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SUMMARY 

This document describes how the Allowable Residual Contamination Level (ARCL) 
methodology and residual activity calculations were used in conjunction with 
the in situ alternative to decommission the 116-H Stack. The ARCL value for 
the stack burial site is 196 pCi/g and the residual concentration of the stack 
rubble is 38 pCi/g, The residual concentration is about 19% of the ARCL value 
and represents a site dose of approximately 4.8 mrem/year. The total 
radionuclide inventory in the buried rubble is approximately 12 millicuries, 

Application of the ARCL methodology to the 116-H Stack was very 
straightforward and simplified because the structure contained only one 
contaminated surface, i.e., the interior surface area of the stack, Specific 
activity of the contamination,was assumed to be uniformly distributed over the 
inner surface. The depth. ·cif'"!')enetrat ion of rad ionuc.l ides ; into the inner 
surface of the stack was determined to be about·1 ~m~ brJ/8~in. Based on the 
isotopic analysis of the concrete c·ore;•SclinR,_le.? an~ ~the assumptions contained 
in this report, the total curie inventory is cons'idered an estimated quantity 
and is not meant to be a precise measurement of the radioactivity in the 
stack. This approach yields a curie inventory slightly higher than would 
normally be expected and is considered to be conservative and consistent with 
the ARCL methodology. Therefore, the estimated dose of 4.8 mrem/year 
represents a theoretical maximum dose to a maximally exposed individual based 
on the Residential/Construction Exposure Scenario. 

The calculations in the document have been 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 the 
Department of Energy in a letter to Hanford contractors, dated July 3, 1984, 
from the Manager, DOE-RL. 

iv 
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1.0 INTRODUCTION TO ALLOWABLE RESIDUAL CONTAMINATION LEVEL METHODOLOGY 

The purpose of this report is to document the final radiological 
characterization and to demonstrate the Allowable Residual Contamination 
Level (ARCL) methodology resulting in the unrestricted release of the 
116-H Stack. The ARCL value ,is a calculated limit which establishes the 

·.amount of radioactfve contamination that may remain in a structure whe.n 
it is demolished and buried in situ. The ARCL value fo·r ·the 116-H Stack 
was,based on the analytical results of core samples taken from the 
interior surface of the stack.· The inner surface of the stack was 
contamin.ated and considered to be orie uniform strata. Once demolished, 
the contaminated sttata considered was no longer distinguishable within 
the mixture of rubble in the burial trench. Therefore, the residual 
activity in the rubble was calculated separately and compared to the ARCL 
value for the decommissioned. facility site. A residual concentration in 
the rubble greater than the ARCL value·would have indicated that the site 
dose of 25 mrem/year had been exceeded and that some remedial action 
would have been necessary prior to demolition.. A residual concentration 
in the rubble that is less than the ARCL v~lue· indicates the site dose is 
less than 25 mrem/year and that no remedial action is required. In the 

· case of the 116-H Stack, resfdual contamination in the rubble was well 
below the ARCL value. Residual and ARCL values, calculated separately, 
are contained in this report. 

Calculations consider only the 200-ft concrete stack and the inner floor 
surface inside. the stack. The metal ,ntake plenum, or flue, was 
disconnected from the stack and disposed of separately. ARCL 

.. calculations were based upon an unrestricted use mode at the time of 
· release based on an annual dose rate of less than 25 mrem/year and a 
contamination condition of 1-4 meters deep in soil. Residual 
contamination ievels in the stack rubble were based on the total mass of 
concrete (excluding the foundation) and no credit for additional dilution 
was taken for. the 1~4 meters of dirt fill over the site; only that 
all owed for in the ARCL methodology was considered. 

2.0 116-H STACK LOCATION AND DESCRIPTION 

The ldO-H Area is located within the Hanford Site (Figure 1) on the south 
bank of the Columbia River, in southeastern Washington State. The 116-H 

· Stack was constructed of concrete and rebar and extended 200 ft above 
ground level. The stack was located on the south side of the 105-H 
Reactor B~ilding adjacent io the ventilation wing (Figure 2). Figure 3 
is.an aetial photograph of the lOO~H Reactor complex showing the 116-H 
Stack prior to demolition. 

-1-·' 
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2.0 116-H STACK LOCATION AND DESCRIPTION (Cont 1 d) 

The stack burial trench was excavated in a south by southwesterly 
direction from :the base of the stack. between the 117-H Filter Building 
and the 1608-H Lift Station Building (Figure 4). The dimensions of the 
burial trench were approximately 12 ft deep. 30 ft wide, and 200 ft l,ong. 

