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CALCULATION OF DOSE TO SKIN FROM DISCRETE RADIUM PARTICULATES

The methodology for calculating the skin dose to the individual is provided.
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CALCULATION #1
CALCULATION OF DOSE TO SKIN FROM DISCRETE RADIUM PARTICULATES

Given:

Particle Activity: 70,000 pCi/g

Exposure Area: 10 cm?

Skin Thickness: 4 mg/cm? (child’s neck, arm, face)

Skin Dose Rate Factor* for Radium-226: 5.9 x 10 Sv/yr per Bg/cm?
or 0.25 Rem/hr per uCi/cm?

Exposure Time: 6 Hours

Activity: Child playing in soil augmented with
radium particulates containing 70,000 pCi/g

Distribution: 3 grams of soil containing 70,000 pCi/g
or 210,000 pCi or 0.21 uCi on skin

D = A DFt/s

= 0.21 pCi x 0.25 Rem/hr 4uCi /em® x 6 hrs/10 cm?
= 0.03 Rem or 30 mRem per occurrence/event
Where:

D Hot Particle Skin Dose (Rem)

A = Particle activity (uCi)

DF = Skin Dose Factor (Rem/hr per uCi/cm?)

t = Residence Time on Skin (hr)

s = Area over which the dose is averaged (cm?)

* Health Physics, 53 Pages, 138-141, Kocher & Eckerman, 1987, Pergamon Journals,
Limited
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CALCULATION #1
CALCULATION OF DOSE TO SKIN FROM DISCRETE RADIUM PARTICULATES
(continued)

Prior to April 5, 2002, the hot particle skin exposure was averaged over 1 cm?® of the skin. Prior
to this date, the NRC requested the NCRP evaluate this approach. NCRP issued Report No. 130
(NCRP 1999) and Statement No. 9 on March 30, 2001, which supported among other
recommendations that the hot particle dose be averaged at 10 cm? rather than 1 cm® On April 5,
2002, the NRC revised the area to be averaged from 1 cm? to 10 cm?.

If the pre-2002 NRC rule was still in effect, the skin dose to the child would be 0.32 Rem or 320
mRem! This dose would be for just one exposure event. Whether it is 30 or 300 mRem, every
time the child goes out to play in the yard, he/she is able to pick up these high activity radium
particulates and be exposed to unnecessary and unwanted radiation and unnecessary risk to skin
cancer and lesions.

Dose Due to Ingestion of Radinm Particulates

If a gram or two of these were ingested by a young child, which is not unreasonable, the results
would be:

Given:
2 grams (140,000 pCi or 0.14 nCi) of Radium-226 was ingested.
All radium was retained in body (i.e., body burden of 0.14 pCi)
ALI for radium is 2 nCi (NRC 10 CFR 20, Appendix B)
Use internal dose methodology used for radiation worker.
CEDE = 5 Rem x I (uCi)/ALI (uCi)
= 5Rem x 0.14 pCi/2 uCi
= 0.35 Rem or 350 mRem
Where:
CEDE = Committed Effective Dose Equivalent (Rem)
I = Activity of Ingested Radionuclide (uCi)
ALl = Annual Limit on Intake (uCi)

The 350 mRem is 3.5 times the NRC allowable exposure to the public (100 mRem/yr), but
obtained in only one exposure event.
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ATTACHMENT 2:
REVIEW OF
CITY OF JOLIET SUPPLEMENTAL DOCUMENTS
DATED NOVEMBER 24, 2004

Based on our review of the following calculations/reports (provided as Tabs 1, 2, 3 and 4 of the
City of Joliet supplemental documents) the following comments/questions are offered:

Calculations/Reports

Calculation of the Benefit to Public Costs in Dollars per Person-Rem for Land Application
of Biosolids (Author Unknown, Tab 1)

Evaluation of Radium Removal Impacts to Sludge Handling at the Eastside and Westside
Wastewater Treatment Facilities (Clark Dietz, Inc., August 2004, Tab 2)

Report of Survey at Westside Wastewater Treatment Plant in City of Joliet, Illinois (RSSI,
November 15, 2004, Tab 3)

Report of RESRAD Dose Modeling for Wastewater Treatment Plant Sludge Applied to
Land Currently Used for Agriculture (RSSI, October 18, 2004, Tab 4)
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CALCULATION OF THE BENEFIT TO PUBLIC COSTS IN DOLLARS PER PERSON-

REM FOR LAND APPLICATION OF BIOSOLIDS

COMMENTS

Specific

5.

~

10.

Paragraph 5:

The paragraph should clarify that the 25 years doses are from the Eastside and Westside
“Model 2 Applications.”

The basis for three homes per acre is not given.

It is not clear how the information in the first table, which shows capital and operating costs
for the Eastside and Westside POTWs, relates to the “savings associated with land
applications” in the Clark Dietz, Inc. report. There appears to be no existing operating or

capital costs presented in the subject report.

The calculation of the cost of person-rem is incomplete. Please clarify/show costs per
person-rem using the 2,500 per person-rem costs.

