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FOREWARD

The calculations in this document were prepared in
accordance with UNI-2522 'Allowable Residual
Contamination Levels for Decommissioning Facilities in
the 100 Areas of the Hanford Site", and as authorized
by DOE letter dated July 3, 1984, to Contractors,
Richland, Washington, from Manager DOE-RL. Since this
is the first effort in decommissioning a Hanford
facility using the Allowable Residual Contamination
Level (ARCL) methodology, the most conservative
approach was taken. Some of these conservatisms are;
volume calculations limited to contaminated concrete,
sample with highest activity used to calculate to curie
activity and the 1 to 4 meters of clean fill over the
rubble was not used to calculate final activity.

The conservative approach was followed in order to
understand procedural implementation methods of the
A.RCL more clearly. It is significant to note that the
intent of this document was to illustrate and demon-
strate the decommission of the 115-F Building by
demolition and in-situ burial will not cause a dose
to a maximum exposed individual greater than 25
mrem/year, to the whole body or, to any organ.
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A UNI-2966

A.RCL CALCULATION FOR DECOMMISSIONING THE 115-F
GAS RECIRCULATION BUILDING

I.DETERMINATION OF RESIDUAL CONTAMINATION LEVELS AND ALLOWABLE
RESIDUAL CONTAMINATION LEVELS (ARCL.) FOR THE 115-F
GAS RECIRCULATION BUILDING

A. Introduction

The purpose of these calculations are to demonstrate
the Allowable Residual Contamination Level (ARCL)
methodology and to show that the remaining or residual
contamination in the 115-F Gas Recirculation Building
is less than the allowable levels specified by the
ARCL. The ARCL establishes the amount of radioactive
contamination that may remain within a structure when
it is demolished and buried in-situ. ARCL calculations
for the 115-F Building are based upon an unrestricted
use mode when the structure is rubblized and buried
in-situ 1-4 meters deep. The ARCL limit provides that
the residual radioactive contamination does not result
in a dose to a maximum exposed individual greater than
25 mrem/yr, to the whole body or, to any organ.

The data and information that were collected and
utilized in preparing the ARCL work sheets are based on
the following sources:

1. Field radiological sampling and analysis.

2. UNI-946, 'Radiological Characterization of the
Retired 100 Areas,n dated 1977.

For the purpose of this report, Cooler/Blower Room $1
is used to demonstrate how the ARCL methodology was
applied to the 115-F Building. Each additional
contaminated room and space in the 115-F Building was
similarly treated.

Upon completion of all 115-F Building radiological
surveys, it became apparant that less than one half of
the building was contaminated. Of the contaminated
rooms and spaces, only a fraction of the surface area
was found to be contaminated. In all cases the
contamination was confined to the floor of each room.
The contaminated rooms and spaces are identified below:

1. Cooler/Blower Rooms 1 and 2

2. Dryer Rooms 1, 2 and 3

3. Portion of the piping tunnel floor.

(See Figure A-1, 115-F Gas Recirculation Building)
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B. ARCL Calculations for 115-F Building Using
Cooler/Blowers Room #1 as Example

Approximately one-third of the floor surface in
Cooler/Blower Room #1 remained contaminated after
decontamination efforts. The contamination is entirely
fixed. Concrete samples were collected and analyzed on
a multi-channel analyzer with a germanium detector.
The only isotope identified was Cesium-137. In
addition, a portable multichannel analyzer was used to
scan the contaminated surface areas and Cs-137 was
again the only isotope identified. (See Work Sheets
for Cooler/Blower Room #1). Since the survey results
reported in UNI-946 'Radiological Characterization of
the Retired 100 Areas' listed activity levels of
Carbon-14 and Tritium (H-3). it is assumed for the ARCL
calculations that these isotopes are present in the
same ratios as those found in tNI-946. Strontium-90
activities were also listed in UNI-946. However,
because Sr-90 is the limiting radionuclide for
determining the ARCL values, a representative concrete
sample was analyzed by a strontium separation
analytical technique to determine the concentration of
Sr-90 actually present (UNI-946 data was based on
smearable contamination). C-14 and H-3 contamination
are not limiting by at least an order of magnitude
compared to Sr-90 therefore the ratios obtained from
the UNI-946 data are considered sufficient for the ARCL
calculations.

C. Basic Assumptions

For ARCL work sheet preparation, the following
assumptions were made in addition to those already
present within the A.RCL methodology:

1. Penetration of contamination into concrete extends
to 1 cm. This is a conservative estimate.

2. The ratios between Cs-137 concentration and H-3 and
C-14 have remained the same as the 1977 data
reported in UNI-946.

3. The amount of radiologically clean concrete rubble
assumed for dilution of the contaminated concrete
was only taken to be the volume of concrete below
the 1 cm deep layer of contaminated concrete
surface.