The stack and foundation were demolished by explosives on 
September i6, 1983- <Reference 1). Demel ition charges caused the stack to 
fall into the ·excavated trench (Figure 5). · After demolition of the 
foundation. about one third of the foundation rubble was removed and 
placed in the burial trench. This was partly done to make room for clean 
fill over the foundation site and to confine rubble associated with the 
stack floor in the stack burial trench. The remainder.of the foundation 
was buried in place and covered w_ith at least one meter of clean fill. 
The 116-H demolition site was then graded to conform with the natural 
area topography. · 

3.0 RADIOLOGICAL CHARACTERIZATION 

3.1 · care·SampJes 

Concrete core samples were collected from the 116-H Stack for the 
purpose-of est~blishing isotopic in~entory and depth of radionuclide 
penetration into the stack dnterior,.:surface. Core samples were 
obtained using a 4-in. dt~mond conc~ete core drill and portable 
driye ~nit. Cores jere drilled -from the outside surfac~ of the 
stack inward •. - A total o_f. five core samples were obtained: one core 
sample each from the 15-ft. 19-ft. 30-ft. 56-ft, and 80-ft 
elevations. Figure 6 shows the 116-H Stack and the locations of the. 
core sample~~ · 

Depth of radionuclide penetration was determined by removing three 
successive layers from the interior surface of the core. First, 
approximately 1/8 in. of concrete was chipped off the core face 
(stack inner surface). The core was checked with a portable GM 
survey meter with P-11 probe and the exposed surface of the core. 
indicated levels of2radiation greater than 200 cpm per probe area 
(probe size 12.5 cm • . . · . . . · 

A second layer was removed.from the core comprising about 1/8 in. of 
c.oncrete. The surface of the core was again checked with the same 
portable GM instrument and no readings above 200 cpm per probe area 
were observed. ·A third layer of about 1/8. in. was also removed from 
the core, a·nd the core was again surveyed with the portable GM 
instrume~tation. No readings above 200 cpm per probe area . 
(12.5 cm) on ~he surface of the core were observed. Approximately 
1 cm of concrete-was removed from the inside surface of each core. 

-5-
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Figure 5. · Photograph of Demolished 116-H Stack in Burial Trench 
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3.1 Core Samples (Cont'd) 

Every precaution was made to prevent cross contamination of the 
samples removed from the cores. Each sample was given a unique 
identification number with reference to its elevation in the stack 
and distance from the inside surface of the stack. The 
identification number is composed of three parts consisting of the 
following notation: C-X-Y. The "C" stands for concrete core, the 
"X" indicates the elevation of the sample, and "Y" indicates the 
sequence the sample was removed from the core, e.g., 1 = surface, 
2 = second layer, and 3 = third layer. (See Table 1 for analytical 
results.) 

3.2 Radiological Instr~ments Used for Core Sample Analysis 

Radiological Instruments 

•- Samples from Core 1 

The following analyses were 'performed by: 
United States Testing Co., Inc. 
2800 George Washington Way 
Richland, Washington-99352 

Gamma scan - July 19, 1983; alpha/beta - July 26, 1983; 
Carbon-14 - August 5, 1983; strontium-90 - October 5, 1983 

•~ Samples from Cores 2-5. 

Laboratory measurements for cobalt-60, cesium-137, 
europium-152, and europium-154, were made using the Nuclear 
Data, Model No. 60, Multi-Channel Analyzer (MCA) located in 
Room 50, at the 100-N Reactor Facility. The MCA was equipped 
with a 3 in. x 3 in. High Purity Germanium Scintillation 
Detector. The MCA is operated and maintained by the Radiation 
& Water Quality Control Section, 100-N Area. Calibration and 
Quality Control procedures were conducted in accordance with 
UNI-M-76 REVl, Effluent Radioanalytical Program (Reference 4). 

Total alpha analyses were made with the Canberra, Model 2404, 
Low Background Alpha/Beta/Gamma Gas Proportional Counter 
located at the Decommissioning Services Counting Laboratory, 
183-KE, 100-K Area. 

•· Samples from Core 4 

The three samples (layers) from core 4 were sent to Pacific 
Northwest Laboratories for strontium-90 analysis in 
January 1987. The purpose for this was to determine the 
strontium-90 activity in the core with the highest total 
activity and to verify the depth penetration of strontium-90 
in the concrete. 

-9'."" 
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Table l. 116-H Core Sample Analytical Data 
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Survey Instruments 

Portable survey instruments for beta-gamma and alpha were 
maintained and calibrated by the Instrument Calibration and 
Evaluation Section, Pacific North\~est Laboratories, located in 
the Hanford 300 Area:. 

Eberline Instrument Corp.-, Model BNW-1 with P-11 npancake" probe. 
(12~5 cm2>. · . 

Eberline Instrumerit Corp., Model E-140B with ~lpha scintillation 
detector. 

4.0 ·. DETERMINATION· OF THE ALLOWABLE RESIDUAL CONTAMINATION LEVELS CARCL) FOR· 
THE 116-H STACK . 

4.1 ARCL Methodology 
. . 

The objective of the analysis·of radionuclides in soil or facilities 
is the determination of whether radioactively contaminated sites 
require further decontamination or remedial action prior to 
demolition and burial in situ. The ARCL value for the 116-H Stack 
was calculated to be 196 pCi/g. Based on this value and the 
calculated residual radioactive concentration <;>r the stack .rubble, 
no additional decontaminatfon was required prior to demolition and 
burial tri situ. The .ARCL methodology for the 116-H stack was based· 
on the following triteria: 

•· Res~dentia1/Construction Exposure Scenario· 

•· Unrestricted use at time-of release based on an annual dose rate 
of iess than 25 mrem/year. 

• Contamination condition-of confined soil 1 to 4 meters deep. 