It is not evident how the number of persons was determined?
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EVALUATION OF RADIUM REMOVAL IMPACTS TO SLUDGE HANDLING AT THE
EASTSIDE AND WESTSIDE WASTEWATER TREATMENT FACILITIES

COMMENTS

Specific

1.  Page 3. Section 2.1, Paragraph 1, Section 1:

The daily flow of 14 mgd presented here conflicts with the 7.628 mgd presented by IEPA
from the 2002 data from the DWPC database.

2. Page 3, Section 2.2, Paragraph 3, Section 1:

“Westside” should be “Eastside.” The “2,217.3 dry tons” presented here does not agree
with the JEPA’s 2,400 dry tons presented in the September 2003 Engineering Evaluation
Report.

3. Page 5, Section 3.3, Paragraph 1:

Sentence 1

But the proposed water treatment technology (HMO) will produce concentrated radium
particles in the sludge which will contain radium concentrations up to 70,000 pCi/g. (See
attached memo from John Litz to Charles Williams).

Section 2

The test results of the sludge and farmer’s field were not referenced. References and/or test
results should be provided.

However, the need for more drinking water due to population growth will require more
water be pumped from deeper wells with higher concentrations of radium. This event

cause increases in radium concentrations to occur in the sludge.

4,  Page 6, Title: Analysis of Landfill of Alternative:

Delete second ““of.”
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5. Page 7, Section 4

General;

Dewatering the sludge will increase the radium concentration in the sludge. Care will need
to be taken to maintain sludge concentrations within acceptable IEPA/IEMA and landfill
operator limits.

Not all of the sludge will need to be disposed of in a landfill, only the radium contaminted
water treatment residuals. The POTW sludge can be applied to the farmer’s field, as is
currently done.

WRTO0B.wpd / T. G. ADAMS AND ASSOCIATES, INC., 12/06/04 Page 4



REPORT OF SURVEY AT WESTSIDE WASTEWATER TREATMENT PLANT
IN CITY OF JOLIET, ILLINOIS

COMMENTS
General
1. No page numbers are provided.

2. There were no purposes or objectives given for the survey and sludge sampling efforts.
Please clarify.

3. No references are provided for field procedures used to perform the surface scan, exposure
rate measurements, dose rate measurements, or the laboratory gamma spectroscopy
analysis. Please provide copies of the procedures used to perform the three types of surveys
and the gamma spec analysis of the sludge sample.

4. No mention was made of the use of a chain of custody procedure/form to control/maintain
custody of the sludge samiples.

5. No mention was made of the calibration status of the survey instrumentation used to
perform the survey.

10.  Testimony was provided by Mr. Duffield during the October 21-22, 2004 hearings that
RSSI evaluated the production of radon within the Joliet Westside POTW. However, there
is no description or discussion of this sampling effort or related results. This report does not
appear to be the same equipment.

Specific

1.  Page 1, Methodology, Paragraph 1:

Please clarify that this survey was a “scan survey” as opposed to a “static survey” (i.e., one
minute count in a particular location/spot).

2. Page 1, Methodology, Paragraph 1:

“Surface of the surface.” Suggest deleting “surface and.”

3. How much of the surface area tank(s) were scanned?
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4,  Page 1, Methodology, Paragraph 2. Sentence 5:

“Located” should be “locate.”

5. Page 1. Methodology, Paragraph 2, Sentence 6:

Do not understand the relevance of this statement and the overall objective of the survey.
Please see General Comment 2.

6. Page 1, Paragraphs 2 and 3:

How many exposure rate measurements were obtained?

7. Page 1. Paragraph 4:

How many dose rate measurements were obtained?

8.  Page 2, Bulk High Resolution, Gamma Spectroscopy, Paragraph 1, Sentence 1:

Marinelli beakers are not typically used for sampling purposes due to th econcern of
contamination of the outside of the container and the counting system. They are usually
used for counting purposes. Please clarify.

Please clarify who counted the sludge samples and at what location/facility.

Was the sample counted utilizing an approved field/lab procedure, trained lab technician,
and under an approved Quality Assurance Plan? Please provide documentation.

9.  Page 2. Results, Paragraph 1. Sentence 1:

Where were the background level determinations made for each instrument? Were they
performed in accordance with an approved and documented field procedure? Please
provide documentation.

10. Page 2, Results, Paragraph 1, Sentence 2:

The survey described in the Methodology, Direct Reading section was a scanning survey.
Therefore, one would expect a range of readings/results for the surface scan screening
survey (i.e., 40-80 cpm with a high of 80 cpm, a low of 40 cpm, and an average of 60 cpm).
The section states, “the surface tanks were 40 cpm approximately. Please clarify.
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11.

12.

13.

14.

Typically, drawings of the item(s) surveyed (i.e., tank, vehicle, floor) are provided with
locations of each survey point shown on the drawing. Completed survey
measurements/results can then be correlated with the location of the item where the
measurement/reading was taken. It is recommended that a drawing of the tank(s) be shown
and a table with the specific survey results (i.e., exposure rates, dose rates, and scan results)
be provided to correlate these results.

