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PREFACE

The conclusions given in this report are based upon the "Engineering

Manual (PM 100-1)" method for calculation of "protection factors". Since an

error analysis is not presently available, the conclusions shotld be

regarded as tentative, pending the development of such an analysis. In

addition, a redistribution of fallout and/or changes in the MV-ray

spectrum emitted by the fallout may introduce further uncertainties into

these conclusions.
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ABSTRACT

This is Volume IV of four separately bound volumes that report the research

completed under the general terms of the Office of Civil Defense Subtask No.

3233B, "Radiological Recovery Requirements, Structures, and Operations Research".

This volume contains the supporting data related to decontamination analyses of

twelve sites and facilities from Detroit, Michigan. Volume I describes the

general aspects of the investigations and presents the conclusions and recommenda-

tions.
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Decontat,•nation Analysis of Selected Sites
and racilities in Detroit, Michigan

I. INTRODUCTION

A. Objectives

This report presents the results of an analysis of the cost and effectiveness

of decontaminating selected sites and facilities in Detroit, Michigan. The purpose

of this analysis is to:

1. determine the extent to which decontamination can accelerate a postattack

recovery;

2. determine the reduction in dose-rate at several detector lccations for

various strategies of decontamination;

3. determine the reduction in dose for persons performing operat:ions in the

activity area; and

4. compute cost estimates in time and manpower for practical decontamination

operations.

B. Approach

The method of analysis in this report is basically the same as that used in

Initial Considerations for an Analysis of Decontamination Effectiveness in '"unicip,3l
1/

Areas, (Ref. l).-

The two basic assumptions underlying the calculation of all of the decontaminatioa

effectiveness data remain:

I. the intensity at a specified detector location is linearly and independently

related to the intensity contributions frcem the various contaminated plants.

That is, if Ij is the intensity

at detector location j. then one may write:

-C + c, + . + C()
n

where the C1 ' are the i ctdivlcual zontributions from the n contamiti-ted

- J. T. Ryan, Research Triangle Institute, (196S)

1



planes which contribute to the intensity at detector location j, -nd

2. the intensity duc to the i.b contaminated plane is directly proportional

to the amount of fallout material on the ith contaminated plane.

Therefore, the intensity at location j after only the kth area is decontami-

nated Ik is given by Eq. (2).

k
I =I -CF kjI (2
Ij • j -Gk,i Ij (2)

where I. is the intensity at locatioa j prior to decontamination of plane k; Fkj

is tnh fraction of fallout removed from the kth contaminated plane; and Ck, is the

fraction of the total intnnsicy prior to decontamination at detector j due to

contaminated plane k. In other words,

CF pe-decontamination intensity at detector from kth area (3)
k,j total pre-decontamination intensity at detector j

Other parameters and symbols used are

1. RN. = the intensity reduction factor. This is the fraction of pre-decon-

tamination dose-rat.e remaining at detector location j after decontamina-

tion has been accomplished.

2. RNA = the activity dose reduction factor. This is the fraction of pre-

decontamination dose accumulated by person performing activity A after

decontamination has been accomplished. (4)

The values needed to determine the objectives set forth in I.A. above were

determined by use of two computer programs. The Ci values were obtained through the

use of tite program described in Computer Program for Anavsis cf Rui!ding Protection

FactorG Parts I and II, (Ref. 2).- This is a FORTRAN p:cgram, based on fallout

radiation shielding techniques, which is Jesigned Lr accurately describe the doses

within real structures. The remaining values were determined through the use of the
3!

program dTescribed in AFORTLRM Program fer Decontanination Anala'sis, (Ref. 3).1' This

-/E. L. Hill, T. Johnson, and R. 0. Lyday, Jr., Research Triangle institute, (1965)

•/C. Dillard and J. Ryan, Research Triangle Institute, (1965)

2



program, also written in FORTRAN, is a debugged and tested program for computing the

effectiveness parameters used to analyze municipal decontamination. The C. values

were inputs to the latter program. Also, values taken from Figures 2 through 8 of

Initial Considerations fcr an Analysis -! Decontamination Effectiveness in Municipal

Areas, (Ref. 1) l/ were inputs to determine costs in time and manpower to decontaminate.

Because the data on Detroit was limited in many cases to Sanborn maps and photo-

graphs, it was necessary to assume certain pertinent information such as roof and floor

PSF, percent of apertures, etc. in some of the case studies. However, it is believed

that the assumptions made are realistic, and do not bias the results of the analysis to

any appreciable degree.

On some of the case studies fallc.t shelters are assumed to exist and are given

an arbitrary PF. This is because Sanborn '-aps do not indicate basements and we were

unable to gain entrance to 3ome of the facilities ,tudied. Therefore, although they

are considered as detector locations, the location of fallout shelters are not generally

shown on the figures.

C. ContentF

This report contains the compiled results of an analysis of the application of

decontamination efforts to numerous sites and facilities in Detroit, Michigan. Figure

I shows the location of the sites and facilities considered, and the accompanying

legend identifies them.

For eachi of the activity areas, the intensity reductions at a number of detector

locatioias are determined for various levels of practical decontamination procedures.

Dose reductions for specified =•tivity patterns within the activity area are also

shuwn. In addition cost data is presented for a number of the studies corresponding

to the effective, ess achieved.

1/
J. T. Pya.i, Research Triangle Institute, (1965)
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Figure I

A Map of the Greater Detroit Area Showing the
Locations of the Sites and Facilities Considered in this Analysis
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Legend for Figure 1

1. Mercy Hospital

2. E. J. Korvette apartment Store

3. Springwelis Water Pumping Station

4. Mistersky Power Plant

5. Cobo Convention Hall

6. City-County Building

7. Detroit City Airport

8. Detroit Office of Civil Defense Building

9. Saint Mary's High School and Elementary School

10. Isaac Crary Elementary School

11. Cadillac Motor Car Division of General Motors Corporation

12. Pure Oil Gas.,line and Service Station

5



II. DECONTAMINATION ANALYSIS OF MERCY HOSPITAL

A. Discussion

Mercy Hospital at 2929 West Boston Boulevard is located in a semi-residential

area. It is surrounded by two and three story apartment houses. A school play-

ground is directly behind the building.

Figure 2 is a simplified diagram of the hospital, showing the locations of

detectors and indicating the locations, sizes, and surface materials of some of

the contributing planes of contamination to the activity area. Figures 3 through

14 are a number of photographs taken in and around the hospital, showing some of

the contaminated planes and other features of the area that would influence

decontamination. Figure 15 is a map indicating the locations and directions of

the photographs.

7



SCALE 0 - Detector Location i
0 50 1oo FEET

Paved Streets - 90,000 Square Feet

Grass Lawns, etc.
1,000 Square Feet'@9

0
O41

0

03

Tar and Gravel C

Roof of Hospital -

7,200 Square Feet Bare Earth and
Crush Stone

Playground -
63,000 Square Feet

Figure 2

A MAD of the Area Around Mercy Hospital Snowing the Locations
of Detectors and Indicating the Sizes, and Surface Materials

of the Potentially Contributing Contaminated Planes
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Figure 3

View I Mercy Hospital
A View of the Fror.t of the Building
Showing the Large Glass Windows in

the Center Lobby

Figure 4

View 2 - Mercy Hospital
A View of the Street and L,:m. in Front

of the Building
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View 3 -Mercy Hospital-
A View of the Hospital Showing a
Nearby Fireplug

Figure 6

View 4 Mercy Hospital-
A View of the Side Street Next to
theŽ Hospital

I ()



Figute 7

View 5 - Merc~y Hospital -

A View of the Alley and Parking Lot

Behind the Hospital

Figure 8

View 6 -MeL¢• Hospital -

A View of the Parking Lot Behind the Hospital.
andI the Cinder Block Rear Wall of the Building



Figure 9

View 7 -Mercy Hospital
A View of the Tar and Gravel Roof
of the Hospital

ViVW 8 -Mcrcy Ho~spital -

A V iCW Of the R001 Of Lhe Haosp ita
Shiowing Lhe, Portioni ot t'c BUild im,

'%IJ s Two Storiud



View 9 - -1ercy lsta
A View ofc t e fo p t i Ta e r m A r sthe Cornerth isiaTae rmAos

InterSertion

Vj~~~~'th 10T',vf oe



Figure 13

View 11 Mercy Hospital-
A View of a Patient's Room in
the Hospital

Figure I't

View 12 -Mercy Iloopital
A View of the Wash Room (Note that the
Interior Walls are also Constructed of
Cinder Block)

1 4



I _ _ _ __ _ _

(Numbers in the Small Circles
Correspond to the View Numbcrs
as Indicated in the Titles
Beneath the Individual
,Photographs)

Figure 15

A Map of the Area Around Merc) Hospital Showing the Locations and
Directions of the Photographs Shown in Figures 3 through 14

15



B. Definition of Activities

Six diff-rent activity patterns are considered in this analysis. Ten detector

locatioiis are used to characterize theae activity patterns. These detector loca-

tions are as follows:

Detector Location Description

1 Center corridor on the first floor

2 Corridor of the surgical wing on the first floor

3 Operating room

4 Emergency room

5 Lobby

6 X-ray room

7 Office

8 Patient's room off the main corridor

9 Patient's room off the side corridor

10 Basement shelter area

The activities are described entirely according to the amount of time that an

activity pattern requires a person to spend at each of the detector locations.

Thus, Table I defines the six activity patterns.

Table I

FRACTION OF TIME AS REQUIRED BY ACTIVITY Ai TO BE SPENT AT
DETECTOR ,OCATION j IN MERCY HOSPITAL

Detector Location j
!Activ-23 J79

I ity I 3 4 5 6 5 9 lO-
iPattern Center Patient'l, Patient's Base-

Ai crridor Corridor Opera- Emer- Room on Room on merit
(Ist Surgical ting gency X-ray Main Side Shelter
Floor) Wing Room Room Lc bby Room Office Corridor Corridor Area

A05 .00 .00 .20 .00 .00 .00 .25 .10 .40

A2.10 .00 .30 .00 .00 .25 .15 .10 .00 .40

A3.00 .05 .50 .05 .00 .05 .05 .00 .00 .30

A o00 .0o .o0 .00 .20 .o00 .o o00 .00.8
A6 00 .10 .20 .20 .00 .05 .00 U5 .5 .35

16



C. Protection Factors

1. Original PF's at Decector Locations (See Figure 2)

Detector Location Original PF

I Ceuter corridor on first floor 9.8

2 Center corridor of the surgical wing on the

first floor 5.1

3 Operating room 5.9

4 Emergency room 5.9

5 Lobby 4.3

6 X-ray room 6.3

7 Office 4. 6

8 Patient's room off main corridor 5.1

9 Patient's room off side corridor ". 8

10 Basement shelter area 44

2. Equivalent Protection Factors for Activity Patterns

Activity (See Table I) Eluivalent PF

Al 8. 5

A2  9.0

A3  7. 8

A4 7. 7

A5  15

A6  8. 1

D. Contaminated Planes

Identification Area Si z,, Surface

Number Deecription (in ft 2 ) Material

1 Hospital Roof 7,2`0 Tar and Gravel

2 Parking Lots 2,800 Asphalt

3 Streets 90,000 Asphst

4 ?layground 63,000 Bare Earth and
Crushed Stone

5 Lawns, Bare Earth,
etc. 1,000 Grass and Ground

17



E. Contribution tc Intensity Factors (Cii Values>

The following gives the s9ructural characteristics of the building which were

required to calculate the cortribution to intensity values:

a. Exterior walls - 121' lightweight cinder block (61 lb/ft 2 ).

b. Interior walls - 12" lightweight cinder block (61 lb/ft2).

c. Floors - 3" reinforced concrete (37 lb/ft 2 ).

d. Roof - 3" rtinforced concrete with tar and gravel (39 lb/ft 2 ).

Table II lists the contribution to intensity factors of the various planes to

the selected detectur locations.

Table II

CONTRIBUTION TO INTENSITY FACTORS (Cij VALUES)
FOR MERCY HOSPITAL

Detector Location j
123 14 5 6 7 180Contami- I 3atii6 9 i

Cntae Center C *Patient's •Patient'
Plte Corridor orOpera- Emer-I Room on Room on Basemen

(st Surgical ting gency X-ray Main Side Shelter

Floor Room jRoom Lobby Room Office Corridor Corridor Area

1 Hospital
Roof .0848 .1880 .0812 .0814 .0837 .083 .0821 .1170 .1168 .0064

2 Parking

Lots .0069 .0043 0481 .0488 .0024 .0395 .0026 .0660 .0730 .0088

3 Streets .0027 .0021 .0221 .0235 .1t28 .0025 .1100 .0034 .0123 .0939

4 Playgrounds .0018 .0008 .0084 .0081 .0006 .029C .0006 .0016 .0016 .0013

5 Lawns, Bale
Earth, etc. .0062 .0012 .0101 .0C90 .0309 .0054 .0216 .0079 .0063 .0023

18



F. Relative Intensity Contributions 'CFij Values)

The relative intensity contributions (fraction of total intensity) are given

ii Table 1IT below.

Table III

PRLATIVE INTENSITY CONTRIBUTION (CFij VALUES)
FOR MERC,' HOSPITAL

Detector Location j
Contami- 1 2 3 4 5 6 7 8 9 10
I nated

nane Center I Patient's Patient's Base-
Plane orrdor Corridor Opera- Emer- Room on Room on ment

(1st Surgical ting gency X-ray Main Side Shelter
___ Floor Wing Room Roam Lobby Room Office Corridor i Corridor Area

Il Hospital
Roof .83 .96 .48 .48 .36 .52 .38 .60 .56 .28

12 parking 3 .

Lots .07 .02 .28 .29 01 .25 .01 .34 .35 39

!3 Streets .03 .01 .13 .14 .49 .02 .51 .02 .06 .17

4 Play- .02 .00 .05 .05 .00 .18 .00 .01 .01 .06grounds

i5 Lawns,
Bare
Earth, .06 .01 .06 .05 .13 .03 .10 .04 .03 .10
e19
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G. Cost and Effectiveness

The cost and effectiveness data for selected methods of decontaminating sur-

faces are given 4.n the following table.

Table IV

COST AND EFFECTIVENESS DATA FOR SELECTED METHODS OF DECONTAMINATING
SURFACES FOR MERCY HOSPITAL

Kass Reduction
Factor (Fraction Team No.

Identi- Surface fallout material Hours in
fication (Surface remaining after of Team

Method Symbol Number) decontamination) Effort_

[Firehose A Hospital Roof (1) .07 0.5 7

Firehose B Hospital Roof (1) .01 1.0 7

Firehose C Parking Lots (2) .02 0.1 5
Firehose D Streets (3) .02 1.8 5

Grader E Playground (4) .10 15.1 1

Bulldozer F Lawns, Bare Earth, etc(5) .10 0.ý 1

Flusher G Streets (3) .02 0.9 1

Street Sweeper H Streets (3) .15 C.9 I

20



H. RNj Values

The fractions of intensity remaining (RN. Values) for selected strategies of

decontamination are given in Table V below.

Table V

FRACTION OF INTENSIT7 REMAINING (RN1 VALUES) FOR SELECTED
STRATEGIES FOR DECONTAMINATING AROUND MERCY HOSPITAL

Combined Dete-ýtor Location j

Strategy i 2 324 5 6 " 8 9 10
of Center Patient's Patient's Base-

Decontami- Corridor Corridor Opera- Emer- Room on Room on ment
nation (Ist Surgical ting gency X-ray Main Side Shelter

_Floor Wing Room lRoom Lobby Room Office Corridor Corridor Area

A .23 .11 .56 .56 .66 .51 .65 .44 .48 .74
.18 .05 .53 .53 .64 .48 .63 .41 I .45 .72

IC .93 .98 .72 .72 .99 .76 .99 67 o6

'D .97 .99 .87 .87 .52 .98 .50 .98 .94 .83

E .98 1.00 .96 .96 1.00 .84 .0 .99 .99 .95

F .95 .99 .95 .95 .88 .97 .91 .96 .97 .91

A+C .16 .09 .28 .28 .65 .27 .64 .11 .14 .36

A+G .20 .10 .43 .42 .18 .50 .15 .43 .43 .57

A+C+G 14 .08 .15 .14 .17 .26 .14 .10 .08 .19

A+F+H .15 .10 .39 .39 .13 .47 .13 .39 .41 .50

A+C+D+E+F .07 .07 1 .05 .05 .05 .06 .05 .05 .05 .05

B+C+D+E+F .02 .01 .02 .02 .03 .03 .02 .02 .02 .03
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I. RNA Values

The activity reduction factors for related strategies and all activity patterns

are given in Table VI below.

Table VI

ACTIVITY REDUCTION FACTORS (RNA VALUES) FOR SELECTED STRATEGIES
OF DECONTAMINATION AND ALL ACTIVITY PATTERNS FOR MERCY HOSPITAL

Selected Activity Pattern
Strategies _.

of
econtami- A1  A2  A3  A4 A5  A6

nation

S.50 .53 .54 .66 .68 .48

B .46 .50 .51 .63 .66 .45

C .69 .81 .76 .96 .89 .75

D .93 .83 .85 .53 .61 .91

E .98 .93 .95 .99 .98 .96

.96 .94 .95 .91 .89 .96

&+C .19 .35 .30 .62 .57 .23

A+G .43 .36 .39 .19 .29 .39

A+C+G .12 .19 .15 .15 .18 .14

A+F+H .39 .33 .36 .16 .23 .36

A+C+D+E+F .05 .06 .05 .05 .05 .06

B+C+D+E+F .02 .03 .02 .03 .03 .02

J. Conclusions

Effective root decontamination appears to be the best "single-plane" strategy

of decontamination. Itsi cosL effectiveness is most easily seen by noting that

approximately a one hour effort by a seven-man firehosirg crew could reduce the

mass loading to one percent of its original level. Sach an effort would reduce the

intensity by as much as 95% at one of the detector locations considered in this

analysis (corridor-surgical wing) and by at least about 50% almost everywhere else

in the hospital outside of the front lobby an l office section. Combined with a few

minutes effort firehosing the parking lots and paved areps close to the building,

the roof decontamination strategy (Strategy B) would reduce the intensity at most

22



detector locations to about one third of the pre-decontamination intensity.

If all of the potentially contributing planes of contamination were effectively

decontaminated, the intensity would be reduced by about 97%. Such a combined

strategy (Strategy B+C+D+E+F), hozever, would cost over thirty man-hours of effort.
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III. DECONTAMINATION ANALYSIS OF E. J. KORVErrE DEPARTMENT STORE

A. Discussion

The E. J. Korvette store on Telegraph Road is a very large two story building

surrounded by large paved surfaces (parking lots and sLreets). Figure 16 is a

map of the area showing the locations of the detectors and indicating the sizes

and surface materials ol the contributing planes of contamination. Figures 17

through 24 sre photographs taken around the area, showing some of the contaminated

planes and other features of the area that would influence decontarmination.

