the calculation of fallout protection factors, it was

necessary to make several modifications to VCS. These changes included the

addition of logic in MORSE to score particles which intersect fallout

bearing surfaces within the Monte Carlo geometry (Figure 2) and the

modification of DRC to treat these scores. Also, since the free-field ra-

diation environment is well characterized by a one-dimensional discrete

ordinates calculation in plane geometry, DRC was modified to couple to

ANISN (Ref. 14) free-field fluxes instead of the two-dimensional DOT free-

field fluxes. These changes are described below, after a brief description .4

of the way that VCS calculates fallout protection factors.

V
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The calculation of fallout protection factors using VCS proceeds
as follows. First, the energy- and angle-dependent gamma ray free-field

environment from radioactive fallout is calculated with the one-dimensional

ANISN discrete-ordinates code using an infinite plane fallout spectrum

source on the soil surface. This calculation needs to be performed only

once since the resulting energy-, angle-, and elevation-dependent flux data

can be used for as many protection factor calculations as desired. The

geometry and material cross sections for the structure in question are then

prepared for input to the MORSE part of VCS. As with VCS calculations of

initial radiation, this geometry is defined, including the soil surface,

out to a "Monte Carlo Problem Boundary" surface. In the MORSE calculation,

adjoint particles are started at the detector location (D in Figure 2) and

followed backwards until they reach the Monte Carlo problem boundary

surface. A computer file of adjoint particle scores is created, with I

scores made for each adjoint particle crossing of a fallout bearing surface

(generally the soil surface and all roofs within the Monte Carlo geometry)

and each crossing of the Monte Carlo boundary surface (a particle
"escape").

After completion of the MORSE calculation, the MORSE output file e.

of particle scores is coupled with the free-field flux from ANISN via the .-

DRC code.

As mentioned, the fallout protection factor version of DRC treats two ,j

types of scores from MORSE: scores for particles crossing fallout contami-

nated surfaces (generally roofs and soil surfaces within the Monte Carlo

problem boundary), and particles which "escape" the Monte Carlo problem

boundary. With the two types of scores recorded by MORSE, it was necessary

to label each score as coming from an "escape" event or from a "boundary

crossing" at a fallout bearing surface. DRC then evaluates the dose at the

detector with the following expression, the second term of which was added

to treat the boundary crossing scores:

1.3
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Dose - (IGH) WATEfIGIGSH) R(IGS)

INHIST Escape R*(IGS)
Scores

+ 2 S(IG) • WATE(L,IG,IGS,H) R(IGS) • cos e

Boundary i n) . R*(IGS)
! Crossing

Scores

In the above,

NHIST is the number of particle histories simulated with
MORSE,

iM (IG,H) is the angle-, energy group- and elevation-dependent
angular free-field radiation flux from ANISN,

WATE .,IG,IGS,H) is the weight of a scoring particle (boundary crossing
or escape) of angle n, energy group IG, starting energy
group IGS, and elevation H,

R(IGS) is the detector response function for the energy group
of the adj )int source particle at the detector,

R*(IGS) is the source bias function used in MORSE,

S(IG) is the source strength for the energy group of the
particle at the scoring surface,

11 • n is the cosine of the angle formed by the particle unit
vector, 1), and the normal to the scoring surface, a, and

Cos e is the cosine of the roof or ground slope at the scoring
location. This factor is used to maintain a constant
source strength per unit of horizontally projected roof
or soil area.

The ease of scoring for adjoint Monte Carlo particles is affected not
only by problem geometry but by source and response function energy consi-

derations. In "following" adjoint particles backwards starting at the

"adjoint source" at the detector, the energy of the starting adjoint par-

ticle is selected randomly from the response function (e.g., tissue kerma),

and scoring is weighted by the energy spectrum of the fallout source. Since

14



the fallout source spectrum is broad, non-zero contributions are made for

most Monte Carlo scores. However, for calculations of fallout protection

factor experiments which used Cobalt 60 as the simulated fallout source,

many Monte Carlo scores resulted in zero contributions because of the

discrete Cobalt 60 gamma-ray energy emissions. This, plus the fact that

experiments can simulate only finite sized (rather than infinite plane)

sources makes the verification calculations of experimental results much

more difficult than production calculations of fallout protection factors.

To improve the statistics of VCS analyses where ring sources or narrow

annular area sources of Co-60 were used, a set of additional logic has been

added to MORSE to improve statistics. This logic, which is based on the

standard MORSE next-event estimation technique, provides a particle score

at a randomly selected point on the ring each time that a scattering event

occurs in the Monte Carlo geometry. The score made is the following:

'p

Score = W P( ) e-'

where W is the particle weight before the scattering event, P(.) is the

probability that the particle will scatter through angle of cosine p. toward l

the randomly selected point on the ring [P(p) is calculated from cross

section data by an available subroutine in VCS], q is the number of mean

free paths, and R is the distance from the scattering point to the scoring

point on the ring.

The 36 group cross section set, DLC-48/PVC, was used for the cal-

culations. This cross section set is the gamma only part of the 207 group

DLC-VITAMIN-C neutron plus gamma cross section set (Ref. 15). Table 1

lists the energy grouping for the 36 group cross section set along with

the Cobalt 60 source spectrum, the fallout source spectrum and the tissue

response kerma used in the fallout and validation calculations. The Cobalt

60 source spectrum is simple, containing a 1.0 for a source of one disinte-

gration per second per square centimeter of source area for each of the two
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Table 1. Thirty-six group fallout source spectrum and tissue response
function.