Page 3, Bulk High Resolution Gamma Spectroscopy, Paragraph 1, Sentence 1:

It is not clear based on statements made on page 2 whether the sludge sample was dried
first and then counted, or the sample counted as soon as it was collected with no drying.

Was the 17 gram, which resulted after drying, counted in the Marinelli container or the
gamma spec system? How was counting geometry controlled?

Page 3, Bulk High Resolution Gamma Spectroscopy:

Typically, an analytical result for a sample is reported with its standard error (i.e., 95%).
The results reported in the RSSI report are shown without their associated standards errors.
Please clarify.

Page 3, Conclusions, Bullet 7:

What is the relevancy of the second sentence in the first bullet, the second bullet, and the
third bullet to the objectives (or lack thereof) of the survey?
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REPORT OF RESRAD DOSE MODELING FOR WASTEWATER TREATMENT
PLANT SLUDGE APPLIED TO LAND CURRENTLY USED FOR AGRICULTURE

COMMENTS

General

1. There are no page numbers.

Specific

1. Page 1, Paragraph 1, Sentence 5:

Ra-228 is not an alpha emitter, it is a beta emitter.

2. Page 1. Paragraph 2, Sentence 1:

“Usually has” run on.

3. Page 1, Paragraph 4, Sentence 2 and Paragraph 5. Sentence 3:

Statements are not true.

“Drinking water studies in Ontario, Canada, Illinois/Iowa, and in Wisconsin previously
have found the association between osteosarcoma and elevated radium levels in drinking
water.” (NDHSS News Release, 9/19/03.)

“When exposure estimates were categorized in terms of total radium cancer potency,
expressed as equivalents of Radium-228, the resulting incidence rate among those
exposed at 24 pCi/L was 90% higher than those whose tap water had less than 0.5
pCi/L. The elevated incidence of osteosarcoma was entirely associated with males.

For males in areas receiving water with 24 pCi/L and 2.0 - 3.9 pCi/L, compared to those
receiving <0.5 pCi/L, the rate ratios were 3.4 (95% CI 1.5, 6.7), and 3.1 (95% CI 1.3,
6.0), respectively. For males 25 and over, rate ratios were 6.2 (95% CI 2.0, 14) and 5.5
(95% CI 1.8, 1.3), respectively. (“Radium in Drinking Water and the Incidence of
Osteosarcoma,” DHSS, 9/19/03.)

In other words, even at the 2 - 3.9 pCi/L Ra-228 equivalent, the rate of osteosarcoma was
3.4 (3.4 times higher) for >4 pCi/L and 3.1 for 2.0 - 3.9 pCi/L. For males over 25, it was
6.2 and 5.5 higher.
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10.

11.

12.

13.

Page 1, Paragraph 6, Sentence 1:

Inconsistency with IEPA information. Range from IEPA calculation, September 2003
Engineering Report was 8.1 - 17.2 pCi/L radium, average 13.3 pCi/L for Joliet water

supply.

Page 2. Paragraph 1, Sentence 2:

Please clarify the meaning of “‘some other form.” Is “other form concentrated radium
particles up to 16,000 - 70,000 pCi/g?” There is no mention of concentrated particles.

Page 2. Paragraph 2. Sentence 1:

Confusing. Should read something like, “Joliet currently ‘discharges’ the radium initially
in the water supply to the POTW where it is concentrated in the sludge or
released to the Fox River.”

Page 3, Paragraph 3. Sentence 2:

“planed”

Page 3. Footnote 1:

“RASRAD " should read “RESRAD.”

Page 4, Paragraph 1, Sentence 2:

“by the Joliet?”

Page 8, Paragraph 1, Sentence 1:

No reference to HPS position statements is provided (it is August 2004).

Page 8, Paragraph 2. Sentence 2:

No reference.

Page 8, Paragraphs 3 and 4, Sentence 1:

No reference.

Page 8, Paragraph 5, First Word:
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“Joliet”
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14. Input Parameters, Page 4:

See Table 1, Comparison of Input Parameters between RESRAD, ISCORS, and Joliet
(document number WRT001.wpd).

Dimension of Field

150 acres x 4,047 m2/acre = 607,050 m’ (not 590,000 mz)

Contaminated Zone Hydraulic

4,310 m/yr vs 210 m/yr conductivity

Contaminated Zone b Parameters

9.075 vs 2.895 or 5.3

Watershed for Nearby Stream

2,589,988 m? vs 1,000,000 m>

Saturated Zone Hydraulic Conductivity

4,310 m/yr vs 10 or 100

Saturated Zone b Parameters

9.075 vs 5.3

Model for Water Transport

Non-dispersion, but RESRAD printout says Mass Balance.

Has no thickness for unsaturated zone.

Exposure duration - not used for dose calculations only risk.