4. Density of concrete was assumed to be 150 lbs/ft,
based on standard industrial mixes for concrete.

-3-i
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D. Basic Approach

1. Determination of Residual Contamination Levelsq

a. Step 1 - Calculate total volume of concrete below
contaminated floor surface for each room or space.

b. Step 2 - From volume calculate total mass of concrete.

C. Step 3 - Calculate volume of contaminated concrete
based on an assumed radionuclide penetration of
one centimeter.

d. Step 4 - From volume calculate mass of contamina-
ted concrete to 1 cm depth.

e. Step 5 - From activity concentrations and mass of
contaminated concrete, calculate toal curies
content. (pCi/gm x Step 4)

f. Step 6 - Determine activity pCi/gm of rubblized
concrete by using entire mass (includes clean
concrete below contaminated surface) of sections
of contaminated concrete floors. (Step 4 Step 2)

2. Using the following guidelines when calculating ARCL
limits for each room or space.

a. When sample radioactive concentrations are
fairly consistent for given room or space, use
sample with highest activity to calculate ARCL.

b. When sample concentrations vary considerably
(one sample result is not consistent with
others) for given room or space use average
activity to calculate ARCL only if the area
of highest activity is small in relation
to the total contaminated area. If this is
not the case, use the highest activity.

E. Method of-Sample Collection and Radiation Surveys

A diagram for each room was drafted and each surface
(floors, walls, etc.) was divided into quadrants. Each
quadrant was surveyed with portable alpha and
beta-gamma instruments and micro-R-meter. Technical
smears and gross masslinn smears were also collected
and recorded in each quadrant. Based on the above
radiological surveys, contamination on all concrete
surfaces was identified, mapped and recorded.

-4-
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E. Method of Samiple Collection and Radiation Surveys
(Cont' d)

The only surfaces which contained contamination levels
above the unrestricted release levels specified in
Table 5-1, UNI-M-30, REVl, "Radiation Control Manual"
were floor surfaces. Therefore, concrete samples were
only collected from the floor quadrants. See Section B
for further information on sampling and sample
analysis.

Both the cooler/blower rooms contained low level
contamination. When fairly consistent activity levels
were encountered for any given room or surface, the
highest activity sample was taken as worst case, and
the entire contaminated surface was assumed to contain
this amount of activity. When sample analysis
indicated a significant range of activities within a
contaminated surface, the results were averaged to
determine an overall activity level for the surface.
Contingemt upon meeting the requirements of Section D,
2.b. This situation was encountered on the dryer
rooms.

F. Determination of Residual Contamination Levels

Based on radiological surveys, the extent of
contamination is determined and the dimensions of the
contaminated area are established. From the
contaminated surface area, the volume of contaminated
concrete can be calculated. Reference Work Sheets,
Cooler/Blower Room #1. The volume of the two
contaminated areas are computed below:

1. Volume A = 9 cubic feet =2.5 x 10 cm,

Volume B = 75 cubic feet =2.1 x 10 cm

Total - 84 cubic feet = 2.4 x 10 cm

2. The mass of concrete can then be determined using
the calculated volume above.

Mass in Grams of 2.4x10 6 cm 3  ft3  150 lbs 450gm
Concrete below the ____________________

Contaminated Floor =
Surfaces - Cooler/ 2.8x10 6cm 3  ft 3lb
Blower Room #1 =5.x106g
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Determination of Residual Contamination Levels (Cont'd)

3. Total Curie Inventory

Concrete samples were collected to a depth of one
centimeter in the contaminated concrete surface.
It is assumed that the contamination is confined
within the top one cm of concrete. Total curie
inventory is calculated by first determining the
volume of the top one cm of the contaminated
surface. From the volume the mass is calculated.

Volume of top 1 cm of
contaminated surface = 7.2 X l04 cm 3

Mass = 1.8 x lO1gm

From isotopic analysis, the concentration of
Cs-137 in cooler/blower room *1 was 1.4 pCi/gm.
Based on this concentration of Cs-137, the
concentrations of C-14 and H-3 can be determined
by ratio from data listed in UJNI-946 (reference
page 7-16). The Sr-90 concentration was deter-
mined by a strontium separation analytical
technique. The isotopic inventory in the cooler/
blower room #1 was determined to be as follows:

Cs-137 1.4 pCi/gm Isotopic Analysis

Sr-90 2.1 pCi/gm Separation Technique

C-14 98 pCi/gm UNI-946 Ratio to Cs-137

H-3 7 t/a NI-946 Ratio to Cs-137

Total 108.5 pCi/gm

Total curie inventory is determined from the pro-
duct of the contaminated concrete mass and total
activity.