•~ Assumed average activity of 8Sl'pCi/g distributed 6ver 100% 
of th~ inside stirface of the stack. (Section 4.3.3) 

4.2 Residentiai/Constructjon Exposure Scenario 

The residential/construction scenario is 6ased on the 
intruder/construction.scenario developed by the U.S. Nuclear 
Regulatory Commission in the Draft Env_ironmental. Impact Statement in 
support al 10 CFR Part 61 (U.S. NRC 1981). For this scenario, an 

· individual is assumed to dig a basement for. a home into a subsurface 
radioactive s6tl (or debris) zone. The radioactive soil is assumed 
to be 2.5 m from the surface._ Typical surface a;eas for a house are 
assumed to be 20 m by 10 m, for an area of 200 m-. This dimension 

-11-
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4.2 Residentia]/Constructjon Exposure Scenario (Cont'd) 

is assumed for the base of the foundation hole. The foundation hole 
is assumed to be 3.5 m deep, with surface dimensions of 26 m by 16 
m. The total excavation is assumed go involve about 200 m3 of 
contaminated rub~le mixed with 800 m of clean overburden soil. The 
resulting 1000 m has a radionuclide concentration that is 20% of 
the original concentration of contaminated soil. The contaminated 
soil mixture is assumed to be used as fill around the house and 
distributed uniformly within a 25-m radius around the house. 

For the residential/construction scenario, dose estimates are made 
for the individual both during and after the construction 
activities. The most restrictive individual dose resulting from 
both scenarios for each radionuclide is then used in the ARCL 
calculation. During construction the individual is assumed to spend 
500 hours Cover about a three month period) on the site. The 
individual is assumed to inhale air with a dust concentration of 
O.lE-4 g/m3 and to be exposed to direct radiation for the 500-hour 
construction period. After the house is constructed, the individual 
is assumed to reside there and conduct activities similar to those 
identified by the NRC for the .intruder/agriculture scenario. 

4.3· Assumptions for the ARCL Calculations 

4.3 .• l Concrete Density 

The density of the concrete was assumed to be 2.1 g/cm3 based 
on standard industrial determination procedures. The rebar 
in the concrete was not considered in the assumption. 

4.3.2 Depth of Penetration 

For purposes of establishing radionuclide concentrations and 
isotopic inventory, the maximum penetration depth of all 
nuclides was assumed to be no greater than l cm. 

4.3.3 Radioactive Concentrations 

Average Core Concentrations 

The 116-H Stack was designed and constructed in four 
sections. Each section represented· a change in diameter and 
wall thickness. Three core samples were taken from stack 
section 1. One core sample was taken from stack section 2 
and one from stack section 3. Stack section 4 was not 
sampled (Figure 6). Of the three core samples from section l 
(cores No. 1, No. 2 ~nd No. 3), core sample No. 3 had the 
highest total activity and was assumed to be representative 
of the activity in section 1. 

-12-
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Average Core Concentrations (Cont'd) 

Isotopic concentrations for each core sample were established 
by averaging the activity of the isotopes in the three layer.s 
of concern (Table 2). 

It is assumed that isotopic concentrations within each stack 
section were relatively consistent, and that increases and 
decreases in isotopic activity are directly related to the 
abundance of cesium-137. (It is understood that there may 
not have been ~ny consistent relationship between the 
isotopic concentrations in the stack. However, for 
estimating purposes, it is assumed to be reasonable.) The 
assumption' is based on the relatively consistent ratios of 
cobalt-90 and cesium-137 between the core samples. The mean 
ratio between cobalt-60 and cesium-137 in core samples No. 1, 
No. 3, No. 4~ and No. 5 is 1:16, with a standard deviation 
of 3. 

Weighted Averages 

The isotopic concentrations in Sections 1 through 3 were 
weighed against th~ percent surface area of the respective 
section.· Since sample No. 1 from the 15-foot level was 
analyzed for all isotopes, ratios were calculated for · 
hydrogen-3, and carbon, using cesium-137 as· the ~eference 
isotope. From these ratios hydrogen-3 and carbon 
~oncentrations were calculated for core samples No. 3~ N6. 4 
and No. 5. These ~ilculated concentrations are identified on 
Table 2 by brackets. 

The average concentration for the stack is determined by 
adding the weighted concentrations of each section of the 
stack. Section 4, which was not core sampled, was assumed to 
be contaminated to the same degree as the total of sections 1 
through 3. Based on the contamination profile (Figure 7), 
this assumption appears to be conservative and consistent 
with the ARCL methodology. 

4.3.4 Exposure Scenario 

The Residential/Construction scenario assumes that an 
individual digs a basement for a h6me into the subsurface 
radioactive soil (or debris) zone. Th~ radioactive soil is 
assumed to be 2.5 m from the surface. The surface area fa~ 
the house is assumed to be 20 m x 10 m. The foundation hole 
is assumed to be 3.5 m

3
deep. The total excavation is assumed 

to involve about 200 m of contaminated rubble mixed with 

-13-
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Table 2. Average and Total Concentration for the 116-H Stack 

~atia 

:1- . .:, C-14 

13 .,~r1 
i..•J'.I 

45 

(2) ial (a.) 

Cc-60 Sr-90 Cs-137 Eu-~52 
. ... ' ·-\----- p~11g -----J 

0.29 " I J,. 0.21 

GROSS 
ALPHA 

0.72 

-----------\ --------------------------------------------------------------
~Jo.3 Avg [311 [400] o. 74 3.7(d) 

Nt. cone 6.0 78 !). 72 

8.9 

1 "i 
.111· 

o. 00 

0.00 

6.2(el 

1 ") 
• • L 

SECTION 
APEA(bi 

-----------: ---------------------------------------------------------------------------------
\o.4 i\vg 

~t. ccnc. 

r4t. :one. 