General Joliet RESRAD analysis not consistent with input parameter in ISCORS

RESRAD analysis, i.e., shutting off plant food, meat, milk, aquatic foods, soil ingestion,
and drinking water.
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15. Page6:
3.5 tons x 1,016 Kg/ton x 1,000 g/Kg = 3.56 x 10° g/acre
not 3.2 x 10° g/acre

16. Page 6. Table Radium in Soil Field:

Eastside Plant: 0.028 pCi/g + 0.031 pCi/g = 0.059 pCi/g
Westside Plant: 0.058 pCi/g + 0.091 pCi/g = 0.15 pCi/g

0.15 pCi/g > 0.1 pCi/g IEPA / IEMA limit.
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ATTACHMENT 3

COMPARISON OF ILLINOIS ENVIRONMENTAL PROTECTION AGENCY AND
RSSI ESTIMATES OF RADIUM ACTIVITY IN THE CITY OF JOLIET'S SLUDGE

A comparison of the amount of radium activity reported to be in the city of Joliet’s sludge by the
Illinois Environmental Protection Agency (IEPA) (T.G. Adams Supplemental Testimony,
Attachment G, dated October 8, 2004) and RSSI (R.M. Harsch Supplemental Testimony,
Attachment 3, November 24, 2004) was performed. The information and methodology used to
perform the comparison is presented in Calculation #3. The methodology incorporates data from
the IEPA, RSSI, and Clark Dietz documents provided as supplemental testimony.

The comparison of the IEPA and RSSI/Clark Dietz calculations related to radium activity in the
city of Joliet’s sludge identified the following:

Total Annual Radium Activity in Sludge

0.294 Ci/yr IEPA

0.093 Ciyr . RSSI (using IEPA annual sludge production rates)
0.2 Ci/yr

0.294 Ci/yr IEPA

0.085 Ci.yr RSSI (using Clark Dietz sludge production rates)
0.21 Ci/yr

0.2 Ci/yr = 0.21 Ci/yr

The basic question is where did the rest of the radium go? Ifit is assumed that all of the radium
in the raw well water went into the sludge, then the annual radium activity should be shown to be
approximately 0.294 Ci/yr for both the IEPA and RSSI calculations. Instead, there is a large
discrepancy (0.2 Ci) between the IEPA results and the RSSI/Clark Dietz results. Once again,
where did the radium go?

Thus, the attempt to develop a reasonable mass balance for the Joliet POTWs using the IEPA and
RSSVClark Dietz was unsuccessful.
Given: Information from IEPA Calculation and RSSI Report

Radium Concentrations (pCi/g) in Sludge '

Westside Plant 47.2
Eastside Plant 18.7
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CALCULATION #3
COMPARISON OF ILLINOIS ENVIRONMENTAL PROTECTION AGENCY AND
RSST ESTIMATES OF RADIUM ACTIVITY IN THE CITY OF JOLIET’S SLUDGE

Activity (annual production)
Westside Plant 0.047 Ci

47.2 pCi/g ) x 988 dry tons/yr @ x 1,016 Kg/ton x 1,000 g/Kg = 4.74 E10 pCi
(using IEPA annual sludge production rate)

47.2 pCi/g ¥ x 895.3 dry tons/yr @ x 1,016 Kg/ton x 1,000 g/Kg = 4.29 E10 pCi
(using Clark Dietz annual sludge production rate)

Eastside Plant 0.046 Ci

18.7 pCi/g x 2,400 dry tons/yr x 1,016 Kg/ton x 1,000 g/Kg = 4.56 E10 pCi
(using IEPA annual sludge production rate)

18.7 pCi/g x 2,217.3 dry tons/yr x 1,016 Kg/ton x 1,000 g/Kg = 4.21 E10 pCi
(using Clark Dietz annual sludge production rate)

Total Activity in Sludge

(annual production) ¢
0.093 Ci/yr (IEPA)

0.085 Ci/yr (Clark Dietz)

Total Activity in Raw Water
Supply @
0.294 Ci/yr (IEPA)
and hence sludge (i.e., assume 100%
of radium in water goes to sludge
Where did the Radium go?
0.294 Ci/yr - 0.093 Ci/yr = 0.2 Ci/yr (IEPA)
0.294 Ci/yr - 0.085 Ci/yr = 0.21 Ci/yr (Clark Dietz)

0.2 = 0.21
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The overall impacts due to the IEPA calculation errors are:
Radiuny/soil field mix concentration is much higher
Westside Plant 0.29 pCi/g vs 6.94 E-5 pCi/g
Eastside Plant 0.38 pCi/g vs 4.9 E-5 pCi/g
Application area is increased
Westside Plant 1,146 acres vs 395.2 acres
Eastside Plant 2,682 acres vs 705.9 acres
Thus, the amount of acreage required to allow application of the Westside Plant sludge is 2.9
times (i.€., 1,146 acres) more than the amount calculated by the IEPA. The amount of acreage
required to allow application of the Eastside Plant sludge is 3.8 times (2,682 acres) more than the
amount calculated by the IEPA.
In summary, the total eimount of acreage required to allow placement of the sludge from both the
Eastside and Westside POTW plants in compliance with the 0.1 pCi/g IEPA/IEMA limit is 3,828

acres, not the 1,100 acres as calculated by the IEPA.