Total Curie Inventory 109 pCi 1.8xlosgm
Cooler/Blower Room #1 gm

2.0 x 107 pCi

-6-
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B. Cont 'd

of radionuclides does not exceed 25 mrem. A comparison
of the ARCL, post decontamination survey (total of
Item 6, ARCL work Sheet) and the specific activity of
the rubblized concrete, that will be buried in-situ,
can be made to determine if additional decontamination
is required.

C. Aloha Activity

Alpha activity was not a contributing factor in deter-
mining radioactive concentrations. Detailed radio-
logical surveys and isotopic analyses of concrete
samples did not detect any alpha activity or identify
any alpha emitting isotopes.

D. Data Comparison

With respect to the Cooler/Blower Room #1, the
following comparison can be made (reference
Cooler/Blower Work Sheets, Appendix)

Post Decon Sample Activity - 109 pCi/gm

Specific Activity of Rubble - 3.4 pCi/gm

ARCL - 59 pCi/gm

The specific activity of the rubble that will be buried
1-4 meters in soil is less than the ARCL value by a
factor of 15. Based on the above data, the
Cooler/Blower Room #1 could be rubblized and buried
in-situ and the yearly occupational dose from the site
would be considerably less than 25 mrem.

III. CONCLUSIONS

A. Summary data of all calculations are presented in Table
I1I-1. As can be seen by comparing Item 7 (specific
activity of rubblized concrete) with Item 8. (ARCL
Limit)

B. Based on radiological surveys, sample analysis, UNI-946
and the ARCL methodology the 115-F Gas Recirculation
Building can be demolished and buried in-situ and not
produce a yearly dose greater than 25 mrem/year to a
maximum exposed individual
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* COOLER/BLOWER ROOM 1UNI-2966
SAMPLE DATA LOCATIONS AND CONTAMINATION BOUNDARIES

Fl F2 7

;Z P" Floor Thickness
3'

F3IF4

C5 . Floor Thickness

~4;Zccci m

:oncrete
.olumn ~aAt Ai~

A IAA C. WcuITrH
14P&e. QOsTcr

*0 C2&r-mii4rea
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ARCL DATA
CALCULATION WORK SHEET

BLDG. /FACILITY lL5F &,A-, PEC1Q-. e)LiO&.

DETERMINATION OF RESIDUAL CONTAMINATION LEVELS

Room/Area O-OOL-V-/ SLw'-eP rovfrv #I

1. Determine total surface area of contamination from survey
program.

A i.EA A~3P
Aset 13 75ZJ -1CTA aZ

2. Determine total volume of contaminated concrete based on
thickness of concrete.

Aoeo A ZR> 31

ToT4 S

)E.~c&To CA-ii L4.Y-+ (p -v

3. Determine total mass of contaminated concrete section/area,
based on volume above.

Cc~i~~ O~J~rr

-12-
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ARCL DATA
CALCULATION WORK SHEET

4. Determine total curie inventory in contaminated concrete
section/area.

a. Assume 1 cm surface penetration. Calculate volume of
contaminated concrete 1 cm thick.

b. Calculate mass of contaminated concrete based on volume
in 4a.

c. Determine total curie inventory based on sample activity
and mass from 4b.
H'&6H E~STACTIVIV i'~SAAIvLM L4JA-S 1.'-4 e O2-' -137 . ,Uo 0lTE4

TOTAL- SPEC-t;1C ACTIUTY OPR , c- (N-9 C-I-4J 3'r-4,0) L.A,

5. Determine specific activity for contaminated concrete when
rubblized.

'3TF-PS -3-L 3 C

9LAGr3LFE Pa (1-2 Qz0om ,LjP
13 r t70 I- ' *-AErFEP-j I- IJSOL- AIL- 3H

-13-
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ARCL DATA
CALCULATION WORK SHEET

6. Calculate the ARCL value for the contaminated sections of
concrete. For isotopic concentrations, use results from past
decon concrete samples.

T-SF.L o?-L A4lur?~ T JAL..L T;HEj 1RLr~3L-i C' c3 RF-,ki 8P I is 7HT -tf-

Compare the following:

Post Decon Analysis10
LAS 7TP- //SF=!rA0 P08

rz' a'vo 4rou
Specific Activity of IRubble .96 Y

ARCL 5---

If specific activity of rubble is greater than the ARCL value,
then additional decontamination should be attempted prior to
demolition.