[88} [1125] 

'' !~ 120 

E39J c::001 

8. 9 

i.8 

0.29 

0.6 

0.14 

3.7 

U- "Q .J, 

3.7id) 

0.85 

"" i.J 

4.0 

ii.O 

., " ~- ~ 

l Q . ' 10(ei 
2 15. 98i: 

0. 3(i i.6 

12(e) 

0 2.8 

-----------; ---------------------------------------------------------------------------------
!hERASE 
,:DNC. 

-----------. 
~:E:1.41NDER i 
QF STACK 

29 

29 

330 

380 

760 

0.5i 

(.57 

1.1 

2.2 

'"'· ·; ~--
.\,4 

8.2 :). 3 5.6 l-3 

::~ I 3 5.6 

16 0.6 11 H 

:al Identi~ied by ga1ma spectrum a~alysis. Counting errors rang2 from 24 % to !18 X. 
(~; Perc2nt interior 5urface irea of stack, 
i~} Analyses ~2rfo~~ed by US T~sting CQ. 
ij\ ~st~~a:;d value fro: Core Sample 4. 
!~) Cou~t~d with Canberra 2400 Gas PrDportional Scaler, l83KE Hp Lab. ;ssumed tJ b~ ?1-239. 
[ J Calculated conce~traticns d2r1ved from ratios established in Core Sample i. 
Eiplaination of weighted concentration determication follows in text •f Appendix. 
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Figure 7. Radiological Profile of the 116-H Stack 
Showing Concentratiori vs. Height of Stack. 
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4.3.4 Exposure Scenario (Cont'd) 

800 m3 of contaminated rubble mixed with 600 rn3 of clean 
overburden. Therefore, based on this scenario, only a 
fraction of the contaminated stack rubble would be excavated; 
wherever the 20 m x 10 m foundation hole ha~pened to be 
located. For the purposes of this estimate of the site dose, 
it was assumed that the entire inventory of the stack would 
be excavated from the foundation hole. 

4.4 ARCL Calculation 

The ARCL calculations for the 116-H Stack are presented in Table 3. 
The ARCL value is a calculated concentration of radioactive 
contamination that becomes the controlling level of contamination 
that must not be exceeded. The ARCL value is 196 pCi/g, and 
represents a yearly site dose rate of 25 mrem/year to a maximally 
exposed individual. The residual activity in the stack rubble, 
buried 1-4 meters deep in soil, is 38 pCi/g. Determination of the 
residual activity in the rubble is outlined in the following 
section. 

The calculations in the document have been prepared in accordance 
with UNI-2522, A]1owable Residual Contamination Levels for 
DecommissioninQ Facilities in th~ 100 Areas cf the Hanford Site, and 
as authorized by the Department of Energy in a letter to Hanford 
Contractors, dated July 3, 1984, from the Manager, DOE-RL 
(References 5 and 6). 

: .0 DETERMIMATION OF RESTDUAL CONTAMH!ATIOM LEVELS IN THE Jl6-C RUBBLE 

Calculations for surface area, volumes; mass and residual contamination 
in the stack rubble are presented in Appendix A. The following data is a 
summary of the residual contamination Galculations. 

STEP 1 Total Surface Area of Stack Interior: 

6.4E+6 cm2 

STEP 2 Total Mass of Contaminated Concrete: 

1.4E+7 g 

STEP 3 Total Mass of Stack and Foundation: 

3.2E+8 g 

STEP 4 Total Isotopic Inventory (Based on the weighted average 
concentration of 850 pCi/g x mass in Step 2): 

1.2 E+lO pCi 
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Table 3. ARCL Calculation 

F~C1LT!Y :iAr~E: 116-H Stack 

?R.tF'AR~~:' S riAME: JF Beckstrom~ 

4-1-87 

Deter]1naticn ai ARCL Dose Factors tJ Enter From Table 5.2.2., ~NI-2522. Check one Use Mode and one CoJta~i~ation Condition. 

:;e5tr1:t2d Use·@ 0.5 rem/yr 
lC:nt~clied Us2 ~ 0.5 re~/yr 
\~~restricted Use@ 0.025 

1 
.I 

Cantaminat2d Surf;ces 

Ci/m2 or dpi/100cm2 

C•lurr;n 1 
Column 2 
Column 3 

-. Radi •nuciides L Radiontclide ca.. fiadicnuclide ~- ..,, 
concerned 
. ii sti 

H-3 

Co-60 
Sr-90 
Cs-137 
~J-15:: 
Eu-154 

TCTAL 

;--:-:!-n,1c:;17:. 
U-.il:. :-:~ i .JI 

Cc,n:entr ati ons 
(Avail3ble 
Units) 

58.00 
760.00 

1.10 
4.40 

16.00 
t),60 
0.00 

11.00 
0.00 

c.;:i t l\ 
........... .. v 

Concentrations 
(Ci/r.i2 
pCi /gir;) 

6b. Total: 

or 

0,0681 
(1,8930 
0.0013 
0.0052 
0.0188 
·). (ll)!)7 

0.0000 
(l,ij129 

0.0000 
:),Oi)(H) 

LOCi 

7. 