Details of the corrected IEPA calculations are presented in Calculations #4-A and #4-B.
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CALCULATION #4-A
RADIUM/SOIL FIELD MIX - WESTSIDE PLANT

Given: From IEPA Calculations  (and T.G. Adams corrections) *

Westside Plant

Sludge
8.963E8 ¢

Proportionate Radium
88.2 E9 pCi

Radium/Sludge Mix
98.40 pCi/g

Sludge Loading
52.065 g/ft*

Radium Loading
5,123 pCi/ft*
98.40 pCi/g x 52.065 g/ft’ = 5,123 pCi/fi* (instead of 1.89) *

Soil Weight
35,380 g/ft’

78 #/ft> x 453.594 g/# = 35,380 g/ft’ (instead of 54,431) *

Plow Down
0.5 ft

Radium/Soil Field Mix
0.29 pCi/g

5,123 pCi/ft*/35,380 g/ft> (0.5 ft) = 0.29 (instead of 6.94 E-5) *

Application Area
1,146 acres *

IEPA calculated 395.2 acres, but with corrected Radium/Soil Field mix, need 2.9 times
the acreage (395.2) or 1,146 acres to comply with the 0.1 pCi/g IEPA/IEMA limit
(e.g., 0.29/0.1 =2.9).
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CALCULATION #4-B
RADIUM/SOIL FIELD MIX - EASTSIDE PLANT

Given: From IEPA Calculations ¥ (and T.G. Adams corrections) *

Sludge
2.177E9 g

Proportionate Radium
205.79 E9 pCi

Radium/Sludge Mix
94.53 pCi/g

Sludge Loading
70.809 g/ft*

Radium Loading
6,693.5 pCi/ft’

94.53 pCi/g x 70.809 g/ft’ = 6,693.5 pCi/ft* (instead of 1,335) *

Soil Weight
35.380 g/ft’

78#/ft° x 453.594 g/# = 35,380 g/ft’ (instead of 54,431) *

Plow Down
0.5 1t

Radium/Soil Field Mix
0.38 pCi/g

6,693.5 pCi/ft’/35,380 g/ft® (0.5 ft) = 0.38 (instead of 4.9 E) *

Application Area
2,682 acres *

IEPA calculated 705.9 acres, but with the corrected Radium/Soil Field mix, need 3.8 times
the acreage (705 acres) or 2,682 acres to comply with the 0.1 pCi/g IEPA/IEMA limit
(e.g., (0.38/0.1 =3.8).

Total Acreage Required
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CALCULATION #4-B
RADIUM/SOIL FIELD MIX - EASTSIDE PLANT

Westside Plant 1,146
Eastside Plant 2,682

Total 3,828 acres (not 1,100 acres as IEPA calculated)

(1) [EPA Calculation (T.G. Adams Supplemental Testimony, Attachment G, October 8, 2004)
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ATTACHMENT 5

EVALUATION OF RADIUM/SOIL FIELD MIX UTILIZING RSSI
APPLICATION RATE AND RADIUM CONCENTRATIONS

An evaluation was conducted of the radium/soil field mix (pCi/g) that was calculated by utilizing
an application rate of 3.5 dry tons/acre and radium concentrations of 48 pCi/g and 18 pCi/g for
Joliet’s Westside and Eastside plants, respectively, as documented in the RSSI report (R.M.
Harsch Supplemental Testimony, Attachment 4, dated November 24, 2004).

Details of the subject calculations for both the Westside and Eastside plants are shown in
Calculation #5.

The results of the calculations show that for an application rate of 3.5 dry tons/acre and the
radium concentration of 48 pCi/g and 18 pCi/g for the Westside and Eastside plants, respectively,
the 0.1 pCi/g IEPA/IEMA limit will be exceeded by the Westside Plant (0.198 pCi/g vs 0.1 pCi/g
IEPA/IEMA limit).
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CALCULATION #5
RADIUM/SOIL FIELD MIX USING JOLIET DATA

Radium in Sludge
Westside Plant 48 pCi/g
Eastside Plant 18 pCi/g

Westside Plant

Sludge Loading
72.9 g/ft?

3.5 dry tons/acre x 2,000 #/ton x 453.592 g/# / 43,560 ft*/acre = 72.9 g/ft?

Radium Loading
3,499 pCi/ft*

48 pCi/g x 72.9 g/ft* = 3,499 pCi/ft*

Soil Weight
35,380 g/ft®

78 #/ft° x 453.594 g/# = 35,380 g/ft’

Plow Down
0.5 ft

Radium/Soil Field Mix
0.198 pCi/g

3,499 pCi/ft* / 35,380 g/ft* (0.5 ft) = 0.198 pCi/g

Note: 0.198 pCi/g > 0.1 pCi/g IEPA / IEMA limit.

Eastside Plant

Sludge Loading
72.9 g/t
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CALCULATION #5
RADIUM/SOIL FIELD MIX USING JOLIET DATA

3.5 tons/acre x 2,000 #/ton x 453.592 g/# / 43,560 ft*/acre = 72.9 g/ft?
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CALCULATION #5
RADIUM/SOIL FIELD MIX USING JOLIET DATA
(continued)

Radium Loading
1,312 pCi/ft?