If ~ ~ ~ ~ -4 spcfcatvt frblei ls hnteARL auL
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COOLER/BLOWER ROOM 2UNI-2966
SAMPLE DATA LOCATIONS AND CONTAMINATION BOUNDARIES

Fl F

Floor Thickness
3,

F3 F4

Floor Thickness

:oncrete c1cuo
.ol umn

it A A4- JA)WT-
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ARCL DATA
CALCULATION WORK SHEET

BLDG./FACILITY- 1151 &A3 IR-iZ. QUO-~G.

DETERMINATION OF RESIDUAL CONTMINATION LEVELS

Room/Area E~& cE .iOv72

1. Determine total surface area of contamination from survey
program.

'4vAr-eC 'ioP=

Ar-e- Czz 3k _ _ __ _ _ __ _ _

2. Determine total volume of contaminated concrete based on
thickness of concrete.

devStatA 4w Ck"I

3. Determine total mass of contaminated concrete section/area,
based on volume above.

-17-
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ARCL DATA
CALCULATION WORK SHEET

4.. Determine total curie inventory in contaminated concrete
sect ion/ar ea.

a. Assume 1. cm surface penetration. Calculate volume of
contaminated concrete 1 cm thick.

q'Li + clVK

b. Calculate mass of contaminated concrete based on volume
in 4a.

IJ~.-t-

c. Determine total curie inventory based on sample activity
and mass from 4b.

5. Determine specific activity for contaminated concrete when
rubblized.

-18-
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ARCL DATA
CALCULATION WORK SHEET

6. Calculate the ARCL value for the contaminated sections of
concrete. For isotopic concentrations, use results from past
decon concrete samples.

Compare the following:

Post Decon Analysis al

Specific Activity of'Rubble Zia1

ARCL__ _ _ _ _ _ _

if specific activity of rubble is greater than the ARCL value,
then additional decontamination should be attempted prior to
demolition.

-19-
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SAMPLE DATA LOCATION AND CONTAMINATION BOUNDARIES

F! F2

FLOOR C, L 
Rn-a-THICKNESS Pp.e ~u~

31

FLOOR 
0THICKNESS __

~d~co CP/o'

A /V1O4 3C-AAJ L4I14 H-jI6( OE-,7
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ARCL DATA
CALCULATION WORK SHEET

BLDG./FACILITY-16 Fb GAS 9-Cl2C. 19L4J&.

DETERMI-NATION OF RESIDUAL CONTAMINATION LEVELS

Room/Area MYEZ R(/i# /

1. Determine total surface area of contamination from survey
program.

Av re, 3 T0+Pt a

2. Determine total volume of contaminated concrete based on
thickness of concrete.

0-0L4. 40( CA

.7

3. Determine total mass of contaminated concrete section/area,
based on volume above.

.A r

-22-
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ARCL DATA
CALCULATION WORK SHEET

4. Determine total curie inventory in contaminated concrete
section/area.

a. Assume 1 cm surface penetration. Calculate volume of
contaminated concrete 1 cm thick.

~j3 e±.~ 01

b. Calculate mass of contaminated concrete based on volume
in 4a.

I.~~~'t*(

C. Determine total curie inventory based on sample activity
and mass from 4b.

1.0 + 0o

5. Determine specific activity for contaminated concrete when
rubblized.

~Lqj

-23-
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ARCL DATA

CALCULATION WORK SHEET

6. Calculate the ARCL value for the contaminated sections of
concrete. For isotopic concentrations, use results from past
decon concrete samples.

L/L( ,.

Compare the following:

Post Decon Analysis 4o9'.4O

Specific Activity of'Rubble ) - J4

ARCL Lf ;2 cl

If specific activity of rubble is greater than the ARCL value,
then additional decontamination should be attempted prior to
demolition.

If specific activity of rubble is less than the ARCL value,
then demoli tion can take place when appropriate approvals
have been obtained.

-24-
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SAMPLE DATA LOCATION AND CONTAMINATION BOUNDARIES

Fl 0F2

FLOOR 5.PE F3311~~ =
T H ICKN ESS S

;too -Ipoao v ~ j

gAr

FLOOR
THICKNESS

F3

N LOCArtoQ O 0okF-se

A~ /W'tCA ' w~ 17-4 H PO,,L D0ejcT-oe
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ARCL DATA
CALCULATION WORK SHEET

BLDG./FACILITy- 1! P~ RcA.S PECI1 1Z2,1L10&.