Su:-f.2:ce Soil 

Colu;nn 4 
Calu:r:n 4 
Column 4 

Scen~rio-specific 
ARCL 
Step 

[Ci/m2 

Dose Fad-~rs 
4; 
or 

(resiiyrif 
pCi/gr.iJl 

3.40E-11 
1. 70E-OS 
2.20E-03 
2.20E-02 
5,30E-04 
l.OGE-03 
l. ~OE-03 
1,80E-05 
3.00E-05 

Sonc~ntrati~~s in ~ciu~n 6, ars ~ean values fro~ Table 2. Isotopic 
Conc9ntrat:ons Use~ to Estimate Total Inventory i~ the 116-H Stack. 
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Soil 1-4 m Deep 

Coiumn 5 
Colu:in 5 
Column 5 

Product cf col. 
Qa, ,;nd 7. 
(rem/yr)/ 
(pCi/g;]i 

L.32E-12 
l.52E-08 
2. 84E-,)6 
1. l4H)4 
9.96E-06 
7. 05E-t)7 
O.OOE+O,) 
2.33E-07 
0. (H)E+OO 
0. (H)E+OO 

E,ci 1 >5 :n Deep 

Lclua:n 6 
~ l , L~ Ui!f1 b 

Coiumn 6 

9. A~:CL -product 
1Jf C:Jl u:rn 6a. 
~ Iter. 8b. 

!pCi /gi:ll 

175.10 

1.01 
3.69 
0.14 
0.!)0 
., C'7 
.::,,,J..:,. 

:) I (H) 

Ba. T• t3l: ~a. 7atal: 
t.27::-04 196.1 

8b. Annt:al Dose 
Linit Divided by 8a. 
t(:.025 rem/yr 
Divided By 8a. i 

196.1 ARCL VALUE 
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5.0 DETERMINATION OF RESIDUAL CONTAMINATION LEVELS IN THE 116-C RUBBLE 
(Cont'd) 

STEP 5 Residual Activity of Stack and Foundation Rubble: 

38 pC1/g 

6.0 SUMMARY AND CONCLUSION 

The 116-H Stack was demolished by explosives and buried in situ at a 
depth of 1-4 meters in soil. The ARCL value for the stack burial site is 
196 pCi/g and the residual concentration of the rubble is 38.5 pCi/g. A 
comparison of these two values can be made by referring to Figure 8, 
where concentrations· are plotted for each isotope identified. The total 
residual activity for the site is about 19% of the ARCL value and 
represents a site dose of approximately 4.8 mrem/yr. The total 
radionuclide'inventory in the buried rubble of the 116-H Stack is 
approximately 12 mi'llicuries. 

ARCL calculations were based on the Residential/Construction Exposure 
Scenario as outlined in Section 4.2 of this report. Based on the 
calculations contained in this report, the 116-H Stack was decommissioned 
at a level less than the ARCL value and the dose to a maximally exposed 
individual would be less than 25 mrem/year to the whole body or to any 
organ. The 116-H Stack burial site is, therefore, released for 
unrestricted use and no further remedial action is needed. 
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cR::JEC"T: U-H Stack PREPARED 9Y:(raec411~ i:•,HE: '-1-:Z.#:/-'&7 
7 ELE: 2l:rta:2 Area a:-;• 1sc!topic Inve~i:orv Calcuiatie:r1s. Ci-iECKEi:- 2-'-/: /11,,,)~ DATE: '-//so/87 
------ --- -------------- ---------------------------------------------------------; 

REFERENCE: )esi;n Analysis, K2~s2r Eng., JQ 3-32086/v248CO, 8/17!83. (Attached) 
CALCULATIONS: Perfcr]ed ~ith Symp~ony 

computer prc~ra~. 
j- -------------------------------------------------------------------------------: 

PURPOSE: Est~blish icstopic :oncentrations t:r the entire 116-H Stack that 
il Used to calculate t~e ARCL Value. 
2) Used t• esti:ate the isotcp~c inventory in the 116-H Stack. 
3) Us2d to compare A~CL Value wi:h residual raciionuciide ccnc2ntration i~ stack rub~le. 

, • ESTABLISH ISOTOPIC CONCENTRATIONS FOR CALCULATING THE ~RCL VALUE. 

Table 1 lists the results of radiological analysis from 5 core samples collected from the i1terior of the 
116-K Stack, ~? to the BO foot level. 

Sample Location 

Based a~ as-built ~rawin~s, the 116-H stack was constructed in 4 sectioJs with varying diameters 
a~d wali thicknesses. Each section cf the stack is identified in Figure l aiong with th? 
:acations of the core samp~es. 

Sallples 

Three layers of concrete, each approximately 1/8 inch thick, ~er9 remove• fro~ the interior end 
of each core ~ample to determi~e the penetration d2pth cf radionucli~es. Each layer was labled a~d 
analyzed s2parat2ly. 

The three samples (layersJ fr~i Core Sample ~er~ sent tJ US Testi~g for 3nalysis. 

Beta a~alysi~- ~-3. C-14 ind Sr-;0, 
Compi~te ga,ma scan- 1~iv Co-60 1 Cs-137 and Eu-152 •ere indEntif'.ed. 
Determinaticn f8r tJtal ~l~ha. 