18 pCi/g x 72.9 g/ft* = 1,312 pCi/ft?

Soil Weight
35,380 g/ft’

Plow Down
0.5 1t

Radium/Soil Field Mix
0.07 pCi/g

1,312 pCi/ft* / 35,380 g/ft’ (0.5 ft) = 0.07 pCi/g

Note: 0.07 pCi/g < 0.1 pCi/g IEPA / IEMA limit.
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ATTACHMENT 6

EVALUATION OF RADIUM/SOIL FIELD MIX FROM JOLIET'S
WESTSIDE AND EASTSIDE POTW SLUDGE
AT A RADIUM CONCENTRATION OF 5 pCi/L IN THE INFLUENT TO THE PLANTS

An evaluation was conducted of the radium/soil field mix from Joliet’s Westside and Eastside
POTWs utilizing information from the IEPA analysis of Joliet’s water and wastewater plants.

The radium effluent concentration from the Joliet water treatment plant was limited to 5 pCi/L,
the USEPA drinking water limit.

The details of the calculations are presented as Calculations #6-A and #6-B.
The results of the calculations show that with a water treatment effluent radium concentration of

5 pCi/L, and assuming all radium in treated drinking water goes to the POTWs, the radium/soil
field mix for either the Westside or Eastside plants will meet the 0.1 pCi/g IEPA/IEMA limit.
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CALCULATION #6-A
RADIUM/SOIL FIELD MIX - WESTSIDE PLANT
(5 pCi/L in water supply)

Given: From IEPA Calculations” (and 5 pCi/L water supply)

Westside Plant

Sludge 8963 E8 ¢

Average Radium Concentration 5 pCi/L

Radium Production 1.1 E11 pCi/yr or .11 Ci/yr

16 mgd x 3.785 L/gal = 60.56 E6 L/day

60.56 E6 L/day x 5 pCi/L = 302.8 E6 pCi/day

302.8 E6 pCi/day x 365 days/yr = 1.1 E11 pCi/yr or .11 Ci/yr
Proportionate Radium (30%) 3.33 E10 pCi

1.1 E11 pCi x .30 = 3.33 E10 pCi
Radium/Sludge Mix 37.2 pCi/g

3.33 E10 pCi/8.963 E8 g = 37.2 pCi/g
Sludge Loading 52.065 g/ft*

2.5 dry tons/acre x 2,000 #/ton x 453.5924 g/# / 43,560 ft*/acre = 52.065 g/ft?
Radium Loading 1,937 pCi/ft?

37.2 pCi/g x 52.065 g/ft> = 1,937 pCi/ft*
Soil Weight 35,380 g/ft’

78 #/1t* x 453.594 g/# = 35,380 g/ft’
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CALCULATION #6-A
RADIUM/SOIL FIELD MIX - WESTSIDE PLANT
(5 pCi/L in water supply)

(continued)

Plow Down 0.5 ft
Radium/Soil Field Mix 0.11 pCi/g

1,937 pCi/ft? / 35,380 g/ft® (0.5 ft) = 0.11 pCi/g

Note: Meets/comes close to meeting 0.1 pCi/g IEPA/IEMA limit. Will meet limit when taking
into consideration not all radium will go to sludge.

1) {EPA Calculation (T.G. Adams Suppiemental Testimony, Attachment G, October 8, 2004)
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CALCULATION #6-B
RADIUM/SOIL FIELD MIX - EASTSIDE PLANT
(5 pCi/L in water supply)

Given: From IEPA Calculations (and 5 pCi/L water supply)

Fastside Plant

Sludge 2.177E9 g
Average Radium Concentration 5.0 pCi/L
Radium Production 1.1 E11 pCi/yr or .11 Ci/yr

(see calculation for Westside Plant)
Proportionate. Radium (70%) 7.77 E10 pCi
1.11 E11 pCi x .70 = 7.77 E10 pCi
Radium / Sludge Mix 35.7 pCi/g
7.77 E10 pCi/2.177 E9 g = 35.7 pCilg
Sludge Loading 70.809 g/ft?
3.4 dry tons/acre x 2,000 #/ton x 453.5924 g/ft / 43,560 ft*/acre = 70.809 g/ft’
Radium Loading 2,528 pCi/ft’
35.7 pCi/g x 70.809 g/ft’ = 2,528 pCi/ft’
Soil Weight 35,380 g/ft’

78 #/ft> x 453.5924 g/# = 35,380 g/ft>
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CALCULATION #6-B
RADIUM/SOIL FIELD MIX - EASTSIDE PLANT
(5 pCV/L in water supply)

(continued)

Plow Down 0.5 ft
Radium / Soil Field Mix 0.14 pCi/g

2,528 pCi/ft’ / 35,380 g/ft® (0.5 ft) = 0.14

Note: Meets/comes close to meeting 0.1 pCi/g IEPA/IEMA limit. Will meet the limit when
taking into consideration not all radium will go to the sludge.
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CALCULATED DOSE RATES USING DATA FROM FLORIDA STUDY AUGUST 2000