Figure 25 is a map showing the locations and directions of the photographs,
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SCALE 0 - Detector Location i
0 100 200 FEET

Earth and Fields -
100,000 Square Feet

Tar and Gravel St.-e
Roof - 70,000 Square
Feet

Asphalt Parking Lot -

270,000 Square Feet

.60

Concrete Streets - 110,000 3quare FeeL

Figure 16

A Map of the Area Arond the E. J. Korvmtte Departmnt Store
Showing the Locations of Detectnrs and indic3tLng the !:.zeip,

and Surface Materials of th'- Potentially Contributing Contaminate,4 'anez
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Figure 17

View 1 E. J. Korv'ette Department Store-
A View of the Parking Lot on the~
Left Side of the B~uilding

2 -2E. J. KorvetAt n'irtmrtf' Storv
A View of the Fio tVdrk,1lg 'Io



Figure 19

View 3 - E. J. Korvette Department Store -

A View of the Large Tar and
Gravel Roof Surface

Figure 20

View 4 - E. J. Korvette Deportinent Store
A View of the Southeast Corner of
the Roof Showing the ReLative Size
of one of the Drains
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Figure 23

View 7 - E. J, Korvette Department Store
A View uf the Alley and Parking
Area South of the Building

Figure 24

View 8 - E. J. Korvette Department Store -

A View of the Patio Store on the

North Side of the Building
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(Numbers in the Small Circles Correspond to the View Numbers
as Indicated in the Titles Beneath the Individual Photographs)

Figure 25

A Map of the Area Around the E. J. Korvette Store Showing the
Locations and Directions of the Photographs Shown in Figures
17 through 24
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B. Definition of Act4 "lities

Three activity patterns are consid .red in this analysis. Seven detetctor

locations are used to characterize these activities. These detector locations

are:

Detector Location Description

1 Center of First Floor

2 Center of Second Floor

3 Off-c,?nter Location on First Floor

4 Off-center Location on Second Floor

5 Office on Second Floor

6 Center of Parking Lot

7 Shelter Area in Partial Basement

The activities are described entirely according to the amount of time that

the activity pattern r2quires a person to spend at each detector location. Thus,

Table VII defines the activity.

Table VII

FRACTION OF TIME AS REQUIRED BY ACTIVITY Ai TO BE SPENT AT
DETECTOR LOCATION j AT THE E. J. KORVETTE DEPARTMENT STORE

'Detector Location j

Activity I 2 3 4 5 6 7
Pattern Center Center Off Center Off Center Office Center Shelter Area

Ai of 1st of 2nd Location on Location on on 2nd of Park- in Partial
Floor Floor 1st Floor 2fid Floor Floor ing Lot Usement

Al .30 .00 .30 .00 .00 .00 .40

A2 .00 .05 .05 .00 .50 .00 .40

3 .00 .00 .00 .20 .00 .40 .40

32



C. Protection Factors

1. Original PF's at Detector Locations (See Figure 16)

Detector Location Orizinal PF

1 Center of First Floor 52

2 Center of Second Floor 13

3 Off Center Location on 1st Floor 14

4 Off Center Location on 2nd Floor 13

5 Office on 2nd Floor 13

6 Center of Parking Lot 1.4

7 3helter Arei in Partial Basement 28

2. Equivalent Protection Factors for Activity Patterns

Activity Pattegn (See Table VUI) Equivalent PF

Al 25

A2 17

A3 3.1

D. Contaminated Planes

Identification Area Size Surface

Number Description (i Material

1 Store Rcof 70,000 Tar and Gravel

2 Parking Lot 370,000 ksphalt

3 Streets 110,000 Concrete

4 Earth and Fields 100,000 Bare Earth Grass, etc.
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E. Contributiou to Intensity Factors (C44 Values)

The following gives the structural characteristics of the building which were

required to calculate the contribution to intensity values.

1. Exterior Walls - 12" cinder block with brick facing except on store

front which was 807. glass with asbestos backdrops on 1st floor; 107.

apertres on 2nd floor. (108 lb/ft2 ).

2. Large 2 feet by 2 feet posts throughout store; no interior partitions

except in 2nd floor office area.

3. Roof - 4" reinforced concrete with tar and gravel cover (55 lb/ft 2 ).

4. Floors - 6" reinforced concrete with k" vinyl tile (80 lb/ft 2 ).

Table VIYI lists the contribution to intensity factors of the various planes to

the selected ctor locations.

Table VIII

CONTRIBUTION TO INTENSITY FACTORS (CijVALUES)
FOR E. J. KORVETTE DEPARTMENT STORE

Detectot Location j
Con tamina ted 1 2 3 1 4 5 6 7
Plane i Center Center Off Center Off Center office Center Shelter Area

of Ist of 2nd Location on Location on on 2nd of Park- in Partial

Floor Floor Ist Floor 2nd Floor Floor ing Lot Basement

1 Store Roof .0084 .0702 .0081 .0692 .0698 .0001 .0311

2 Parking Lot .0100 .0034 .0604 .0073 .0057 .6918 .0021

3 Strvets 0000 .0000 .0001 .0000 .0000 .0304 .0000

4 Earch and

Field .0010 .0008 .0009 .0005 .0013 .0112 .0019
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F. Relative Intensity Contributions (QFF4 Values)

The relative intensity contributions are given in Table !A below.

Table IX

RELATIVE INTENSITY CONTRIBUTIONS (CFij VALUES)
FOR E. J. KORVETTE DEPAR21ENT STORE

Detector Location j
Contaminated 1 2 3 4 5 6 7

Plane i Center Center Off Center Off Center Office Center Shelter Area
ýof 1st of 2nd Location on Location on on 2ndl of Park- in Partial

loor I Floor lst Floor 2nd Floor Floor Lot Basement

1 Store Roof .43 .94 .12 .90 .91 .00 .89

2 Parking Lot .52 .05 .87 .09 .07 .94 .06

3 Streets .00 .00 .00 .00 .00 .04 .00

4 Earth and
Field .05 .01 .01 .01 .02 .02 .05

G. Cost and Effectiveness

The cost and effectiveness data for selected methods of decontaminating

surfaces are given in the following table.

Table X

COST AA'D EFFECTIVENESS DATA FOR SELECTED METRODS OF DECONTAMINATING
SURFACES FOR E. 1. KORVETTE DEIhRThLENT STORE

Mass Reduction

Factor (Fraction Team
Identi- Surfa t- fallout material H~ours No.
fication (Surface rcmainti af..r of in

Method Symbol Number) lecantarni,jtfon) Effort Tram

Firchose A Store Roof () .01 9.8 7

Firrhose B Store R,>of (1) . 12 3.o 7

Firchosc C 1 Parking Lot (2) .02 7..

ltrut Swer per D Fdrkjng Lot (2) .01 4.8 1

tluher E ?rj kinK Lot (2) .01 1.7 ,

Firro,•,r F Strt-t (•) .2 2 . S

G1ushrr iStrceet 3) .0 '1 1

_radr _ jEarth ir-d &icldsQ( .10 G



H. RNj Values

The fraction of intensity remaining for selected strategies is given in Table

XI.

Table XI

FRACTION OF INTENSITY REMAINING (RN VALUES) FOR SELECTE1,
STRATEGIES FOR E. J. KORVETTE DEPARTMENT STORE

Detector Location j

1 2 3 4 5 6 7
Combined Center Center Off Center Off Center Office Center Shelter Area
Strategy of Ist of 2nd Location on Location on on 2nd of Park- in Partial

Floor Floor 1st Floor 2nd Floor Floor ing Lot Basement

S.57 .07 .88 .11 .10 1.00 .12

B .62 .17 .90 .2i .20 1.00 .22

C .49 .96 .15 .91 .93 .08 .94

D .51 .96 .17 .91 .93 .09 .94

F 1.00 1.00 1.00 1.00 1.00 .96 1.00

iH .95 .99 .99 .99 .98 .99 .95

A+C or A+E .07 .02 .03 .02 .03 .08 .06

B+C or B+E .11 .12 .05 .12 .13 .08 .16

+C+F .07 .02 .03 .02 .03 .03 .06

+E+G+H .02 .01 .02 .01 .01 .02 .02

36



I. RNA Values

The activity reduction factors for selected strategies and the activity

patterrsare given in Table XII.

Table XII

ACTIVITY REDUCTION FACTORS (RNA VALUES) FOR SELECTED STRATEGIES AND
THE ACTIVIT7 PATTERNS FOR THE E.J. KORVETTE DEPARTMENT STORZ

Activity Pattern

Combined AAi
Strategy AI A2  A3

A .58 .15 .92

B .62 .24 .93

C .47 .89 .15

D .48 .89 .17

F 1.00 1.00 .96

H .97 .98 .99

A+C or A+E .05 .04 07

B+C or B+E .10 .13 .08

A-HtF .05 .04 .04

NA E4G+Il .02 .01 .02

J. Conclusions

Almost all of the intensity at all of the dvtector locations considered would

come from either the roof or a paved surface. Therefore, the protection could be

increased by a factor of from ten to twenty at mosc places inside the store (or

outs4.c on the parking lot) with only a modert decontamination effort. For

example, co,.,1bined strategy B÷E (firehoeing the roof and flushing the parking lot)

would cost approximately 25 man-hours of e'ffort and reduce the intensity at most

detector locationL by factors ranging frow sven to fiftren.
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IV. DECONTAMINATION ANALYSIS 0? SPRINGWELLS WATER PUMPING STATION

A. Discussion

The Springwells Station is a water pumping plant located in about the center

of a 53 acre tract of land. The plant is capable of pumping 540 million

gallons per day. Several buildings comprise the plant. some of these are a

pumping plant building, a turbine biilding, an office building (with chemistry

laboratoriet), 2 filtration buildings, and a control house. Most of the land

around the buildings is covered with grass or brick tile.

figure 26 is a map of the area around the plant, showing the sizes and sur-

face materials of the contributing planes of contamination as well as the loca-

tions of the detector positions selected for this analysis. Figures 27 through

52 are photographs taken around the &rca showing some oi t~e contaminated planes

and other features of the area that would influence decontamination. Figure 53

is a nap showing the locations and directions of the photographs.
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SCALE 0 " Detector Location i
0 100 200 "'ET

Composition Shingle Roof
(D-iof High Life and Low-- •I Life Plant-

Roofs of Buildings 43,000 Square Feet
Housing the Boiler
House, Turbine House,
and Switch House - --Paved Parking Lot3, Side-
78,000 Square Feet walks, and Driveways -

4 oe 30,000 Square Feet

Chemical Building 5Office Building

Tar and Gravel G Ln
Poofs of Old 80Gr00ss Lawns -

Filter Building 800,000 Square Feet
Chemica i
Building Annex
and Office
Building - Old Filter
140,000 Square Building
Feet

J

New Filter Building

Figure 26

A Map of the Area Around Springwells Station Showing the Locations
of Detectors and Indicating the Sizes, and Surface Materials

of the Potentially Contributing Contaminated Planes
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Figure 27

View 1 -Springwells Station-
A View of the Interior of the Pumping
Plant Showing the Heavy Wall Construction
and Large Windows

Ffgurz.1 8

Vie~w 2 -Springwi1lls Station-
A Vie~w cf Zhe Interit.-r of thv Puimping. Plant
Shoswinrf, the Door and Windowv~s to tli, Cent itr
11ouse



Figure 29

View 3 -Springwells Station-
A View of One of the High Lift Pumps
and Well Areas in the Pumping Plant

Figure 30

Vie'w 4 -Springwcdls Star ion
A View of the Interior of the High Lift
ruimp Section of the Pumping Plant



-

Figure 31

View 5 - Springwclls Station -

A View of the Low Lift Pump Section
in the Pumping Plant

*k

Figure 32

Viý-,,, - Snringwell. Station -

A View of the Wel l Arva of the Low Lift
Pump in the Pumping PLant

43



Figure 33

View 7 - Springwells Station -

A View of the Pumping Plant Showing the
25 Fec•t Di/ trick Walk Around the
Buildin7

Figure 34

Vi•w S Springwells Station

A View of the Parking Are-ok and Driveway
5rtwc•n the romping Plant and the Old
Filter Suiti W i

*4 A



Figure 35

View 9 Springwells Station -

A View of the Large Grass Lawn Over the
Filtration Reservoirs in Front of the
Old Filter Building

Figure 16

View [0 - Springwells Station -

A View of the Cvrass 1,a&,n Behind the
Turbine BufldinK



Figure 3-7

View 11 -Springwells Station-
A View of the Interior of the Chemistry
Laboratory on the Second Floor of the
Office Building

Vivw I.'- SprinW~cl1. Station
Anojttcr View of the Tntrttrior of the

4ý6
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Figure 39

View 13 - Springwells Station -

A View of the Lower Roof of tl
Old Filter Building

Figur.v 4n

View 04 -- Sp-in-J "s s+tat io
A~ VIew of t h- Tar And~ Cz--v. ;f~s of

"7



Figure 41

View 15 -Springwells Station-
An Interior View cf the Old Filter
Building Showing the Aisles, Filter
Beds, and Skylights

"4 2

View 1b Springweli~i SiL.tion
An Interior View of the New Filter
Buil1ding Shiowing tht Aisle~s, Windows5
tc the Filter Rods, mnd Skviightb



Figure 43

View 17 Springwells Station -

An Exterior View of Or~e of the Driveways
Between the Buildings Showing a Typical Drain

F igure 44

View 18 - Sprlngwells Station -

A View ef the PArking Area Showing thv
Sidewalk cn. the L<t. Attached to thu

Turbine House
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Figure 45

View 19 -Springwells Station-
A View of the Road Which Runs in
F~ront of the Old and New Filter
Buildings

FigureŽ 46

View i0 Springwells Station
An Interio: View of che *1ixing
Chamber Attached to the Olid
Filter Bxilldiný-

50



Figure 47

View 21 -Springi-lells Station-
A View of the Roof of the Off ice
Building

Figure 4.8

View 22 -Springvells Station-
A Ciose-up View of the~ Drain
vo.' tho Roof of the Officiý Bildin~g



Figure 49

View 23 -Springwells Station
A View of the Interior of the
Chemical Mixing Room

Figure 50

View 24 -Springwells Station
A View of the Paved Area Behind the
Mixing Chamber Building
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II

Figure 51

View 25 - Springwells Station -

A View of the Paved Area in Front
of the Garage and Service Area

- i

Figure 52

View 26 - Springwells Station
A View of the Interior of the Control
House Showing the Protective Shielding
Near the Work Desk
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4 19

20 2 o -- -

(Numbers in the Small Circles
Correspond to the View Numbers
as Indicated in the Titles
Beneath the Individual Photo-
graphs)

Figure 53

A Map of the Area Around Springeells Station Shoving the
Locations and Directions of the Photograplts Shown in figures
27 through 52

54



B. Definition of Activities

Seven activity patterns are considered in this analysis. Nine detector loca-

tions are used to characterize these activities. These detector locations are:

Detector Location Description

1 Center of First Floor in High Lift Plant

2 Control House

3 Center Location in Turbine House

4 Off-center Location in Turbine House

5 Chemistry Laboratory in Office Building

6 Office in Office Building

7 Aisle in Old Filter Building

8 At Meter Control in Center of Grass Latm

over Filtered Water Reservoir

9 Shelter Area in Basement Area near

Low Lift Plant

The activity patterns are described entirely according to the amount of time

that an activity pattacrn requires a person to spend at each of the detector loca-

tions. Thus, Table XIII defines the seven activity patterns.
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C. Protection Factors

1i Original PF's at Detector Locations (See Figure 26)

Detector Location Original PF

1 Centev of First Floor in High Life Plant 14

2 Control House 58

3 Center Location in Turbine House 15

4 Off, center Location in Turbine House 18

5 Chemistry Laboratory in Office Building 12

6 Office in Office Building 14

7 Aisle in Old Filter Building 5.8

8 At Meter Control in Center of Grass Lawn

over Filtzred Water Reservoir 1.8

9 Shelter Area in Basement Area near Low

Lift Plant 68

2. Eciuivalent Protection Factors for the Activity Patterns

Activity Pattern (See Table XIII) Equivalent PF

Al 20

A2  61

A3  8.8

A4  26

A5  20

A6 38

A7  26
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D. ContAmina ted Planes

Identification Area SIze Surface
SNumber D ftion (in ft _ Material

1 Roofs of Old Filter Building, 140,000 Tar and Gravel
Chemical Building Annex, and
Office Building

2 Roof of High Lift and Low, Lift 43,000 Composition
Plant Shingle

3 Roofs of Buildings bousing the 78,000 Tar and Gravel
Boiler House, Turbine House,
and Switch House

4 Paved Parking Lots, 30,000 Asphalt and
Side Walks, and Driveways Brick Tile

5 lawns 800,000 Grass

E. Contributions to Intensity Factors (Cij Vales

The following gives the structural char&cteristics of the building which were

required to calculate the contribution to intensity values:

a. Exterior wall of high and low lift pumpin& plant - 12" concrete, 1"

terra-cotta, 4" col -3n brick, 1" baked tile, 6" air space, 50%

apertures with sill heights at 2 feet. (wall weight 150 lbs/ft 2).

b. Roof of Pumping Plant - 4" concrete, 16 oz. copper, 1" cork (51 lbs/ft 2).

c. First floor of Pumping Plant - 18" concrete with asphalt tile (200 lbs/ft 2 ).

d. F- cerior Walls of Office Buildirg - 41" brick veneer, 1" plaster, 20%

apertures (40 lbs/ft 2 ).

e. Floors of Office Building - 6" reinforced concrete with 3/4" wood

flooring (77 lbl/ft 2 ).

f. Roof of Uffice Building - 6" reinforced toncrete covered with tar and

gravel (77 lbs/ft 2 ).

g. Interior Partitions of Office Building - dry wall plaster (5 lbs/ft 2 ).

h. Exterior Walls of Turbine House - 12" concrete, 1I" terra-cotta. 4"

coanon brick, V" baked tile, 8" air space, 40% apertures with 2 feet

still hright (150 lbs/ft 2),
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i. Roof of Turbine House - 4" concrete, 16 oz copper, l" cork (51 lbs/ft2).

J. Exterior Wall of Old Filter Building - 4" brick veneer, 1" asbestos,

1" tile (44 lbs/ft 2 ).

k. Roof of Old Filter Building - 3" concrete over aisles, 3" concrete with

1" tar and gravel over filter beds, skylights over each aisle (43 lbs/ft 2 ).

1. The walls and roof of the Control House are the same as those for the

Pumping Plant cxcept the apertures constituted only 15% of the Exterior

Walls.

Table XIV lists the con'.'rtbution to Intensity factors of the various planes

to the selected detector locations.