The three samJle !~yers ir1rn Ccre Samples 2-5 were analyzed at LiNC f2cilities. 

Complete ;a~ma scan- R:ora 50, !00-N 
Deter~1ndtion far tQtal al~ha- 183-KE HP Lab. Facility 

The Three S3~p1e layers fro~ Care Sample 4 were then sent to PNL for Sr-90 analysis. 

~nalytical Results 

Analyti~al results shewed :o~sistent activity 1ersu5 depth of penetration in all 5 :o~e sa]ples 
ThE ~i;hest activity layer i~ e~ch of the core s~mpl~s was the surfaca l;yer. Ths activity 
consistently decreased with each successive layer reicved fro~ the :are. The individual cJre 
sampie with the highest activ~t1/ was C•re Sample 4, fro~ the S6 foot level, 7his ~;s excect~c 
si~c2 CGr~ Sa~ple 4 was located above and across frc~ where tha exhaust air ~nter~t i~t: :he 
intc the stack. ihe lccat!o~ of this high activity region 1n ~he 11~-H stack c~'.ncid2d ~ith the 
Eace regicns of high activity ir tha 116-F, 116-C ~nd 105-9 stacks, ~h1ch ~ere ch;ract2~iz9d and 
~E~oiishet i~ tta sa~e ;enerai time fra~e as the 116-~ stick. 
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Figure l. North Elevation of 116-H Stack Showing 
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showed tje l;ast t~t~l activ!ty Ji all the core s~~ples. The total Sr-9O activity in :ore 1 was 
apµraxi~at2ly 6.5 ~Cifg. [ere Sa~ple 4, f~~m the 56 ~~ot ievel, showed the nig~est total ac!~viry. 
T~2 tctal Sr-90 ;ctivity i~ ccre s;mpie 4 ~as apprc~i:ately 11 pCi/g. The ana~yti:al result~ i~ji~2te 
~hat ~he strJntiJ~-;o a:ti~ity 1s relatively consistsnr throagho~t the inne~ su~fac2 tc ths stack; 
a,;r~~ireateiy ~-!! pCi1g. fh2r~f~re, the Sr-~• results ;ro] C~rE Sanple 4 will be used t~ 2sti~ate 
::2 Sr-90 cJncentr;t1on ~~ Ccr8 Sarn?les 3 a~d 3. 

~J!~ :ere ~a:ple w2s ana~yz~j ~~r tr~~iJ~ and :arbJn-!4. For p~rposes ~f es:abii3h~~; isatooi: 
:o~cs~rr;ti:[s an: ~~ventcries i~r t~ese ~Jciici~s, t~e leveis 1n tj~ ~~m~1~1~; c:r2s will b2 est~:3t2d 
_:y ca~-:ulati:n. 

Is~~:pic ::~centra~~8ns for aach ::re ~ample ~er~ sstab~ls~eri ~y averagrr; tt2 :hr2e c:r2 ;am~l2 
i-3.yers. 

+r~~ ~hich ~hev ~ere colle:ted. ~See T~ble :) 

:iecu on II 
(1 Sample) 

Section I:: 

:.., C J, 

17 Io 

E:ectioP r~_.; 

mo Samp: es, 

A-5 

He~ght!hi 

--1 = 
r2 = 
h = 

r; = 
.,.,.._, -
I.:. -

h = 

r2 = 
h = 

r.:: = 
= 

2r~i cf t~e sta:~ 

'} - : :) • l 

:('. 7 - : 9. 3 
- -:".1 C' ·-····- :n 

T3.S - 61 :1l 

::,,01 ft. 
6.i)l ft. 

33 E. 
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5.53 .. ! i.1 
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Table 2. Average and T~tal Concentration ~or the 116-H Stack, 

(a) 
CORE H-3 C-14 C•-60 Sr-90 Cs-137 Eu-152 GRDSS 

ALPH~ 
SECTIQN 

t----- pCi/g -----> :n 

-----------: ---------------------------------------------------------------------------------
~~o. t Avg (c,!: 

Ratio 

13 

~ " .;,,,J 

230 :·; '10 
'.·• S..I 2.8 5, i t), 21 0.72 

-----------: --------------------------------------------------------------
Na.3 Avg 

wt. cone 

-----------' ' 

;;t. c•nc. 

N• .5 Avg 

AVEfiA6E 
co~~c. 

r,1, 
1.·.1.1..1 

6.0 "/0 
/U 

[88] [ii25] 

1,1 

'' 130 

[391 [50:)] 

a.9 120 

29 38!) 

380 

0.74 

0.14 

i.8 

0.29 

0.6 

1) I l 4 

i).57 

0.57 

3.7{d) 

!), 72 

0.59 

3.7(d) 

0,85 

8.9 

1 7 ..... 