Furthermore, the Dose to the aquatic and reprian animals calculated by the RESRAD
Biota Dose model were 1.58E-1 and 5.13E-2 RAD/day, respectively, which is less than the
1.0 and 0.1 RAD/day DOE limits (See RESRAD Table 2).
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CALCULATION #7
CALCULATED DOSE RATES USING DATA FROM FLORIDA STUDY AUGUST 2000

Given: Information from Human Health Risk Assessment and Preliminary Ecological
Evaluation Regarding Potential Exposure to Radium-226 in Several Central Florida Lake
Ecosystems, Hazardous Substance and Waste Management Research, Inc., August 2000

Round Lake Radium-226 concentrations in:

Sediment: 12 pCi/g, dry

Water: 1.6 pCi/L

Mussel: 205 pCi/g, dry
Mussel Activity

205 pCi/g x 1,000 g/kg x 1 Bg/27 pCi = 7,593 Bq/kg (dry) x .75 = 5,695 Bqg/kg (wet)

Sediment Activity

12 pCi/g x 1,000 g/kg x 1 Bq/27 pCi = 444 Bq/kg (dry) x .75 = 333 Bq/kg (wet)

Water Activity

1.6 pCi/L x 1 Bq/27 pCi = 0.06 Bq/L

Dose Rates to Mussels from Ra-226 *

Given: Isotopes Ra-226 and short-lived progeny
Geometry Mussels
Activity in Organism 5,695 Bq of Ra-226/kg (wet weight)
Water Activity 0.06 (Bq/L)
Sediment Activity 333 Bq of Ra-226/kg (wet weight)

Ra-226 is a member of the U-238 decay chain and has a series of progeny with short half-
lives. Itis reasonable to assume that because of their short half-lives, these progeny will be
present at the same activity level as Ra-226. However, Ra-226 decays to Rn-222, which is a
gas with a 3.8 day half-life. Rn-222 produced in water or surface sediment would escape to
the atmosphere; therefore, the succeeding progeny would not be present in surface
sediment or water unless other sources were available. In this calculation, it is assumed
that 30% of the Rn-222 produced within a mussel remains in the mussel tissue so that the
activity level of the succeeding progeny will also be 30% of the Ra-226.

* Based on “Methodology for Estimating Radiation Dose Rates to Freshwater Biota
Exposed to Radionuclides in the Environment,” B.G. Blaylock et al, ES/ER/TM-78,
September 1978.
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CALCULATION #7
CALCULATED DOSE RATES USING DATA FROM FLORIDA STUDY AUGUST 2000

Alpha Emitters

Using average energies from Table A.2, the internal " dose rates for Ra-226 and its short-
lived progeny are calculated as follows:

D,=5.76 x 10™ E-n. C, _Gyh"

Ra-226 D= (5.76 x 107)(4.86)(5,695) =159 Gyh™

Rn-222 D»= (5.76 x 107)(5.59)(5,695 x 0.30) =55 Gyh’

P0-218 D« = (5.76 x 107)(6.11)(5,695 x 0.30) =6.0 _Gyh?

Pb-214 D«=no alpha

Bi-214 D= no alpha

Po-214 Dv=(5.76 x 107)(7.83)(5,695 x 0.30) =77 Gyh'
Total Internal " Dose Rate =351 Gyh'

35.1 _Gy/hr x.0001 Rad/_Gy x 20 Rem/Rad = 0.07 Rem/hr
0.07 Rem/hr x 24 hrs/day = 1.68 Rem/day _1.68 Rad/day
1.68 Rem/day > 1.0 Rad/day DOE Biota Limit

Gamma Emitters

The internal dose rate from the _ emitters with the highest energies is calculated as follows:

D =576x10°E n__C, _Gyh
Pb-214 D_= (5.76 x 107)(0.248)(0.009)(5,695 x 0.30) =219x10° _Gyh™
Bi-214 D_=(5.76 x 107)(1.46)(0.007)(5,695 x 0.30) =1.00x10° _Gyh™
| Total Internal _ Dose Rate =320x10° Gyh'
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CALCULATION #7
CALCULATED DOSE RATES USING DATA FROM FLORIDA STUDY AUGUST 2000

3.2x10° _Gy h™ x 0.0001 Rad/_Gy x 24 hrs/day =7.7x10° Rad/day
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CALCULATION #7
CALCULATED DOSE RATES USING DATA FROM FLORIDA STUDY AUGUST 2000

Beta Emitters

The internal dose rate from the _ emitters with the highest energies is:

D =576x10*E n__C, _Gyh'
Pb-214 D_= (5.76 x 107)(0.291)(1)(5,695 x 0.30) =0.29 _Gyh'
Bi-214 D_= (5.76 x 10)(0.648)(1)(5,695 x 0.30) = 0.64 _Gyh!
Total Internal _ Dose Rate =0.93 _Gyh

Conclusion

As shown above, the internal _ dose rate is more than an order of magnitude greater than
the internal dose rates from the _ and _ emissions. Additionally, the relative biological
effectiveness of _ radiation is 20 times greater than _ or _ radiation; consequently, the main
concern for internal dose to the mussels from Ra-226 would be from the _ dose.