O-60 Fallout
Energy Energy Band Source Source Tissue Response
Group (Mev) Spectrum Spectrum Kerina

1 12.000-14.000 0 0 3.250E-09
2 10.000-12.000 0 0 2.830E-09
3 8.000-10.000 0 0 2.419E-09
4 7.500-8.000 0 0 2.143E-09
5 7.000-7.500 0 0 2.038E-09
6 6.500-7.000 0 0 1.932E-09
7 6.000-6.500 0 0 1.827E-09
8 5.500-6.000 0 1.964E-08 1.723E-09%
9 5.000-5.500 0 3.922E-08 1.617E-09
10 4.500-5.000 0 1.069E-09 1.513E-09
11 4.000-4.500 0 7.349E-05 1.403E-09
12 3.500-4.000 0 5.345E-04 1.288E-09
13 3.000-3.500 0 4.593E-03 1.170E-09
14 2.500-3.000 0 1.851E-02 1.050E-09
15 2.000-2.500 0 4.987E-02 9.150E-10
16 1.660-2.000 0 3.574E-02 7.915E-10
17 1.500-1.660 1 5.077E-02 7.102E-10
18 1.330-1.500 1 6.480E-02 6.541E-10
19 1.000-1.330 0 1.062E-01 5.638E-10
20 0.800-1.000 0 1.964E-01 4.562E-1021 0.700-0.800 0 1.009E-01 3.884E-10
22 0.600-0.700 0 9.620E-02 3.407E-10
23 0.512-0.600 0 7.082E-02 2.948E-10
24 0.510-0.512 0 1.537E-03 2.708E-10
25 0.405-0.510 0 4.743E-02 2.542E-10
26 0.400-0.450 0 4.189E-02 2.248E-10
27 0.300-0.400 0 1.002E-01 1.835E-10
28 0.200-0.300 0 5.959E-02 1.255E-10
29 0.150-0.200 0 4.475E-02 8.330E-11
30 0.100-0.150 0 3.808E-02 5.560E-11
31 0.075-0.100 0 1.136E-02 4.116E-11
32 0.060-0.075 0 6.013E-03 4.065E-11
33 0.045-0.060 0 6.681E-03 4.902E-11
34 0.030-0.045 0 8.017E-03 7.340E-11
35 0.020-0.030 0 6.681E-03 1.603E-10
36 0.010-0.020 0 8.084E-03 5.220E-10
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Cobalt 60 discrete emission energies (1.17 and 1.33 MeV). The fallout

source spectrum is based on data from Ref. 16 for gamma rays one hour after 0

U-235 fission, and the tissue kerma response function was derived from the

21 gamma group DLC-31 set (Ref. 17).

Cross sections were mixed for standard densities of air and soil

plus a number of common construction matericls, including wood, concrete,

plaster, etc. The elemental compositions and the density of the mixed

results are given in Table 2. In the MORSE calculations, it was necessary

to further mix these materials to obtain cross sections for major structure •

elements such as "external wall", "foundation", floor and ceiling", "inter-

nal partitions," etc. This operation was performed in MORSE by entering

the various materials comprising the structure element along with the

volume percent of the component. For example, a 4.5-inch thick internal

partition might be comprised of a 0.5 inch plasterboard layer on each side 7
supported by 1.5-in x 3.5-in two-by-four studding on 16-inch centers. The

volume fractions for these components would be 0.222 (1/4.5) for the

plasterboard and 0.073 (1.5 x 3.5/ 4.5 x 16) for the wood. When density

information is available for the components of specific structures,

adjustments are made by multiplying the volume fraction of that component '.4

by the ratio of the measured density to the density for the reference

material.
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SECTION 4
RESULTS OF VALIDATION CALCUJLATIONS

.

This section describes the results of comparisons between calcula-

tions made with the fallout protection factor version of VCS and

experimental data or accepted calculated results. The following test cases

are analyzed: dose rate 3 feet above an infinite Cobalt 60 plane source

(Section 4.1), analytic solution of uncollided dose from a disk source

(Section 4.2), foxhole (Section 4.3), NDL blockhouse (Section 4.4), KSU

house (Section 4.5), wood frame house (Section 4.6), two-story brick house

(Section 4.7), and Long Island (Boston Harbor) Barracks (Section 4.8).

4.1 COBALT 60 INFINITE PLANE SOURCE.

The first case was the dose rate at a height of 3 feet above an

infinite plane contaminated with 1 curie/ft2 of Cobalt 60. Several

different estimates of this dose rate are reported in the literature. For

example, Spencer (Ref. 2) lists experimental results by Rexroad and

Schmoke, (497 R/hr), McDonnel, et al., (464 R/hr) and Schumchyk, et al., %

(468 R/hr), and calculates a value of 482 R/hr. Eisenhauer (Ref. 18) calcu-

lated a value of 500 R/hr, and MAGI (Ref. 5) calculated a value of 492

R/hr.

A value of 493 R/hr was calculated with VCS and air and soil cross

sections based on the compositions shown in Table 2. This value is within

a few percent of all the above estimates.

4.2 ANALYTIC RESULTS FOR A DISK SOURCE. -'

Based on integration of radiation doses from a point isotropic

source, Foderaro (Ref. 19) gives the uncollided dose rate for a shielded

disk source: !

