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UNI-2966
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
ARCL 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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UNI-2966

ARCL CALCULATION FOR DECOMMISSIONING THE 115-F
GAS RECIRCULATION BUILDING

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 radiocactive 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,"™ 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. 1In 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.
(Sée Figure A-1l, 115-F Gas Recirculation Building)
-]
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UNI-2966

ARCL Calculati for 115-F Building Usi
Cooler/Blovers 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. 1In
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 UNI-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.

Basic 2 ,

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

l. 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~ 4
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UNI-2966

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 radiocactive 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. 1If this is
not the case, use the highest activity.

hod of ] |lect : Radiation S

A diagram for each room was drafted and each surface
(£loors, 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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Method of Sample Collect ; padiati

{Cont'd)

The only surfaces which contained contamination levels
above the unrestricted release levels specified in
Table 5-1, UNI-M-30, REV1, "Radiation Control Manual™”
were floor surfaces. Therefore, concrete samples were
only collected from the floor guadrants. 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.

. , ¢ Residual C nation Level

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 #l1l. The volume of the two
contaminated areas are computed below:

l. Volume A 9 cubic feet = 2.5 x 10 cm

75 cubic feet = 2.1 x 10 cm

Volume B
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% cm?® £t }150 lbs | 450gm
Concrete below the

Contaminated Floor =

Surfaces - Cooler/ 2.8x10°%cm? ft? i 1b

Blower Room #1
5.8 x 10%°gm
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D . . f Residual C . . I 15 (C 1)
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 10%cm?

1.8 x 10°gm

Mass

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 UNI-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 _1.pCi/am UNI-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 ‘ 1.8x10%gm
Cooler/Blower Room #1 gm l

= 2.0 x 107pCi

| b
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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.

Alpha Activi

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.

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
ITI-1. As can be seen by comparing Item 7 (specific
activity of rubblized concrete) with Item 8. (ARCL
Limit)

Based on radioclogical 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

L i
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SAMPLE DATA LOCATIONS AND CONTAMINATION BOUNDARIES
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ARCL DATA
CALCULATION WORK SHEET

BLDG./FACILITY IS F GAS RECIRQ, BLOC.

TE E I N _LE

Room/Area QOOL_EQ_/ BLoLoER Room F# |

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

Area A = 35

RE . 58 2
Akea B ToTAL = 08 ++

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

AREA A = 3R % 3%
Agea B= 75F'x (H

[}]

—_— 3
[ oTAacC 3 Pt

3 3
COMVERLSWON To Omn AYE L ow

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

QorocaeETe QELuITY = JSO Vs

. 2
¥
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ARCL DATA
CALCULATION WORK SHEET

Determine total curie inventory in contaminated concrete
section/area.

a. Assume 1 cm surface penetration.

Calculate volume of
contaminated concrete 1 cm thick.

2.2 E+4 cm

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

1.2 E+S &

N

Determine total curie inventory based on sample activity

and mass from 4b.

HIGHEST ACTIONTY SAMPLE LUAS 1.4 PC;/O.M Cs-(37 . Mo omHER

¥ I30TOPES TOEUTIFIED |

ToTaL SPECIFic ACTIOITY ofF sameoLe (H-3, ¢-iy, SA-G0) WAy (oF p%m

| o194 l"G/ﬁ’“ X Y.b. akove =

2.0+ 7 PCA‘

Determine specific activity for contaminated concrete when
rubblized.

TEPS He =3

THIS ACTIVITY (3 FoR THE ©oRTION of CaUCRETE (U COOLER BlowER Roam # |

THAT WAS WRTAMLATE0. AFTERZ DELOMMISSIOCING 4D Oamct_(rwu)-ﬂfﬁ_
RUBBLE FRom (C13 Roem #, | wHEA

BUriEO -4 »METERT 1M SOl e 3.4 o C /4\1/’\
NAVE A SPECIRIC AcTiuiTy ofF .. ! T

-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. .
THE CACULATEQ ARC L vaLufl Porl THE CB Room B | (5 tHE wPFER
LEVRL of AcTIU(TY THAT THE RUGRLE CAL REACH BE ForB THE 25 mrem/ year
Posz RATZ 13 REAcHEQ |,

S5l o & /ann

T fU
Compare the following:
Post Decon Analysis | OF9 N
(AS THE |I5F 3STAM PUoOR
To BMo LITION) {
Specific Activity of Rubble 3.4 10 C;/<?*44

ARCL 59

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.

-14-
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COOLER/BLOWER ROOM
SAMPLE DATA LOCATIONS AND CONTAMINATION BOUNDARIES
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ARCL DATA
CALCULATION WORK SHEET

aLpG./raciniTy 115 F GAS REcCIre. RLOC.

DETERMINATION OF RESIDUAL CONTAMINATION LEVELS

Room/Area COO(-EQ/ BlowER. Roem # 2

1. Determine total surface area of contamination from survey

program. 2
Area A= HOPE

Avec. © = 4 &2
Area C= 3R _Total 97 #4°

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

Uoluma = YT x |+

4y B

2

ConvevrSom 4o Cm
- 3
.S E +Lb am

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

3.2 B+l g

V

-17-
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ARCL DATA
CALCULATION WORK SHEET

4. Determine total curie inventory in contamlnated concrete
sectlon/area.

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

QY9E+Y om

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

LI E+S 4m
VA

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

ToTal Amdwu\ﬁa

Cs =1
Sr-9o 26 &
- pPe/am
Ol 5 2A9E+ 6 ;oC

5. Determine specific activity for contaminated concrete when
rubblized.

p &/ am
¥ —d

-18-

™
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ARCL DATA
CALCULATION WORK SHEET

Calculate the ARCL value for the contaminated sections of

concrete. For isotopic concentrations, use results from past
decon concrete samples. ’

12 o & /am
! /N
Compare the following:
Post Decon Analysis 2l \
Specific Activity of Rubble Q.91 { ) (Al/\a}m
ARCL |2

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.
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' UNI-2966
ORYER ROOM |/

SAMPLE DATA LOCATIGON AND CONTAMINATION BOUNDARIES
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UNI-2966

ARCL DATA
CALCULATION WORK SHEET

BLDG./FACILITY_ |18 F GAS RBURC. BIKG .