F. Relative -Intensity Coutributiong Cij Yalu es)

The relative intensity contributiors are given in Table XV,
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G. Cost and Effectiveness

The cost and effectiveness data for selected methods of decontaminating sur-

faces are given in the following table.

Table XVI

COST AND EFFECTIVENESS DATA FOR SELECTED METHODS OF DECONTAMINAPTING
SURFACES FOR SPRINGWELLS WATER PUMPING STATION

.Mass Reduction
Factor (Fraction Tcam

Identi- Surface fallout material Hours No.
fication (Surface remaining after of in

Method Symbol Number) decomtmination) Effort Team

Firehose A Roof of Old Filter .01 19.6 7
Building, Chemical
Building Annex, and
Office Building (1)

Firehose B Roof of Old Filter .07 9.0 7
Building (1)

Firehose C Roof of Old Filter .12 6.0 1
Building (1)

Firehose D Roof of Lift Plant (2) o03 3.4 6

Firehose E Roof of Lift Plant (2"! .08 1.1 6

lFirehose F Other Roofs (3) .01 10.9 7

Firehose G Other Roofs (3) .12 3.4 7

Trirehose H Paved Parking Lots and
Side Walks (4) .02 0.6 5

Vacuumized Sweeper I Paved Parking Lots a
Side Walks (4) .02 1.2 1

Flusher J Paved Parking Lots and .02 0.3 1
Side Walks (4)

Grader K .1wns (5) J ....... 192.0

W.Rj VAlueS
The fraction of intensity remaining for selected strategies is given iin Tablw,

XVII.
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I. R Values

The activity reduction factors for selected strategies and the activity

patterrs are giverL in Table XVIII.

Table XVIII

ACTIVITY REDUCTION FACTORS (RNA VALUES) FOR SELECTED STRATEGIES AND
THE ACTIVITY PATTERNS FORTHE SPRINGWELLS WJATER PUMPING STATION

Combined Activity Patterns
S tra tegy -...

A1  A2 A3  A4  A5  A6  A7

A .97 1.00 .41 1.00 .59 .97 1.00

B .98 1.00 .45 1.00 .61 .97 1.00

D .51 .65 .94 .81 .85 .73 .13

F .98 .44 1.00 .22 1.00 .83 .91

1 .60 .93 .98 .99 .83 .54 .99

J .60 .93 .98 .99 .83 .54 .99

K .96 1.00 .71 1.00 .77 .96 1.00

A+G .96 .50 .41 .30 .59 .82 .92

C+F .96 .44 .48 .22 .63 .80 .91

A+D+F .46 .09 .35 .03 .44 .53 .04

C+E4G+J+K .06 .10 .11 .1i .09 .06 .08

+D+F+H+K .03 .02 .04 .01 .04 .02 .03

J. Conclusions

Since the detector locatious are spread over a large area and the contribu-

tions to intensity are from several different planes of contamination, substantial

reductionr in intensity at several different detectors would incur high costs in

ttrvns of man-hours of decontamination effort. Except for the detectors in the

office building and the detector at the outdoor meter, the lawn contribution is

not high. A substantial effort, however, would be rcquired to decontaminate the

lawns and earth surfaces (approximately 200 man-hours). Thus, decontaminating
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the unpaved ground surfaces does not seem to be a good strategy. Most of the

buildings are surrounded by paved areas from ten to twenty feet wide so that

firehosing the roofs and paved areas would substantially reduce the intensity

at most detectors.

Just decontaminating all of the roofs, say strategy A+D+F would reduce the

intensity at most indoor detector locations, except for those in the office

building, by at least a factor of ten. Such A., effort would cost about 300 man-

hours, or abotit 35 team-hours, of effort. Four or five firehose crews could

do the job in about 7 or 8 hours.

If a high reference intensity occurs, such decontamination could not begin

before two or three weeks without exposing the decontamination teams to high

doses of gammna radiation.
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V. DECONTAMINATION ANALYSIS OF MISTERSKY POWER PLANT

A. Discussion

Mistersky Power Plant at 5425 West Jefferson Avenue is an electric steam

generating plant located on the Detroit River. It is in a heavily developed

industrial area and is surrounded by small factories and warehouses.

Figure 54 is an aerial photograph of the plant showing all of the buildings

in the complex as well as the large coal yard between the buildings and the

Detroit River. Figure 55 is a map of the plant area showing the locations of

the detectors and indicating the sizes and surface materials of some of the contri-

buting planes of contamination tr the activity area. Figures 56 through 89 are a

number of photographs taken around the plant, showing some of the contaminated

planes and other features of the buildings and the area that would influence de-

contamination. Figure 90 is a map showing the locations and directims of the

! photographs.
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SCALE 0 - Detector Location i

0 100 200 FEET

Bare Earth Service Yard
200,000 Square Feet

Tar and Gravel 0
Roof of Office
and Shop -

, 5,500 Square 0

Lot and Driveway
35,000 Square Feet

Ne0 B 0 Coal Yard - 300,000 Square
Paed0Room Old 0 1 Feet-.Streets• Aole Feet

i00,000 • Tar and Gravel Roof

" Squart TRoine 0 of Building Which
Fee0 Contains the Switch

House, Bo2.'le Rooms,
9 "and Turhinc Room -

Switch House 1 92,000 Square Feet

Figure 55

A Map of the Area Around Mistersky Power Plant Showing the Lo,:ations
of Detectors and lndicating the Sizes, and Surface Material.;

of the Potentially Contributing Contaminated Planes
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Figure 56

View 1 - Mistersky Power Plant
A View of the Interior of the Turbine
Room

Figure 57

Vi*14 2 - Misterskv Pcwr Plant -
A View of ýhe Interior of the Turbine
Room Showing the Control Room Where Per-
sons Must be Stationed to Operate th.'
Plant
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Figure 58

View 3 - Mistersky Power Plant -

A View of the Interior of the Turbine
Roca Sh,.'ing the Relative Size of the
Large Windows

i~

Figure 5q

View 4 - tistorskv Power FlAn1.

A 0Aasv-up Vi'w of the Stee'el Trit~as anO
C.)rrugatec Itrior ci the R')of of t~h
Turb inc- Rotm
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Figure 60

View 5 - Mistersky Power Plant -

A View of the Service a�id Storage
Yard Next to the Power Plant

�'�ure �d

V o� b - Kh�Ler�)ev Pc�t�,t Pi�tnt
A View the Reor �f th� $.'rvicc
Yar�i Sh�i 4in� tt�� Ah S� Ic



Figure 62

View 7 Mistersky Power Plarnt-
A View of the Drivew~.ay and Perking Lot
Between the Plant Building. ardc the Office
Builaing

Figure 63

8 -8 Misterskv Powe~r Plant
A Vivw. ol tile Ioof of rile OffAice ~jdr~
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Figure 64

View 9 - Mistersky Power Plant -

A View of the Large Bare Earth Yard
and Parking Lot Southwest of the Power
Plant

. I/I

Figure 65

View 10 Mistersky Power Plant
A View of the Northeast Wall of the
Plant Bv'l ding
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Figure 66

View 11 -Miscersky Power Plant-
A View of So~me of the Semi-Residentiea.
and~ Commercial Area Around the Plar~c

Figure 67

Viw12 Xiisezr~kv Power '"1ant
Another View of thc Ari:& in the
VIciniity ol the Plant
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Figure 68

View 13 - Mistersky Power Plant -

A View of the Screen House (Operated by
Remote TV Control) and the Coal Yard

Figure 69

View 14 - Misterskv Power Plant
A View of the Breaker a'se and
Convxvyor Belt Adjacent LO the Coal
Yard
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Figure 70

Viewz 15 -Mistersky Power Plant
A View of the Several Levels of Roofs
on the Plant Building

Figure 71

View lb6 Mistersky Power Plant
A View of the Southwest Wal~l of the
Power Plant
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Figure 72

View 17 Mistersky Power Plant -

A View of the Tar and Gravel Roof
of the Turbine Room

Figure 73

View 18 - Mistersky Power Plant
A View of one of the Lower Roofs Between
Sections of the Plant Ruilding
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Figure

View 19 - Mistersky Power Plant -

.A View of Another Lower Section of Roof
Between Sections of the Plant Building

Figure 75

View 20 - Mist'rskv Pow.,r Plant
A V.-Žw of Another Lto*A.r Scction of Roo( With M.aim
Obstructions Whij.h Would bidluemnec Decontanitnati tn
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Figure 76

View 21 - Mistersky Power Plant -

A View of the Roof of the Switch
Room Showing a Large Drain

Figure 77

View 22 Misrirsky Power Plant -

A View of the Roof of the Turbine Room
Showing the Large Wall Along the Edge
of the Roof
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Figure 78

View 23 - MisLcrskv Power Plant -

A View of the 17npet Roofs Cv.Žr the
Boiler Rooms Showing the Large
Obstructions to Decontamination

Figure 79

Vi.wc ? - Miser,,r•k Power Plant
A V ,vw of the Upp-.r Roof il thi. Bi lx

St, Used for



Figure 80

View 25 - Mistersky Power "Lant
A View of the Control Switch Panel on
Fourth Floor of the Boiler Buildirg

FLgurc Fl

Vicý 26 - MiLt.rok- Powrv Flak -

A View of the RWomo'rt TV Control
to thc_ S,,rorn d~ouso
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Figure 82

View 27 Mistersky Power Plant -

A View of the Chemical Control Panel on

the Fourth Floor in the Boiler Building

A V i T!i il r om -t;o z-m

thr 2 > i" 4ii b~
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Figure 84

View 29 - Misters~y Power Plant
A View of the Circuit PancI on the
Second Floor of the Switch House

Figure !5

View 30 - Mis-ersky Powcr Plart
A View of Some of tOx Machinery o, the
Se:ond Floor in the Boler 3uilding
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Figuze 86

View 31 - Misterskv Power Plant -

A View of the Fire Hose at the Exit
to the Roof of the Turbine building

Figure 87

View 32 Mistersky Power Plant
A View of ",. Gratitn , to C Third
Floor of 04o Boi cr Bu



Figure 88

View 33 - Mistersky Power Plant -

A Close-up View of One of the Pipes Which
Shows that Much of the Exterior Diameter
of the Pipes Is a Low Density Asbestos
Insulation

F',gure b9

View. 14 Mister~ky Power Plant
An Inte.:ior View cf the Conveyor
Room Which Fee' ds Crushed Coal to the
Boilers
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ENLARGEMENT OF POWER PLANT

as i

(umBeerAin the Snmaiv iual rPhce-

I graphs)

""-LARGE AERIAL
.PHU OGRAPH

Figure 90
A Map of the Area Arcund the Misterskv Power Plant Showing the

Locations and Directions of the Photographs Shown in Figure 54
and Figures 56 through 89
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B. _Definition of Activities

Fifteen different activity patterns are considered in this analysis. Eleven

detector l,>cations are used to characterize these activity patterns. These de-

tector locations are as follows:

Detector Location Description

1 Center Location in Plant Office

2 Center Location in Old Boiler Room

3 Center Location in New Boiler Room

4 Off-center Location in Old Boiler Room

5 Control House

6 Center Location in Turbine Room

7 Off-center Location in Turbine Room

8 Center Location on Third Floor of Switch
House

9 Center Location on First Floor of Switch
House

10 In Coal Yard on Bulldozer

11 Shelter Area below New Boiler Room

The activities are described entirely according to the amount of time that

an activity pattern requires a person to spend at each of the detector locations.

Thus, Table XIX defines the fifteen activity patterns.
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C. Protection Factors

1. Original PF's at Detector Locations (See Fizure 55)

Detector Location Original PF

1 Center Location ika Plant Office 14

2 Center Location in Old Boiler Room 30

3 Center Location in New Boiler Room 28

4 Off-center Location in Old Boiler Room 52

5 Control House 69

6 Center Location in Turbine Room 625

7 Off-center Location in Turbine Room 769

8 Center Location on Third Floor of Switch House 130

9 Center Location on First Floor of Switch House 45

10 In Coal Yard on Bulldozer 1.4

11 Shelter Area below New Boiler Room 385

2. Equivalent Prctection Factors for the. Activity Patterns

Activity Pattern (See Table XIX) Equivalent PF

A1  40

A2 57

A3  65

A4  91

A5  27

A6 89

A7  70

A8  23

A9  476

A10  571

All 194

A12 ll?

A13  70

A14 91

A15 12



D. Contaminated Planes

Identification Area Size Surface
Number Description (in ft 2 ) Material

1 Roof of Building which contains 92,000 Tar and Gravel
the Switch House, Boiler Rooms,
and Turbine Room

2 Roof of Office and Shop 5,500 Tar and Gravel

3 Parking Lots and Driveway 35,000 Asphalt and
Concrete

4 Coal Yard 300,000 Coal Piles

5 Service Yard 200,000 Bare Earth (oil
drums and other

materials stacked
throughout area)

6 Streets 100,000 Asphalt

E. Contributions to Intensity Factors (Cij Values)

The following gives the structural characteristics of the building which were

required to calculate thb contribution to intensity values:

i. Floors in Old Boiler House - 6" to 12" reinforced concrete. (Their

thickness varied considerably) (100 lbs/ft 2 ).

b. Floors in New Boiler House - metal floor grating (40 lbs/ft 2).

c. Floors in Switch House - 12" reinforced concrete except fourth floor

which is 36" reinforced. concrete (150 lbs/ft 2 except fourth floor

which Is 400 lbs/ft 2 ).

d. Exterior Walls of Plant Building - 13" reinforced concrete, 12 3/4"

brick, 30% apertures (300 lbs/ft 2 ).

e. Exterior Wall. of Office Building - 6" concrete, 8" brick, 20/

apertures (135 lbs/ft 2 ).

f. Floors of Office Building - i0 wood with concrete and steel support

beams (30 lbs/ft').

Table XX lists the contributtion to intensity factors of the various planes to

the selected detector locations.

F. P&Ative Intensity Contributions (CFij VAlueF)

The relative intensity contributions are given in Table X).
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GC C(ost and Effectiveness

The cost and effectiveness data for selected methods of decontaminating sur-

faces are given in Table DLII.

Table XXII

COST AND EFFECTIVENESS DATA FOR SELECTED METHODS OF DECONTAMINATING
SURFACES FOR MISTERSKY POWER PLANT

Mass Reduction
Factor (Fraction Team

Identi- Surface fallout material Hours No.

fication (Surface remaining after of in
Method - Svmbol. 1. *.,er) ldecontimnation) Effort Team

Firehose A Roof of Main Plant (1) .01 12.9 7

Firehose B Roof of Main Plant (1) .07 5.9 7

Firehose C Roof of Main Plant (1) .12 4.0 7

Firehose D Roof of Office and Shop (2) .01 0.8 7

Firehose E Parking Lots and Drive- .02 0.7 5
way (3)

Vacuumized Sweeper F Parking Lots and Drive-
way (3) .09 1.4 1

Flusher G Parking Lots and Drive- .02 0.4 1
way (3)

Bulldozer H Coal Yard (4) .10 72.0 1

Bulldozer I Service Yard (5) .10 48.0 1

Flushe S ... 02

H. .Ni Values

The fraction of inLensity remain.rng for select-' atrategies is given in Tarle

XXIII.

I- J21A Values

The activity reduction factors for selected strategies and the alctivity patterns

are givmn in Table XXIV.
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J. Conclusions

Many locations inside the turbine house and boiler h.ouse at Mistersky Power

Plant have extremely high PF's before decontamination. Moderate decontamination

of the rrif of the plant building would increase the protection even more by

factors ranging from slightly more than one to more than ten. Many detector lo-

cations outside of the p lant building or on the lower floors of the boiler house

are virtually unaffected by roof decontamination, however.

The intensity at all of the detector locations considered would be reduced

by factors ranging from ten to fifty by applying the combined strategy A+D+E+H+I+J

(firehosing all roofs and paved areas in the plant grounds, bulldozing the ooal

pile and service yard, and flushing the streets). This strategy would require

approximately 200 man-hours of effort. The bulldozing alone would require 120

man-hours of effort. Many of the PF's computed for the specified detector lo-

cations are conser-ative irasmuch as not all of the interior contents of the

buildings were considered during their computation. Thus, the plant operations

might begin quite soon after an attack without decontamination and without over

exposing the plant personnel.
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VI. DECONTAMINATION ANALYSIS OF COBO CONVENTION HALL

A. Discussion

Cobo Convention Hall at 1 Washington Boulevard is a three level, rectangular

structure with. a circular annex, the convention arena, connected to its southeast

corner. The hail and arena cover 17 acres of the Civic Center in downtown Detroit

and provide 2,220,490 square feet of usable floor space.

Because it is located on the slope of tbo. north bank of the Detroit River,

the hall has two ground leve2. floors. The main ox middle level contains the

entrance from Washington Boulevard, the main exhibit area, the ballroom and other

major meeting rjom.i, and the main truck access. Located on the river, or lower

level, are entrances from Civil Center Drive and Lamed Street, another exhibit

area, the coffco shop, the service and storage area, a truck access, and two under-

ground parking garages. The upper level contihins meeting rooms, dressing rooms,

the cafeteria, and the. administrative offices. The rooftop is a 1200-car parking

.deck.

The electric power system in the buildi g can provide 22,500 k.v.a. (10,000

k.v.a, in each of the exhibit halls). The gas line system can provide 200,000

b.t,u. from regular outlets and 1,000,000 b.t.u, through auxiliary piping in

Sstrategic locations. The water system maintains a constant 70 p.s.i. pressure at

* all one-inch outlets. The buildings are completely equipped with television lines,

I a telephone system with 3,000 external connections to the Bell system, and is com-

pletely air conditioned,

Figure 91 is in aerial view of the hall showing both the rectangular conven-

tion building and the circular arena annex. Figure 92 is a map of the area around

Cobo Hall, showing the locations of detectors and indicating the sizes and surface

materials of the contributing planes of contamination to the activity areas.