19

556 S - - . - .. .....



- - - - - -j~ ~:~zv~.~vW W.V W.. W.

p

K(E) ES
D = a [E (bl) - E (b, sec )]

where D is the dose rate from uncollided photons (R/hr),

K(E) is an energy flux to dose rate conversion factor (R/hr per

MeV/cm2-sec)

E is energy of source photon (MeV)

Sa is source strength per unit area (cm-2 sec-1),

El is an exponential integral function (dimensionless),

b1 is shield optical thickness (dimensionless), and

e is angle subtended by a disk radius as viewed from the detector.

Uncollided dose rates from ten disk sources ranging from 10 cm

radius to 100 meter radius were calculated from the above expression and

with VCS. Comparison of the results was excellent, with seven of ten

values agreeing within two percent and all but one agreeing within four

nerrent. The largest difference was 8.8 percent, for the 10-cm disk

,ource, which suffered from statistics as indicated by a VCS fractional

standard deviation of 9 percent for that calculation.

4.3 FOXHOLE.

Reference 2 describes experimental and calculated exposure factors

for foxholes of various geometries. The primary source of fallout radia-

tion dose in an uncontaminated foxhole is "skyshine" from photons scattered

in the atmosphere. A secondary source of dose in the foxhole is radiation

from sources at or near the foxhole lip which is transmitted through the

soil.

20
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Based on the data in Ref. 2 (pp. 428-442), a protection factor of

100 was derived for a foxhole with a solid angle view of the sky of 0.3

steradians. This protection factor included radiation from both skyshine

and the foxhle lip. A 5 ft by 5 ft (square cross section) foxhole 8.8 ft

deep with the detector point at a depth of 5.8 ft below the soil surface

was modeled for the VCS calculation. The VCS result for this foxhole was a

protection factor of 93.5, which differed from the Ref. 2 value by about 7

percent.

4.4 NDL BLOCKHOUSE.

References 2 and 20 also describe the results of dose reduction

factor measurements made in 1957 on a concrete blockhouse at the Nuclear

Defense Laboratory (now part of the Ballistic Research Laboratory). The

basic blockhouse is described as a square structure 12 ft on a side and 8

ft high of 4-inch poured concrete for a wall thickness of about 47 lb/ft2 .

The blockhouse contained 2 ft x 2 ft windows centered in three of the four

walls, but these were filled with concrete blocks. The fourth wall had a 2

ft by 6 ft doorway with a 47 lb/ft 2 sliding door. Except for a 1 ft cubical

hole dug in the center of the floor, it was essentially an above grade

structure. The roof of the basic blockhouse was comprised of 0.5 inch

plywood and 1 1/32 inch steel supported by a standard 10 inch wide-flange I

beam.

Separate dose measurements were made for roof and for ground

sources. Fallout on the roof was simulated by a grid of point Cobalt 60

sources spaced at 2 feet intervals, and the ground sources were simulated

by a grid of point Cobalt 60 source on the ground. For both roof and

ground sources, symmetry of the structure and detector locations was used
to reduce the number of cobalt sources required by a factor of eight. On

the ground, a variable grid spacing was also used, with a higher density of

sources placed near the blockhouse. Sources were placed out to a distance

of 405 ft from the blockhouse.

21
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Dose measurements were made for several roof and wall thicknesses

and for several detector elevations above the center of the floor. For

comparison with VCS calculations, 48 lb/ft 2 data for the basic blockhouse

roof and wall thicknesses of 42.17 lb.ft 2 and 48 lb/ft 2 respectively, were

selected.

The experimentally measured and calculated doses are compared in

Table 3 below. All of the results agree within 10 percent.

Table 3. Comparison of results for the NDL blockhouse.
(Doses in R/hr per curie/ft2 source)

Source Experiment VCS Ratio
Roof 22.7 23.1 0.98
Ground to 84.4 ft 88.9 98.3 0.90
Ground to 405 ft 128 131.6 0.97

4.5 KSU HOUSE.

The Kansas State University house (Ref. 21) was a 30 ft x 40 ft

structure constructed for the purpose of making protection factor measure-

ments on "typical American" houses. It had special design features which

allowed the variation of the exterior wall thickness, internal partition

configuration and exposed basement wall height and thickness. The above

variability was achieved by stacking concrete blocks or panels around the

exterior wall to alter the wall thickness from 5.5 lb/ft2 to 45.5 lb/ft2 ,

by moving the internal partitions, and by raising or lowering the floor,

which was supported by jack posts. It also had a 9 feet deep basement.

Fallout on the ground was simulated by the use of Cobalt 60

sources in a hydraulic source circulation system. Taking into account the

symmetry of the test structure, source tubing was placed in three zones.

Zone 1 extended from the exterior wall of the house to a radius of 80 ft

22 4

1%

" - . . .€ €€ € "X " " " "" " "" "'. " "3 ' ' " " ' 4" " ." ""



from the center of the house. Zone 1 had a 12 inch spacing between source

tubes. Zone 2 extended from the edge of Zone 1 to a radius of 125 ft from

the center of the house. Zone 2 used a 18 inch tube spacing. Last, Zone 3

extended from Zone 2 to a distance of 169 ft from the house center, and

used a 24 inch tube spacing. No sources were placed on the roof.

VCS comparison calculations were performed for three detector/

structure configurations: A detector 3 ft cm above the center of the

first floor for the structure with 5.5 lb/ft 2 exterior walls, detector 3 ft

above the center of the basement floor for the structure with 5.5 lb/ft
2

exterior walls, and detector 3 ft above the center of the basement floor

for the structure with 45.5 lb/ft2 exterior walls. The dose reduction

factor results (reciprocal of protection factor), given by source ring, are

given in Table 4.