.-,c 
i..J 

~.o 

11. 0 

8,2 

0.01) 

1} 1 i)O 

0.30 

(I 

(: 

0.3 

·-'•·-' 

6.2tei 

i ., 
! •~ 

10 (ei 

\ L i..u 

12 (e) 

2.5 

5.6 

5.6 

i. 15. 98% 

3 23. 00'.\ 

1-3 

-----------; ---------------------------------------------------------------------------------
TOTAL FOR ; 

58 760 I o 
J' J 4.4 t6 i). 6 11 H 

-----------; ---------------------------------------------------------------------------------

ta) !~antified by ga~ca spectrum analysis. Count~ng 2rrors range fro~ 24 % t: 
(b) Percent i~terior s~rface area of stack. 
:c; Anal /:es p2rfor:ned by US Testing Cc. 
(d) Estiiated vaius fr:m Core 3ample ~-

I ,a ',' 
"'.1.U .-,,, 

:e: Co~nted with :2nberra 2400 Gas Proportio~ai 5caiar, !23K~ Hp Lab. ~ssu~ed to be P~-23i. 
~ 1 Caic1lat2c c•ncentra~icns derived from ratics 2stablished in Gare Sa~ple 1. 
;xplainaticn of weighted concentration determination fallo1s in text cf Appendi1. 
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This 2ssu~~t~c~ :s jiseci J~ t~e r2iativ9ly co~s1stent ratios a; Cc-60 ~nti Ss-137 
ancn; :M2 ~~r~ S3mDies ~sed tc de~er,1ne the cverail is:toeic i~vertory cf ~he 
- ~ ... - i: 
~ i.O.·-'~ 

s 2.~·rn i es n2re t.:ken in st~c~: :;edior; 1; :ere 1 ~ 2 and 3. 
samole 3 :cnt;ine1 thE hi;h~st i;otc~1c activity of the thre2 anj , therefore~ it 
~as cc,sid?rEd tc :2th? worst cas2 and is usaci tc re~re~e~t thg activity in stack 
ssct1~~ t. s~~pie data fro~ Core 2 is :omaletely cm1~ted fro• the calcul~ti:ns. 
Si~ce :c~e l ~as :~9 only sam?le analvzed fQr H-3 a~d C-14 a me~hcd was nee~ed ta 
ta esti~ate ~-3 and C-!4 c~n~entrac:ons fer s~~ples where tner9 w~s ~c data. 1n1s 
was ~c:J:;lisn2ci by c9t2r]ini~g ~he r~tio; Qf iso~cp~s in cor2 i in: aJplyi~g tho~e 
r~tios t: c:rg Si~ples !r4 2na 5. ~~ter the r2t10s are 3staoiis~~a th; ~ata ire~ Cora 
Sample 1 ~i~l no longer be c~ns1riered. 

Determ!naticn of Lc-:v :.1~C 
- . . . :..onc2r:tr:r1:~ Rati:s 

:~.-- .. " ;,::,1 

Ave~age Soncentratic~ 
'."'.-_! ~7 
... :l ~--',· 

~ 1 
·.J• i, 

1). 74 9.9 
-.:.w 

0.61 11 

Ra.ti: 

1: i6 

Usi~g ~s-!37 as th2 ~e'srenc9 1soto:e! t~e ratios of n-~ and C-14 in Core Sample 1 are: 

RiliiO 

1.' :: .,._,,-.J 

C.s-!37: :-1~ 1: 45 

[alcu:ated ~vera~2 Cs~c~~~rat:ons fer H-3 and C- 1 A• 

H-3 C-14 
3'. 400 

4 

~ro~ the above rati~ values, the weighted concentratiJns for eacn sactio~ cf the stack ~s 
calculated, The weighted concentrations are identi~ied in Table 2, by [:. !he ~verag9 
:cncentr2tion for the stack is rieter~ined ~y addln; th2 weighte: =~~ce~trat~ons JI eacj 
~ach stack secti8~ iSectio~s 1, : \ 3~, The Average co~:entr1t~:~ for t~e ~t~~r is ~~esented 
~&i~~ an~ is ~s~~ t• estatii;h t~a ~RCL va!us. 

;ssu~FTI~N: 3ecti~~ IV cf t~e st3~~, whic~ was not ccre sampiec, 15 assJJet :o be :cntaminate~ 
at t~; ;ame iev~l as t~e Average ~cn:entrati2n far ;2ctic~s ~-3. 5ased an the 
::~ta~i~ation ~r~fi!e (s2e ~igure 2) 1 t~i; assuJ~tion appears tJ ~e co~servati~e 
an~ r?asa~able fsr talc1lati~~ ARCL val~a ;"d isotopi: !~ve~tary. 
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SECTiml 
4 

TGiAL 

~VERAGE ~GNCEkTRATIDN FDR THE 116-H STACK 

rt-.~. C-14 

29 381) :•, ::'I 
,J •,JI 

0.57 

Sr-90 Cs-137 Eu-152 Pu-239 

., •""I ..... 
U.3 

1),.3 

5.6 

UNI-3827 

58 760 1. 1 ~.4 16.4 0.6 11. 2 ~~ ==================== 

ARCL i/Ai..UE 

Calculations for the ARCL Value are presented in Table 3. Based on the weighted average concentra­
tion fer each isotope, the ARCL Value was calcula.ted to be: i96 pCi/g ;:ir 200 pCiig ======== 

~. ~STABLISH THE ISOTOPIC INVENT~RY FOR THE 116-H STACK. 

Mass cf Conta~inateri Concrete (Interior Surface) 

A; jiscussed above, the depth of radionuclide penetration is estimated t• be 3/8 inch, 
or 1.0 cm. 