Figures 93 through 116 are a number of photographs taken in and around Cobo Hall,

showing some -f the contaminated ptanes and other features of the area that would

influence decontamination. Figure 117 is a map indicating the locations and

directions of photographs.
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Figure 95

View 3 -Cobo Haill
A View of the Southwest Corner of Cobo
Hal~l Showing a Large Grass Area and the
Spiral Parking Ramp

Figure 96

Virw 4 -Cobo Hall. -

A View of th'e East Sidt! of Coho Hall)
Showing hv Admilnistracior O(±fLecs antu
Convent ion Arena

10,4



Figure 97

View 5 -Cobo Hall
A View of the East Side of the Exhibition

Hall Showing the Wide Sidewalks and Grass Areas

vie c -. Cobo Hall -

A View of the Northczat Cvrner the' Exhibi to

Ittal Show.ing~ a Car~'t'n Areaan Poot 1'u*.'h Arc-

Ad)4A.c'nt to the' 4ntrancr

I 0)



Figure 99

View 7 -Cobo Hall. -

A Close-up View of the Convention Arena
Roof

Figure 103~

Vie'w 8 -Cobo Hall1 -

A View of the Ledge Whiich Ex~tends IAround
Two Si~es of the Exh~ibition Hali
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Figure 101

View 9 -Cobo Ball

A VJi'ew of Llie South Porricn of the Roof
o~f 1tne Exhib~tion Building

FICwre 102

View 10 -Cobo HaiiL -

A View of Ov DetA on the Rookop
ofthc '"xhiiOnt io~n BuilId i or

10?N
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F igure 103

View 11. Cobo Hall -

A Clos2-up VieTý, of One of tile Drains
on the Parking DThck

Flgtue 104

View !.2 -Cobo H411 -

.A Close-vi* Vii-v *,hich Shot.Y* Clearly t-he
Exterior Suri.auv MateriaL of the P40i.61



Figure.• 105

View 13 = Cobo Hall -
A View of the South Patio Ledge and
Sidewalk on the Convention Arena

Figure 106

Vie.w 14 - Cobo Hal, -
A C1ot1e-up View of th' Mrihrbl :zint Granit ,
Ex.!erior Wall )f the Convrntio" Arcmi

V it)o9



Figure 107

View 15 -Cobo Hall -

A View of the Interior of the Upper
Level Hall in the Exhibition Building

Pigure 108

View 16 -Cobto Niall
A View of the IntcrIor of~ th Conventioun
Arena



Figure 109

View 17 -Cobo Hall -

A View of the West Hall of the Lower Level
of the Exhibition Buiiding

F''ýure ILO

view 18 -Cobo Hall-
A View of the Iteritior of h Sonah Ent r.Ink
Into thet- Exhibit ion B8uilAding



Figure111

View 1~9 -Cobo Hall
A View in the Interior of the Power
Generating Plant in the Exhibition
Building

Figure 112

View 20 -Cobo Hall -

A View of the Interior of the Lighting
Control Room in the Exhibition 3uilding

1112



Figure 113

View 21 - Cobo Hall -
A View of the Northeast Corner of the
Exhibition Building

Figure 114

Viet'! 22 - Cobo Hall -
A View of the Entrancs to a Tunnvti

Beneath the Convention Arena
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Figure 115

View 23 - Cobo Hall -
An Interior View of the Steel Supporting
Structures of the Roof of the Exhibition
Building

Figure l1t

View 24 - Cobo Hall -
A View ot the Interior of the 30 Feet
High Space Detwee,, the Exhibition bul~ding
Roof ond the C4•iliig of the Uppermost

Exhibitior HMAIL
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B. Definition of Activities

Eight different activity patterns are considered in this analysis. Ten de-

tector locations are used to characterize these activity patterns. These detector

locations are as follows:

Detector Loaion Description

1 Center Location in Center Hall an Main Level

Off-center Location in South Hall on River
Level

3 Cefeteria in Uppei' Level

4 Center Location in Garage on River Level

5 Center Location in Convention Arena

6 Northmost Office in Administrative Office
Section of Upper Level

7 Center of Parking Deck on Roof Top

8 Ligbting Control Room - Rectangular Hall

9 Pover Plant (Electric) on River Level

13 Shelter Area in Storage Lrea on River Level

The activities are described entirely according to the amount of time that an

activity pattern requires a person to spend at each of the detector locations.

Thus, Table XXV defines the eight activity patterns.
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C. Protection Factors

1. Original PF's at Detector Locations (See Figure 92)

Detectol Location Original gF

1 Center Location in Center Hall on Main Level 208

2 Off-center Locatior in South Hall on River Level 52

3 Cafeteria in Upper Level 278

4 Center Location in Garage on River Level 769

5 Center Location in Convention Arena 45

6 Northmost Of ica in Administrative Office Section of 303
Upper Level

7 Center of Parking Deck c..i Roof Top 1.4

8 Lighting Control Room--Rectangular Hall 1,111

9 Power Plant (Electric) on River Level 909

10 Shelter Area in Storage Area on River Level 1,667

2. Equivalent Protection Factors for the ActL.vLty Pattern

Activity PatterM (See Table XXV) Eauivalent PF

Al 208

A2  52

A3  476

A4  100

A5 14

A6  1.4

A7  1,333

A8 1,176
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D. Contaminated Planes

Identification Area S ze Surface
Nimber Descrintion (in ft ) Material

1 Parking Deck on Rooftop of 300,000 Loose Colepack
Rectangular Convention Hall Tar and Gravel

2 Streets 120,000 Asphalt

3 Grass Lawns 40,000 Grass, Shrubs

4 Adjacent Parking Lots 80,000 Asphalt

5 Roof of Convention Arena 130,000 Fibreglass and
Asphalt

6 Roofs of Adjacent Buildings 100,000 Tar and Gravel

E. Contributions to Intensit Factors (CLj Values)

The following gives the structural characteristics of the building wbich were

used to calculate the contribution to intensity values:

a. Parking Deck on Rooftop of Main (Rectangular) Building - l" asphalt, 3"

loos;' cold-pack tar (10 lbsift 2).

b. Roof Portion of Building (not including surfacing for parking deck) -

12" reinforced concrete (150 lbs/ft 2 ).

c. Floors of Exhibition Hall - 12" reinforced concrete (150 lbs/ft 2)°

d. Interior Walls i, Exhibition Hall (not including partition curtains) -

16" cinder block (144 lbs/ft 2 ).

e. Removable Partitions in Exhibition Hall - eteel (85 lbs/ft2).

f. Exterior Walls of Exhibition Hall - North and Esst Walls - 15" brick

and cinder block reinforced with steel (135 lbs/ft2), South and West

Walls - 12" marble and cinder block (127 lbs/ft 2 ).

g. Exterior Wall of Convention Arena - 3" granite over cinder block

axid glass panels; marble pilasters (115 lbs/ft 2 ),

h. Roof of Convention Arena - ¼ steel pan, thin fibreglass layer, 2" asphalt

(50 lbs/flt 2 ).

Table XXVI lists the cortribution to intensity factors of the various planes

to the selected detector locations.

I'. Relative Intensity Contributions (CF4j Va j)

The relative intensity contribvtions are given in Table XXVII.
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G. Cost and Effectiveness

The cr.,t and effectiveness data for selected mrhods of decontaminating sur-

facas are given in Table XXVIII.

Table XXVIII

COST AND EFFECTIVENESS DATA FOR SELECTED METHODS OF DECO WEAMINATING
SURFACES FOR CCBO COWVENTION HALL

as Reduction
actor (Fraction Team

Identi- Surface fallout mater~al Hours No.
ficatf cn (Surface emaining after of in

Method 'vmbol ýtumber) econtsmination) Effort Team

Firehose A Parking Deck on Convention .02 6.0 5
Hall (1)

Flusher B Parking Deck on Con'rention .02 3.0 1
Hall (1)

Vacuumized Rweepe C Parking Deck on Convention .02 12.0 1
Hall (1)

Vacuwrized Sweeper D IParkiug Deck on Convention .09 6.0 1
Hall (1)

Firehose E Streets (2) .02 2.4 5

'lusher F Streets (2) .02 1.2 1

Steeet Sweeper G Streets (2) .04 4.8 1

Bulldozer H Lawns (3) .10 9.6 1

Firehose I Adjacent Parking Lots (4) .02 1.6 5

Flusher J Adjacent Parking Lots (4) .02 0.8 1

F'&rehose K Roof of Convention Arena (5) .03 10.4 6

Firehose L Roofs of Adjacent Building# (6 .01 14.0 7

Firehose M R.ofs of Adjacent Buildings (6 .07 6.4 7
h .n, RPboos of Ad2 acnt Buildirs (61 .12 - 4.a3- 7-

H. Wj y, g

The fraction of intensity remainin; for selected strategies is given in Table

xOIX.

The activity reduction factors for selected stratagies and the activity patterns

are given in Table XW.
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TaLle XXX

ACTIVITY REDUCTION FACTORS (RN VALUES) FOR SELECTED STRATWGIES AND
THE ACTIVITY PATTERNMS)R COBO CONVENTION HALL

Combined Activity Pattern

Strategy A1  A2  Aj A4  A5  A6 A7  A8

A .92 1.00 .49 .94 .18 .15 .74 1.00

E .16 .71 .95 .73 199 1.00 .80 1.00

I .98 .37 .83 .44 .97 1.00 .64 .10

H .96 1.00 1.00 1.00 1.00 1.00 .87 1.00

K 1.00 1.00 1.00 .95 .88 .87 1.00 1.00

L L.UO 1.00 .76 1.00 1.00 1o00 1.00 1.00

A+E .08 .. 71 .44 .67 .17 .15 .54 1.00

B+F+J+M .04 .71 .22 .67 .17 .15 .41 1.00

D+G+N .10 .71 .27 .68 .23 .21 .51 1.00

C+E+H+IK+ ,08 .03 .07 .02 .02 .05 .10

J. Conclus• s

Inasmucb e. most of the area around Cobo Hall is paved, the area could be decon-

taminated relatively quickly, Jnly the river level detectors are affected very much

by contamination on the grass lawns. These detectors, however, are in relatively

high PF locations (PF's equal to 769,23, 909.09, and 1,666.67) before decontami-

nation.

Therefore, it seems as though the best strategy would be to hose down or flush

the parking deck on the Exhibition Buildlng, and flush the adjacent parking lots

and streets. Such an effort would require between 25 and 40 man-hours of effort

end increase the protictim at most: dctectors above the river level by at least a

factor of ten,
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VII. DECONTAMINATION ANALYSIS OF THE CITY-COUNTY BUILDING

A. Discussion

The City-County Building on Jefferson Avenue is the central location of the

governmental agencies of Wayne County and the City of Detroit. Its two towers,

14 stories and 20 stories tall, are faced on three sides with white Vermonit marble,

aluminum, and glass. Its fourth side is bricked in contemplation of expansion. A

ilgislative amphitheater is o" the thirteenth floor and has a large window 25 feet

high and 98 feet long.

Figure 118 is a map of the area surrounding t1ie City-County Building, showing

the locations of detectors and indicating the sizes, and surface materials of some

of the contributing planes of contamination to tht activity area. The map also

indicates the portion of the building that is 14 titories and the portion tbat is 20

stories. Figures 119 through 137 are a number of photographs taken in and around

the building, showing some of the contaminated pl.nes and other featurcs of the

area that would influence decontamination. Figui 138 is a map showing the loca-

tions and directions of the photographs.

* 125



44

o0D P4) m 4 )
"4o 0 r L 4) to 4)

0 (L)0) ,o0014) 00Lt4

>e - ..4 e ) !OA. %0 0
ca ).j44 :3 00 cr 4 C: 0 m fx

0l
4)4

cr 0

1.4 W

0-4

C 0D
0%0

m I 00 )4s

4) 4) C4) w

-P4. to V-P W tO r
44 " -4 00

w 4 U

44)

00 X) 0_,4 4'-"

N~~ -1 nU

0 j

>0%0-~ 4) I' )126.



AJ
C2

V C

414

127<



Figure 120

View 2 - The City-County Building -

A View of the Marble (West) Wall of
the City-County Building

Figure 121

View 3 - The C'ty-Countv Buildin-
A View of tthe Brick (EAst) Wall of Lhe
C.Iy-County Building

I I,



Figure 122

View 4 -TIhe City-County Building-
A View of the Surrounding Area Looking
Northeast from the 20 Story Tower

to

Figure 121

Vie The City-County Itui tinr.
A Viv'. of thte Larvc Pairk-in. I~t
Norzhcz.s~t of ttic I1ui 2i~i.-



Fi gure 124

View 6 -The City-County Buiilding-
A View Looki.ng East From the Building
Showding the Sur'rounding Area

Figure 125

View I-The CiýLv'Couflt, Building
A View Looking South (TowArd the Detroit
Itivor) Fror' the Building

1.3o



Figure 126

View 8 -The City-County Building-
A View Looking Southwest from the
Building Showing Some of the Surrounding
Area

Figure 127

V iew 9 n- ch C ty -County. Bu i d i n
A Vic~ Lonkint-' Northwest from the fiu ild iki

Showino Somev~ of the Surrounding Area

131



Figure 128

View 10 - The City-County Building -

A View Looking SOoutheast Shc~wing the Large
Flat Area Towar4s the D:truit River

Fixu-e 129

View .1 - the City-County Buliding -

A View Straighr Down on the West Side of
the Buitddig Showing " Large Paved Area



Figure 110

Vi.2w 12 -The. Cit'y-Ccinty PBui.ld4.ng
An Interior View of thc Corridor on i.
Fifth Floor of the 20 Story Tower

Vioe.~ 13 The CIxty-Gount\ uii1
An Inter ior View * itt 01111 c a

scrkuc !ion On h EtLi'tar

13'3
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Figure 132

View 14 - The City-County Building -

A View of the Roof of the Fourteen
Story Tower Showing the Height of the
Ventilating Fans

Figure 133

View 15 - The City-County Building -

A View of th-? Fourteen Story Towor Roof
"Tdken from tht Roof of the Twenty Story
T'r, we r

13:4



Figure 134

View~ 16 -The City-County Building-
A Close-up View of the Tar and Gravel
Roof of the Twenty Story Tower

9A

Figure 135

View 17 -The City-County building -

A Close -up View Which Shows the Depth of
the Gravel on the Roof of the Twenty tr

Toywe r

IJ113



Figure 136

View 18 - The City-County Building -

A Close-up View of One of the Drains
on the Twenty Story Tower Roof

Figure 1.37

View 19 The City-County Bui ldng
A Water Outlet on the Twent, Story
Roof
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B. Definition of Actiyitiea

Ten different activity patterns are considered in this analysis. Eleven de-

tector locations are tised to characterize these activity patterns. These detector

locations are as follows:

Detector Location DescriDtion

1 Center Location in Corridor on First Floor
in 20 Story Tower

2 Center Location in Corridor on Fifth Floor
in 20 Story Tcwer

3 Center Location in Corridor on Thirteenth
Floor in 20 Story Tower

4 Center Location in Corridor in 200th Story
in 20 Story Tower

5 Center Locaticn in Main Lobby on First
Floor in 14 Story Tower

6 Center location in Corridor on 14th Floor
in 14 Story Tower

7 Office on Fifth Floor in 20 Story Tower

8 Legislative Amphitheater on Thirteenth
Floor in 20 Story Tower

9 Office on Twelfth Floor In 14 Story Tower

"10 Center of Jefferson Avenue

11 Basement Shelter Area

The activities are described entirely according to the amount of time that an

activity pattern requires a person to spend at each ef the detector locations.

Thus, Table XXXI defines the ten activity patterns.
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C. Protection Factors

1. Original PF's at Detector Locations (See Figgre 118)

-tector LocaUtofl original 2FE

1 Center Location in Corridor on First Floor 11

in 20 Story Tower

2 Center Location in Corridor on Fifth Floor 213

in 20 Story Tower

3 Center Location in Corridor on 13th Floor in 769

20 Story Tower

4 Center Location in Corridor on 20th Story in 11

20 Story Tower

5 Center Locati•o In Main Lobby on First Floor ill

in 14 Story Tower

6 Center Locatimo in Corridor on 14th Floor in 11

14 Story Tower

7 Office on Fifth Floor in 20 Story Tower 172

8 Legislative Amphitheater on 13th Floor in 20 270

Story Tower

9 Office on 12th Floor in 14 Story Tower 101

1.(C Center of Jefferson Avenue 1.5

I1 Basement Shelter Area 263

143



2. Equivalent Protection Factors for the Activity Patterns

Activity Pattern (See Table XXX) Equivalent PF

Al 67

A2  202

A3  392

A4  16

A5  268

A6  21

A7  47

A8  26

A9  3.8

A1O 46

D. Contaminated Planes

Identification Area Size Surface
Numiber Description (in ft 2 ) Material

1 Roof of Building 35,600 Tar ane Gravel

2 Roofs around the Building 183,850 Tar and Gravel

3 Parking LoZs 109,000 Asphalt

4 Streets 394,700 Asphalt

5 L.rwns and Bare Earth 236,850 G-ass and Earth



E. Contribution to Intensity Factors (Cj, Values)

The following gives the structural characteristics of the City-County Build-

ing which were required to calculate the contribution to intensity values:

1. Exterior Walls

a. 12" marble faced walls - (150 lbs/ft 2 ).

b. 12" brick wall - (120 Ibs/ft 2 ).

2. Interior Partitions - ½" asbestos board, wood frame, glass

(4 lbs/ft2).

3. Floors - 6" reinforced concrete (72 !bs/ft 2 ).

4. Roof - 6" reinforced ccncrete plus 2" tar and gravel - (80 lbs/f t 2 ).

Table XXXII lists the contribution to intensity factors of the various planes

to the selected detector locations.

F. Relative Intensity Contributions (CFtj Values')

The relati.;7e intensity contributions are given in Table XXXIII.
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G. Cost andEffectiveness

The cost and effectiveness data for selected methods of decontaminating sur-

faces are gi,7en in Table =OXIV.

Table XXX0V

COST AND EFFECTIVENESS DAT& FOR SELECTED METHODS OF DECWTMM7NTING
SURFACAES FOR C1Y-CXJNTY BUILDING

SMass Reduction I
Facto- (Fractior leam

Identi- Surface fallout material Hours No.
fication (Surface remaining after of ir

Method Symbol umber) decontamination) Effort Teant

Firehose A Roof of Building (1) .01 5.0 7

Firehese B Roof of Building (1) .07 2.3 7

Firehose C Roof of Building (1) .12 1,,5 7

Firehose D Adjacent Roofs (2) 101 I 25,7 7

Firehase E Adjacent Roofs (2) .07 11.8 7

Firehose F ;Adjacent Roofs (2) .12 7.9 7

Firehose G Parking Lots (3) .02 2.2 5

Street Sweeper H Parking Lots (3) .15 1.1 i1

Flusher I Parking Lots (3) .02 1.1 1

Firehose J Streets (4) .02 7.9 5

Street Sweeper K Streets (4) .15 4.0 1

Flusher L Streets (4) .02 4.0 1

Grader I Lawns and Earth (5) 81 0 8 , .

H. NJj YA30

The fraction of intensity remaintng for selected 9crategies is given in Table

XXXVu

The activity reduction factors for .l-.ve! strategies and the activity

patterisare Ziv.u in Table XXXVI.
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J. Conclusions

The City-County Building is typical of tall downtown office buildings. The

middle floors have very high PF's and the top and bottom floors have moderate to low

PIs (as low as 10). Thus, as would be expected, roof decontamination cotld sub-

stantially increase the protection on the uppermoEt floors and ground decontami-

nation could substantially increase the protection on the lower floors. From a

cost-effectiveness standpoint, more shelter space would be added to the building's

available shelter space per man-hour of offort by decontamincnting the roof. Any

of the strategies involving roof decontamination increase the protection of the

uppermost floors by factors of from 15 to lf0. This is equivaler...., in the case

of the City-County Building, to attaining PF's ranging from 150 to 1000 on the

uppermost floors.