Table 4. Comparison of VCS with experiment for Kansas State
University house.

Wall
Thickness Detector Source
(lb/ft)2  Location Ring Expt. VCS Ratio

5.5 First Floor 1 0.178 0.237 0.75
2 0.046 0.072 0.64
3 0.028 0.030 0.93

5.5 Basement 1 0.0058 0.0113 0.49
2 0.0020 0.0015 1.33
3 0.0012 0.0011 1.11

45.5 Basement 1 0.0070 0.0056 1.23
2 0.0021 0.0020 1.03
3 0.0013 0.0013 1.02

Agreement between measured and calculated values for the KSU house

is not consistent, with differences ranging from 2 percent to a factor of

two. The high values of the VCS dose reduction factors for the first floor

detector suggest that the actual mass thickness of the exterior wall was

larger than the 5.5 lb/ft2 indicated. The radiation dose for a first or

second story detector in a thin-walled structure with no roof source is

generally dominated by uncollided radiation transmitted through the walls,

doors and windows directly from the source. A mass wall thickness greater

23
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than the 5.5 lb/ft2 would have caused more attenuation of the direct radia-

tion, thus resulting in smaller measured dose reduction factors than

calculated with VCS.

The dose contribution to basement detectors in a structure with no

roof source is, however, more complicated. Except for a small amount of

radiation transmitted through the lip of the basement wall, the uncollided

dose from soil sources is almost totally eliminated by attenuation in the

soil. If the structure has thin walls, ceilings and roofs, skyshine (gammas

scattered in the atmosphere) is usually the dominant dose contributor. If

the structure has thicker walls, ceilings and roofs, the contribution by

skyshine is decreased by attenuation while the contribution from gammas

scattered by above-ground components of the structure is increased.

For thin structures with no roof source, the net effect in an

increase in the mass thickness of the exterior wall can be to increase the

dose at a basement detector. As shown in Figure 4-4 of Ref. 21, an

increase in the dose at the basement detector is expected with an increase

in the 5.5 lb/ft2 KSU house exterior wall thickness. Thus the basement N

detector reading for source ring 2 (ratio of 1.33 in Table 4) appears to be

consistent with the postulate that the wall thickness is greater than 5.5

lb/ft 2 . This does not, however, explain the basement detector reading for

source ring 1 (ratio of 0.49 in Table 4). The inconsistencies between the

measured and calculated dose reduction factors for the KSU house,

therefore, remain unexplained.

4.6 NTS WOOD RARM.

The NTS wood rambler is one of several residential type structures

built at the Nevada Test Site for the 1953 test series. As described in

Refs. 18 and 22, the wood rambler is a single-story wood frame structure

built on a slab. Its outside dimensions were 40 ft by 25 ft 4 inches.
Figure 3 shows computer drawn front and rear views of the structure.
Reference 18 describes the wood rambler as being of conventional design
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except for an above ground shelter consisting of walls, floor and ceiling

of 8 inch thick concrete in the bathroom.

Fallout protection factor experiments were performed on this

structure in the late 1950's. In separate parts of the experiment, sources

were placed on the roof and on the ground, the latter in the form of a 25.5

ft radius ring about the center of the house. Results of the experiment,

reported in Ref. 18 and as used here, were based on a normalization of

1 millicurie per square foot of horizontal roof area and on 2 millicuries

per foot of ring circumference.

Dose rates were calculated for five locations along a traverse of

the wood rambler centerline. The calculated results are compared with

measured results in Fig. 4, which also shows the detector locations on a

floor plan drawn by a graphics code from the Monte Carlo geometry. As

shown, agreement is generally good, with most dose rates comparing within

10 percent but with two points differing by about 25 percent.

4.7 NTS TWO-STORY BRICK HOUSE.

The NTS two-story brick house was also built at the Nevada Test

Site for the 1953 test series. This structure was 33 ft 4 inches in length

by 24 ft 8 inches width and had a 79.5 inch deep basement with seven

basement windows and an external entry. Front and rear views of the house

are given in Figure 5.

The walls of the house were load bearing, comprised of a 4 inches

thick brick veneer over 4 inches thick (but hollow) cinderblocks.

Reference 18 indicated that the outside wall thickness was "estimated to be

57 lb/ft 2 ', but on-site measurements of the actual wall dimensions and

subsequent measurements of the densities of material samples taken from the

wall indicated an actual wall thickness of about 78.6 lb/ft2 .
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Ring Source Roof Source

Detector Experiment Calculated Ratio Experiment Calculated Ratio I

A 7.73 5.83 0.75 38.0 36.9 0.97

B 4.41 3.65 0.83 43.1 38.8 0.90

C 1.41 1.73 1.23 42.3 48.1 1.14

D 2.00 2.12 1.06 50.0 46.0 0.93

E 6.43 5.96 0.93 52.7 51.2 0.97

I

A B C D E i

L.I .

_ €~-- p

I

Figure 4. Summary of results for the wood rambler. Values are

given in milliroentgens per hour.
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As with the wood rambler, fallout protection experiments were

performed using Cobalt 60 in a ring source configuration on the ground.

Unlike the wood rambler, however, no sources were placed on the roof as it

had been severely damaged in one of the weapon tests. Instead, measure-

ments were made with two ring sources, one with a radius of 25.5 ft and the

other with a radius of 42.5 ft.