Th~ i~tericr surface area of the stack is 6.4E+6 cmA2 

The density cf con:rete is: r; I ,. ;,.,...".-:-:-
.:., ,i -j I •-JU -.J 

Ma;s of Ccnta~i~ated C•ncrate (g) = 6.5E+6c~A:11.0 c~ i2,1 g 
c~•·-3 

~s:tcpic l~ve~tory 

H-: 
C-14 
Ca-60 
Sr-90 
r·.--1 ,, 
\..-~ •·-'i 

Eu-152 
f'u-'.:3a 

1.1 
:i, 4 

i::. ..... 
0.6 

11 

T~tal 851.1 pCi/g Jr 850 pCi/g 

Inventory Calcu!ation 

pCi = Toti! C:ntentraticn x Mass of CcntaiinatEd C~nc~e~e 

- er:,;· ,,,';Ii 'E•".'" -
- ~,.J•_/ °r'·-.•• ._I"'; ' : '-:! - 1.2E+10 pCi 

; I 
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T~ble 3, ARCL Calculation 

CHECKED BY: I tJ ~ 
DAiE: a./ /3 o /;S 7 

I 
I 

PREP:~RE~' S [-JAME: 

116-H Staci 

JF Beckstr~ 
! 

DATE PRE?HRED: 4-1-37 
I 

Deter~inition of ARCL Dose Factors to Enter From Table 5,2.2., UNI-2522. Check one ule Mode and one Contamination Condition. 
i 
I 

-------------------------------------------------------------------------------------: -----------------------------------------
Contaminated Surfaces Surface Soil :I Soil 1-4 m Deep Soil :,5 m Deep 

ii 'Use/C•nta~ination CGndition : 
Ci/m2 or dµm/100cm2 ipCi/gm) :I 

i i 

;Restricted Use @ 1),5 remiyr Column 1 Column 4 :
111

1

1 

Column 5 
:coctroi!ed Use@ 0.5 rem/yr Column 2 :. Column 4 Column 5 
:Unrestricted Use @ 0.025 Column 3 Column 4 CoilJ111n 5 

rem/yr 

5. Radi •nuclides 6. 
concerned 

H-3 
C-14 

Co-60 
Sr-90 
Cs-137 

~u-241 

"i"JTAL 

Radi :mucl ide 
Concentrations 
(Available 
Jr.its) 

58.00 
760.00 

l. 10 
4.40 

16.00 
o .. ~o 
0.00 

11. 00 
o. :)0 

851. ~i) 

;i 
I 
I 

6a. Radionuclide 7, Scenario-s~ecific 8. [Pr•duct of col. 
Concentrations 
(Ci/c2 or 
pCi/gl:ll 

6b. Total: 

0.0681 
0.8930 
o. 0013 
0.0052 
I), 0188 
0,01)07 
0.0000 
0.0129 
o. 000() 
o.ooeo 

1.00 

ARCL Do;e Factors 
Step 4; (rem/yr) I 

[Ci/m2 •r pCi/gmll 

3.40E-11 
1. 70E-08 
2.20E-03 
2.20E-02 
5.30E-04 
1. 1)0E-1)3 

; • lOE-03 
1. 80E-i)5 
3. OC.E-:)5 

,, d -1aa. an .1. 

I (rem/yr) I 
I (pCiigm) 

I 
I 
! 

I 

Sa, total: 

2.32E-l2 
1. 52~-i)8 
2.84E-06 
l.14E-04 
9.96E-Ot 
7. 05E-(i7 
O.OOE+OI} 
2.33E-0~ 
0. GOE ~:JO 

1. 27E-,:.;4 
Bb. ~nr,u,.l Dose 
Limi} Divideci by Ba, 
\0.025 rEm/vr 

I ' 
Divided By 8~.; 

lpCi/g:ni 

Column 6 
Column 6 
Column 6 

1. ARCL-product 
of Column 6a. 
~ Item 8b. 

(pCi/g:nl 

9~. Total: 

13.36 
m.10 

0.25 
1.01 

0.14 
;), 00 

G. :JO 

196.1 

196.1 ARCL VALUE 

COMMENTS: 
Loncentr;ticns in column 6 .. ;re mean values fr •;!, :-;ble 2. I:.Jt•p1::: 
Con:entra~iocs Lised to Esti1at~ i•tai In1ent~ry 1~ the 116-H 3taci. 
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UNI-3827 

aass = Area fhick~ess x :ens1tv 

.c~a1 ~ass of Stack= 3,1E~8 g ~ i.OE+7 g = 3.2E+8 g -~--------------------------------------------------------------

~-?sidt~al ;:adionuclide Cc.ncerrrratic~ !li Stack ~:ubbl2. 

g ~ass of Stack 

= t.a--Hi pCi 
J,2E+8 g 

= 37.5 ,.,,- ; .'n 
t'-..,., I y = ~-B pCi/g 

~RC~ '!alue ;or the 116-H Stack is: 200 pCilg 

Rssi~ua~ Ccncentration in thE 116-H Stack rub~le is: 38 pCi/g 

T~e r~sidual ccnc. is 19 % ~f the ARCL V3lue. 
T~is repre;;nts 3 dase tQ 2 ~a~iroally expos~d individual of: ~.j ]re~1year 

ne tcta: i;~~:,i: 1rv~ntroy l~f~ ~~ the site rubnle ls: ~~ ~~iiicuries. 
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