The lower floors receive their radiation intensity from a variety of contami-

nated planes (streets, lawns, sidewalks, parking lots, etc.) so that fairly ex-

tensive decontamination would be required to attain substantial intensity reduc-

tion.

Of cou.:se, outside detectors would be affected very much by decontaminating

the planes of contamination immediately under the detector. Flushing the streets

and parking lots, for instance, would reduce the intensity in the center of

Jefferson Avenue by a factor of 25.
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VIII. DECONTAMINATION ANALYSIS OF THE DETROIT CITY AIRPORT

A. Discussion

The Detroit City Airport is a local municipal airport in a semi-residential

area in Northeast Detroit. It occupies about 250 acres, and has a large hangar, a

main terminal building, several small hangars, and a radar building. The airport

is the busiest in the State of Michigan,and handles about 200,000 movements each

year.

Figure 139 is a map of the area showing the locations of the detectors and

indicating the sizes and surface materials of some of the planes of contamination.

Figures 140 through 151 are a number of photographs taken in the airport area,

showing some of the contat.Inated plaaes and other features of the area that would

influence decontamination. Figure 152 is a map indicating the locations and

directions of the photographs.
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SCALE* Q - Detector Location i

0 400 800 FEET

Aluminum Hangar
Roof - 30,000

Square Feet

? Concrete and Bare Earth

Roo0,000,000 Square Feet

Aluminu Roofas of

Roof -16,000 Square Feet \8,000 Square Feet

Grass Lawns - 5,000 Square
Feet Tar and Gravel

SRoof of Radar
S•uilding -

Paved Parking Lots -2,500 Square

150,000 Square Feet Feet

Paved Streets -• v

32,000 Square Feet

Buildings are enlarged so that they can be distinguished.

Figure 139

A Map of the Area Around the Detroit City Airport Showing the Locations
of Detectors and Indicating the Sizes, and Surface Katerials

of the Potentially Contributing Costaminated Planen
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Figure 140

View 1 - Detroit City Airport -

A View of the Control Tower on the
Terminal Building

Figure 141,

View 2 - Dvtti• City Airport -

An Interlor View ot the Large Hangar



Figure 142

View 3 -Detroit City Airport-
A View of the Cnvridor to the Airfield
from the Main Lobby in the Terminal.
Biuilding

Fii~ure 143

View 4 Detroit City Airpert
A View of the Interior of the Storage Room
oa the Second Floor ci. me Termfn4I. Building
Siowming a Firehose Connek.'on



Figure 144

View 5 -Detroit City Airport-
A View of the Roof of the Waiting Deck
Attached to the Terminal Building

Figure 145

Vie~w b D retroit City Airport
A View of the Roof of the Terminal and
Somw of ucit Surrounklinr Atr'a North of the
Airport



Figure 146

View 7 - Detroit City Airport -

A Northwest View of the Runway Area

Figurk 147

View 6 - Detroit City Airport -

A View of the Roof of the Terminal
Building Snowing Some of the Sr-
rounding Area South of the Airp:rt
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Ar

Vigure 148

View 9 -Detroit City Airport-
A View of a Corner of the Roof of the
Terminal Building Sa-owing the Large
Bricked Wall on the Edge and a Corner
Drain

Fir, .-v 14Q

View 10 - IXtroit Cit'. ,,rport-
A V ie> of thu'-I ofc QI.Ch

Terminal Bui 1W ui



Figure 150

View 11 - Detroit City Airport
A View of the Roof of the Terminal
Building Showing Several Antenrae and
Other Obstructions to DecontaminaLicn

Figure 151

View 12 - Detroi. City Airport -

A Close-up View of One cf the Drains
on 0.- Rodf of the Terminal Building
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(Numbers in the Small Circles
Correspcnd to the View Numbers

" ~as Indicated in the Titles

Beneath the Individual Photo-
graphs)

SHADED AREA ENLARGEMENT

Figure 152

A Map of the Ate& Around the Detroit City Airport Showing

the Locations atd Dtrections of the Photographs Shown in

Figures 140 through 151
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B. Definition of Activities

Nine different activity patterns are considered in this analysis. Nine de-

tector locations are used "o characterize these activity patterns. These detector

locations are as follows:

Detector Locations Description

1 Lobby of Main Terminal Building

2 Office in Main Terminal Building

3 Control Tower on Main Terminal Building

4 Center Location in Large Hangar Building

5 Center Location in one of the Small Hangars

6 In Radar Building

7 In a Plane on the Runway

8 Unprotected on the Runway

9 Basement Shelter in Partial Basement bene .th
Terminal Building

The activities are described entirely according to the amount of time that an

activity pattern requires a person to spene at each of the detector locations.

Thus, Table XXXVII defines the nine activity patterns.

1 58



0 Cd CJ

0 0 0 0 0 0 00~41.1~4 f,4~ U, U, M' 4 n LI) g% U U

1-4 ~ ~ ~ ~ ~ 4 P__ _ 4_ __ _ _ _ _ _ _ _ _ _ _

0 r

coJJJ 0 0 0) 0 0 U, 0 m "

0)I

to J0 0) 0 0 0 0 0 0 0A

10 " 0 0 0 0 0ý 0 0t 0 %0

'.0 4.w4 0 0 4 , 0

o a S 0 0 *,- 0 0 0

114 In 0 C 0 0 0 0In0 0

P4 0 9 .
P4

0 0 000 0 0

41 0d 0l OO rO 0 0 0 0 0 0
0I S 0 S 0 .7

*1-4

'-4

i0 0 04 0 0 0 0
B 0 0 0 0 0

'44

V., r- 0 - 0

"44 "44
04V

9 159



C. Protection Factors

1. Original PF's at Detector Locations (See Figure 139)

Detector Location Original F

1 Lobby of Main Terminal Building 10

2 Office in Main Terminal Building 9.1

3 Control Tower on Main Terminal Building 1.4

4 Center Location in Large Hangar Building 14

5 Center Location in one of the Small Hangars 3.1

6 In Radar Building 4.8

7 In a Plane on the Runway 1.6

8 Unprotected on the Runway 1.2

9 Basement Shelter in Partial Basement beneath Terminal 27.9

Building

2. Equivalent Protection Factors for the Activity Patterns

Activity Pattern (See Table XXXVII) Equivalent PP

A1  15

A2  14

A3  2.2

A4  18

A5 5.6

A6  7.1

A7  8. 2

A8  2.4

A9  5. 4

160



D, Contaminated Planes

Identification Area Si :e Surface
Number Description (in ft2) Material

1 Runway Area 10,000,00C Concrete and Bare
Earth

2 Terminal Roof 16,000 Tar and Gravel

3 Main Hangar Roof 30,000 Aluminum and Glass

4 Streets 32,000 Asphalt

5 Lawns and Gardens 5,000 Grass, Shrubs, etc.

6 Parking Lots 150,000 Concrete

7 Small langar Roofs 8,000 Aluminum

8 Roof of Radar Building 2,500 Tar and Gravel
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E. Contribution to Intensity Factors (Ctj Values)

The following gives the structural characteristics of the buildings that were

required to calculate the contribution to intensity values:

a. Roof of Terminal Building - 8" pre-cast concrete, 14" built-up felt and

celatex, 1" tar and gravel, supported by steel trusses (150 lbs/ft 2 )

(15% apertures).

b. Floors in Terminal Building - 6" slab concrete with wood floor (65 lbs/ft 2).

c. Exterior Walls of Terminal Building - 14" brick and hollow tile supported by

12" steel H-beams (90 lbs/ft 2 ).

d. Roof and Walls of all Hangars - aluminum (20 lbs/ft 2).

e. Walls of Control Trkver - 6" wood and plaster (60% apertures) (20 lbs/ft 2).

f. Roof of Radar Building - 3" pve-cast concrete with 1" tar and gravel

(35 lbs/ft 2 ).

g. Exterior Walls of Radar Building - 6" brick and plaster (62 lbsift 2 )

(50% apertures on two sides, 20% apertures on other two sides).

Table Y,=VIII lists the contribution to intensity factors of the various planes

to the selected detector locations.

F. Relative Intensity Contributions (CFij Values)

The relative intensity contributiots are given in Table XXXIX.
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G. Cost and Effectiveness

The cost and effectiveness data for selected methods of decontaminating sur-

faces are given in Table XL.

Table XL

COST AND EFFECTIVENESS DATA FOR SELECTED METHODS OF DECONTAMINATING
SURFACES FOR THE DETROIT CITY AIRPORT

Mass Reduction I
Factor (Fraction Team

Identi- Surface failout material Hours No.
fication (Surfa:e remaining after of in

Method Svmbol = Number) decontamination). Effort Team

Firehose A Runway Area (1) .02 200.0 5

Flusher B Runway Area (1) .02 100.0 1

acuumized Sweeper C Runway Area (1) .09 200.0 1

Firehose D Terminal Roof (2) .01 2.2 7

Firehose E Terminal Roof (2) .07 1.0 7

Firebhes F Terminal Roof (2) .12 0.7 7

Firehose G Main Hangar Roof (3) .03 2.4 6

irehose H Main Hangar Roof (3) .08 o.5 6

Firehose T Streets (4) .02 0.6 5

Flusher J Streets (4) .02 0.3

Street Sweeper K Stree:s (4) .15 0.3 1

Bulldozer L Lawns and Gardens (5) .10 1.2 1

;irehose M Parking Lots (6) .02 3.0 5

Flusher N Parking Lots (6) .02 1.5 1

Firchose 0 SSmall. Hansir Roofs (7) .03 0.6 6

Firehose P Roof of Radar Building (8) .01 0.4 7

H. -iMj Values

The fraction of intensity remaining for selected 4trateglec ir given in Tabir Xl.1.

I- S'Ll VAlues
The activity reduction factors for selected strategies and the activity paterrn

are given in Table XLII.
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J. Conclusions

Except for detectors on the runway itself, the falloac material on most of the

r.unway area does not contribute very much to detectors inside the various buildings

on the r.,nmwy. Although the fallout on the r.anway area contributes 48% of the

intensity inside the radar building and 537. inside one of the small hangars, most

of this contribution to intensity is from the part of the runway area close to these

buildings. Thus, decontaminating the roofs and 25 to 50 feet of ground area from

each of the buildings would substantially reduce the intensity at all inside de-

tectors. As Table XLI shows, if all other planes of contamination were decontami-

nated (other than the runways), then the intensity at most itside detectors in the

main terminal and large hangar would be reduced by aboc a factor of five.

This analysis did not cdnstder metiLods of decontaminating the runway areas

using prop wash or other such novel methods.
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IX. DECOMAMINATION ANALYSIS OF THE DETROIT OFFICE OF CIVIL
DEFENSE BUILDING

A. Discussion

The headquarters for the Office of Civil Defense for the City of Detroit is

located at 900 Merrill Plaisance in a semi-residential area in north Detroit.

The building itself is surrounded on t1iree sides by grass lawn and parkgrounds.

A parking lot and service garage are behind the building. The building features

a relatively high P1 basement emergency headquarters which can be used to coordi-

nate all of the city departments during a post-attack period.

Figure 153 is a map of the area showing the locations cf detectors and

indicating the sizes, and surface mnterials of some of the contributing planes of

contamination. Figures 154 through 159 are a number of photographs taken around

the building showing seoe of the planes of contamination and other features of

the area that would influence decontamination. Figure 160 is a map showing the

locations and directions of the photographs.
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SCALE 0 - Detector Location i
0 50 100 FEET

Tar and Gravel Rcof of OCD Building -

12,100 Square Feet

Paved Streets - Paved Parking Lots
125,030 Square Feet .. 37,000 Square Feet

Grass lAwns -

278,350 Squar 2
Composition Feet

Shingle Roofs of
Nearby Buildings
133,950 Square

Feet )

Grass Park and Bare
I Ear-.. Playgrouri -

367,100 Square Feet

SI I

Fijure 133

A Map of ,he Area Around the Detroit OCD Building Showing the Locations
of Detectors and Indicating the Sizes, and Surface Materials

of the Potentially Contributing Contaminated Planes
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Figure 154

View I - Detroit OCD Building -
A View of the Front of the Building

Showing the Large Grass Lawn, a Sewage

Drain, and the Large Windows in Front
of the Building

S. ..J.il1(ll(llrt l rlmlt,,-J

rLRuro L55

VL•,w 2 - DctroLt t•D BuLIJin• -
A View of the 5tr•'•,t and Apartm•,nt
BuLtdin•.s in Fron( o( Lh,' OCO BuiL•tLe•

17!



Figure 156

View 3 -Detroit O(0 Building-
A View of 'the Parking Lot in Back
of the Building Showing One of the
DraA*ns

Viw4 -Detroit OCD Building
A View of the R9ar of the Parking
Lot
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Figure 158

View 5 - Detroit OCD Building -

A View of the Grass Lawn and Trees
to the Side of the Building

Fti&re 159

Viow 6 - Detroit OCO bui'jing -

A Vie, w of the Rear of 'hv Parking Lot
Showing the Servtve Carsite b-himl the
bui •d ing
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1o.

/(Nvs1era in the Small Circles Correspond
to che View Numbers as Indicated in the

Titles Beneath the Individual Photographs)

figure 160

Sof tt~e ArVV krounJ the Detrait OCD building Showing
~. ~o1s~ *~ ir~ctijfla of the pbotagraphs Sho~m in
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B. Definition of Activities

Six different activity patterns are considered in this analysis. Seven de-

tector locations are used to characterize these activity patterns. These detector

locations are as follows:

Detector Location Descr!.•tion

1 Center Hall 1st Floor

2 Message Center in Bas.ment

3 Supply Room in Easement

4 Directols Office in Basement

5 Medical Room in Basement

6 Men's Rest Room in Basement

7 Emergency Dormitory on Main Floor

The activities are described entirely according to the amount of time that an

activity pattern requires a person to spend at each of the detector locations.

Thus, Table XLIII defines the six activity patterns.

Table XLIII

FRACTION OF TI,4E AS REQUIRED BY ACTIVITY Ai TO BE SPENT AT ijEZECTOR
LOCATIO4N J IN THE DETROIT OFFICE OF CIVIL DEFENSE "5ULDIXC

r~tector '"nation j

Activity e D rectors

*teri Center Neagg Sur~L Meiapn ar~ency
Ate Hall Uenter s Office PRoo Rest Dormitoryon• lot iin in in iln Ro in on Main

A1  .10 .40 .45 .00 100 .05 100

t'2 .00 70 .30 .00 .00 .00 .00

A3 .00 .00 .30 .70 .00 .00 -.00

A4 .00 .00 .30 .00 .60 .00 .10

A5 .40 .00 .60 .0,0 .00 1O0 ,00

A. .00 00 00 .00 1 .00
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C. Protection Factors

1. Origincl PF's at Detector Locations LSee Fiaure 153)

Detector Location Original PF

1 Center Hall on 1st Floor 4.5

2 Message Center in Basement 70

3 Supply Room in Basement 79

4 Director's Office in Basement 78

5 Medical Room in Basement 78

6 Men's Rest Room in Basement 70

7 Et.argency Dormitory on Mai9n Floor 4. 2

2. Eqaivalent Protection Factors for the Activity Patterns

Activity Pattern (See Table XLIII) Eguivalent PF

A1  29

A2  73

A3  78

A4  28

A5  10

A6  77
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D. Contaminated Planes

Identification Area Size Surface
Number Description (in ft 2 ) Material

1 Roof of Building 12,100 Tar and Gravel

2 Roofs of Nearby Buildings 133,950 Shingles

3 Parking Lots 37,000 Asphalt

4 Streets 123,500 Asphalt

5 Park and Playground 367,100 Grass

6 Lawns, Bare Earth, etc. 278,350 Grass and Earth

E. Contribution to Intensity Factors (CIj Values)

The following gives the structural characteristics of the Office of Civil

Defense Building which were required to calculate the contribution to intensity

values:

1. Exterior Walls

a. Basement - 12" brick '108 lb/ft 2 ).

t. First Story - 3" brick (72 lb/ft 2 ).

2. Interior Partitions - 3/4" plywood (2 lb/ft 2).

3. Floor 6" reinforced concrete and asphalt tile floor (80 lb/ft 2).

4. Roof - built up roofing on metal base (20 lb/It 2 ).

Table -ULIV lists the contribution to in-ensity factors of the various planes

to the selecte. detector location.
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Table 3aIV

CONTMIBUTLON TO INTENSITY FALTOYS (Ci1 VALUES) FOR
M OFFICE OF CIVXL DEFENSE BUILDING

Detector Location j

1 2 3 4 5 6 7
Contaminated Center Message Supply Director's Medical Men's Emergency

Plane i Hall Center Room Off ice Room in Rest Dornltoe
on 1st in Dase- in in Base- Room in on Main

SFloo mcnt Basement Basemen; ment Ase2ent Floor
1 Roof of .1,808 .0143 .0126 .0128 .0128 .0143 .1115

Building

Roofs of Nearby .0000 .0001.) .0000 -0000 .0000 .0000 .0004
Building3

3 Parking Lots .0174 .0000 .0000 .0000 .0000 .0000 .0276

SStreets .J008 .0000 .0000 .0000 .0000 .0000 .0166

5 Park and Play- .0033 10000 .0000 .0000 .0000 .0000 .0215
ground

Lawns, Bare .0182 .0000 .0000 .0001 .0000 .0000 .0608
Earthi, etc. -
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F. Relative Intensity Contributions (CFjj Values)

The relative intensity contributions are given in Table XLV.

Table XLV

RELATIVE INTENSITY CONTRIBUTIONS (CFT VALUES) rOR THE OFFICE
OF 1,IVIL DEFENSE BUItDING

Detector Location j
1 - - 4 6 7

Contaminated Center Message Supply Directors Medical Men's Emergen-

Plane i Hall Center Room in Office ii Room in Rest cy Dormi-
on 1st in Base- Base- Base- Base- Room in tory ca

_. loor ment ment mt ment Basement_. l&n Floor

1 Roof of Building .82 1.00 1.00 .99 1.00 1.00 J .47

2 Roofs of Nearby .00 .00 .00 .0 .00 .00 .00
Buildings

3 Parking Lots .08 .00 .00 .00 .00 .00 .12

4 Streets .00 .00 .00 .00 .00 .00 .07

5 Park and Play- .01 .. 00 .00 .00 .00 .00 .09

ground

6 Lawns, Bare Earth, 08 .00 .00 .01 .00 .00 .26
etc, .. .. ..
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C. Cost and Effectiveness

The cost and effectiveness data for selected methods of decontaminating sur-

faces are given in Table XLVI.