Dose rates were calculated for 10 detector locations along corner

to corner diagonal traverses. Four detector locations were in the basement

and six detector locations were on the first floor. The calculated results

for the brick house are compared with measured dose rates in Figure 6.

Most results agree within 10 to 15 percent, but three detectors, F, G and

J, had calculated dose rates which were nearly a factor of two above the"-,

measured dose rates. Further investigation indicated that the dose rates

at these positions were very sensitive to detector height because of window

sills between the detector and source rings. Reference 18 indicates that

the detectors were often 2 to 6 inches below the reported height because of

sag in the strings supporting the detectors. Calculations performed with

detector locations lowered by 6 inches for these three detectors are in

much better agreement with the measured values.

4.8 LONG ISLAND BARRACKS.

The Long Island Barracks was a heavy brick structure located at

Fort Strong on Long Island in Boston Harbor. Built around 1910, it was 140

ft 4 inches long by 97 ft 1 inch wide overall, shaped like a large letter U

with the long dimension across the bottom of the U. The building, shown in

Figure 7, was three floors in height, had a slate roof and no basement

(Ref. 23). Unfortunately, the structure was destroyed in the early 1960's,

shortly after the radiation transmission experiments were performed.
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25.5 ft Ring Source 42.5 ft Ring Source

Detector Floor Experiment Calculated Ratio Experiment Calculated Ratio

A Bsmt 0.088 0.092 1.05 0.05 0.055 1.10

B Bsmt 0.167 0.163 0.98 0.08 0.076 0.95

C Bsmt 0.257 0.218 0.85 0.109 0.150 1.37

D Bsmt 0.228 0.209 0.92 0.129 0.150 1.16

E 1 2.79 2.39 0.86 1.10 0.98 0.89
,S

F 1 1.60 3.08 1.92 1.39 1.91 1.38

G 1 1.60 1.39 0.88 0.79 1.67 2.11

H 1 1.00 1.11 1.11 0.66 0.80 1.21 0

I 1 1.02 0.99 0.97 0.79 0.82 1.03

J 1 1.66 3.00 1.80 1.63 1.85 1.13

F* 1 1.60 1.68 1.05 1.39 1.81 1.30

G* 1 1.60 1.23 0.77 0.79 0.96 1.22

,1 1.66 1.45 0.87 1.63 1.97 1.21

*Detector lowered by 6 inches for expected string sag.

V

Basement Detectors First Floor Detectors

n 0

D I"
110 H~

U *%

AG J

11.

Figure 6. Comparison of calculated and measured results for 
the two-

story brick house. Values are in miliroentgens per hour.
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Reference 23 gave a fairly complete description of the barracks,

indicating structure dimensions, and floor elevations as well as floor and

ceiling thicknesses. The authors of Reference 22, however, were not able to

directly determine exterior and interior wall thicknesses and had to infer
these from broad beam attenuation of Cobalt 60 radiation through the walls.

Their estimates of wall thicknesses were 105 lb/ft2 for the exterior walls,

125 lb/ft2  for interior load bearing walls and 4.8 lb/ft2 for internal

partitions.

Simulated fallout dose rate measurements were made using cobalt
and iridium sources in annular bands around the building. Four source

zones were used, as shown in Figure 8. The first zone extended from the

building exterior walls to a radius of 100 ft from the center of the

building. The second, third and fourth zones were concentric, with annulus

band widths of 25 feet each. Building symmetry was used, reducing the

source layout by a factor of two for the inner three zones and by a factor

of four for the outer zone.

An area radiation source for each zone was simulated by use of a

hydraulic system which consisted of over a kilometer of polyethylene tubing
laid out in a pattern in the source zones. The ends of the tube were con-

nected to a large shielded cask which contained an encapsulated radioactive

source, either 200 curies of cobalt-60 or from 200 to 400 curies of

iridiux-192, attached to a small piston designed to fit the polyethylene

tubing. A constant volume pump, when actuated, caused the source to emerge

from its container and circulate through the tubing, finally returning to

its shield at the end of the run.

The initial dose rates calculated with VCS generally differed by

about a factor of two from the measured dose rates. Suspecting that the
problem was caused by an incorrect or incomplete description of the

strucure, a signifiant effort was made to obtain better data. At first

telephone calls were made in an attempt to locate as-built drawings or a

similar structure at another location. Calls were made to the city of
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Boston, the Long Island Hospital (which controls the site), the U.S. Army

Engineers, the National Archives in Waltham (just outside Boston), and I

others. When no additional information was found, a site visit was made to

determine what information, if any, could be gleaned from the remains of

the structure. Also, in the same trip, a search was made at the National

Archives and at the Long Island Hospital for useful material.

The only useful information found on this trip was the correct

thickness of the barracks exterior walls. Fortunately, a portion of one of

the exterior walls still stood. Unfortunately no interior load bearing

walls, floors or partitions, remained in recognizable form. The exterior

wall was found to be 12 inches thick (three courses) brick, which, with the

density of brick and mortar samples taken, gave an total wall thickness of

126 lb/ft 2  i.e., approximately 20 lb/ft 2 greater than indicated in the

literature.

Dose rates were calculated for one detector location on each of

the three floors of the Long Island Barracks. The results, given in terms

of the dose rate from each of the four source rings, are compared with the

measured dose rates in Figure 9. The agreement was substantially better

than obtained before the site visit; but still only about half of the

calculated results were within 25 percent of the measured results.