DETERMINATION OF RESIDUAL CONTAMINATION LEVELS

Room/Area a Y e z fzo#/vi.

1. Determine total surface area of contamination from survey
program.

A r-cA. 1A

2. Determine total volume of contaminated concrete based on
thickness of concrete.

A Av-e-c A' i O q t,-'t

3. Determine total mass of contaminated concrete section/area,
based on volume above.

+

-27-
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ARCL DATA
CALCULATION WORK SHEET

4. Determine total curie inventory in contaminated concrete
section/area.

a. Assume 1 cm surface penetration. Calculate volume of
contaminated concrete 1 cm thick.

b. Calculate mass of contaminated concrete based on volume
in 4a.

c. Determine total curie inventory based on sample activity
and mass from 4b.

5. Determine specific activity for contaminated concrete when
rubblized.

sCA-

-28-
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ARCL DATA
CALCULATION WORK SHEET

6. Calculate the AROL value for the contaminated sections of
concrete. For isotopic concentrations, use results from past
decon concrete samples.

b -

Compare the following:

Post Decon Analysis L16, 6

Specific Activity of'Rubble ________________

ARCLi b7I

If specific activity of rubble is greater than the ARCL value,
then additional decontamination should be attempted prior to
demolition.

If specific activity of rubble is less than the ARCL value,
(then demolition can take place when appropriate approvals

have been obtained.

-29-
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DRYER ROOM 3 UI26

SAMPLE DATA LOCATION AND CONTAMINATION BOUNDARIES

FLOOR -u

THICKNESS
31

50c) cp0e 0(0 joO P/V

FLOOR
THICKNESS ________________________

1' F3 Drain

or I r N4.J'-

Pt Ar boefC4 oacpnL

0 v1oA SC,&jJ )A p- A.eFA -OsSi6-A,ATte'AJ
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ARCL DATA

CALCULATION WORK SHEET

BLDG./FACILITy I F &S-c~C u&

DETERMI-NATION OF RESIDUAL CONTAMINATION LEVELS

Room/Ar ea Q00M #O/V 3

1. Determine total surface area of contamination from survey
program.

~-' e~oR? To+&k 'E ~

2. Determine total volume of contaminated concrete based on
thickness of concrete.

Avsc A % L~d

3. Determine total mass of contaminated concrete section/area,
based on volume above.

-32-
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ARCL DATA

CALCULATION WORK SHEET

4. Determine total curie inventory in contaminated concrete
section/area.

a. Assume 1 cm surface penetration. Calculate volume of
contaminated concrete 1 cm thick.

b. Calculate mass of contaminated concrete based on volume
in 4a.

c. Determine total curie inventory based on sample activity
and mass from 4b.

. 7=1-

5. Determine specific activity for contaminated concrete when
rubblized.

-33-
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ARCL DATA
CALCULATION WORK SHEET

6. Calculate the ARCL value for the contaminated sections of
concrete. For isotopic concentrations, use results from past
decon concrete samples.

Compare the following:

Post Decon Analysis

Specific Activity of'Rubble A ,

A.RCL _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

If specific activity of rubble is greater than the ARCL value,
then additional decontamination should be attempted prior to
demolition.

-34-
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CALCULATION WORK SHEET

BLDG./FACILITY I1 A .-~ L&

DETERMINATION OF RESIDUAL CONTAMINATION LEVELS

Room/Area TLAAj$jZU L X A

1. Determine total surface area of contamination from survey
program.

2. Determine total volume of contaminated concrete based on
thickness of concrete.

c&A o ? T~ 4 .x

3. Determine total mass of contaminated concrete section/area,
based on volume above.

us- +
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ARCL DATA
CALCULATION WORK SHEET

4. Determine total curie inventory i n contaminated concrete
section/area.

a. Assume 1 cm surface penetration. Calculate volume of
contaminated concrete 1 cm thick.

;zl - 5

b. Calculate mass of contaminated concrete based on volume
in 4a.

c. Determine total curie inventory based on sample activity
and mass from 4b.

5. Determine specific activity for contaminated concrete when
rubblized.

-39-



-UNI-2966 T-

ARCL DATA

CALCULATION WORK SHEET

6. Calculate the ARCL value for the contaminated sections of
concrete. For isotopic concentrations, use results from past
decon concrete samples.

/4 k%.

Compare the following:

Post Decon Analysis

Specific Activity of'Rubble 30(o

?LRCL 2__p__(4__ Am

If specific activity of rubble is greater than the ARCL value,
then additional decontamination should be attempted prior to
demolition.
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