Table XLVI

COST AND EFFECTIVENESS DATA FOR SELECTED METHODS OF DECONTAMINATING
SURFACES FOR THE OFFICE CF CIVIL DEFENSE BUILDING

as ReductionIactor (Fraction Team
Identi- Surface [allout material Hours No.
fication (Surface emaining after of In

Method Symbol Number) econtamination) Effort Team

Firehose A Roof of Building (1) .01 1. 7 7

Firehose B Roof of Building (1) .07 0.8 7

Firehose C Roof of Building (1) .12 0.5 7

Firehose D Roofs of Nearby Buildings .03 10.7 6
(2)

Firehose E R-oofs of Nearby Buildings .08 3.4 6
(2)

Firehose F Parking Lots (3) .02 o.7 5

Flusher G Parking Lots (3) .02 0.4 1

Street Sweeper H Parking Lots (3) .15 0.4 1

Firehose I Streets (4) .02 2.5 5

Flusher J Streets (4) .02 1.3 1

Flusher K Streets (4) .04 0.4 1

Vacuumized Sweeper L Streets (4) .02 5.0 1

Street Sweeper M Streets (4) .04 5.0 1

Grader N Park and Playground (5) .10 88.1 1

Grmde-r O Lawns. Bare Earth. etc. (6 .10 66.8 1. ,



H. RN Values

The fraction of intensity remaining for selected strategies is given in Table

XLVII.

Table XLVII

FRACTION OF INTENSITY RE24ININIG (R0i VAIJES) FOR SELECTED
STRATEGIES FOR THE OFFICE OF CIVIL DEFENSE BUILDING

Detector Location j

1 2 3 4 5 6 7
Combined Center Message Supply Direc+3r's Medical Men's Emergency
Strategy Hall Center Room in Office in Room in Rest Dormitory

on 1st in Base- Base- Base- Base- Room in on Main
Floor ment ment ment . ment Basement Flnor

A .19 .01 .01 .02 .01 .01 .54

B .24 .07 .07 .08 .07 .07 .57

C .28 .12 .12 .13 .12 .12 .59

D 1.00 1.00 1.00 1.00 1.00 1.00 1.00

F .92 1.00 1.00 1.00 1.00 1.00 .89

H .93 1.05 1.00 1.00 1.00 1.00 .90

I 1.00 1.00 1.00 1.00 1.00 1.00 .93

N .99 1.00 1.00 1.00 1.00 1.00 .92

0 .93 1.00 1.00 ,99 1.00 1.00 .77

.+E 1 .19 .01 .01 .02 .01 .01 .54

.+J .18 .01 .01 .02 .01 .01 .47

B+K .23 .07 .07 .08 .07 .07 .50

C+L .27 .12 .12 .13 .12 .12 .52
I), .00 1.00 .00 1.00 1.00 1.00 0,%

,+DWGI+N4+O .02 1.0 .01 01 .01 .1L .04
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I. J Values
The activity reduction factors for selected strategies and the activity patterns

are given in Table XLVIII.

TABLE XLVIII

ACT7"V,"Y PFEDUCTION FACTORS (RNA VALUES) FOR SELECTED STRATEGIES AND
TM. ACTIVITY PATTERNS FOR THE OFFICE OF CIVIL DEFENSE BUILDING

Combined Activity Patterns

Strategy Al A2  A3  A4 A5  A6

S.13 .01 .02 .37 .17 .02

B .18 .07 .08 .40 .22 .08

C .22 .12 .12 .44 .27 .13

D 1.00 1.00 1.00 1.00 1.00 1.00

F .95 1.00 1.00 .92 .93 1.00

H .96 1.00 1.00 .3 .94 1.00

I 1.00 1.00 1.00 .95 1.00 1.00

L .99 1.00 1.00 1.00 .99 1.00

0 .95 1.00 1.00 .84 .93 .99

A+E .13 .01 .02 .36 .17 .02

A+j .12 .01 . 02 .32 .17 .02

B+K .18 .07 .08 .36 .22 .08

C+L .22 .12 .12 .39 .26 .13

)4, 1.00 1.00 1.00 .95 1.00 1.00

k+I + -....02 ,01 ,01 .00 .100
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J. Conclusions

Virtually all of the intensity contribution at basement deLectors is fron the

fallout on the roof of the building. Thus, if first floor activities are not con-

sideredessential, roof decontamination would be the only beneficial strategy.

From four to ten man-hours of effort firehosing the roof would increase the pro-

tection at most basement locations by factors ranging from 20 to 100.

Since the original PF's at most detectors in the basement are about 75, roof

decontamination would provide extremely high radiation protection (equivalent to

PF's ranging from 1,500 to 7,500) at these detectors.

For first floor detectors, the roof contributes between 50 and 80 percent of

the radiation intensity. In the emnergency dormitory on the right side of the

building, the grass and bare earth contribution is about 35 percent. Thus,

effective decontamination with respect to that detector must include grading or

bulldozing the lawn outside. This is a costly (in terms of man-hours of effort)

operation and would have little effect on most other detector locations.
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X. DECOWTAMINATION ANALYSIS OF SAINT MARY'S HIGH SCHOOL AND
ELE4ENTARY SCHOOL

A. Discussion

Saint Mary's High School and Elementary School at 14601 Mansfield Avenue con-

sists of two buildings, a new one (the high school) and t'ie old high school (now

an elementary school). Just south of the schools is a large church. To the

north of the schools is a large playground. There are two parking lots next to

each of the two schools. The neighborhood is mostly residential.

Figure 161 is a map of the area around the schools showing the locations of

detectors and indicating the sizes, and surface materials of some of the contri-

buting planes of contamination. Figures 162 through 173 are a number of photo-

graphs taken in and around the schools, showing some of the contaminated planes

and other features of the area that would influence decontamination. Figure 174

is a map showing the locations and directions of the photographs.
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SCALE 0 " Detector Location i

0 100 200 FEET

Paved
Streets-
153,500
Square
Feet

(DEl 0

r-Shingle R

Square Feet

Ear and Grave rR of ot
New Building 2 28001 C3
Square Feet~ae akn

25,000 Square Feet 0

95.500 Square Feet --

Figure 161

A Map of the Area Arou~nd Saint Marv's High School and Elementary School Showing the
Locations of Detector-! 4nd Indicating the* Sizes, and Surface Materials

of the Poztntigliy Contributing Contaminated Planes
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F; gure 162

View I. Saint Mary's Sho
A Vi~ew of the Front of riim OLd

Buildin~g (The~ Flmentar';- School)

A Vtivw vp( ' h 2i.



Figure 164

View 3 - Saint Mary's School -

A View of the South Side of the
Old Building Showing a Parking Lot

Figure 16.

View 4 Saint Mar, 'b School -

A ViC 4 of the South Sidv. of the OLd
But Lu • Showing thi. Ti U, Koof and the
letativw ';i;e of thl, Wind(vs



Figure 166

View 3 - Saint Mary's School

A View of the South Sidc of the New
Building (The High School)

rtgurc 167

View 6 - Saint, Mar,'s Sch0o10
A View of thie NorthesLt PrLrtLion ot
tile New Buildi ng

- - a - - - -i69.



Figure 168

View 7 -Saint Mary's School-
A View of the Playground and Field
North of the New Building

Fi~ure 104.

View 5 - jint Marv's School

•IY

An~ ~ ~~~. IneirVe nteNwBildn

Showng te Cidto Blok Costrutio

of~pa. the Exero Wl



Figure 170

View 9 - Saint Mary's School -

A View of the First Floor Corridor in
the New Building

Figure 171

View 10 - Saint Mary's School
A Vicw of a Tvpical Classroom in

the New Building
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Figure 172

View 11 - Saint Mary's School -

A View of the Roof of the New Building
Showing the Ledge and Some Water Puddles
from a Recent Rain

Figure 173

View 12 - Saint Mary's School -

A View uf the Tar and Gravel R of of
the New Building Showing a Drain



-f 24o

-7o
1]0

n-jo

(Numbers in the Small Circles Correspond
to the View Numbers as Indicated in the
Titles Beneath the Individual Photographs) .0D

(DD

Figure 174

A Map of the Area Around Saint Mary's High School and Elementary
School ;howing the Locations and DirectionA of the Photographs
Shown iii Figures 162 through 173
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B. Definition of Activities

Six different activity patterns are considered in this analysis. Six detector

locations are used to characterize these activity patterns. These detoctor loca-

tions are as follows:

Detector Location Description

1 Schoolroom in New Building on First Floor

2 Schoolroom in New Building on Second Floor

3 Scboolroom in Old Building on First Floor

4 Schoolruom in Old Building on Second Floor

5 First Floor Corridor in New Building

6 Shelter Area in Basement of Old Building

The activities are described entirely according to the amount of time that an

activity pattern requires a person to spend at each of the detector locations. Thus,

Table XLIX defines the six activity patterns.

Table XLIX

FRACTION OV TIME AS REQUIRED BY ACTIVITY AI TO BE SPENT AT
DETECT-OR LOCATION j IN SAINT MARY'S SCHOOL

Detector Locat:.on j

1 2 3 4 5 6
Activity School- School- School- School- First Floor Shelter
Pattern room in room in room in room in Corridor Area in
A. New Build- New Build- Old Build- Old Build- in Basement

ing or ing on ing on ing on New of Old
-SFirstisloooor Second F _ LXL. Se Floor Buildinf Buil din;

A1  .20 .20 .00 .10 .10 .40

A2  .00 .60 .00 .00 .00 .40

A3 *ýn .00 .50 .00 .00 .50

A4  .00 .00 .40 .10 .00 .50

A5  .00 .00 .00 .00 .70 .30

A6__ .0 .00 .50 100 .50
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C. Protection Factors

1. Original PF's at Detector Locations (See Figure 161)

Detector Location Original PF

1 Schoolroom in New Building on First Floor 2.9

2 Schoolroom in New Building on Second Floor 3.6

3 Schoolroom in Old Building on First Floor 8.4

4 Schoolroom in Old Building on Second Floor 7.6

5 First Floor Corridor in New Building 6.7

6 Shelter Area in Basement of Old Building 244

2. Equivalent Protection Factors for the Activity Patterns

Activity Pattern (See Table XLIX) Equivalent PF

A1  6.4

A2  5.9

A3  16

A4 16

A5  9.4

A6 15

D. Contaminated Planes

Identification Area §ize Surface
Number Description (in ftL) Material

1 Roof of New Building 22,800 Tar and Gravel

2 Roof of Old Building 38,800 Shingles

3 Parking Lots 25,000 Asphalt

4 Str'ets 153,500 Asphalt

5 Playground 95,500 Grass

6 LAwns, Bare Earth, etc. 218,400 Grass and Earth
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E. Contribution to Intensity Factors (Cjj Values

The following gives the structural characteristics of the school buildings

(two distinctly separate structures) wh- ;h were required to calculate the contri-

bution to intensity values:

1. Exterior Walls of

a. New Building - 10" cinder block including 4" brick facing

(90 lb/ft2 ).

2. Fxterior Walls of Old Building - 13' brick (118 lb/ft 2).

3. Interior Partitions in New Building - 1" plaster applied -a metal lath

(L0 lb/ft 2 ).

4. Interior Walls in Old Building - 4" hollow cinder block with openings

(20 lb!ft 2 ).

5. Floors in New Building - 4" reinforced concrete (50 lb/ft 2 ).

6. Floors in Old Building - 6" reinforced concrete (75 lb/ft 2 ).

7. Roof of New Building - 4"1 concrete covered with tar and gravel

(60 lb/ft 2 ).

8. Roof of Old Building - Venetian tile ou I" wWod (18 lb/ft 2 ).
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Table L lists the contribution to intensity factors of the various planes to

the selected detector locations.

Table L

CONTRIBUTION TO INTENSITY FACTORS (Ci• VALUES) FOR SAINT
MARY'S HIGH SCHOOL AND EL RY SCHOOL

Detector Location j

Contaminated 1 2 3 4 5 6

Plane i School- School- School- School- First Shelter
room in room in room in room in Floor Area in
New Build- New Build- Old Build- Old Build- Corridor Basement
ing on ing on ing on ing on in New of Old

_. .... First Floor Second Floor First Floor Second Floor Building Buildir.R

1 Roof of New .0311 .0718 .0000 .0000 .0408 .0000
Building

2 Roof of Old .0000 .0000 .0207 .0617 .0000 .0021
Building

3 Parking Lots .1141 .0902 .0481 .0372 .0411 .0010

4 Streets .0328 .0200 .019- .0116 .0188 .0003

5 Playground .0992 .0691 .0021 .0018 .0349 .0001

6 Lawns, Bare .0681 .0308 .0288 .3196 .0148 .0006
Earth. etc.



F. Relative Intensity Contributions (CF4j Values)

The relative intensity contributions are given in Table LI.

Table LI

RElATIVE INTENSITY CONTRIBUTIONS (CF VALUES) FOR SAINT
MARY' S HIGH SCHOOL AND ELý TARY SCHOOL

Detector Location j

3 4 5 6
School- School- School- School- First Shelter

Contaminated room in room in room in room in Floor Area in
Plane i New Build- New Build- Old Build- Old Build- Corridor Basement

inS on ing on ing on ingon in New of Old
__...fel r -Seod looL First Floor Second Fl Building BuildinA

1 Roof of New .09 .25 .00 ,00 .27 .00
Building

2 Roof of Old .00 .00 .17 ,47 .00 .51
Building

3 Parking Lots .33 .32 .40 .28 .27 .24

4 Streets .09 .07 .16 .09 .12 .07

5 Playground .29 .25 .02 .01 .23 .02

6 Lawns, Bare
I Earth. etc. .20 .11 .24 ,15 .10 .15



G. Cost and Effectiveness

The cost and effectiveness data for selected methods of decontaminating sttr-

faces are given in Table LII.

Table LII

COST AND EFFECTIVENESS DATA FOR SELECTED METHODS OF DECONTAMINATING
SURFACES FOR SAINT MARY' S HIGH SCHOOL AND ELEKENTARY SCHOOL

Mass Reduction
Factor (Fraction Team

Identi- Surface fallout material Hours No.
fication (Surface remaining after of in

Method Svmbol Number) decontamination) Effort Team

Firehose A Roof of New Building (1) .01 3. 2 7

Firehose B Roof of New Building (1) .07 1. 5 7

Firehose C Rocf of New Building (1) .12 1.0 7

Firebose D Roof of Old Building (2) .03 3.1 6

Firehose E Roof of Old Building (2) .08 1.0 6

Firehose F Parking Lots (3) .02 0.5

Flusher G Parking Lots '3) .02 0.3 1

Street Sweeper H Parking Lots (3) .15 0.-1 1

Firehose I Streets (4) .02 3.1 5

Flusher J Streets (4) .02 1.5 1

Street Sweeper Streets (4) .15 1.5 1

Grader L Playground (5) .10 22.9 1

Grader M Lawns, Bare Earth, etc. (6 .10 52.4
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H. RN Valus

The fraction of intensity remainivng for selected strategies is given in Table

LIII.

Table LIII

FRACTION OF INTENSITY REMAINTNG (RNj VALUES) FOR SELECTED
STRATEGIES FOR SAINT MARY'S HIGH SCIOOL AND EL"1ENTARY

SCHOOL

Detector Location j

1 2 3 4 5 6
School- School- School- School- First Shelter

Combined room in room in. room in room in Floor Area in
g~trategy New Build- Me- Build- Old Build- Old Build- Corridor Basement

ing on ing on ing on ing on in New of Old
First Floor Second Floor First Fluor Second Floor Building Buildin

A .91 .75 1.00 1.00 .73 1.00

B 92 .76 1.00 1.00 .75 1.00

C .92 .78 1.00 1.00 .76 1.00

D 1.00 1.00 .83 .55 1.00 .50

E 1.00 I.0J0 .84 .57 1.00 053

F .68 .69 .60 .72 .73 .76

1 .72 .73 .66 .76 .77 .79

1 .91 .93 .84 .91 .38 .93

K .76 .79 .98 .99 .80 .98

L .74 .73 .98 .99 .79 .98

M .82 .90 .78 ,87 .91 .87

A+G .59 .43 .60 .72 .46 .76

A+J .882 .68 .84 .91 .61 .93

B4C ,59 .45 .60 .72 .48 .76

A+0,+F .59 .43 .43 .27 .46 .26

A4 ++L....... .0 CA aL4 -.... OL4 -. 4,
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I. LValues

The activity reductio, factors for selected strategies and the activity

patterm are given in Table LIV.

Table LIV

ACTIVITY REDUCTION FACTORS (RN VALUES) FOR SELECTED STRATEGIES AND THE
ACTIVITY PATTERNS FOR SAINT AARY' S HIGH SCHOOL AND EL4EMNTARY SCHOOL

Combined Activity Patterns

Strategy A1  A2  A3 A4  A5  A6

A .84 .75 1.00 1.00 .73 1.00

B .85 .77 1.00 1.00 .75 1.00

C .86 .78 1.00 1.00 .76 1.00

D .96 1.00 .82 .76 .99 .54

E .96 1.00 .83 .77 .99 .57

F .69 .69 .61 .63 .73 .72

H .73 .73 .66 .68 .77 .76

I .91 .93 .85 .86 .88 .91

K .80 .79 .98 .99 .80 .99

L .78 .78 .98 .98 .79 .99

M .86 .90 .78 .80 .91 .87

A+G .53 .44 .61 .63 .47 .72

A+J .76 .68 .85 .86 .61 .91

B+G .54 .45 .61 .63 .48 .72

A+D+F .49 .43 .43 .39 .46 .27

A+D+F+I+L+tM 1 .05 1 .04 104 ,0
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J. Conclusions

In order to appreciably reduce the radiation intensity at any of the detector

locations considered in this analysis, a combined strategy involving the decontami-

nation of several contaminated planes Is required. This is because large per-

centages of Intensity at each detector are from two or more planes of contamination.

If more than 130 man-hours of effort were expended decontaminating all of the

contributing planes of contamination (e.g., cambined strategy A+D+F+I+L*M), then

the intensity could be reduced by a factor of fifteen or higher at all of the

detector locations considered.
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XI, DECONTAMINATION ANALYSIS OF ISAAC CRARY ELE4ENTARY SCHOOL

A. Discussion

Isaac Crary School is a- elementary school in a resi.dential section of north-

west Detroit. It consists of an "L" shaped section twenty-five years old and o

new section to complete the "U" shaped building which is about thirteen years old.

The power plant for the building is in a separate small building just rnorth of

the main school building. The building itself features a very high PF sub-

basement which is stocked with food and water.

Figure 175 is a map of the area surrounding the school, showing the location

of detectors and indicating the sizes and surface materials of some of the con-

tributing planes of contamination. Figures 176 through 195 are a num!,er of

photographs taken in and around the school, showing some of the pianes of con-

tanination and other features of the area that would influence decontamination.