It is expected that the remaining differences between calculated
and measured dose rates are caused by discrepancies remaining in the P

structure model. Unless better descriptive information on the structure is

found, which appears unlikely at this time, it is doubtful that the

differences will be resolved.
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Dose rate, milliroentgens/hr
Detector Floor Source Ring Measured Calculated Ratio

I

3G 1 1 6.4 7.37 1.15

1 2 1.5 2.34 1.56

1 3 1.3 1.70 1.31

1 4 1.0 1.19 1.19

3C 2 1 5.3 12.3 2.31

2 2 3.0 4.40 1.47

2 3 1.5 1.86 1.24

2 4 1.6 1.63 1.02

8C 3 1 3.4 10.8 3.19

3 2 1.7 1.83 1.08

3 3 0.7 0.70 1.01

3 4 0.5 0.81 1.62

3G

3.

Figure 9. Comparison of measured and calculated Dose Rates for the
Long Island Barracks.
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SECTION 5

FPF VARIATIONS IN A STRUCTURE CATEGORY

5.1 FPF VARIATIONS IN A SINGLE-STORY WOOD FRAME HOUSE.

5.1.1 Description of the Baseline Structure.

The first structure analyzed for fallout protection factor

variations is a single-story wood frame house with a basement. The

baseline house is 40 ft in length by 24 ft wide, and has a 20 inch high

foundation and side wall heights of 10 ft 6 inches with a peak height of 14

ft 4 inches. The house has a full basement, with the elevation of the

basement floor being 65 inches below the ground level.

The house is of standard wood frame construction. The exterior

walls are comprised of 2x4 studding 16 inches between centers with

three-quarter inch wood sheeting and a half inch of wood siding on the

outside and a half inch of drywall plaster board on the inside. The

interior walls (partitions) have a similar 2 x4 studding composition, 16

inches between centers, but have half inch drywall plaster board on both

sides. The roof is of 2x6 rafters with 16 inch spacing and 3/4 inch

plywood sheeting covered by a 3/16 inch thick layer of asphalt shingle.

The floor is of 2xlO construction, 12 inches between centers, with 3/4 inch

plywood and carpet. The ceiling is of 2x6 construction on 16 inch spacing

with a half inch thick drywall plaster board. The foundation thickness is

10 inches of poured concrete.

Figure 10 shows front and rear views of the baseline single story

wood frame structure as modeled. Also shown is a plan view of the first

floor interior. This plan view shows the "detector" locations where the

protection factors are evaluated. Locations A, B, C and D are in the

basement, and locations E, F, G and H are on the first floor. All 1
protection factors were evaluated at a point 3 ft above the floor level. .
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5.1.2 Analysis of the Baseline Single-Story Wood Frame Structure.

The protection factors calculated for the baseline single-story

wood frame structure basement and first floor are as follows:

Table 5. Protection factor results for the baseline
single-story wood frame structure.

Basement First Floor

Point A 8.48 Point E 1.45
B 7.32 F 1.56
C 8.02 G 1.67
D 10.97 H 1.52

The above results show the expected large difference between

basement and first floor protection factors. The basement protection

factors are largest for locations near the walls or corners where the

basement walls reduce the view solid angle of the floor area above, from

which nearly all of the radiation dose to basement locations comes. The

protection factors for the first floor see the opposite effect, i.e., the

protection factors are highest at the center of the structure and lowest

near the walls. This difference between the basement and first floor

protection factor profiles is caused by the relative importance of the

radiation transmitted through the walls and the radiation coming from

above. The shielding effect of the basement walls is large, while the

shielding effect of the first floor walls is small.

5.1.3 Analysis of Structure Variations.

Calculations were performed to determine the effect of different

basement depths, of having no basement, of having an attached garage, and

of having no internal partitions (walls). The results of these

calculations are described below.
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Two additional calculations were performed to explore the effect
of different basement depths. The protection factors, evaluated for

location A in the basement, were as follows (the result for the baseline
case has also been included below to facilitate comparison):

Table 6. Variations of single-story wood frame
protection factors with basement depth.

50 inch deep basement, location A 7.09
65 inch deep basement (baseline) 8.48
80 inch deep basement 9.39

The variation with basement depth is clear for basements ranging
from shallow to deep. The protection factor increases with basement depth,
as expected, with an increase of about 33 percent seen for a deep basement

as compared to a shallow basement.

The effect of a basement on the first floor protection factors was
explored by altering the structure to eliminate the basement. Two

calculations were performed on the structure with no basement; for the
first calculation the basement window penetrations through the foundation

were assumed to still exist, while for the second calculation the basement
windows were eliminated. The results, calculated for detector location G

and compared with the results of the baseline structure (with basement) are

compared below:

Table 7. Effect of a basement on single-story wood frame
house first floor protection factors.

Baseline house (with basement) 1.67
Basement removed, but with foundation penetrations 1.65
Basement and foundation penetrations removed 1.67

The above results indicate that the effect of a basement on
above-ground protection factors is small. Also, the effect of basement

windows on above-ground protection factors is small. The difference
between the above results (1.67 and 1.65) is within the Monte Carlo
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statistics and are not believed to be meaningful, although it is expected

that foundation penetrations would usually slightly decrease the

above-ground protection factors.

The third variation investigated was the effect of an attached

garage. Figure 11 shows the modified structure with the added garage.

Protection factors were calculated in one basement location (location B)

and one first-floor location (location G). These results, compared with

the baseline, are as follows:

Table 8. Effect of an attached garage on the single-story
wood frame house protection factors.