E N E N_LE

Room/Area DRLER Qoom# /

l. Determine total surface area of contamination from survey

program. .
Avec A = cnoﬁé
A Q= yfe 2

res | Totel = (oY Ft

2. Determine total volume of contaminated concrete based on
thickness of concrete.
200 FE* ot 3 P¢
4y & at | £t
2
Totel = , 062 e
) 3
Conversiom o O
2
3.0E+7) cocmn
3‘

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

D.2E+D q

kY,

-22- ’



UNI-2966

ARCL DATA
CALCULATION WORK SHEET

OR|

4. Determine total curie inventory in contaminated concrete
section/area.
a. Assume 1 cm surface penetration. Calculate volume of
contaminated concrete 1 c¢cm thick.
B+S Y
.3 T+ om
b. Calculate mass of contaminated concrete based on volume
in 4a.
| .9 B4l 4m
vV
Cc. Determine total curie inventory based on sample activity
and mass from 4b.
LOE+Io ol
1
5.

Determine specific activity for contaminated concrete when
rubblized.

145 ol /gm
AL

-23-
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UNI-2966 Dr |

ARCL DATA
CALCULATION WORK SHEET

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

Y2 Y }QC-'/ g1

Compare the following:

Post Decon Analysis 940 \
Specific Activity of Rubble 14S { 0 Q//jm
ARCL Y24

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.

-24-
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THICKNESS
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FLOOR
THICKNESS

!

DRYER ROOM 2

UNI-2966

SAMPLE DATA LOCATION AND CONTAMINATION BOUNDARIES
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UNI-2966

ARCL DATA
CALCULATION WORK SHEET

BLDG./FACILITY IS F &AS RECIRE , BLIOC.

DETERMINATION OF RESIDUAL CONTAMINATION LEVELS

Room/Area. ORVWER Roomnm ®# 2

1. Determine total surface area of contamination from survey
program. -
Avea A = 196 th
Arca. B = 280 Ft -
Total = “HY6 FNE
2. Determine total volume of contaminated concrete based on
thickness of concrete.
Avee A= (G687x 30
Avrea B 280Fx | Ft x
Toteld - 2L Pf
g
Qonversiom o ¢m 3
25 E+) cwmm
3.

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

5.9 E+) 4 i

-27-
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UNI-2966 DR 2

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.

3
HU E+S em

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

Il E +6 om

Vv

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

50E+06 QCC

S. Determine specific activity for contaminated concrete when
rubblized.

85‘4 C‘A:}m

-28-
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UNI-2966 DR 2

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. : ’

1087 ol /4
v /u

Compare the following:

Post Decon Analysis L/SS-O ,)OC,@M
, "
Specific Activity of Rubble B8
]
ARCL /0 &7

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.
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THICKNESS
] 1

' UNI-2966
ORYER ROOM 3

SAMPLE DATA LOCATION AND CONTAMINATION BOUNDARIES
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UNI-2966

ARCL DATA
CALCULATION WORK SHEET

BLDG./FACILITY__ ||S F GAS RECIRG. B0 .

DETERMINATION OF RESIDUAL CONTAMINATION LEVELS

Room/Area DRYEBR Loom #3

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

Area A: LQL &
B 4He &

¢* soR Total = 2¢y ft°
Coa R

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

Area A 28 Hick :;ssﬁtz
Remaalen 1FE Huck = Feaft ;
Total = 1,156 ¢

. 3
Converiion v Am

3.3 47 CWJ

3. Determine total mass of contaminated concrete section/area,

based on volume above.

2.9 B4 am
\Y
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UNI-2966 DR 3

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.

V.l B+S cu

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

.) E+lb  am
<

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

.2 E+38 >

{

5. Determine specific activity for contaminated concrete when
rubblized.

D p& /am

-33-



UNI-2966 PR3

ARCL DATA
CALCULATION WORK SHEET

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

22 n&./qm
¥ [u

Compare the following:

Post Decon Analysis S08 N\
Specific Activity of Rubble 7 )QC//;;M
ARCL 82

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.
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115-F GAS PIPING TUNNEL BETWEEN THE 115-F BLDG. AND 105-F BLDG.
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UNI-2966
ARCL DATA
CALCULATION WORK SHEET

sLpG. /FaciLity. 119 F GAS RECRC BLO¢-

E N N RE N_LEVE

Room/Area_ LAAMNEL AREA A .

1. Determine total surface area of contamination from survey

program.

222 B¢

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

Concnete p-‘.ncv- 02 Tuuu_gl { Pé +L\~C‘k
o 22288

3
Conversion to Cm

3
.3 £ b cu

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

1.5 E +2
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UNI-2966 Tun A “

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.

2.1 2+ 5

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

S0 R+ 5

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

H 6 E+9

5. Determine specific activity for contaminated concrete when
rubblized.

306 pl /gun
! [~
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. ' UNI-2966 Tuw A

ARCL DATA
CALCULATION WORK SHEET

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

c?l2-¥96~>4E}py\

Compare the following:

Post Decon Analysis 210 ,14 C,/Qm

Specific Activity of Rubble 306 pél/jm

ARCL Si2  pl/am
[ 4 / u

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.
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