Figure 196 is a map showing the locations and directions of the photographs.
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SCALE 0 - Detector Location i

C 100 200 FEET

Composition of Sand
and Gravel Playground-
68,900 Square Feet

.Paved Parking Lots -

17,250 Square Feet

_ - .Tar and Gravel Roof
Of 0 - -- 24,200 Square Feet

0L- - 0
Grass Lawns, etc. -
111,250 Square Feet

Paved Streets - 148,800 Square Feet

Figure 175

A Mlap of the krea Aouni Isaac Crary School Showing the Locations
of Detectors and Indicating the Sizes, and Surface Materials

of the Potentially Contributing Contaminated Planes
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Figure 176

View 1. -Isaac Crary School-
A View of the South Side of the
School Building

Figure 177

View 2 -Isaac Crary School.
A Vijew of the We st Side of the
School Building,



Figure 178

View 3 - Isaac Crary School -

A View of the Sidewalk and Street
on the West Side of the Building

Figure 179

View 4 - Isaac Crary School -

A View of the Trees and Street
Northwest of the Building
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Figure 180

View 5 - Isaac Crary School -

A View tA the Lawns Across the Street
on the West Side of the Building

View 6 Isaac Crarv ScoI "

A Vitw of a T\fl i kI , i



Figure 182

View 7 I saac Crary School

A Yiew of the Gymnasium

Figure 183

View 8 -Isaac Crary School-
A Vi~ew of the Auditoritim
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Figure 184

View 9 - Isaac Crary School -

A View of the Power Plant North of

the Main Building

Fi,ýure 185

view I0Isaac Crary School

An Intrior Vicw )f tht, P,,;e.r
Plant



Figure 186

"7iew 11 Isaac Crary School -

A View of the Shelter Arda in the
Sub -basement

Figure 7

Vtew 12 - Isa•c Crary School
A View " the Corridor vi the

Second Floor

I 1)



Figure 188

View 13 - Isaac Crary School -

A View of the Space Between the
Roof and the Ceiling of the Gymnasium

Figure 189

View 14 - Isaac Crarv School
An Interior View of tihe Building
Roof Showin-i., Scac of tht, Construc*ion
Detail%
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Fig ire 1110

View 15 Isiaa- Crary Schoojl-
A View of the 7ar a~nd Gravel Roof
of the S'-hool

Figure 19*l

V&tw Ib, to~ Crarv SdicioI.
A ýcw of t Rn-of Shcwinjg the
Sever4l Levels of the Roof M1ich
'WouWld nfiuenicc Deontainjti~ton
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Figure 192

View 1.7 -Isaac Crary School.
A View of Two Section-s of the Roof
and the Playground North of the School

Figure 193

View 18~ I saac Crary Schtoid
A Close-up View of t~w Tar ind GraleI

sulk,. of the RooUf
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Figure 194

View 1.9 -Isaac Crary School-
A Close-up View of the Eur~acv
Material oi the Playground

Si gu re 1.95

View 20 [| sac Crary School
A View of One of the Dr.Ans on the
"P lay groun- ,.
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, I , _

2 I

(Numbers in the Small Circles Correspond
to the View Numbers as Indicated in the
Titles Beneath the Individual Photographs)

Figure 196

A Map of the Area Around Isaa- Crary Schiool Showing the
Locations and Directions of the Photographs Shown in
Yigures 176 through 195
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B. Definition of Activities

Six different activity patterns are considered in this analysis. Eight de-

tector locations are used to characterize these activity patterns. These detector

locations are as follows:

Detector Location Descrtption

1 Center Corridor, First Floor

2 Classroom, First Floor

3 Auditorium

4 Gymnasium

5 Classroom, Second Floor

6 Power Plant

7 Basement Location

8 Shelter Location in Sub-basement

The activities are described entirely according to the amount of time that an

activity pattersn requires a person to spend at each of the detector locations.

Thua, Table LV defines the six activity p-tterns.

Table LV

FRWCfION OF TIME AS REQUIRED BY ACTIVITY Ai TO BE SPENT AT DETECTOR
LOCATION j IN ISAAC CRARY ELEXENTARY SCHOOL

Detector Loca-ion J

' 2 3 4 5 6 7 8

Activity Center Class- Class- Base- Shelter
Pattern Corridor, room, roti, ment Location
A1  First First Audi- Gytma- Second Power Loca- in S,-

,.Floor i•loor torim sium Floor. Rlnt tion lbasmengt

A .00 J.50 .00 .00 .00 .00 .50 .00

A" .00 .00 .00 .50 .00 .00 .50 .00

3 .20 .20 .20 .00 .00 .00 .00 .40

AL .00 .00 .5U .00 .00 .00 .00 .50

A5  .10 .00 .00 .00 .50 .00 .00 .40

A6  .00 .00 .00 .00 .00 .70 .00 .30
J _-- -
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C. Protection Factors

1. Original PF's at Detector Locations (See Figure 175)

Detector Location Original PF

1 Center Corridor, First Floor 39

2 Classroom, First Floor 28

3 Auditorium 18

4 Gymnasium 20

5 Classroom, Second Floor 23

6 Power Plant 4.1

7 Basement Location 125

8 Shelter Location in Sub-basement 667

2. Equivalent Protection Factors for the Activity Patterns

Activity Pattern (See Table LV) Equivalent PF

A1  45

A2  34

A3 41

A4  35

At; 40

A6  5,8
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D. Contaminated Planes

Identification Area Size Surface
Number Description (in ft 2 ) Maerial

1 Roof of Building 24,200 Tar and Gravel

2 Parking Lott 17,250 Asphalt

3 Streets 148,800 Asphalt

4 Playground 68,900 Composition of
Sand and Gravel

5 Lawns, Bare Earth, etc. 111,250 Grasg and Earth

E. Contribution to Intensity Factors (Cjj Values)

The following gives the structural characteristics of the school building

which werz required to calculate the contribution to intensity values:

1. Exterior Walls - 6" brick (53 lb/ft 2 ).

2. Interior Partitions - brick with openings (10 lb/ft 2 ).

3. Floors - 9" reinforced concrete covered with tile (120 lb/ft 2 ).

4. Roof - 9" reinforced concrete tar and gravel with insulation (122 lb/ft 2 ).
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Table LVI lists the contribution to intensity factors of the various planes

to the selected detector locations.

Table LVI

CONTRIBUTION TO INTENSITY FACTORS (Cij VALUES) FOR ISAAC
CRARY ELEENTARY SCHOOL

Detector Location J

1 2 3 4 5 6 7 8
Contaminated Center Class- Cla3s- Base- ShelterCnane Corridor room, room, ment Locaticn

First First Audi- Gymna- Second Power Loca- in Sub-

Floor Floor torium shmn Floor Plant tion basement

1 Roof of Building .0053 .0053 .0082 .0084 .0199 .0030 .0019 .0009

2 Parking Lots .0104 .0093 .0191 .C180 .0081 .0908 .0006 .0001

3 Streets .0044 .0031 .0080 .0009 .0023 .0218 .000i .0000

4 Playground .0024 .0024 .0143 .0179 .0009 .0882 .0012 .0003

5 Lawns, Bare Earth .0031 0162 .0064 .0052 .0121 .0406 .0042 .0002
etc.
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F. Relggcve Intensity Contributions (CFfj Values)

The relativt intensity contributions are given in Table LVII.

Table LVII

REIATIVE INTENSITY COtNzIBUTIONS (CFij VALUES) FOR ISAAC
CRARY ELE1ENTJY SCHOOL

Detector Location j
I2' 3 4 -_ _5_ 6 ' 7 "

Contaminated Center Class- Class- Base- Shelter
Plane i Corridor, room, room, ment Location

First First Audi- Gymna- Second Pwer Loca- in Sub-
Floor Floor toriuni sium Floor Plant tion basement

1 Roof of Building .21 .15 .15 .17 .46 .01 .24 .60

2 Parking Lots .41 .26 .34 .36 .19 .37 .07 .07

3 Streets .17 .09 .14 .02 .05 .09 .01 .00

4 Playground .09 .07 .26 .36 .02 .36 .15 .20

5 Lawns, Bare Earth .12 .45 .11 .10 .28 .17 .52 .13
etc.
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G. Cost and Effectiveness

The cost and effectiveness data for selectecd methods of decontaminating sur-

faces are given in Table LVIII.

Table LVIII

COST AND EFFECTIVENESS DATA FOR SELECTED METHODS OF DECONTAMINATING
SURFACES rOR ISAAC CRARY ELEMENTARY SCt1OOL

Mass Reduction
Factor (Fraction ITeam I

Identi- Surface fallout materia: Hours No.
fication (Surface remaining after oe in

Method Symbol Number) decontamination) Effort Team

Fireho~e A Roof of Building (1) .01 3.4 7

Firehose B Roof of Building (1) .07 1.6 7
Firehose C Roof of Building (1) .12 1.0 7

Firehose D Parking Lots (2) .02 0.4 5

Flusher E Parking Lots (2) .02 0.2 1

Street Sweeper F Parking Lots (2) .15 0.2 1

Firehose G Streets (3) .02 3.0 5

Flusher H Streets (3) .02 1.5 1

Street Sweeper I Streets (3) .15 1.5 1

Grader J Playground (4) .10 16.5 1
Grader K Lawns, Bare Earth, etc .10 26.7 1

(5)

221



H. -- Values

The fraction of intensity remaining for selected strategies is given in Table

LIX.

Table LIX

FRACTION OF 1T117NSITY REMANING (RN VAIUES) FOR SELECTED STRATEGIES
rOR ISAAC CRARY EL)ilTARY SCHOOL

Detector Location j

L ..... ed2 3 4 5 6 87 ' 18
Combined Center Class- Class- Base- Shl ter
Strategy Corridor, room, room, ment iocation

First .'irst Audi- Gymna- Second Power Loca- !.n Sub-
- - Floor , oor toim slum Floor Plant tion e

.0 .86 .86 .33 .55 .99 .76 .41

B .81 .86 .36 .84 17 .99 .78 .44

C .82 .87 .87 .85 .60 i99 .79 .48

D .60 .75 .67 .65 .82 .64 .93 .93

G .83 .92 .36 .98 .95 .91 .99 1.00

J .92 .94 .?7 .68 .98 .68 .86 .82

K .89 .60 .90 .91 .75 .85 .53 .88

A+E .40 .60 .32 .49 .36 .62 .69 .34

A+F .45 .64 .57 I .53 .39 .67 .70 .35

B+H .64 .78 .72 .83 .52 .90 .2'7 .44

""+I .b6 .79 .74 .83 .5• .91 .77 .44

+ J+K J4 06 -A .04 0

= a22.2



I. M Values

The activity reduction factors !cr selected strategies and the activity

patternsare given in Table LX.

Table LX

ACTIVITY REDUCTION FACTORS (RNA VAli.ES) FOR SELECTED STRATEGIES AND
THE ACTIVITY PATTERNS FOR ISAAC CRARY ELEMENTARY SCHOOL

Combined Activity Pattern6

Strategy Al A2  A3  A4

1. .84 .83 .83 .84 . .99

1B .85 .84 .84 .85 .59 .99

C .86 .84 .85 .86 .62 .99

D .78 .69 .68 .67 Qj .64

G .93 .98 .87 .86 .94 .91

J .93 .71 .85 .77 .97 .68

L .59 .86 .81 .90 .77 .85

.+E 62 .51 .52 .52 .3- .62

AF .65 .55 .56 .56 .39 .67

B+H .78 .82 .72 .72 .53 .90

B+I .79 .82 .73 .73 .54 .91

++G+J.+K .06.. .06 .05 .05 .04 .06

J. Conclusions

Aj in the previous analysit, appreciable intensifv reductions at ary of the

d-tectors can only be achieved by performing a combined strategy involving the

decontamination of several contaminated planes. About 85 man-hours of effort

(Strategy A+D4G+J+K) would be required to reduce the in•'nsity at all of the

detector locations considered in this analysis by factors of fifteen or more.
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XII. DECONTAMINATION ANALYSIS OF THE CADILLAC MOTOR CAR
DIVISION OF GENERAL MOTORS CORPORATION

A. Discussion

",be Cadillac Motor Car Division of General Motors Corporation is a large

complcx of buildings and outdoor service and storage areas in zentral Detroit.

This analysis concerns itself only with activities and detector locations in

three of the buildings in the complex: the engineering building, the main manu-

fa .uzing and assembly plant, and the general offices and administration building.

The general area around the plant is largely industrial since majLr railroad

trunk lines converge in the area. Thcse railroad tracks r.efine two of the

boundaries cf the Cadillac complex.

Figure 197 is a map of the area showing the locations of detector positions

and the sizes and surface materials of contributing planes of contamination.

Figures 198 through 213 are several photographs taken around the area, showing

some of the contaminated planes and other features of the area that would in-

fluer.-e decontaminatt.,n. Figure 214 is a map showing the locations and dirc-c-

tions of the photographs.
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SCALE Q - Detector Location i

0 50 100 FEET

_/_ /l D
Tar and Gravel Roof ofEngineering Building -Paved Parking LotsGrass 90,000 Parking 356,900 Square Feet

Lawns, Squiare Feet 0 Deck
/ etc. -

27,600 (
Square Feet

Tar and Gravel Roofs of Nearby
Buildings -
451,200 Square Feet Corrugated Metal Roof of Manu-

0 facturing and
Assembly Bldg. 1
137,900 Square

Tar and Gravel Roof of Feet
"General Offices and Adminis-

n ration Building-
90,000 Square Feet ED

Paved Streets - 433,900 Square Feet

[ iShingle and Corrugated Metal Roofs
of Nnrby Buildings - 290 700

Square
V\I Feet

Figure 197

A Map of tht Area Around the Cadillac Motor Car Division Showing the Locatiotiq
of Detectors and Indicating the Sizes, and Surface Materials

of the Potentiallv Contributing Contaminated Planes
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Figure 198

View 1. Cadillac Motor Car Division-
A View of the Frout Wall of the
General Offices and Administration
Building

Figure 199

View 2 -Cedilla%; Mo'tor Car Divi!ýon-
A View of the Front Entrance and Lobby in
the Gcm~ral Officus and Admia1istratior.
Building



Figure 200

View 3 - Cadillac Motor Car Division
A View of the Parking Lot Between the
General Offices and Administration
Building and a Section of the Manufacturing
Building

Figure 201

Viow 4 - Cadillac Motor Car Divis'onr-
A View of the Street in Front of thu
Generalr Offices and Administration
B8 Iid i ng



Fivure 202

View 5 - Cadillac Motor Car Division -

A Close-up View of One of the Drains in
the Parking Lot Next to the General Offices
and Administration Building

Figure 203

View • - Cadillac Motor Car Division -

A View of the Front of tht, Enginevrintz
Bui ld ing
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Figure 204

View 7 - Cadillac Motor Car Division -

A View of One Side of the Manu-
facturing Building

F" •, •'Akrc •. )5

View 8 - Cadillac Motor Car Division -

A View of Two of the Major Streets Which
Border the Cadillac Complex
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Figure 206

View 9 -Cadillac Motor Car Division-
A View of the Cadillac Complex Taken From
a Short Distance West of the Engineering
Building

Figure 207

View 10) Cadillac Motor Ca~r Divis-ion-
A Vie of One of the ShIppiny anti
Receiving Yards in the CaidilIlac Complex



Figure 208

View 11 - Cadillac Motor Car Division -

A View of One of the Shipping Docks
in Back of the Manufacturing Building

Figure 209

Vie.w 12 - Cadillac Motor Car Division

A View of an Entrance to One of the
Parkiniz Lots in the Cadillac Complex

2 Vý--



Figure 21.0

View 13 -Cadillac Motor Car Division-

A View of the West Wall of O~e

Manufacturing Building

Vic.. 1 -cadi! 1i'. meter. Car Division-

A V iew of OMv' O~th OIAnptlavc' Ptrk iný'

Lots in OttCi ~icCrpu



iI

Figure 212

View 15 Cadillac Motor Car Division
A View of One of the Paved Parking
Lots in the Cadillac Complex

Fifurc 213

View 16 - Cadillac Motor Car Division
A View ofT t t-'irking Deckg Adjacent
to :nc: Enginecrinjt Building
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/ .1_7
(NuLibers in the Small Circles
Correspond to the View Numbers as

; as Indicated in the Titles
Beneath the Individual Photo-9 graphs)6

KITi

Figure 214

A Map of t"i Area Around the Cadillac Mo-tor Car Divijsin
Showirg the LocatiL';.is ard Directions of the Photogr~ph3
Shcwn in Figures 198 through 21!



B. Definition of Activities

Six aý:tivity patterns are considered in this analysis. Nine detector loca-

tiona are used to characterize these activities. These detector locations are!

Detector Location Descrip tion

1 Main Lobby in Administration Building

2 Office on Second Floor of Administration
Building

3 Central Location in Kinufacturirtg Plant

4 Off-center Location in Manufacturing Plant

5 Office in Engineering Building

6 Blueprint Room in Engineering Building

7 Drafting Room in Engineering Building

8 Shelter Location in the Basement of
Administration Building

9 Shelter Lcvation in Tunnel between Adxainistra-
tion Building end Manufacturing Building

The activities are described entirely according to the amount of time that an

activity pattern requires a person .. spend at each detector location. Thus, Table

LXI defines the activities.
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C. Protection Factors

1. Original PF's at Detector Locations (See Figure 197)

Detector Location Original PF

1 M4ain Lobby in Administration Building 6.5

2 Office on Second Floor of Administration Building 27

3 Central Location in Manufacturing Plant 7.3

4 Off-center Location in Manufacturing Plant 5.0

5 Office in Engineering Building 79

6 Blueprint Room in Engineering Building 20

7 Drafting Room in Engineering Building 21

8 Shelter Location Itn Basement of Administration Building 476

9 Shelter Location in Tunnel between Administration Building
and Manufacturing Building 2000

2. Eauivalent Protection Factors for the Activity Patterns

Activity Pattern (See Table LXU) Equivalent PF

AI 29

A2  14

A3  9.9

A4 153

A5  41

A6  50
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D. Contaminated Planes

Identificat in Area S~ze Surface
Number Description (in ft') Material

1 Roof of Manufacturing and 137,900 Corrugated Metal
Assembly Building Sheets (pitched)

2 Roof of Engineering Building 90,000 Tar and Gravel

3 Roof of General Offices and 90,000 Tar and Gravel
AdmInistration Building

4 Roofs of Nearby Buildings 451,200 Tar and Gravel

5 Roofs of Nearby Buildings 290,700 Shingles and
Corrugated Metal

6 Streets 433,900 Asphalt

7 Paved Parking A56, U00 Asphalt

8 Grass, etc. 27,600 Grass and Bare
Earth

E. Contribution to Intensity Factors (CjJ Values)

The following gives the structural characterizLics of the buildings which

were used to caiculate the contribution t, intensity values:

a. General Offices and Administration Building

Exterior Walls

Wall facing street - 4" brick (80% apertures) (25 lbs/ft 2 ).