Location B without garage (baseline) 7.32
Location B with garage 7.01
Location G without garage (baseline) 1.67
Location G with garage 1.69

These results indicate that an attached garage can be expected to

slightly reduce the protection factor in the basement. The decrease in the

basement protection factor is caused by the relocation of part of the

fallout radiation source from the ground under the garage roof (where the

source is shielded by the basement wall and foundation) to the roof, where

the line-of-sight shielding is considerably reduced. The difference

between the with- and without-garage results for the first floor are within

Monte Carlo statistics and are not meaningful.

The last variation on the single-story wood frame house was the

effect of the internal partions. To explore the effects of the internal

partitions, a calculation was performed on the structure with all the

internal partitions removed. The results, calculated for location G, are

compared with the results for the baseline structure below.
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Figure 11. Single-story wood frame house with attached garage.
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Table 9. Effect of internal partitions on single-story .
wood frame house protection factors.

Location G with partitions (baseline) 1.67 N
Location G without partitions 1.42

The above results indicate that the internal partitions can

significantly affect the protection factor for a light structure. This is

not in agreement with observations by Robinson, et. al, (Reference 21).

However in the structure analyzed by Robinson, the partitions did not

obscure the line of sight toward all walls as is the case here for location

G. Also, the structure treated by Robinson had thicker exterior walls.

5.2 FPF VARIATIONS IN A TWO-STORY BRICK FACE HOUSE. S

5.2.1 Description of the Baseline Structure.

The second structure analyzed for fallout protection factor •

variations is a two-story brick face house with a basement. The baseline

house is nearly square, being 32 ft long by 28 ft wide. It has a 30 inch

high foundation, side wall heights of 20 ft 1 inch, and a peak height of 30

ft. The house has a full basement with the elevation of the basement floor

being 54 inches below the ground level.

The house is of standard wood frame brick face construction. The

exterior walls are comprised of 2x4 studding 16 inches between centers with

a four- inch thick layer of brick and mortar on the outside and and a half

inch of drywall plaster board on the inside. The interior walls

(partitions) are the same as for the single-story wood frame house, i.e.,

2 x4 studding 16 inches between centers with a half inch drywall plaster

board on both sides. The roof is of 2x6 rafters with 16 inch spacing and

3/4 inch plywood sheeting covered by a half inch thick layer of wood

shingles. The floor is of 2xlO joists, 16 inches between centers, with

3/4 inch plywood. The first-floor ceiling is of 2x8 construction on 16 inch
•4 &N
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spacing with 3/4 inch plywood above and half inch thick drywall plaster

board below. The second -floor ceiling is 2x6 construction on 16 inch S

spacing with a half inch thick drywall plasterboard below. The foundation

thickness is 10 inches of poured concrete.

Figure 12 shows front and rear views of the baseline two-story

brick face structure as modeled, and figure 13 shows plan views of the

first and second floor interiors. The plan views also show locations where

the protection factors were evaluated. Locations A and B are in the

basement, locations C and D are on the first floor, and locations E and F 0

are on the second floor. All protection factors were evaluated at a point 3

ft above the floor level.

5.2.2 Analysis of the Baseline Two-Story Brick Face Structure.

The protection factors calculated for the baseline two-story brick

face structure are as follows:

Table 10. Protection factor results for the baseline
two-story brick face structure.

V"

Location A, Basement center 13.9
Location B, Basement quadrant 15.3
Location C, First floor center 3.57
Location D, First floor quadrant 3.20
Location E, Second floor near center 3.51
Location F, Second floor quadrant 3.40 .'

As with the single-story wood frame house, the above results show

a large difference between basement and above-ground protection factors.

The basement protection factors are largest for locations near the walls or

corners where the basement walls reduce the view solid angle of the floor

area above. The above-ground protection factors see the opposite effect,

i.e., the protection factors are highest at the center of the structure and

lowest near the walls. There is very little difference between the first-

floor protection factors and the second-floor protection factors for this

structure.
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Figure 13. Interior of two-story brick faced house. %

45

pN-

I n'L %% % %



Ile

5.2.3 Analysis of Structure Variations.
I

Calculations were performed to determine the effect of a different
length- to-width ratio for the house, of different window sizes, and of
having fewer or no internal partitions. The results of these calculations

are described below.

A calculation was performed with the house length and width

modified to 37 ft 4 inches and 24 ft, respectively (Figure 14). These new V
dimensions preserved the total floor area of the structure. The protection 1

factor, evaluated for location C (on the first floor), is as follows (the .4
result for the baseline case has also been included to facilitate

comparison):

Table 11. Variation in two-story brick face protection
factors with structure length-to-width ratio. X

32 ft by 28 ft house (baseline) 3.57
37 ft 4 in by 24 ft house 3.62

The differences between the results are within Monte Carlo

statistics and are not significant.

The effect of window sizes on the first floor protection factor
was explored by altering the structure to exactly double the area of the

the first and second floor windows (Figure 15). The protection factor

result for detector location C is compared with the corresponding result

for the baseline structure below:

Table 12. Effect of window size on two-story brick
face house first floor protection factor.

Baseline house 3.57
House with enlarged windows 2.73
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The above results indicate that the effect of window size on

above-ground protection factors of the two- story brick face house is S

significant. These data indicate that window size can affect the

protection factors for this type of structure by up to 30 percent.

The last variation investigated for the two-story brick face house
was the effect of the internal partitions. To explore the effects of the

internal partitions, a calculation was performed on the structure with all

the internal partitions removed. The result, calculated for location C, is

compared with the result for the baseline structure below.