Notes
Alpha Emitters
D+ = Dose rate for alpha emitters (Rem/day)
= Energy of alpha particle (MeV)
n» = Proportion of transitions producing an alpha particle
C, = Concentration of radionuclides (Bq/kg, wet weight)

Beta Emitters
D = Dose rate for beta emitters (Rad/day)

E_ = Average energy of _ particle (MeV)

n_ = Proportion of transitions producing _ particle of energy Ec (MeV)
_ = Absorbed fractions (Fig A-4)

C, = Concentration of radionuclide (Bq/kg, wet weight)

Gamma Emitters

D_ = Dose rate for gamma emitters (Rad/day)

E = Photon energy (MeV)
n = Proportion of disintegrations producing a gamma ray
Absorbed fractions (Fig A-1)

In addition to calculating the internal dose to the Florida mussels for completeness,
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CALCULATION #7
CALCULATED DOSE RATES USING DATA FROM FLORIDA STUDY AUGUST 2000

external doses to the mussel were also determined.
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CALCULATION #7
CALCULATED DOSE RATES USING DATA FROM FLORIDA STUDY AUGUST 2000

External Radiation Dose Rates

External Alpha and Beta Radiation Dose Rates from Water and Sediment

External alpha and beta radiation dose rates from water and sediment would be
insignificant because the mussel’s shell would serve as an effective shield.

External Gamma Radiation Doese Rate from Water

D = 576x10*E n_(1-)C,
Pb-214 = 5.76x10™ (0.248) (1-.009)(0.06)
= (8.6 x 10%)(.991)

= 8.5x10° Gy/hr
8.6 x 10°_Gy/hr x 0.0001 Rad/_Gy x 24 hrs/day = 2.0 x 10°® Rad/day
Bi-214 = 5.76 x 10 (1.46) (1-.007)(0.06)

= 50x10°_G/hr
5.0x10° _G/hr x 0.0001 Rad/_Gy x 24 hrs/day = 1.2 x 10" Rad/day

External Gamma Radiation Dose Rate from Sediment

D = 576x10*E n (I-)CR
Pb-214 = 5.76 x 107 (0.248) (1-.009)(.333)(1)
= 4.7x10° Gy

4.7 x 10° _Gy/hr x 0.0001 Rad/_Gy x 24 hrs/day = 1.13 x 10” Rad/day
Bi-214 = 5.76 x 10 (1.46) (1-.007)(.333)(1)
= 2.8E* Gy/hr

2.8 E*_Gy/hr x 0.0001 Rad/_Gy x 24 hrs/day = 6.7 x 10”7 Rad/day
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CALCULATION #7
CALCULATED DOSE RATES USING DATA FROM FLORIDA STUDY AUGUST 2000

Conclusion

The external doses to the mussel as a result of alpha, beta, or gamma radiation from Ra-
226 daughters (Pb-214 and Bi-214) were determined to be insignificant.

Notes

D = Dose rate for gamma emitters (Rad/day)
E = Photon energy (MeV)

n = Proportion of disintegrations producing gamma ray

Absorbed fractions (Fig A-4)

w Concentration of radionuclides in water (Bq/L)

Concentration of radionuclides in sediment (Bq/kg, wet weight)
Amount of time organism is in contact with sediment (1)

Holel
i
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Table 1: Aquatic BCG Report for Level 2

Sum of Total Ratio: 5.13E-01

Sum of Water Ratio: 3.93E-01

Sum of Sediment Ratio: 1.21E-01

3.93E- Riparian
01 Animal

Ra-226 1.60E+00 4.08E+00

% i 1 1216- | Riparian
Ra-226 1.22E+01 | 1.01E+02 | ;
; i 1 o 1 Animal |




Table 2: Aquatic Dose Report for Level 2 in rad/d

Ra-226 1'315' 0.00E+00 || 8.42E-04 1.58E-01

0.00E+00

i
i Ra-226 1.21E-02 5.13E-02
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FIGURE A.1

DERIVED ABSORBED FRACTIONS AS A FUNCTION OF Y-RAY ENERGY
(SMALL FISH, LARGE INSECTS AND MOLLUSCS, AND SMALL INSECTS AND LARVAE)
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From: B.G. Blaylock et al, Methodology for Estimating Radiation Dose Rates to Freshwater
Biota Exposed to Radionuclides in the Environment, ES/ER/TM-78, September 1993
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FIGURE A4

ABSORBED FRACTION AS A FUNCTION OF B-PARTICLE ENERGY
FOR THREE SMALL GEOMETRIES
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From: B.G. Blaylock et al, Methodology for Estimating Radiation Dose Rates to Freshwater
Biora Exposed to Radionuclides in the Environment, ES/ER/TM- 78, September 1993
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on the attached Notice of Filing true and correct copies of COMMENTS SUBMITTED BY
THEODORE ADAMS, BRIAN ANDERSON AND CHARLES WILLIAMS by First Class
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