Side exterior walls - 3" brick with varble facing (65 lbs/ft 2 ).

Wall on the back of building - 8" brick (55 lbs/ft 2 ).

interior Partitions - plaster on metal lath (8 lbs/ft 2 ).

Floors - 6" reinforced concrete (75 lbs/ft 2 ).

Roof - 6" reinforced concrete (75 lbs/ft 2 ).

b. LExgineering Building

Exterior Walls - 12" brick (100 lIs/ ft 2 ).

Interior Partitions - 8" br~k (60 lbs/ft 2 ).

Floors - 6" reinforced concrete (75 lbs/ft 2 ).

Roof - 6" reinforced concrete (75 lbs/ft 2 ).
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c. Manufacturing and Assembly Building

Exte•ior Walls - 12" brick (100 lbs/ft 2 ).

Interior Partitions - 8" brick (60 lbs/ft 2 ).

Floors - 6" reinforced concrete (75 lbs/ft 2 ).

Roof - 6" reinforced concrete (75 lbs/ft 2 ).

Table LXII lists the contribution to intensity factors of the various planes

to the selected detector locations.

F. Relative Intensity Contributions (CF__ Values•

The relative intensity contributions art given in Table LXIII.
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G. Cost and Effectiveness

The cost and effectiveness data for selected methods of decontaminating sur-

faces are given I.n Table LXIV.

Table LXIV

COST AND EFFECTIVENESS DATA FOR SELECTED METHODS OF DECORT&MINATING SURFACES
FOR CADILLAC MOTOR CAR DIVISION OF GENERAL MOTORS CORPORATION

Mass Reduction
Factor (Fraction Team

Identi- Surface Fallout material Hours No.
fication (Surface remaininS after of in

Method Sbol -- Number) decontamination) Effort Team

Firehose A Roof of Manufacturing .01 19.3 7
Building (1)

Firehose B Roof of Manufacturing .07 8.8 7
Building (1)

Firehose. Roof of Manufacturing .12 5.9 7
Building (1)

Firehose D Roof of Engineering .01 12.6 7
Building (2)

Firehose E Roof of Engineering .07 5.8 7
Building (2)

Firehose F Roof of Engineering .12 3.9 7
Building (2)

Firehose G Roof of Administration .01 12.6 7
Building (3)

Firehose H Roof of Administration .07 5.8 7
Building (3)

Firehose I Roof of Administration .12 3.9 7
Building (3)

Firehose J Roofs of Nearby Buildinge .01 63.2 7
(4)

Firehose K Roofs of Nearby 'utidings .07 28.9 7
(4)

F! ;:ehose L Roofs of Nearby Buildings .03 23.3 6
(5)

Firehose M Roofs of Nearby Buildings .08 7.3 6
(5)

Firehose N Streets (6) .02 8.7 5

Street 9wecper 0 o Street& (6) .15 4.3 1

Firehose P aved Parking (7) .02 7.1

Grader . gQ IGrass, etc. (o) . .10 6.6



H. Mi Values

The fraction of intensity reniining for selcted strategies is given in Table

L••.

The activity reduction factors for selected strategies and the activity

patterns are given in Table LXVI.

J. Concilusions

The potentially contributing planes of contamination in the Cadillac complex

add up to about two million square feet of area including roof surfaces. To decon-

taminate the entire area would require about one thousand man-hours of decontami-

nation effort. "ierefore, if only a few critical locations could be ilentified as

requiring inte y reductions, the cost of the decontamination effort could be

re' .. ap, reciably. No single combined strategy outside of decontaminating the

et .ire complex reduced all detector locations to any substantial degree.
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Table LXVI

ACTIVITY REDUCTION FACTORS (MNA VALJES) FOR SELECTED STRATEGIES AND THE ACTIVITY
PATTERNS FOR THE CADILLAC MOTOR CAR DIVISION OF GENERAL MOTORS CORPORATION

o nActivity Pattern
Combined _ _ _ _ _ _ _____ _ _ _ _ _ _ _ _ _ _ _

Strategy A1  A2  A3  A4 A5  A6

A .84 .08 .41 1.00 1.00 1.00

B .85 .14 .45 1.00 1.00 L00

C .86 .18 .48 1.00 1.00 1.00

D 1.00 1.00 1.00 .73 .08 .09

E 1.00 1.00 1.CO .74 .13 .15

F 1.00 1.00 1.00 .76 .18 .19

G 1.00 1.00 1.00 .98 .99 .99

H 1.00 1.00 1.00 .98 .99 .99

I 1.00 1.00 1.00 .99 .99 .99

J .99 1.00 1.00 1.00 1.00 1.00

L 1.00 1.00 1.00 1.00 1.00 1.00

N .83 .99 .96 .44 .99 .98

P .82 .95 .68 . '8 .95 .96

Q .57 .99 .97 .99 1.00 .99

A+K4-M•0 .69 .07 .38 .51 .99 .99

A+K+M+O+P .51 .02 .06 .39 .94 .94

A+D4G+J+.IN+P+Q .06 .01 .02 .02 01 .01
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XIII. DECONTAMINATION ANALYSIS OF A PURE OIL GASOLINE AND SERVICE STATION

A. Discussion

The gas station selected for this analysis is the Pure Oil Statior m the

corner of McNichols Road and Prevost Avenue in northwest Detroit. It is in a semi-

residential neighborhood with small stores beside it and across the street from it.

Figure 215 is a map of the area. showing the detector locations and the sizes

and surface materials of the contributing planes of contamination. Figures 216

and 217 are two photographs of the gas station showing some of the planes of con-

tamination and other features of the area that would influence decontaminamion.

Figure 218 is a map showing the locations and directions of the photographs.
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SCALE 0 - Detector Location i
0 50 100 FEET

I ' E KJ _ _ _0

Tr TTT ndGravel Roof of Gas Station - 1,300 Square
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Paved Service Area
4,000 Square Fect

Grass Lawns, raved Streets -

etc. - 2,000 25,000 Square Feet
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Figaze 215

A Map of the Area Around the Pure Oil Gas Station Showing the Lozations
of Detector3 and !xficat.n&, th-. Size~s, and Surface Materials

of the Potentially Contributing Contaminated Planes
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Figure 216

View 1 - Pure Oil Gas Station
A View of the Gas Station Showing
the Intersection of Prevost Avenue and
McNichols Road

Figure 217

View 2 - Pure Oil Gas Station -

A View of McNichols Road Showing the
Stores and Buildings Across the Street
From the Gas Station
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~Q(Numbers in the Small Circles
_ orrespond to the View Numbers
as Indicated in the Titles
Beneath the Individual Photo-
graphs)

Figure 218

A Map of the Area Around the Pure Oil Gas Station Showing
the Locations and Directions of the Photographs Shown in
Figures 216 through 217
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B. Definition of Activities

Two activity patterns are considered in this analysis. Four detector loca-

tions are used to charazterize these activities. These detector locations are:

Detector Location Description

1 Service Station Office

2 Indoor Service Area

3 Outdoor Service Area

4 Nearby Shelter Area

The two activities are described entirely according to the amount of time that

an activity pattern requires a person to spend at each detector location. Thus,

Table LXVII defines the activities.

Table LXVII

FRACTION OF TIME AS REQUIRED BY ACTIVITY Ai TO BE SPENT AT DETECTOR
LOCATION j AT THE PURE OIL GAS STATION

Detector Location j

i 2 3 4
Activity Service Indoor Outdoor Nearby
Pattern Station Service Service Shelter

Ai -Office Area Area Area

Al .10 .00 .40 .50

A2 .10 .40 .20 .30

C. Protection Factors

1. Original PF's at Detector Locations (See Figure 215)

Detector Location Original PF

1 Service Station Office 1.9

2 Indoor Service Area 2.5

3 Outdoor Service Area 1.8

4 Nearby Shelter Area 32

2. Equivalent Protection Factors for the Activity Patcerns

Activity Pattern (See Table LXVI) Equivalent F

Al 3.4

A2  3.0
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D. Contaminated Planes

Identificatiora Area S ze Surface
Number - Description (in ft Material

1 Roof of Gas Station 1,300 Tar hnd Gravel
with Shingle on
Overhang in
Front

2 Paved Service Area in Gas 4,000 Asphalt
Station

3 Streets 25,000 Asphalt

4 Lawns and Bare Earth 2,000 Grass and Earth

E. Contributions to Intensity Factors (C4j Values)

The following gives the structural characteristics of the building which were

used to calculate the contributions to intensity values:

a. Roof of Gas Station - 3" pre-cast concrete with 1" tar and gravel

(35 lbs/ft 2 ).

b. Exterior Walls of Gas Station - 8" cinder block with 4" brick veneer

in front (80% apertures in front) (40 lbs/ft 2 ).

c, Interior Partition in Gas Station - 8" cinder block (30 lbs/ft 2).

Table LXVIII lists the contribution to intensity factors of the various planes

to the selected detector locations.

Table LXVIII

CONTRIBUTION TO INTENSITY FACTORS (Cij VALUES) FOR THE PURE OIL GAS STATION

Detector Location j

Contamlnu zed
Plane i Service Indoor Outdoor Nearby

Station Service Service Shelter
_Office Area Area Area _

1 Roof of Gas Station .2088 .2183 .0014 .0000

2 Paved Service Area in .1444 .1144 .3418 .0000

Gas Station

3 Streets .0939 .0604 .2119 .0111

4 Lawns and Bare Earth .0687 , .0142 .0067 0201

252



F. Relative Intensity Contributions (CFij Values)

The relative intensity contributions are given in Table LXIX below.

Table LXIX

RELATIVE INTENSITY CONTRIBUTIONS (CFiJ VALUES) FOR THE PURE OIL GAS STATION

Detector Location J

12 3 4

Contaminated Serzvice Indoor Outdoor Nearby
Plane i Station Service Service Shelter

_.... Office Area Area Area

1 Roof of Gas Station .40 ,54 .00 .00

2 Paved Service Area in .28 .28 .61 .00
Gas Station

3 Streets .18 .15 .38 .36

4 Lawns and Bare Earth .13 .03 .01 .64

2 P..



G. Cost and Effectiveness

The cost and effectiveness data for selected methods of decontaminating sur-

faces are given in the following table.

Tabla LXX

COST AND EFFECTIVENESS DATA FOR SELECTED METHODS OF DECONTAMINATING
SURFACES FOR THE PURE OIL GAS STATION

Mass Reduction
Factor (Ftaction Team

Identi- Surface fallout material lours No.
fication (Surface remaining after of in

Method Symbol Number) decontamination lEffort Team

Firehose A Roof of Gas Station (1) .01 0.2 7

Firehose B Roof of Gas Station (1) .07 0.1 7

Firehose C. Roof of Gas Station (1) .12 0.1 7

Firehose D Paved Service Area (2) .02 0.1 5

Flusher E Paved Service Area (2) .02 0.1 1

Street Sweeper F Paved Service Area (2) .15 0.1 1

Firehose G Streets (3) .02 0.5 5

Flusher H Streets (3) .02 0.3 1

Street Sweeper I Streets (3) .15 0.3 1

Grader J Lawns. Bare Earth. etc. .10 0_,5 1
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H. RNj Values

The fraction of intensity remaining for selected strategies is given in
Table LXXI.

Table LXXI

FRACTION OF INTENSITY RJAAINING (RNj VALUES) FOR SELECTED STRATEGIES FOR
THE PURE OIL GAS STATION

Detector Location j

Combined Service Indoor Oucdoor Nearby
Strategy Station Service Service Shelter

, _Office Area A-tea Area

A .60 .47 1.00 1.00

B .62 .50 1.00 1.00

C .64 .53 1.00 1.00

D .73 .72 .40 1.00

G .82 .85 .63 .65

J .88 .97 .99 .42

A+E .32 .19 .40 1.00

,F .36 .23 .48 1.00

B+H .45 .36 .63 .65

B+I .47 .38 .68 .70

A+D+G .15 .05 .03 .65

+'D.G+J ,_-02_. - O. .02 .07
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I. ] Values

The activity recduction factors for selected strategies and the activity

pattern are given in Table LXXII.

Table LXXII

ACTIVITY REDUCTION FACTORS (RNA VALUES) FOR SELECTED STRATEGIES AND THE
ACTIVITY PATTERNS FOR THE PURE OIL GAS STATION

Combined Activity Pattern

Strategy A1  A2

A .93 .68

B .93 .70

C .94 .72

D .49 .63

G .67 .77

3 .94 .95

A+E .42 .31

A+F .49 .36

B+H .60 .4"

B+I .64 .50

A+D+G .09 .07

+DG+J _ _ [.2 _ _02,

J. Conclusions

Five man-hours of effort (combined strategy A+D+G) would reduce the radiation

dose to persons operating the gas station by more than a factor of ten. If only

the service station area (the roof ano paved service area) were deconomimated,

the intsnsity at the three detector locations at the gas statim itself would be

reduced by about a factor of three (see Table LXII - Strategy A+E).
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XIV. SUMMARY AND CONCLUSIONS

For all of the sites and facilities considered in this report, properly

planned decontamination can substantially reduce the intensity at almost all in-

door detector locations by at least a factor of five. This assum-s that the

persocns responsible for performing decontaminatioi have investigated ani properly

accounted for the problems of resource acquisition, personnel assignment and the

drainage or other types of control of the faliout material removed from the con-

taminated planes. In many cases decontamination can decrease the intensity. at

certain indoor detectors by factors as high as fifty.

The results of the analyses in this report sh-.r one strategy of decontamina-

tion as influencing the radiation intensity at indoor- detector locations. That

atrategy is firehosing the rooi directly above the detectcor. This is because the

roof contribution is most often the principle contributor to the intensity at in-

door detectors. Table LXXIII shows the fraction o.f the total intensity at vaorious

indoor detector locations (selected from the facilities analyzed in Sections II

through XIII) which is contributed by the roof directly above the detector. Inas-

much as every structure studied in this report has a flac or very Lai pitch• roof,

the only method which could effectively remove the fallout is high veloity fire-

hosing. Most of the structures studied have high pre~sure hos connectors close

t, or on the roof. Firep"ugs are within 200 feet of the .iases of each of the

other buildings.
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Table LXXIII

FRACTION OF TOTAL INTENSITY TO VARIOUS DETECTOR LOCATIONS CONTRIBUTED

BY TOE RO3F OF THE FACILITY

ractioTL of
= ntensity

ontributed

Facility Detector Number and Desc•ription v the Roof

1. Mercy Hospital 1 Center Corridor '"st Floor) .83

2 Corridor-Surgic:t. Wing .96

8 Patient's Room o. Main Corridor .60

2. E. J. Korvette 2 Center of 2nd Floor .94

Department Store 4 Off-center Location on 2nd Floor .90
5 Office on 2nd Floor .90
7 Shelter Area in Partial Basement .89

3. Springwells 1 Center of 1st Floor in High LIft Plant .99
Station 2 Control House .88

3 Center Location in Turbine Room .98
4 Off-center Location in Turbine Room .99
7 Aisle in Old Filter Building .87
9 Shelter Area in Basement Area near Low Lift 1.00

Plant

4.- Mi.stersky 6 Center Location in Turbine Room .94
Power Plant 7 Off-center Location in Turbine Room .92

5. Cobo Hall 3- Cafeteria in Upper Level .61
6 Office in Upper Level :70

6. City-County 3 Center Location on 13th Floor in 20 Story Towe .69 *

Building 4 Center Location on 20th Floor in 20 Story Tower 1.00
9 Office on 12th Floor of 14 Story Tower .72

7. Detroit City 4 Center Location in large Hangar .60
Airport

8. Detroit OCD 1 Center Hall on ist Floor .82
Building 2 Message Center in Basement- 1.00

3 Supply Room in Basement 1.00
4 Director's Office in Basement .99
5 Medical Room in Basement 1.00

6 Men's Rest Room in Basement 1.00

9. Saint Mary's 4 Schoolroom on 2nd Floor (Old Building) .47
School 6 Shelter Area in Basement of Old Building .51

10. Isaac Crary 5 Classroom on 2nd Floor .46
School 6 Shelter Location in Sub-basement .60

11. Cadillac Motor 3 Center Location in Manufacturing Plant .93
Car Division 6 Blueprint Room in Engineering Building .89

7 Drafting iqoom In Engineering Building .95

12. Pure Oil Gas 1 Service Station Office .0

Station 2 Indoor ServIce Area .54
* (Entirely from Roof of 14 Story Tower) -.-
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The team-hours of effort required to firehose the roofs directly above the

detector locations are listed in Table LXXIV. These figures do not includQ set-

up or travel time.

The intensity at outdoor detector locations can also be reduced appreciably

by decontaminating the surfaces contributing most to the intensity at the detector.

If the plane directly below the detector is decontaminated, the intensity is al-

most always reduced by at least a factor of ten. Unless the surface is paved,

however, the cost in man-hours of effort is usually quite high. Since ground

surface planes of contamination are usually quite large, it might be more practi-

cal to consider only decontaminating those outdoor planes where persons are re-

quired to be (e.g., major streets), or those which contribute heavily to an

essential indoor detector.
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Table LXIV

TEAN U WE OF SFORT REQrX.UUD TO FIREHOSE THE ROOFS
OF THE FACILITIES t00SDERED IUt THIS ANALYSIS

"Mass Ueduc- Team 3ours No. in
Failiy (and Buildings wbere aMlicAble) tion Factor of Effort e

1. Mercy Hospital .01 1.01 7
.07 .46 7

2. E. J. Korvette Department Store .01 9.80 7
.12 3.Ot 7

3. Springwells Station
a. Old Filter Building, Annex, and Offitce .01 19.6:' 7

Building .12 6.02 7

b. Lift Plant .03 3.44 6
.08 1.08 6

4. Mistersky Power Plant
a. Main Plant Building .01 12.88 7

.07 5.89 7

b, Office and Shop Building .01 .77 7

5, Cobo HA'll
a. Exhibition Building (Parking Deck) .02 6.00 5

b. Convention Arena .03 j 190.40- 6

6. City-County Building .01 4. q 7
.12 1. 53 6

7. Detreit City Airport
a. Terminal .01 2.24 7

.12 .69 7-

b. Main Hangar .03 2.40 6
.08 .50 6

8. Detroit OCD Building .01 1.69 7
.07 .77 7

9. Saint Mary's School
a. NIkw Building .01 3.19 7

.12 .98 7

b. Old Building .03 3.10 6
.08 .97 6

10. Isaac Crary School .01 3.39 7
.07 1.55 7
.12 1.04 7

11. Cadillac Motor Car Division
a. Manufacturing Building .01 19.30 7

.12 5.93 7

h. Engineering Building .01 12.60 7
.07., 5.76 7

c. Administration Building .01 12.60 7
.12 3.Z7 7

12. Pure Oil Station .01 .18 7
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