Table 13. Effect of internal partitions on two-story
brick face protection factors.

Location C with partitions (baseline) 3.57 S
Location C without partitions 3.30

The above results indicate that the internal partitions have a

small effect on the protection factor for the brick structure. This

conclusion differs from that made for the single story wood frame house; S

however, the mass thickness of the partitions, while the same for both

structures, contributes a smaller fraction of the total shielding effect to

the two story brick face structure than to the single-story wood frame

structure.
.4

5.3 FPF VARIATIONS IN A THREE-TO FIVE-STORY BRICK FACE APARTMENT

BUILDING.

5.3.1 Description of the Baseline Structure.

The third structure analyzed for fallout protection factor 0

variations is a four-story brick face apartment house with a basement. The
baseline structure is 133 ft 4 inches long by 66 ft 8 inches wide. It is

35 ft 10 inches high, has a flat roof (Figure 16), and has a full basement

with the elevation of the basement floor being 90 inches below the ground .%

level. It has a 6-inch high foundation.
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The exterior walls of the structure are comprised of 2x4 studding -.

16 inches between centers with a four inch thick layer of brick and mortar

and 3/4 inch plywood sheeting on the outside and and a half inch of drywall

plaster board on the inside. The interior walls (partitions) are the same

as for the single-story wood frame house, i.e., 2 x4 studding 16 inches

between centers with a half inch drywall plaster board on both sides. The

first floor is of 8 inch thick concrete. The upper-level floors and the

roof are of 8 inch thick 50 percent density concrete, with a half inch of

drywall plasterboard on the underside of the ceilings and a quarter inch of

asphalt roofing on the roof. The foundation thickness is 10 inches of

poured concrete.

Figure 17 shows the floorplan, with all floors being the same.

The floorplan shows three of the four locations where protection factors

were evaluated. Location A is at the center of a basement quadrant and is

not shown; locations B, C and D apply to each floor. All protection

factors were evaluated at a point 3 ft above the floor level.

I

5.3.2 Analysis of the Baseline Four-Story Brick Face Structure.

The protection factors calculated for the baseline four-story

brick face structure are as follows:

Table 14. Protection factor results for the baseline
four-story brick face structure.

I

Location A, Basement quadrant 531.
Location B, First floor 9.18
Location B, Second floor 17.2
Location B, Third floor 18.0
Location C, Third floor 17.3
Location D, Third floor 13.9
Location B, Fourth floor 10.9
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As with the single-story wood frame and two-story brick face

houses, the above results show a large difference between basement and

above-ground protection factors. The protection factors for the second and

third floors are larger than those for the first and fourth floors. This

is because the second and third floors are farther from the fallout

radiation sources on the ground and roof and because the intermediate

floors provide additional shielding between the fallout radiation source

and the "detector" location.

5.3.3 Analysis of Structure Variations.

Calculations were performed to explore the effect of different

numbers of floors in the structure, of balconies on upper-level floors, and

of having fewer or no internal partitions. The results of these

calculations are described below. 
-

Calculations of the protection factor in the basement quadrant %

(point A) and the center of the first floor (point B) were performed for

three- and five-story apartment buildings which differed from the baseline

four- story structure only by the addition or deletion of one intermediate

floor. The structures analyzed are shown in figure 18. The protection

factors, evaluated for locations A and B, are as follows (the result for

the baseline case has also been included to facilitate comparison):

Table 15. Variation in apartment house protection factors
with the number of floors.

Three-story structure, point A (basement) 457
Four-story structure, point A (basement) 531
Five-story structure, point A (basement) 572

Three-story structure, point B (first floor) 8.6
Four story structure, point B (first floor) 9.2
Five story structure, point B (first floor) 9.9

5
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The effect of balconies on the protection factor was explored by

altering the structure to include an external balcony for each apartment as

shown in figure 19. The balconies were assumed to be of the same materials

and thickness as the floors, i.e., 8 inch thick 50 percent density

concrete, or of wood (2 by 6 joists with 16 inch spacing supporting 3/4

inch thick flooring). The balconies were assumed to be contaminated with

fallout to the same density as the fallout on the surrounding soil

surfaces. The protection factor results for detector location B on the
third floor are compared with the corresponding result for the baseline

structure below:

Table 16. Effect of balconies on four-story apartment
house third floor protection factor.

Baseline structure 18.0
Structure with concrete balconies 18.5
Structure with wood balconies 18.0

The above results indicate that balconies do not greatly affect

the protection factors for the particular situation, i.e., an intermediate

level floor on a brick faced apartment building for a "detector" location

fairly deep within the structure. It may be expected that "detector"

locations nearer the balconies would show a much larger effect, but no

calculations were performed for such locations.

The last variation investigated for the four-story brick face

apartment house was the effect of the internal partitions. To explore the

effects of the internal partitions, a calculation was performed on the

structure with all the internal partitions removed. The result, calculated

for location B on the first floor, is compared with the result for the

baseline structure below.

Table 17. Effect of internal partitions on four-story brick
face apartment building protection factors.

Location B with partitions (baseline) 9.2

Location B without partitions 4.9
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The above results indicate that the internal partitions have a -J

significant effect on the protection factor for the brick faced apartment I

building. This conclusion differs from that made for the two-story brick

faced house. However, the apartment building has many more partitions than

the two-story brick faced house, so that the total shielding effect of the

partitions is greater for the apartment building than for the house. Also,

the window sizes on the apartment structure are large, reducing the

relative importance of the shielding in the outer walls.
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